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PREFACE 
 

The 6th International Consultation on Incontinence 
was held in Tokyo in September 2016, made possible 
by the generous support of the International Conti-
nence Society. The first four ICI Consultations were 
held as stand-alone meetings. The 5th ICI was held 
during the annual meeting of EAU, and this made 
possible the attendance of a wider range of partici-
pants than had previously occurred. Holding the 6th 
Consultation at the ICS meant that many more of 
those most closely associated with the care of suffer-
ers with incontinence were able to contribute to the 
Consultation. They were able to participate in the 
open sessions where the chair of each committee 
presented to the audience the principle findings of 
their committee.   

The 23 committees included more than 150 experts 
from every corner of the globe: all selected according 
to their pre-eminence in their topic area within the 
overall subject of incontinence. The committees pre-
pared their chapters making full use of modern tech-
nology and in particular email discussions. Hence 
they arrived at the 6th ICI with their committees’ work 
in final draft. The principle of the Consultation is to 
present the final draft to a wider audience and then to 
finalise the chapter following the discussions at the 
Consultation. The Consultation again included the im-
portant conditions often associated with urinary in-
continence, namely faecal incontinence, pelvic organ 
prolapse, bladder pain syndrome and obstetric fistula.  

Whilst some conditions afflict either men or women, 
many conditions affect both sexes. The Consultation 
dealt with functional pelvic disorders, usually of a be-
nign nature, although some patient’s problems ema-
nate from treatment of malignancy, for example, 
stress incontinence after a radical prostatectomy for 
prostate cancer. However, the principles of manage-
ment are similar in both men and women, in most 
conditions.  

This book, produced by the huge efforts of the 23 
committees has once again vigorously examined and 
summarised the latest scientific evidence, and re-
mains a unique publication and reference source. 
The reference source is invaluable to all those who 
commit their professional lives to men and women 
suffering from these often miserable conditions. The 
conditions we deal with are not “glamorous” medicine 
and remain “Cinderella” subjects. However, we have 
seen the emphasis move towards measuring out-
comes by assessing improved quality of life. As the 
population ages then maintaining or improving quality 
of life in the latest stages of all our lives will attract 
greater attention. Hence the work of the ICI remains 
vitally important to the many millions of women and 
men who suffer from these conditions.  

On a personal note, it has been a great privilege to 
be involved with the ICI Consultations for 20 years. 
Now seems the right time to step down as chair, how-
ever it is the intention that there should be a 7th ICI in 
2020.  The first Consultation in 1998 resulted from my 
earlier involvement with the International Consulta-
tion on Urological Diseases (ICUD) in Consultations 
on benign prostate disease in 1993 and 1995. Pro-
fessor Saad Khoury, a founder of ICUD, provided the 
encouragement and practical support that made the 
first and subsequent Consultations possible: we owe 
a great debt to him and the other founding fathers of 
the ICUD for their support. Alan Wein, Linda Cardozo 
and I shared the responsibilities for the first five ICIs, 
and we were joined by Adrian Wagg for this 6th ICI. It 
has been a tremendous honour to work with Alan and 
Linda, and latterly with Adrian. It has also been an 
honour to work with so many experts, who over the 
last 20 years, have willingly given their time to provide 
the scientific substance to these six publications that 
have been termed as “the” reference books on the 
subject. I am sure that this 6th book will be as valued 
as the previous five. 

 

Paul Abrams, Chair of the 6th International Con-
sultation on Incontinence. 

April 2017  

 
Paul Abrams 



 

 
Editors, Committee Chairs and Committee Members at the 6th International Consultation on Incontinence, 2016, Tokyo 
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EVIDENCE – BASED MEDICINE 
OVERVIEW OF THE MAIN STEPS 

FOR DEVELOPING AND GRADING 
GUIDELINE RECOMMENDATIONS 

 

INTRODUCTION 

The International Consultation on Urological Dis-
eases (ICUD) is a non-governmental organization 
registered with the World Health Organisation 
(WHO). In the last ten years Consultations have been 
organised on BPH, Prostate Cancer, Urinary Stone 
Disease, Nosocomial Infections, Erectile Dysfunction 
and Urinary Incontinence. These consultations have 
looked at published evidence and produced recom-
mendations at four levels; highly recommended, rec-
ommended, optional and not recommended. This 
method has been useful but the ICUD believes that 
there should be more explicit statements of the levels 
of evidence that generate the subsequent grades of 
recommendations.  

The Agency for Health Care Policy and Research 
(AHCPR) have used specified evidence levels to jus-
tify recommendations for the investigation and treat-
ment of a variety of conditions. The Oxford Centre for 
Evidence Based Medicine have produced a widely 
accepted adaptation of the work of AHCPR. (June 5th 
2001 http://minerva.minervation. com/cebm/docs/lev-
els.html).  

The ICUD has examined the Oxford guidelines and 
discussed with the Oxford group their applicability to 
the Consultations organised by ICUD. It is highly de-
sirable that the recommendations made by the Con-
sultations follow an accepted grading system sup-
ported by explicit levels of evidence. The ICUD pro-
poses that future consultations should use a modified 
version of the Oxford system which can be directly 
‘mapped’ onto the Oxford system.  

1. 1st Step: Define the specific questions or 
statements that the recommendations are 
supposed to address.  

2. 2nd Step: Analyse and rate (level of 
evidence) the relevant papers published 
in the literature.  

The analysis of the literature is an important step in 
preparing recommendations and their guarantee of 
quality.  

2.1. What papers should be included in the 
analysis?  

• Papers published, or accepted for publication in 
the peer reviewed issues of journals.  

• The committee should do its best to search for 
papers accepted for publication by the peer re-
viewed journals in the relevant field but not yet 
published.  

• Abstracts published in peer review journals 
should be identified. If of sufficient interest the 
author(s) should be asked for full details of meth-
odology and results. The relevant committee 
members can then ‘peer review’ the data, and if 
the data confirms the details in the abstract, then 
that abstract may be included, with an explana-
tory footnote. This is a complex issue – it may 
actually increase publication bias as “uninterest-
ing” abstracts commonly do not progress to full 
publication.  

• Papers published in non peer reviewed supple-
ments will not be included.  

An exhaustive list should be obtained through:  

I. the major databases covering the last ten years 
(e.g. Medline, Embase, Cochrane Library, Bio-
sis, Science Citation Index)  

II. the table of contents of the major journals of 
urology and other relevant journals, for the last 
three months, to take into account the possible 
delay in the indexation of the published papers in 
the databases.  

It is expected that the highly experienced and expert 
committee members provide additional assurance 
that no important study would be missed using this 
review process.  

2.2. How papers are analysed?  
Papers published in peer reviewed journals have dif-
fering quality and level of evidence.  

Each committee will rate the included papers accord-
ing to levels of evidence (see below).  



 
  xi 

 

The level (strength) of evidence provided by an indi-
vidual study depends on the ability of the study design 
to minimise the possibility of bias and to maximise at-
tribution.  

is influenced by:  

• the type of study  

o The hierarchy of study types are:  

o Systematic reviews and meta-analysis of 
randomised controlled trials  

o Randomised controlled trials  

o Non-randomised cohort studies  

o Case control studies  

o Case series  

o Expert opinion  

• how well the study was designed and carried 
out  

Failure to give due attention to key aspects of study 
methodology increase the risk of bias or confounding 
factors, and thus reduces the study’s reliability.  

The use of standard check lists is recommended to 
insure that all relevant aspects are considered and 
that a consistent approach is used in the methodolog-
ical assessment of the evidence.  

The objective of the check list is to give a quality rat-
ing for individual studies.  

• how well the study was reported  

The ICUD has adopted the CONSORT statement and 
its widely accepted check list. The CONSORT state-
ment and the checklist are available at  

http: //www.consort-statement.org  

2.3. How papers are rated?  
Papers are rated following a «Level of Evidence 
scale». 

ICUD has modified the Oxford Center for Evidence-
Based Medicine levels of evidence. 

The levels of evidence scales vary between types of 
studies (ie therapy, diagnosis, differential diagno-
sis/symptom prevalence study).  

the Oxford Center for Evidence-Based Medicine 
Website:  

http://minerva.minervation.com/cebm/docs/ lev-
els.html  

3. 3rd Step: Synthesis of the evidence  
After the selection of the papers and the rating of the 
level of evidence of each study, the next step is to 
compile a summary of the individual studies and the 
overall direction of the evidence in an Evidence Ta-
ble.  

4. 4th Step: Considered judgment 
(integration of individual clinical 
expertise)  

Having completed a rigorous and objective synthesis 
of the evidence base, the committee must then make 
a judgement as to the grade of the recommendation 
on the basis of this evidence. This requires the exer-
cise of judgement based on clinical experience as 
well as knowledge of the evidence and the methods 
used to generate it. Evidence based medicine re-
quires the integration of individual clinical expertise 
with best available external clinical evidence from 
systematic research. Without the former, practice 
quickly becomes tyrannised by evidence, for even ex-
cellent external evidence may be inapplicable to, or 
inappropriate for, an individual patient: without cur-
rent bestevidence, practice quickly becomes out of 
date. Although it is not practical to lay our “rules” for 
exercising judgement, guideline development groups 
are asked to consider theevidence in terms of quan-
tity, quality, and consistency; applicability; generalisa-
bility; and clinical impact.  

5. 5th Step: Final Grading  
The grading of the recommendation is intended to 
strike an appropriate balance between incorporating 
the complexity of type and quality of the evidence and 
maintaining clarity for guideline users.  

The recommendations for grading follow the Oxford 
Centre for Evidence-Based Medicine.  

The levels of evidence shown below have again been 
modified in the light of previous consultations. There 
are now 4 levels of evidence instead of 5.  

The grades of recommendation have not been re-
duced and a “no recommendation possible” grade 
has been added.  

6. Levels of Evidence and Grades of 
Recommendation Therapeutic 
Interventions  

All interventions should be judged by the body of evi-
dence for their efficacy, tolerability, safety, clinical ef-
fectiveness and cost effectiveness. It is accepted that 
at present little data exists on cost effectiveness for 
most interventions.  

6.1. Levels of Evidence  
Firstly, it should be stated that any level of evidence 
may be positive (the therapy works) or negative (the 
therapy doesn’t work). A level of evidence is given to 
each individual study.  

• Level 1 evidence (incorporates Oxford 1a, 1b) 
usually involves meta-anaylsis of trials (RCTs) or 
a good quality randomised controlled trial, or ‘all 
or none’ studies in which no treatment is not an 
option, for example in vesicovaginal fistula.  

• Level 2 evidence (incorporates Oxford 2a, 2b 
and 2c) includes “low” quality RCT (e.g. < 80% 
follow up) or metaanalysis (with homogeneity) of 
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good quality prospective ‘cohort studies’. These 
may include a single group when individuals who 
develop the condition are compared with others 
from within the original cohort group. There can 
be parallel cohorts, where those with the condi-
tion in the first group are compared with those in 
the second group.  

• Level 3 evidence (incorporates Oxford 3a, 3b 
and 4) includes:  

good quality retrospective ‘case-control studies’ 
where a group of patients who have a condition are 
matched appropriately (e.g. for age, sex etc) with con-
trol individuals who do not have the condition.  

good quality ‘case series’ where a complete group 
of patients all, with the same condition/disease/thera-
peutic intervention, are described, without a compar-
ison control group.  

• Level 4 evidence (incorporates Oxford 4) in-
cludes expert opinion were the pinion is based 
not on evidence but on ‘first principles’ (e.g. 
physiological or anatomical) or bench research. 
The Delphi process can be used to give ‘expert 
opinion’ greater authority. In the Delphi process 
a series of questions are posed to a panel; the 
answers are collected into a series of ‘options’; 
the options are serially ranked; if a 75% agree-
ment is reached then a Delphi consensus state-
ment can be made.  

6.2. Grades of Recommendation  
The ICUD will use the four grades from the Oxford 
system. As with levels of evidence the grades of evi-
dence may apply either positively (do the procedure) 
or negatively (don’t do the procedure). Where there is 
disparity of evidence, for example if there were three 
well conducted RCT’s indicating that Drug A was su-
perior to placebo, but one RCT whose results show 
no difference, then there has to be an individual 
judgement as to the grade of recommendation given 
and the rationale explained.  

• Grade A recommendation usually depends on 
consistent level 1 evidence and often means that 
the recommendation is effectively mandatory 
and placed within a clinical care pathway. How-
ever, there will be occasions where excellent ev-
idence (level 1) does not lead to a Grade A rec-
ommendation, for example, if the therapy is pro-
hibitively expensive, dangerous or unethical. 
Grade A recommendation can follow from Level 
2 evidence. However, a Grade A recommenda-
tion needs a greater body of evidence if based 
on anything except Level 1 evidence  

• Grade B recommendation usually depends on 
consistent level 2 and or 3 studies, or ‘majority 
evidence’ from RCT’s.  

• Grade C recommendation usually depends on 
level 4 studies or ‘majority evidence’ from level 
2/3 studies or Dephi processed expert opinion.  

• Grade D “No recommendation possible” would 
be used where the evidence is inadequate or 
conflicting and when expert opinion is delivered 
without a formal analytical process, such as by 
Dephi.  

7. Levels of Evidence and Grades of 
Recommendation for Methods of 
Assessment and Investigation 

From initial discussions with the Oxford group it is 
clear that application of levels of evidence/grades of 
recommendation for diagnostic techniques is much 
more complex than for interventions.  

The ICUD recommend, that, as a minimum, any test 
should be subjected to three questions:  

1. Does the test have good technical performance, 
for example, do three aliquots of the same urine 
sample give the same result when subjected to 
‘stix’ testing? 

2. Does the test have good diagnostic perfor-
mance, ideally against a “gold standard” meas-
ure?  

3. Does the test have good therapeutic perfor-
mance, that is, does the use of the test alter clin-
ical management, does the use of the test im-
prove outcome?  

For the third component (therapeutic performance) 
the same approach can be used as for section 6.  

8. Levels of Evidence and Grades of 
Recommendation for Basic Science and 
Epidemiology Studies  

The proposed ICUD system does not easily fit into 
these areas of science. Further research needs to be 
carried out, in order to develop explicit levels of evi-
dence that can lead to recommendations as to the 
soundness of data in these important aspects of med-
icine.  

CONCLUSION  

The ICUD believes that its consultations should 
follow the ICUD system of levels of evidence and 
grades of recommendation, where possible. This 
system can be mapped to the Oxford system.  

There are aspects to the ICUD system that require 
further research and development, particularly di-
agnostic performance and cost effectiveness, 
and also factors such as patient preference.  

 

P. Abrams, S. Khoury 

The full paper can be accessed through the ICUD 
website (www.icud.info) 
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UI Urinary incontinence 

UTI Urinary Tract Infection 

VD Voiding postponement 

VH Vaginal hysterectomy 

 INTRODUCTION 

In this report we focus on the epidemiology (distribu-
tion and determinants) of urinary incontinence (UI), 
lower urinary tract symptoms (LUTS), pelvic organ 
prolapse (POP) and anal incontinence (AI). We also 
discuss important topics such as differences between 
epidemiological and clinical approaches to health 
problems, help seeking behaviour, and methodologi-
cal issues for this research.  

We have included a section on overactive bladder 
(OAB) and nocturia which are commonly occurring 
LUTS. A worldwide estimation of the current and fu-
ture number of individuals with LUTS [1,2] including 
urinary incontinence and overactive bladder is also 
included at the end of this chapter.  

The epidemiological population under study for this 
review will mainly be community dwelling non-institu-
tionalised persons. The review will include discussion 
of the prevalence, incidence, natural history, and 
presence of racial and ethnic differences. We also re-
view correlates and potential risk factors that have 
been revealed in epidemiological studies. Progress 
has clearly been made during the four years since our 
previous report when the 5h International Consulta-
tion on Incontinence (5th ICI) was published. Some 
new important areas have been studied with increas-
ing regularity and quality. We have searched the liter-
ature for relevant new articles, thus reviewing a large 
number of high-quality and population based studies, 
as well as clinical trials that might include relevant ep-
idemiological data. Because of an abundant number 
of studies, only a small fraction can be presented in a 
text like this. Other studies not presented here may 
have equally useful information, but lack of space pre-
cluded their inclusion. 

Summary points: 

• This review includes discussion of the preva-
lence, incidence, natural history, and presence of 
racial and ethnic differences in the epidemiology 
of UI, OAB, nocturia, POP and AI. 

• Correlates and potential risk factors that have 
been revealed in epidemiological studies are 
also reviewed.  

 BASIC EPIDEMIOLOGICAL 
CONSIDERATIONS 

Epidemiology is the scientific study of the distribution 
and determinants of disease in people. Descriptive 
epidemiology is the description of disease preva-
lence, incidence, (and mortality) by persons, place 
and time, while the term analytical epidemiology de-
scribes the search for determinants of disease risk. 
The discovery of risk factors and protective factors 
may then in turn lead to primary or secondary preven-
tion. 

In order to collect knowledge about risk factors or nat-
ural history, observational studies are needed. Cohort 
studies and case-control studies are the most com-
mon. However, caution is always needed when inter-
preting the results from such studies, as associations 
found in epidemiological studies may not be the same 
as causes. Longitudinal study designs and appropri-
ate control for confounding factors are preferred, as 
these increase the validity of epidemiologic studies. 
For practical and ethical reasons, experimental de-
signs are seldom used.  

Recommendations and conclusions should always 
be based on the best available evidence. Studies of 
interventions, and studies of risk factors generally 
cannot be randomised because they relate to inher-
ent human characteristics or practices, and exposing 
subjects to harmful risk factors is unethical. No uni-
form guidelines for assessing the results of observa-
tional studies exist, and the level of evidence for risk 
factors from observational studies should be judged 
on the soundness of the exclusion of alternative ex-
planations by statistical and other controls. But some 
initiatives for how to report meta-analyses of obser-
vational studies have been taken [3]. 

Studies of disease frequency should rely on a very 
specific definition of the condition under investigation. 
The absence of unifying definitions for the conditions 
reviewed here is a fundamental problem which has 
not been resolved. Definitions used and problems as-
sociated with them are discussed in the subsections 
for the particular populations below. 

Prevalence is defined as the probability of experienc-
ing a symptom or having a condition or a disease 
within a defined population and at a defined time 
point. The concept is important for establishing the 
distribution of the condition in the population and for 
projecting the need for health and medical services. 

Incidence is defined as the probability of developing 
the condition under study during a defined time pe-
riod. Incidence is usually reported for a one-, two- or 
five-year time interval.  
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Even in many of the recent studies reviewed analyses 
are very simple. Often only proportions or percent-
ages are used to describe differences in different sub-
groups. Many analyses do not control for confound-
ers (by stratification or multivariate analysis tech-
niques). There is an obvious need for more advanced 
epidemiological analyses of risk factors and comor-
bidity, and strength of associations should be deter-
mined by relative risks and odds ratios. 

The relative risk (RR) estimates the magnitude of an 
association between exposure and a condition, and 
indicates the likelihood of having the condition in the 
exposed group relative to those who are not exposed 
(e.g. do not have the risk factor). A RR of 1.0 indicates 
that the rates in the exposed and non-exposed 
groups are identical and thus that there is no associ-
ation between the exposure and the condition in that 
specific dataset. A value greater than 1.0 indicates a 
positive association or an increased risk. A RR of 2.5 
for UI indicates that there is a 2.5 times increased risk 
or that the persons in question are 150 percent more 
likely to have incontinence than those without the risk 
factor. 

The odds ratio (OR) is the odds for having a risk factor 
in persons with a condition divided by the odds 
among those without the condition. An OR of 2.5 for 
UI my be interpreted as meaning that in this sample 
the odds in favour of having incontinence are 2.5 
times higher among those with the risk factor than 
among those without.  

For a condition with high prevalence, like UI or POP, 
OR and RR will not be identical, but in practice the 
results can be interpreted similarly. Results should al-
ways be given with a 95% confidence interval (CI). 

Words like well established and established may be 
used about risk factors and findings with a high level 
of evidence in the literature. For less documented 
findings words like “ indications of” or “ data are sug-
gestive” may be used. 

Summary points: 

• Descriptive epidemiology reports disease inci-
dence, prevalence (and mortality) by persons, 
place and time. 

• Analytical epidemiology searches for determi-
nants of disease risk. There is a need for good 
longitudinal cohort studies. 

• Variations in definitions and measurement is-
sues are fundamental, and lead to problems with 
assessing the findings in epidemiological stud-
ies. 

• There is a need for more advanced epidemiolog-
ical analyses of risk factors and comorbidity us-
ing multivariable techniques, and strength of as-
sociations should be determined by relative risks 
and odds ratios. 

 EPIDEMIOLOGY OF ENURESIS 
AND URINARY INCONTINENCE IN 

CHILDREN 

1. GENERAL COMMENTS AND 
DEFINITIONS 

The International Children’s Continence Society 
(ICCS) has issued recommendations regarding termi-
nology of bedwetting or nocturnal enuresis (NE) in 
2006 with a stand alone updated document in 
2014[4]. NE is the term for all urinary incontinence 
during sleep taking place in discrete episodes, re-
gardless of the presence or absence of concomitant 
daytime symptoms. Monosymptomatic nocturnal en-
uresis (MNE) denotes bedwetting without any other 
lower urinary tract (LUT) symptoms, and non-mono-
symptomatic nocturnal enuresis (NMNE) should be 
used for those with any concomitant LUT symptom.  

NE is caused by relative nocturnal polyuria [5] and/or 
nocturnal bladder over-activity [6],  combined with the 
lack of arousal at the time when the bladder needs to 
be emptied. The most important cause is, of course, 
the lack of arousal, otherwise the child would have 
had nocturia.  

Any other leakage of urine in children during both the 
day and night is referred to as urinary incontinence 
(UI), just as it is in the adult population. UI can be 
continuous or intermittent.  Continuous leakage in 
children is often caused by a congenital malfor-
mation, such as ectopic ureter or exstrophy epi-
spadias complex. Other causes of continuous leak-
age can be neurogenic bladder in children with spina 
bifida, tethered cord or other spinal or sacral malfor-
mations. Daytime UI with no obvious cause, i.e. with-
out neurological or congenital anatomic alterations, is 
often seen together with other urinary symptoms such 
as frequency, urgency and infections. Altogether 
these symptoms are referred to as functional LUT 
dysfunction, which is the term used to describe the 
entire spectrum of functional filling-voiding disturb-
ances[4]. Several sub-classifications have been used 
for children who present with varying degrees of 
“functional” urinary symptoms. Some are based on 
urodynamic patterns, others on clinical presentation.  

According to definitions by the ICCS[4], based on 
symptoms and flow-residual studies rather than inva-
sive urodynamic investigations, incontinence as a re-
sult of a filling-phase dysfunction, is in most cases 
due to an overactive bladder (OAB), which can also 
be referred to as “urge syndrome” and “urge inconti-
nence”. Children with OAB usually have detrusor 
overactivity, but this label cannot be applied to them 
without cystometric evaluation. When incontinence is 
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the result of a voiding-phase dysfunction, the diagno-
sis is often dysfunctional voiding (DV), which is in-
duced by increased activity in the sphincter and pelvic 
floor during voiding. It is subdivided into staccato and 
fractionated voiding, and the terms cannot be applied 
unless repeat uroflow measurements have been per-
formed. Voiding postponement (VD) is another com-
mon LUT dysfunction causing UI in children, but dif-
fers from the other since it is induced by a habitually 
postponement of voiding and not a LUT dysfunction 
per se.  

NE and UI due to functional LUT dysfunction are the 
wetting problems addressed in this chapter . Both can 
be either primary (the child has not been dry for more 
than six months) or secondary (the wetting has re-
curred after a dry period lasting more than six 
months). If the complaints are secondary, they may 
signify psychological, neurological or even structural 
anomalies and therefore require careful considera-
tion. 

The healthy infant is socially incontinent but physio-
logically continent, because micturitions (about once 
every hour) are discrete and there is no leakage of 
urine between micturition [7]. Bladder control devel-
ops during the first four to six years of life and is a 
highly complex process, which is still not fully under-
stood. Most children are toilet trained by the age of 
three years, although there is huge social and cultural 
variation. By the age of five years, the child is nor-
mally able to void at will and to postpone voiding in a 
socially acceptable manner [8]. By this age, night-
time and daytime involuntary wetting becomes a so-
cial problem and a cause for therapeutic intervention.  

2. PREVALENCE OF NOCTURNAL 
ENURESIS (NE) 

As bladder control is something that develops over 
time, longitudinal studies are the best way of defining 
the dynamics of this process. Studies giving us the 

prevalence for all children between five and 15 years 
of age, for example, are not appropriate, as all the 
developmental stages are clustered together. It is 
therefore better to give the prevalence for an age co-
hort, such as seven-year-olds. Furthermore, random 
sampling should preferably be used in order to be 
able to say anything about the population. These 
problems associated with understanding epidemiol-
ogy were summarised by Krantz [9], who also re-
viewed the epidemiological studies that had been 
published by 1993.  

One explanation for the variation in prevalence in dif-
ferent studies is the fact that some studies include 
only monosymptomatic enuresis (MNE), whereas 
others also include what is defined as nonmonosymp-
tomatic enuresis (NMNE). Another explanatory factor 
is that the frequency of enuretic episodes differs or is 
not taken into account in some studies. Moreover, 
most epidemiological studies link primary and sec-
ondary enuresis together. 

2.1. Prevalence of all night wetting (MNE+ 
NMNE) according to age 

Longitudinal cohort studies should be the ideal when 
analysing epidemiology in childhood NE, as there is 
a successive reduction in prevalence. Only a few of 
these studies are available [10-16] and cross-sec-
tional studies at different ages therefore have to be 
used. 

Most studies investigate cohorts of children in an age 
span of six to 12 years of age, for example, and give 
the prevalence for the entire group. Some of them 
also give the age-related prevalence [13,17-34] which 
is summarised in Table I. Cross-sectional studies of 
a specific age are also included [16,35-41] in Table 1.

 

Table 1: Prevalence of nocturnal enuresis (NE) ( = Monosymptomatic nocturnal enuresis (MNE) + Non-mono-
symptomatic nocturnal enuresis (NMNE)  together) according to age 

Author Year Prevalence of NE (%) 

7 years 11-12 years 16-17 years 

Ferguson [12] 1986 10.3   

Järvelin [36] 1988 8   

Hellström [35, 37] 1990,1995 9.5  0.5 

Swithinbank [38, 39] 1994,1998  4.7 1.1 

Serel [21] 1997 15.1 4  

Chiozza  [17] 1998 6.8 2  

Spee-van der Wekke [19] 1998 8 4.6  

Lee [22] 2000 16.4 4.5  
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Author Year Prevalence of NE (%) 

7 years 11-12 years 16-17 years 

Cher [20] 2002 9.3 1.7  

Kanaheswari [26] 2003 10.3 3.3  

Soderstrom [24] 2004 7.0 2.6  

Kajiwara [23] 2006 10.1 3.7  

Yeung [25] 2006 10.1 2.0 1.7 

Butler[15] 2008 14.2   

Su [27] 2011  1.9  

Yousef [28]* 2011 31.5 10 8.7 

Aloni [29]* 2012 34.5 13.3  

Yazici [30] 2012 13.4 4.8  

Srivastava [31] 2012 15.5 4.1  

Fockema [40] 2012 12.3   

Aljenfri [32]* 2013 45.4 28.4  

Akil [41]* 2014 24.3   

Mota [16] 2015 10.6   

Sarici [33] 2015 17.2 2.6  

Doganer [34] 2015 14.1 3.8  

*Smaller study populations (Total N in study 415-832) not included in meta analyses of total prevalence. 

In most studies (Table 1), the prevalence for seven- 
year-olds was between 7% and 10%. In two studies, 
the prevalence was higher; 15.1% and 16.4% for 
Turkish [21] and Korean [22] children respectively, 
despite the fact that the inclusion criteria  were very 
similar in all the studies dealing with seven-year-olds 
(NE=night wetting once/month or more). Recently two 

cross sectional epidemiological studies from Yemen 
have showed markedly higher frequencies with 31%-
45% NE among children six to eight years declining 
to 8.7% in adolescents 15 year or older[28, 32]. 
These two studies have smaller study populations 
compared to other studies cited and selection bias 
can therefore not be ruled out, but the findings are 

 
Figure 1: Prevalence of nocturnal enuresis (NE) by frequency of enuretic episodes and age. The data were 
obtained from metaanalyses of the epidemiological studies included in table III.1. NE>1 episode/6months: at 
7 years [17, 20, 22-26, 35,36], 11-12 years [17, 20, 22-26,38] and 16-17 years [25,37,39]. NE>1 episode/week: at 
age 7 years [24, 25, 35,36], 11-12 years [24, 25,38] and 16-17 years [25,37]. 
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interesting. The studies by Hellström [33] differ in NE 
criteria (once/3 months or more) and Järvelin [36] 
(once/6 months or more). The prevalence of more fre-
quent wetting (once/week or more) was lower com-
pared to the prevalence for all wetting (once/month or 
more) by age, which have been illustrated in Fig.1. 

In 15 studies at age seven years [15-17, 20, 22-25, 
30-31,33-37] (Table 1) the numbers of both non-enu-
retic and enuretic children were given and the defini-
tions for enuresis were similar (MNE and NMNE, wet-
ting once/1-3 months or more). A prevalence of 
10.8% was obtained by metaanalyses of these stud-
ies (cohort of 22140 seven-year-old children, of 
whom 2392 were enuretic). Only a few studies in-
cluded groups of children that were chosen at random 
from the population [17, 22, 25, 29 36]. 

At age 11-12 years, the prevalence of NE had de-
creased and from the studies shown in Table I the 
prevalence varied between 1.7% and 4.8%. In nine of 
the studies, the number of non-enuretics and enuret-
ics were available and the definition of NE was similar 
(once/month or more), apart from Swithinbank's [38] 
study (once/three months or more). In these studies, 
the total number of children included was 11660, 
while the number of children with NE was 404, giving 
a prevalence of 3.5%. So, of those children with NE 
at age seven years, almost 15% spontaneously grow 
out of the wetting every year. In a recent Japanese 
study a higher resolution rate was reported in children 
with MNE compared to NMNE in children seven to 12 
years of age (21% and 15%, respectively) [23]. Simi-
lar results was found in a study from Hong Kong in 
which the proportion of children with NMNE was sig-
nificantly greater in adolescent boys than in boys 
aged five to ten years (32% vs 14.6%), even if the 
total prevalence of NE was decreasing as in other 
studies [25]. 

The variation in the prevalence of NE at 11-12 years 
between the studies is less than that seen at age 
seven years. The highest prevalence is no longer 
found in Turkey or Korea, as was the case at age 
seven years, but instead also comes from a non-ran-
domised cross-sectional study of 11 to 12-year-old 
schoolchildren (n = 1145) in the UK (4.7%). It can be 
suggested that the high prevalence seen in the stud-
ies from Turkey and Korea at age seven is not due to 
differences in genetic predisposition, but rather to 
phenotypic differences, such as the age of toilet train-
ing and the subsequent attainment of bladder control, 
socio-economic status, or cultural differences. 

At age 16-17, three cross-sectional studies show a 
further reduction in prevalence to 0.5-1.7%. Two of 
the studies re-investigate children who had previously 
been studied; at age seven years [37] and 11-12 
years [38] respectively. The prevalence when the co-
horts were added together was 1.3% (cohort=3819, 
NE=51) [25, 37, 39], which gives a spontaneous cure 
rate of 11% a year among those who wet at age 11-
12 years.   

In a study of 13,081 adults randomly sampled in the 
Netherlands[42], an overall prevalence of NE of 0.5% 
was found. There was no significant difference be-
tween age groups. Primary NE was reported by 50% 
of the men and 19% of the women, indicating that a 
small group of the enuretic children remain enuretic 
as adults.  

2.2. Prevalence of monosymptomatic 
enuresis (MNE) 

Very few studies make a distinction between MNE 
and NMNE and it is therefore difficult to obtain rele-
vant figures for MNE (Table 2). In two studies from 
Scandinavia dealing exclusively with seven-year-
olds, there was agreement between the studies; 6.4% 
[36] and 7.4% [35]. A Japanese study gave similar 
figures for MNE; 6.2% at age 7 years. In this latter 
study MNE corresponded to approximately 60% of all 
NE in ages from seven to 12 years [23]. When comes 
to studies in which all ages were mixed (5 -12 years), 
eight studies were identified in which those without 
daytime voiding problems could be identified. How-
ever, the difference in prevalence of MNE varied in 
these studies from 3.5% to 15%. 

Table 2: Prevalence of Monosymptomatic nocturnal 
enuresis (MNE) at age seven years and overall (in-
cluding all ages). 

Author Year Prevalence of MNE 
(%) 

Age 7 
years 

All ages 
included 

Järvelin [36] 1988 6.4  

Hellström [35] 1990 7.4  

Yeung [18] 1996  3.5 

Bower [43] 1996  15.0 

Neveus [45] 1999  6.9 

Kanaheswari 
[26] 

2003 9.0 6.2 

Lee [22] 2006 13.6 9.4 

Kajiwara [23] 2006 6.2 3.5 

Srivastava [31] 2011 15.5 12.6 

Fockema [40] 2012 11.3 14.4 

Mota [16] 2015 9.8  
 

2.3. Prevalence of NE versus gender 
Almost all epidemiological studies of NE report a 
higher prevalence in boys than in girls, with the most 
reported ratio of 2:1 in western countries [16-24, 27, 
30, 31, 35, 36, 38, 43-55] . It appears that the gender 
difference diminishes with age and becomes less vis-
ible and less proven among older children [37, 39,46]  
(Fig.2).  
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2.4. Prevalence of NE versus ethnicity 
In a study from The Netherlands [19], a higher preva-
lence was reported in the Turkish/Moroccan group 
(14%) than in the Dutch children (6%) (OR 3.76 
(95%CI 1.98-7.12)). An equally high prevalence was 
found in a Turkish study of children with NE [21] at 
age seven years (15.1%). In a study from Korea [22], 
the same high prevalence at age 7 years was identi-
fied (16.4%). However, other studies from South-East 
Asia had comparable [20, 23, 25] or even lower levels 
of prevalence to those in western countries. In fact, 
two Chinese studies have shown a low prevalence of 
nocturnal enuresis [18, 47], 3.6% and 4.3% for chil-
dren aged 4-12 and 6-16 respectively, which they at-
tribute to earlier nocturnal urinary control in Chinese 
children, due to earlier toilet training.  

2.5. Prevalence of NE versus frequency of 
wet nights and age 

Yeung et al [25]showed in a large epidemiological 
study that that the relative proportion of subjects with 
frequent bed-wetting increased with age. Overall 82% 
of the adolescence had >3 wet nights/week versus 
enuretic children aged 5-10 (42%) (Fig.3). Such a re-
lationship is also evident in fig 1, in which the propor-
tion of children with severe NE increase with age, 
even if the total number decrease. Further support for 
severe NE to remain in a higher proportion as com-
pared to children with infrequent bedwetting was re-
sults in a recent study [15] . Findings in epidemiolog-
ical studies also show a correlation between severity 
of the NE and NMNE [15, 17, 48], meaning that NE in 

 
Figure 3: Prevalence of nocturnal enuresis by frequency of enuretic episodes and age. Data from [25]. 

 
Figure 2: Prevalence of nocturnal enuresis (NE) >1 episode/6months, by gender and age. The prevalence data 
were obtained from metaanalyses of the following epidemiological studies: at age 7 [17, 23-25, 35,36], age 11-
12 [17, 23-25,38] and age 16-17 [25, 37,39]. 
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adolescents often are combined with LUT dysfunc-
tion.  

3. POTENTIAL RISK FACTORS FOR 
NE 

Several risk factors have been established or sug-
gested by epidemiological studies and the most im-
portant ones will be discussed here.  

3.1. Daytime UI and LUT dysfunction 
Daytime UI, a symptom of LUT dysfunction, has in 
epidemiological studies been shown to be the strong-
est predictor for NE (OR 4.8 (2.9-7.9) and has been 
identified in a third of the patients (NMNE) [48]. How-
ever, poor concordance was revealed (kappa 0.25), 
which confirmed the two to be separate entities that 
should be evaluated and treated separately. 

3.2. Family history 
NE is a hereditary disorder and this has been demon-
strated in many studies (for example, [17, 18, 21, 30, 
31, 33, 34, 36, 43, 45, 49]. The mode of inheritance 
appears to be autosomal dominant. Järvelin [36] 
showed that, if both parents were enuretics as chil-
dren, the RR (95% CI) for the child to have NE was 
16 (6.3-20.1), while if only one was enuretic, the RR 
was 7.8 (5.1-9.8). It has recently been shown that the 
risk for the child to have hereditary NE is increased 
with the severity of the enuresis. Children with severe 
NE (>2 episodes/week) were combined with odds ra-
tio for maternal NE 3.63 (2.56-5.14), whereas mild 
and moderate NE (<2 episodes/week) had 2.14 
(1.74-2-64) [50]. The association with paternal NE 
was less pronounced, but a similar increased associ-
ation to severe NE was observed. Using molecular 
genetic methods, foci have been found on chromo-
somes 13, 12, 8 and 22 [51, 52]. A picture of pro-
nounced heterogeneity for both genotype and pheno-
type emerges [53]. Time to spontaneous resolution of 
MNE also seems to be familial with a positive corre-
lation between the age of cessation of MNE of the 
child and their mothers and fathers[54] 

3.3. Psychopathology 
There are evident connections between childhood 
enuresis and mental well-being [13, 14, 47, 49, 55-
58]. The children are increasingly negatively affected 
by their NE with increasing age[59]. Evidence is ac-
cumulating to show that psychological consequences 
are probably caused by the enuresis and not a cause 
of primary NE, which has been thought for a long time 
[56]. The findings presented by Feehan [14] support 
this latter statement, as he only found an association 
between psychopathology and secondary NE, while 
children with primary NE did not display a connection 
of this kind. 

3.4. Developmental delay and ADHD 
Children with developmental delay and mental retar-
dation have been shown to have a higher prevalence 
of NE [12, 19, 36, 60]. Spee-van der Wekke [19] 
found that children who were given special education 
in school, including both those with and without men-
tal retardation, had an OR of 3.74 (95%CI 2.32-6.03) 
for NE.  

Perinatal events such as preeclampsia and low birth 
weight, possibly involving an increased risk of minor 
neurological dysfunction, have also been shown to be 
associated with NE [12, 36, 49]. A connection be-
tween NE and minor neurological dysfunction of this 
kind has also been shown by Lunsing [61] in 12-year-
old enuretic children. Furthermore, children with at-
tention deficit hyperactivity disorders (ADHD) are 
more likely to have enuresis than the general child 
population [57, 62-64] The other way around was also 
confimed in a case control study by Yosefichaijan 
finding a threfold increase of ADHD in children with 
MNE compared to control group[65] 

3.5. Sleep and arousal 
The main pathology behind NE in children is the ina-
bility to wake up to the sensation of a full bladder. Par-
ents often say that their enuretic child “ sleeps very 
deeply”. Some recent studies support this view. By 
using auditory signals [66], computerised EEG [67] or 
questionnaires  [45], a defect in arousal has been 
largely validated. In the study by Neveus [45], the 
odds ratios were significantly high for a high arousal 
threshold (2.7), pavour nocturnus (2.4) and confusion 
when awoken from sleep (3.4). Computerised EEG 
energy analysis has indicated both greater depth of 
sleep and impaired arousal in enuretics [68]. Difficulty 
arousal from sleep has also been shown in children 
with NE compared to children with isolated day-
wetting problems and controls, by using a scoring 
system in a questionnaire [69]. 

3.6. Socio-cultural factors 
Differences in the prevalence of NE [18, 21, 22, 47, 
70] at early ages in different parts of the world are 
probably partly due to socio-cultural differences and 
not to differences in genetic predisposition [19]. It has 
been suggested that socio-economic status corre-
lates with NE in some studies [17, 57], whereas in 
others no correlation was found [9]. Habits like tea-
drinking in the evenings have also been identified as 
a risk-factor for NE[28,32].  

3.7. Other risk factors 
Obstructive sleep apnoea (OSA) has been associ-
ated with enuresis in some patients [71]. In an epide-
miological study association between severe OSA 
and NE in girls was shown [27], but when including 
both sexes and all forms of OSA no difference was 
seen. In another study dealing with OSA patients ver-
sus controls, a significant correlation between NE and 
OSA was found (OR 5.1 (2.4-10.7) [72]. Removal of 
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large adenoids or tonsils causing upper airway ob-
struction in children with NE significantly reduced or 
cured NE [73]. Constipation (see co-morbidity below) 
may cause secondary NE or make primary NE persist 
[74]. Encopresis was shown as a risk factor for NE in 
an epidemiological study (OR 2.7 (1.6-4.4)), while no 
association with constipation could be identified [48]. 
The correlation between encopresis and NE was also 
confirmed in an epidemiological study from Brazil 
[16]. Children with Sickle Cell Disease are found to 
have increased prevalence of NE with studies report-
ing prevalence of 30-32% in paediatric populations 
with Sickle Cell Disease [75, 76]. Sexual abuse must 
also be included among the factors that may lead to 
NE [77], with increased prevalence of enuresis, com-
pared to expected for age, in children referred for al-
legations of sexual abuse[78]  Organic conditions 
such as infravesical obstruction and neuropathic 
bladder may also present as NE. In most cases, how-
ever, additional symptoms are present to make de-
tection possible. Type1 diabetes was reported to be 
a risk factor for secondary MNE due to the polyuria 
seen at presentation [79] 

4. PREVALENCE OF FUNCTIONAL 
INCONTINENCE IN CHILDREN 

In children with functional LUT dysfunction, the OAB 
is far more common than dysfunctional voiding. In a 

urodynamic study of 1,000 patients with functional 
LUT dysfunction, approximately two-thirds had an 
overactive bladder and one-third had dysfunctional 
voiding [80]. Based on clinical information, another 
study comprising 226 children revealed that 76% 
were considered to have an overactive bladder and 
only 1% dysfunctional voiding. The difference illus-
trates that different inclusion criteria influence the rate 
of prevalence [81]. 

When considering the total prevalence of UI (all fre-
quencies of UI included) (Table 3), there was a varia-
tion between 3.2% and 11.2% in different studies at 
the age of seven years. In the earliest studies the 
prevalence was lower (3.2%-5.0%), whereas in the 
studies performed later in the 2000 [16, 22, 24,82-84], 
the prevalence was higher 6.3%-11.2%. One expla-
nation for the difference was probably an increased 
recognition of the problem in the population through 
information via media etc. At 11-13 years the reported 
prevalence varied between 0.9% and 12.5%. Swith-
inbank’s study [38] showed a very high prevalence 
(12.5%) and differed most  from the rest (0.9%-4.2%). 
The difference could probably partly be explained by 
different limits for frequency of UI (occasionally [38] 
vs once/month or more). The fact that the studies 
were performed in different parts of the world was 
also a possible explanatory factor (UK, Turkey and  
Korea).  

 

 

Table 3: Day urinary incontinence (UI) (including mixed day/night). 

Author (ref) Sample size Prevalence (%) 

<1/week >1/week Total day+night day only 

Children aged 7 years: 

Järvelin [36] Total: 2892 
Boys:1444 
Girls: 1445 

  3.21 
2.7 
3.7 

1.8 
1.3 
2.3 

Hellström [35] Total: 3555 
Boys: 1834 
Girls: 1721 

2.3 
1.7 
2.9 

2.5 
2.1 
3.1 

4.92 

3.8 
6.0 

2.7 
1.7 
3.7 

Bloom [93] Total: 101   5.04  

Lee [22] Total: 1325   6.73 3.9 

Kajiwara [82] Total: 984 
Boys: 532 
Girls: 452 

  9.03  
9.2 
8.9 

9.0 
9.2 
8.9 

Söderström [24] Total: 715 
Boys: 367 
Girls: 348 

 
3.0 
3.2 

 
3.8 
2.6 

6.33 

6.8 
5.8 

 

Joinson [83] Total: 8213 
Boys: 4222 
Girls: 3991 

  7.83 

6.9 
8.8 

 

Swithinbank [84] Total: 13973 
Boys: 7217 

6.4 
6.0 

0.9 
0.7 

7.3 
6.8 

 
3.3 



 

 
EPIDEMIOLOGY OF ENURESIS AND URINARY INCONTINENCE IN CHILDREN  13 

 

Author (ref) Sample size Prevalence (%) 

<1/week >1/week Total day+night day only 

Girls: 3991 7.0 1.2 8.8 5.8 

Akil [41] Total: 416    13.5 

Mota [16] Total: 3601 
Boys: 1872 
Girls: 1729 

  11.23 
10.3 
12.2 

8.1 
7.1 
9.1 

Doganer [34] Total: 958   4.3  

Children aged 11-13 years: 

Bloom [93] Total: 165   1.24  

Swithinbank [38] Total: 1171 
Boys: 510 
Girls: 661 

11.9 
7.0 
15.7 

0.6 
0.2 
0.9 

12.55 
7.2 
16.6 

 

Lee [22] Total: 913   1.13 0.9 

Kajiwara [82] Total: 761 
Boys: 366 
Girls: 395 

  2.53 
1.0 
3.9 

 

Söderstrom [24] Total: 763 
Boys: 398 
Girls: 342 

  4.23 

4.1 
4.3 

 

Doganer [34] Total 342   0.9  

Children aged 15-17 years: 

Bloom [93] Total: 81   1.24  

Hellström [37] Total: 651 Boys: 
344 
Girls: 307 

1.5 
0.3 
2.9 

0.3 
0.0 
0.7 

1.82 
0.3 
3.6 

1.8 
0.3 
3.6 

Swithinbank [39] Total: 940 
Boys: 411 
Girls: 529 

  3.02 
0.9 
4.7 

 

 

The frequency of UI decreased with age (Table 3), 
which was clearly demonstrated in the subjects with 

frequent episodes of UI (>1/week) (Fig.4). The prev-
alence at 7 years, 11-13 years and 15-17 years was 

 
Figure 4: Prevalence of day UI (including mixed day/night) >1 episode/week by age and gender. Data are from: 
at age 6 years [88], 7 years [24,35], 11-12 years [24,38] and 16-17 years [37]. 
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2.6%, 1.1% and 0.3% respectively. There were only 
two authors who investigated the same cohort of chil-
dren on two occasions; Hellström [35, 37] in Sweden 
and Swithinbank [38, 39] in the UK. According to the 
studies by Hellström, the reduction from seven years 
to 17 years was 0.2% per year in those with wetting 
at least once a week and 0.3% when including all 
kinds of wetting. Swithinbank reported a far higher 
frequency for all kinds of wetting at age 11-12 years 
but not at 15-16 years and the reduction in his cohort 
of children was therefore approximately 2% per year. 

UI was more common in girls in most studies, espe-
cially in the older age groups (Table 3, fig.4). From 
the prevalence found in the different studies, daytime 
UI could be suggested to be 1.5 times more common 
in girls than in boys at age seven years, whereas at 
age 16 years the difference was even more pro-
nounced: 5-10 times more common in girls than in 
boys (Table 3). Overall in a population based study in 
2856 children between 4.8-12.8 years, female gender 
was an independent risk factor for UI (OR 5.4 (2.6-
11.1) [85]. 

4.1. Prevalence of overactive bladder (OAB) 
In a Japanese study [82], the prevalence in children 
between 7 and 12 years of age, OAB was seen in 
17.8%, with no significant difference between boys 
and girls. There was a gradual decrease in preva-
lence from 19.8% at the age of 7 years to 12.8% at 
12 years.  

4.2. Comorbidity  

4.2.1 Prevalence of NE 
NE in combination with UI is denoted as NMNE as 
mentioned above. NE has been identified as an inde-
pendent risk-factor for day-UI (OR 7.2 (3.4-15.2)) 

[85]. Association of NE to day UI was more often re-
ported in children with frequent UI (≥ 2 epi-
sodes/week), as compared to infrequent UI (< 2 epi-
sodes/week) at 7.5 years [84]. In boys NE was seen 
in 70-80% of those with frequent day UI compared to 
about 50% in those with infrequent. Corresponding 
figures for girls was about 55% and 30%, respec-
tively. 

4.2.2 Prevalence of Bowel problems 
Urinary and faecal incontinence often coexist in dif-
ferent combinations. Constipation in childhood is a 
very common condition and when functional fecal in-
continence is seen, constipation is often the cause. 
The term encopresis can be used synonymously with 
functional fecal incontinence. An increasing number 
of epidemiological studies reporting the frequency of 
bowel problems are accumulating, either in terms of 
constipation or functional fecal incontinence, in chil-
dren with daytime wetting. Table 4 shows that the 
prevalence of bowel problems in day-wetting children 
approximately corresponded to a third of the children 
(21%-35%) [24, 69, 82, 83, 85, 86], with even higher 
prevalence in the subgroup with dysfunctional voiding 
(43%) [86]. A significant association between day-
wetting and bowel problems was shown [24]. These 
results support the new treatment concept of day-
wetting children, with treatment of bowel problems as 
the first step. MNE, on the other hand, seldom have 
bowel problems (0%-1%), whereas in NMNE it is 
more common (16%-24%) [69, 86].  

In an epidemiological study from Japan including 
5282 children, ages between 7-12 years, 81.5% were 
reported to have daily bowel movements. A signifi-
cant higher prevalence of NMNE was found in those 
with constipation, compared to among those with reg-
ular daily bowel movements (3.4% vs 2.2%) [23].

Table 4: Comobidities. The prevalence of concommittant bowel problems in children with day-wetting and 
nocturnal enuresis. 

Author Number children 
bowel problems in 
day-wetting group  

OR (95%CI) Number children 
bowel problems 
in NE 

OR (95%CI) 

Söderstrom 2004 [24] 
 
 
Kajiwara 2004 [82] 
 
Von Gontard 2004 [87] 
 
Chandra 2004 [69] 
 
Joinson 2006 [83] 
 
Sureshkumar 2009 [85] 
 
Fockema 2012 [40] 
 
Sarici 2015 [33] 

35% 
 
 
33% 
 
25%4 
 
24% 
 
33% 
 
21% 
 
 
 
 

7.2 (4.1-12.7) 
 
 
 
 
 
 
 
 
 
 
3.3 (1.4-7.7)2 
 
 

 
 
 
 
 
0%-16%1 

 

1%-24%1 

 

 
 
 
 
15.8% 
 
13.2% 

1.2 (0.6-2.5)2 
2.0 (0.6-6.3)3 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.52 (0.92-2.5)3 
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1 low value represents MNE, high value NMNE, 2OR for fecal incontinence, 3 OR for constipation, 4 Subgroup-
ing of daywetting in OAB, VP and DV the prevalences are: 18%, 25% and 43%, respectively.

5. POTENTIAL RISK FACTORS FOR 
DAY WETTING 

5.1. Family history 
Day wetting, also including those subjects with mixed 
day and night wetting, has been shown to be corre-
lated to hereditary factors, in parallel to what is known 

about children with NE. However, the number of stud-
ies is limited (Table 5). Like for NE hereditary factors 
have been shown to be more pronounced in those 
with severe UI (>2 episodes/week), especially when 
paternal day UI is present (Table 5) [50,87]. 

 

Table 5: Day wetting vs family history (including mixed day/night wetting). 

Author RR (95% CI) OR (95% CI) Positive history (%) 

Järvelin [49]    

-enuresis in mother 10.1 (3.4-29.3)   

-enuresis in father 5.9 (1.9-17.8)   

Sureshkumar [88]    

-daytime wetting in male sibling  5.3 (1.6-18.2)  

-daytime wetting in paternal lineage  9.3 (3.2-27.3)  

Chiozza [17]*                          

-enuresis in parents  12.3  

Bower [43]                               

-family history of enuresis   70%** 

Neveus  [45]                             

-family history  2.0 (1.1-3.7)  

Von Gontard [50]                         

<2 episodes/week    

-maternal NE  1.2 (0.9-1.6)  

-paternal NE  1.3 (0.9-1.8)  

-maternal day UI  2.6 (1.4-5.1)  

-paternal day UI  5.5 (2.4-12.5)  

>2 episodes/week    

-maternal NE  2.1 (1.2-4.0)  

-paternal NE  2.1 (1.0-4.3)  

-maternal day UI  3.3 (0.8-13.7)  

-paternal day UI  10.1(2.3-44.1)  

*Only children with mixed day and night wetting, **compared with 45% in dry children

5.2. Psychopathology 
Children under stress as a result of marital separa-
tion, for example, have a higher incidence of diurnal 
or mixed UI, according to some authors [17, 49, 88]. 
Moreover, psychopathology investigated by Järvelin 
[49] using the Children’s Apperception Test (CAT) re-
vealed a significant increase in the signs of repres-
sion, including an inability to express one's emotions 

and feelings (p = 0.027), when comparing day wetting 
children with controls. Neveus [45] found that day-
wetting children had more difficulty falling asleep (OR 
2.4, CI 1.4-4) and he interpreted them as “anxious 
children”. Lettgren [89] found a significant increase in 
attention problems and delinquent behaviour in a cer-
tain form of day-wetting children (voiding postpone-
ment) using the Child Behaviour Check List (CBCL, 
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Achenbach). In a recent paper [90] similar results 
were found with the highest rate of psychiatric comor-
bidity in children with UI due to voiding postponement 
and the lowest in children with MNE. In the group with  
encopresis 65% were considered to have severe be-
havioural problems [86], meaning that children with 
both wetting and bowel problems are at the highest 
risk for psychopathology. 

In a population-based study investigating psycholog-
ical problems associated with day UI, 8213 children 
were included of whom 643 suffered from daytime 
wetting at median age 7.5 years [83]. Overall the re-
sults indicated a rate of psychological problems that 
was twice the rate reported for children with no day-
time wetting, particular notable was the increase in 
externalizing problems. After adjustment for develop-
mental delay, gender, stressful life events, variables 
associated to family sociodemographic background 
and soiling, there was still an independent associa-
tion of daytime wetting and behaviour problems (OR 
2.04, CI 1.67-2.51). In another epidemiological study 
UI was found to be associated with parenteral con-
cerns about the child’s social behaviour (OR 3.4 (1.4-
8.3), [85]. It is not clear whether the behavioural prob-
lems described in these studies are a cause or a con-
sequence of daytime wetting. 

5.3. Minor neurological dysfunction and 
developmental delay 

Children with minor neurological dysfunction have 
also been shown to have an increased rate of day 
wetting. Duel [62] found that children with ADHD are 
three times more likely to have day UI than controls 
(p<0.0005). Von Gontard and Niemczyk also found 
children with daytime urinary incontinence to have 
significantly higher risk for ADHD and opposite defi-
cient disorder (ODD) symptoms [91, 92]. Also in chil-
dren with delayed maturation or with mental retarda-
tion, the risk of day wetting is increased (OR 1.9 and 
4 respectively), according to studies by Järvelin [36]. 
Perinatal events, which can also be suggestive of 
minimal brain dysfunction, have also been shown to 
be over-represented in day-wetting children. For ex-
ample, Järvelin [49] found that the children of mothers 
who had suffered from toxaemia had an RR of 8.5 
(CI1.4-51.9) for day UI. 

5.4. Other risk factors for day UI 
Sometimes, functional day UI is difficult to distinguish 
from UI due to organic anomalies. The most promi-
nent examples are the adolescent form of posterior 
urethral valves in boys and ectopic ureter and epi-
spadias in girls. 

In many papers, UTI is regarded as a risk factor for 
day UI. Järvelin [49] found an RR of 8.6 (2.3-32.3) for 
UTI in day UI children. Neveus [45] was able to 
demonstrate similar connections; OR 2.3 (1.3-3.9) 
and similar results were seen in Sureshkumar study 
[85]; OR 5.6 (2.0-15.6). However, these infections 
should probably be regarded as a consequence of 

the functional bladder disturbance with UI and not the 
other way round as a cause of the UI.  

6. SUMMARY POINTS 

6.1. Nocturnal enuresis (NE) 

• The prevalence of NE at age seven seems to be 
around 11% for most countries, at age 11-12 
years around 3.5% and at age 16 around 1.3%. 

• The spontaneous cure rate seems to be around 
15% annually between 7 and 12 years, and 11% 
annually between 12 and 17 years  

• In an adult population the prevalence of NE 
seems to be 0.5%. The prevalence was 0.1% 
when including only those with a history of NE 
during childhood. Thus the risk for NE as adult if 
having the condition at 7 years of age can be cal-
culated to 1%. 

• Potential risk factors for NE in children include 
OAB, polyuria, family history, psychopathology, 
developmental delay, mental retardation, socio-
cultural factors, sleep and arousal problems, 
sleep apnoea, constipation, sexual abuse and 
organic conditions such as infravesical obstruc-
tion. 

6.2. Functional incontinence 

• Children who are and remain dry in the day seem 
to attain their diurnal continence between age 
four and five years 

• Diurnal UI, or combined diurnal and nocturnal UI, 
in children is caused by overactive bladder in the 
great majority of cases. 

• Prevalence for functional UI decrease with age. 
At age 7 years prevalence figures varies be-
tween 3.2% and 9%, with the highest prevalence 
in recent studies. At age 15-17 years the corre-
sponding prevalence is 1.2-3%. 

• Variation in prevalence figures is mainly depend-
ant on differences in frequency of incontinence 
episodes in the studies. 

• Potential risk factors for diurnal UI in children in-
clude bowel problems such as constipation and 
functional fecal incontinence, family history, psy-
chopathology, socio-cultural factors, minor neu-
rological dysfunction, developmental delay, or-
ganic anomalies such as infravesical obstruction 
in boys and sexual abuse. 
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 EPIDEMIOLOGY OF URINARY 
INCONTINENCE IN WOMEN 

1. GENERAL COMMENTS AND 
DEFINITIONS 

This section presents a narrative account of a tar-
geted selection of high quality studies that illustrate 
what is currently understood about the prevalence, in-
cidence, and risk factors for urinary incontinence (UI) 
including its common subtypes, stress UI, urgency UI, 
and mixed UI.  

Current terminology for female UI is drawn from the 
2010 IUGA/ICS joint terminology report [2], but in 
most instances is entirely compatible with current ter-
minology for men [1], and children [4. In considering 
the epidemiology of female UI, researchers have 
mainly addressed the epidemiology of the symptom 
of UI, defined as the complaint of involuntary loss of 
urine. There remains a paucity of work at a population 
or community level concerning either the sign of UI, 
defined as observation of involuntary loss of urine on 
examination, or on the formal laboratory diagnoses of 
urodynamic stress incontinence or detrusor overac-
tivity. 

A large majority of epidemiological studies have ei-
ther not considered subtypes of UI, or only reported 
on stress UI (complaint of involuntary loss of urine on 
effort or physical exertion), urgency UI (complaint of 
involuntary loss of urine associated with urgency), 
and mixed UI (complaint of involuntary loss of urine 
associated with urgency and also with effort or phys-
ical exertion or on sneezing or coughing). A small 
number of studies have reported prevalence and risk 
factors for adult nocturnal enuresis (complaint of in-
voluntary urinary loss of urine which occurs during 
sleep). With a lack of validated questionnaire items 
for less common subtypes, the current literature is al-
most silent regarding the population prevalence and 
risks for postural incontinence, continuous inconti-
nence, insensible incontinence, and coital inconti-

nence, although they are sometimes grouped as 
“other incontinence”. Finally, there remains a sepa-
rate category of incontinence, so called “functional in-
continence”, more typical of institutionalised older 
adults, for whom physical or cognitive impairment lim-
its their ability to use a toilet.  

There are a large number of urinary symptom ques-
tionnaires employed in epidemiological research all 
with varying evidence of validity (discussed else-
where). Most questionnaires were initially developed 
using secondary care, i.e. hospital and institutional 
samples, with criterion validity demonstrated in com-
parison to bladder diaries, pad tests, or urodynamic 

Table 6: Stress incontinence and urgency incontinence items from a range of validated questionnaires widely 
used in epidemiologic research 

Questionnaire  Validation 
Paper 

Stress Incontinence Item Urgency Incontinence Item 

King’s Health 
Questionnaire 
 

Kelleher et 
al., 
1997[276] 

Urinary leakage with physical 
activity e.g. coughing, running 

Urinary leakage associated with a strong 
desire to pass urine 

BFLUTS & ICIQ-
FLUTS 
 

Jackson et 
al, 1996[118] 

Does urine leak when you are 
physically active, exert yourself, 
cough or sneeze? 

Does urine leak before you can get to the 
toilet? 

Dan-PSS 
(English version) 

Schou et al, 
1993[277] 

Do you experience leakage of urine 
when you physically exert yourself 
(e.g. coughing, sneezing, lifting)? 

Is the compulsion to pass urine so strong 
that urine starts to flow before you reach 
the toilet? 

OAB-q   Coyne et al, 
2002[278] 

N/A Urine loss associated with a strong desire 
to urinate  

Urogenital 
Distress 
Inventory 

Shumaker et 
al, 1994 
[279] 

Do you experience urine leakage 
related to physical activity, 
coughing or sneezing? 

Do you experience urine leakage related 
to the feeling of urgency? 

EPIQ Lukacz et al, 
2005 
[280] 

Do you experience urine leakage 
related to activity, coughing, or 
sneezing? 

Do you experience urine leakage related 
to a feeling of urgency? 
 

PFDI Barber et al, 
2005 
[281] 

Do you usually experience urine 
leakage related to laughing, 
coughing, or sneezing? 

Do you usually experience urine leakage 
associated with a feeling of urgency; that 
is, a strong sensation of needing to go to 
the bathroom? 
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diagnoses. Quite widely varying terminology is used 
in the items assessing stress incontinence and ur-
gency incontinence in different questionnaires (see 
Table 6), and some items do not capture all aspects 
of the standardised definitions. Even the surrounding 
context for the items is known to strongly affect prev-
alence estimates [94-95], and small variations in ter-
minology from different questionnaires may have sim-
ilar effects.  

The optimal assessment of incontinence subtypes re-
mains controversial [96-97], but it is clear that self-
report of symptoms differs systematically from de-
tailed clinical evaluation. In particular, for women, 
mixed incontinence is more common than would be 
expected by chance, at least using questionnaire 
evaluation [98], and is reproduced less frequently us-
ing urodynamics [99-100]. Stress and urgency incon-
tinence have different treatment options, and are pre-
sumed to have different underlying pathophysiology.  
Caution is therefore needed when comparing epide-
miological studies that either do or do not report a 
separate mixed incontinence subgroup, and when 
generalising from population level data on mixed in-
continence to clinical practice. 

Self-report of incontinence symptoms should reflect 
the woman’s own experience of incontinence, but 
may bear little relationship to felt or expressed need 
for treatment. Across multiple measures, inconti-
nence severity is shown to be only a moderate pre-
dictor of incontinence specific quality of life impair-
ment [101-102]. It is important therefore to character-
ise both the severity of symptoms, through frequency 
of leakage and/or quantity of loss, and the perceived 
bother or impact on activities. Most questionnaires in 
contemporary use, including the ICIQ-SF, ICIQ-
FLUTS and DAN-PSS, therefore ask patients to re-
port both the frequency of UI, and its perceived 
bother. Cautious interpretation should be made of 
high prevalence rates obtained with case definitions 
that do not incorporate some measure of symptom 
bother or impact. 

Incontinence is a stigmatising condition in many pop-
ulations [103], which creates a high risk for respond-
ent bias in incontinence epidemiology [104-105]. Per-
haps because of stigma, incontinence is also associ-
ated with low rates of presentation for care. Surveys 
assessing incontinence in healthcare settings may 
therefore also be highly prone to both medical surveil-
lance bias, in which presentation to care for other rea-
sons results in a diagnosis of incontinence; and Berk-
son bias [106], in which selection of cases from within 
hospitals tends to reduce generalisability to the pop-
ulation, and may suggest associations with spurious 
risk factors. We therefore focus on community or pop-
ulation based samples with response rate over 60% 
[107]. To further minimise differential effects of such 
biases, where possible we report outcomes stratified 
by age, by type of incontinence, and by major sub-
groups of interest. 

The majority of work reviewed in previous editions of 
this chapter, originated from the OECD countries. 
There have been many recent studies from both 
BRIC and developing countries [108], which are now 
reviewed. Subsequent discussion excludes however 
the epidemiology of obstetric vesico-vaginal fistula, 
which is covered in a later chapter. 

Table 1 Stress incontinence and urgency inconti-
nence items from a range of validated questionnaires 
widely used in epidemiologic research 

2. PREVALENCE 

Among general population studies unadjusted preva-
lence estimates for the most inclusive definitions of UI 
(‘ever’ ‘any’ or ‘at least once in the past 12 months’) 
have ranged from 5% to 69% [109], with most studies 
reporting a prevalence of any UI in the range of 25% 
to 45%. This enormous variation between studies is 
seen both within and between countries, and with few 
studies reporting age standardised rates, largely pre-
cludes meaningful comparison between countries. If 
there is variation in true prevalence rates between 
countries, it is obscured by cultural differences in the 
perception of UI and willingness to report UI, as well 
as methodological differences  [110], including in the 
wording of questionnaire items, in the method of ad-
ministration of questionnaires, and perhaps most im-
portantly, with differences in case definitions em-
ployed [111-112]. 

Very few studies have used the same survey tools 
and methods to report female UI general population 
prevalence in more than one country (Table 7). Three 
studies have attempted to assess the relative preva-
lence in western nations [113-115]. Across all coun-
tries surveyed, all these three studies find that SUI is 
the most common subtype, followed by MUI, and then 
UUI. Hunskaar and colleagues surveyed 29,500 
women in France, Germany, the UK and Spain [114]. 
By demonstration of similar age trends across all 
countries, they suggested both lower overall preva-
lence of incontinence in Spain, and a relative excess 
of urgency incontinence in France. The EPIC (Epide-
miology of Incontinence) and EpiLUTS (Epidemiology 
of Lower Urinary Tract Symptoms) studies [113, 115], 
used similar questionnaire items explicitly based on 
standard definitions. However, there was incon-
sistency between studies. The EpiLUTS study found 
similar prevalence of each UI subtype in the US, UK, 
and Sweden, while the EPIC study reported a more 
than 3-fold variation in prevalence between countries, 
with Sweden having a prevalence of 29.5% and Italy 
only 9.3%. The disparity in results could be explained 
by differences in sampling methods, or different re-
sponse rates (58%, 33% and 59% respectively).  

A further study set in Senegal, Mauritania, and Chad, 
reports substantial variation in prevalence across 
countries, even after age stratification [116]. Finally, 
in a recent survey using identical methods across 
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Russia, the Czech Republic and Turkey (n = 3,130) 
[117], there was noted similar prevalences in Russia 
and Czech Republic, but an excess of urinary storage 
symptoms (including UI) in Turkey. Again, it is unclear 
whether such differences are due to linguistic differ-
ences in questionnaires, differences in response pro-
portion, or true cultural or biological differences. The 
lack of consistency in between country comparisons, 
even for large surveys set in western nations, makes 
it impossible to assess the extent of true variation be-
tween countries. It also remains difficult to establish 
stable, meaningful prevalence rates for female UI, 
when there is no consensus about what constitutes 
significant UI. Again, extreme caution is needed in 
making direct comparison of crude prevalence rates. 

Although between study comparisons of female UI 
prevalence are largely unrewarding, we can mean-
ingfully compare within study distributions of UI by 
age and UI subtype. Table 3 summarises prevalence 
estimates by age for female UI from community or 
population based studies with response rate >60%, 
over the period January 2008 through December 
2011. Again a 10 fold variation in unadjusted preva-
lence rates is evident between studies, so where 
available, overall prevalence rates are given by UI 
subtype, while age trends are depicted with 
sparklines. These depict the variation in age specific 
prevalence across the full age range of each study.

Table 7: Population prevalence rates for female UI from studies sampling in more than one country. 

Reference Method Age Country Sample  Prevalence 

Hunskaar 
(Hunskaar et al., 
2004) 

Postal 18+ France 3,881 All UI  
SUI  
UUI  
MUI  

44 
13.6 
11.9 
15.0 

Germany 3,824 All UI  
SUI  
UUI  
MUI  

41 
16.4 
6.6 
15.6 

Spain 6,444 All UI  
SUI  
UUI  
MUI  

23 
9.0 
4.8 
6.0 

UK 2,931 All UI  
SUI  
UUI  
MUI  

42 
17.2 
6.7 
14.3 

Niang (Niang et 
al., 2010) 

Postal 16+  Age  <30 30-59 60+ 

Senegal 682 All UI 31.4 30.9 25.0 

Mauritania 740 All UI 8.0 13.2 22.7 

Chad 648 All UI 8.7 17.5 95.0 

Irwin (Irwin et 
al., 2006) 

Direct or 
phone 
interview 

18+ Sweden 19,165 All UI  29.5 

Italy All UI  9.3 

Canada All UI  13.0 

Germany All UI  11.4 

UK All UI  14.9 

Coyne (Coyne, 
Margolis, Kopp, 
& Kaplan, 2012) 

Web 
Based  

40+ US 10,584 All UI  
SUI  
UUI  
MUI  

67.0 
23.1 
6.7 
21.1 

UK 3,983 All UI  
SUI  
UUI  
MUI  

69.0 
28.6 
7.1 
19.6 

Sweden 1,293 All UI  
SUI  

67.1 
26.9 
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Reference Method Age Country Sample  Prevalence 

UUI  
MUI  

7.9 
16. 

Table 8: Population based studies with response rate >60%, reporting prevalence of female UI by age, pub-
lished Jan 2008-July 2016. 

Reference Country  Sample 
Size 

Survey 
Method 

Age Range Overall Prevalence 
(%) 

Age Trend 

Espuna-
Pons(Espuña-
Pons, Brugulat 
Guiteras, Costa 
Sampere, Medina 
Bustos, & 
Mompart Penina, 
2009) 

Spain 9,063 Postal 15+ All UI  12.2  

Herschorn 
(Herschorn, 
Gajewski, Schulz, 
& Corcos, 2007) 

Canada 518 Telephone 18-90 SUI  
UUI  

25.5 
9.3 

 

Tahtinen 64 Finland 2,002 Postal 18-79 SUI  
UUI 

11.2 
3.1 

 
Tennstedt(Tennst
edt, Link, Steers, 
& McKinlay, 2008) 

US 3,205 Direct 
Interview 

30-79 All UI  
SUI  
UUI  
MUI 
Other UI 

10.4 
2.8 
1.1 
5.9 
0.7 

 

Lee(K.-S. Lee, 
Sung, Na, & 
Choo, 2008) 

South 
Korea 

13,484 Direct 
Interview 

19+ All UI  
SUI  
UUI  
MUI 
Other UI 

24.4 
11.9 
1.9 
10.2 
0.5 

 
Zhu(Zhu, Lang, 
Wang, Han, & 
Huang, 2008) 

China 5,300 Direct 
Interview 

20+ All UI  
SUI  
UUI  
MUI 

38.5 
22.9 
2.8 
12.4 

 
Nygaard 
(Nygaard et al., 
2008) 

US 1,961 Direct 
Interview 

20+ All UI  
 

15.7  

Martinez-
Agullo(Martínez 
Agulló et al., 
2009) 

Spain 3,090 Direct 
Interview 

25-64 All UI  
 

4.0  

Bodhare(Bodhare
, Valsangkar, & 
Bele, 2010) 

India 552 Direct 
Interview 

35+ All UI  
 

9.6  

Ojengbede(Ojeng
bede, Morhason-
Bello, Adedokun, 
Okonkwo, & 
Kolade, 2011) 

Nigeria 5,001 Direct 
Interview 

15+ All UI  
SUI  
UUI  
MUI 

2.8 
2.3 
1.0 
0.6 
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Reference Country  Sample 
Size 

Survey 
Method 

Age Range Overall Prevalence 
(%) 

Age Trend 

Ahmadi(Ahmadi 
et al., 2010) 

Iran 800 Direct 
Interview 

40-95 All UI  
 

38.4  

Liapis(Liapis, 
Bakas, Liapi, 
Sioutis, & 
Creatsas, 2010) 

Greece 2,000 Direct 
Interview 

20-80 All UI  
SUI  
UUI  
MUI 
Other UI 

27.0 
11.9 
3.0 
11.1 
1.1 

 

Amaro(Amaro et 
al., 2009) 

Brazil 685 Postal 22-96 All UI  27.0  

Lopez(López, 
Ortiz, & Vargas, 
2009) 

Puerto 
Rico 

276 Direct 
Interview 

21-64 All UI  
SUI  
UUI  
MUI 

34.8 
16.7 
4.0 
14.1 

 

Correia(Correia, 
Dinis, Rolo, & 
Lunet, 2009) 

Portugal 1,483 Telephone  40+ All UI  21.4  

Slieker-ten 
Hove(Slieker-ten 
Hove et al., 2010) 

Netherla
nds 

1,397 Postal  45-84 All UI  
SUI  
UUI  
MUI 

58.8 
30.6 
6.1 
23.2 

 
Ge(Ge et al., 
2011) 

China 3,058 Direct 
Interview 

20-96 All UI  
SUI  
UUI  
MUI  

22.1 
12.9 
1.7 
7.5 

 

Botlero(Botlero et 
al., 2008) 

Aus 504 Postal  24-80 All  
SUI  
UUI  
MUI  

6.8 
4.8 
0.7 
1.3 

 

Wennberg 
(Wennberg, 
Molander, Fall, 
Edlund, Peeker, & 
Milsom, 2009b) 

Sweden 1,023 Postal  20+ 1991 All  
2007 All  

14.7 
27.8 

 

Franzen 
(Franzén, 
Johansson, 
Andersson, 
Pettersson, & 
Nilsson, 2009) 

Sweden 4,609 Postal 18-79 All  28.9  

Zhu(Zhu et al., 
2009) 

China 19,024 Direct 
Interview 

20-99 All  
SUI  
UUI  
MUI 

30.9 
18.9 
2.6 
9.4 
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Reference Country  Sample 
Size 

Survey 
Method 

Age Range Overall Prevalence 
(%) 

Age Trend 

Lasserre 
(Lasserre et al., 
2009) 

France 2,183 Direct 
Interview 

18+ All  
SUI  
UUI  
MUI 

26.8 
12.1 
2.9 
11.2 

 

Onur(Onur, 
Deveci, Rahman, 
Sevindik, & Acik, 
2009) 

Turkey 2,275 Direct 
Interview 

17-80 All  
SUI  
UUI  
MUI 

46.3 
21.3 
19.9 
16.7  

Zumrutbas(Zumru
tbas et al., 2014) 

Turkey 919 Direct 
Interview 

18+ All  
SUI  
UUI  
MUI 

38.7 
21.2 
8.2 
2.6 

 
Kwon(C. S. Kwon 
& Lee, 2014) 

South 
Korea 

9,873 Direct 
Interview 

20+ All 7.9 
 

Liu(B. Liu, Wang, 
Huang, Wu, & 
Wu, 2014) 

China 5,433 Direct 
Interview 

20-100 SUI  
UUI  
MUI 

14.0 
3.0 
6.3 

 
Wu(J. M. Wu et 
al., 2014) 

US 8,368 Direct 
Interview 

20+ All 17.1 
 

Ebbesen(Ebbese
n, Hunskaar, 
Rortveit, & 
Hannestad, 2013) 

Norway 21,804 Postal 20+ All 29.0 
 

Osuga(Osuga, 
Okamura, Ando, 
& Shimokata, 
2013) 

Japan 1,218 Postal 40+ All 
SUI  
UUI  
MUI 

6.6 
5.4 
3.2 
2.1 

 
Horng(Horng et 
al., 2013) 

Taiwan 4,661 Direct 
Interview 

35+ All 22.0 
 

Brito(Brito et al., 
2012) 

Mexico 1,180 Direct 
Interview 

45-65 SUI 15.3 
 

As in the studies comparing prevalence between 
countries, absolute prevalence rates vary widely in 
recent cross-sectional work. However, the distribution 
of UI subtypes is consistent. Isolated stress inconti-
nence accounts for approximately half of all inconti-
nence, with most studies reporting 10-39% preva-
lence. With few exceptions, mixed incontinence is 
found to be next most common, with most studies re-
port 7.5-25% prevalence. Isolated urgency inconti-
nence is uncommon, with 1-7% prevalence, and 
where recorded at all, other causes of incontinence 
occur with approximately 0.5-1% prevalence. In sum-
mary, current data provide very disparate estimates 
of population prevalence for UI in women. Approxi-
mately 10% of all adult women report leakage at least 
weekly. Occasional leakage is much more common, 

affecting 25%-45% of all adult women. Prevalence 
rates from cross-sectional studies uniformly demon-
strate an association with age, which is explored in 
more detail in the subsequent section on risk factors. 
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Table 9: Studies reporting incidence and/or remission for UI in women. 

Study Country Period 
(years) 

♀ 
Sample 
Size 

Loss to 
Follow Up 
(%) 

Baseline 
Age 

Case 
Definition 

Prevalence at 
baseline (%) 

Prevalence at 
follow up (%) 

Annual 
Incidence (%) 

Annual 
Remission (%) 

Samuelsson  et 
al. [213] 

Sweden 5 457 16.4 20-59 Any UI 23.5 27.5 2.9 5.9 

Hagglund et al. 
[306] 

Sweden 4 338 26.6 20-50 Any UI 45.6 47.5 4.2 4.0 

Wehrberger  et 
al. [307] 

Austria 6.5 925 52.3 20+ Any UI 
Weekly UI 

32.0 
n/a 

43.3 
n/a 

3.9 
2.1 

2.9 
n/a 

Townsend et 
al. [134] 

US 2 64,650 18.4 36-55 Monthly UI 
Weekly UI 

52.5 
n/a 

48.3 
n/a 

6.9 
1.9 

7.0 
n/a 

Dallosso  et al. 
[145] 

UK 1 6,424 48.9 40+ Monthly SUI 17.3 n/a 8.3 n/a 

McGrother et 
al. [308] 

UK 1 12,036 20.2 40+ Any UI 34.2 n/a 8.8 25.2 

Donaldson( et 
al. [309]  

UK 3 12,750 33.0 40+ Any SUI 16.9 n/a 6.1-7.3 33.7-34.9 

Waetjen  et al. 
[147] 

US 5 3,301 18.1 40-55 Monthly UI 
Weekly UI 
Monthly SUI 
Monthly UUI 
Monthly MUI 
Other UI 

46.7 
15.3 
32.2 
9.2 
13.8 
2.7 

n/a 11.1 
1.2 
5.0 
3.2 
2.4 
0.5 

n/a 

Liu et al. [310] Australia 2 2,272 
(♂&♀) 

13.9 65+ Any SUI 
Any UUI 

12.1 
38.4 

15.4 
37.4 

15.4 
18.8 

n/a 
n/a 

Goode et al. 
[283] 

US 3 490 5.0 65+ Monthly UI 0.41 n/a 9.7 13.0 

Ostbye et al. 
[238] 

Canada 10 5,332 60.2 65+ Any UI 19.5 28.8 1.8 n/a 

Wennberg et 
al. [124] 

Sweden 16 2,911 51.6 20+ Any UI 14.6 27.8 1.3 2.1 



 

 
 

24 Study Country Period 
(years) 

♀ 
Sample 
Size 

Loss to 
Follow Up 
(%) 

Baseline 
Age 

Case 
Definition 

Prevalence at 
baseline (%) 

Prevalence at 
follow up (%) 

Annual 
Incidence (%) 

Annual 
Remission (%) 

Moller( et al .  
[311]  

Denmark 1 2,860 20.1 40-60 Weekly SUI 
Weekly UUI 

13.1 
7.3 

11.0 
6.7 

4.0 
2.7 

41.4 
42.0 

Hotledahl  & 
Hunskaar [312]  

Norway 1 507 3.6 50-74 Monthly UI 30.6 29.8 0.9 1.4 

Byles et al. 
[263] 

Australia 9 12,432 42.4 70-75 Sometimes UI 20.7 27.3 1.62 n/a 

Lifford et al. 
[212]  

US 2 58,703 10.4 54-79 Monthly UI 
Weekly UI 

45.2 
n/a 

51.6 
n/a 

4.6 
1.8 

6.6 
4.4 

Jackson et al. 
[312]  
 

US 2 1,017 19.0 55-75 Any UI 66.0 63.1 9.6 7.1 

Nygaard & 
Lemke [313]  

US 6 2,025 n/a 65+ Any SUI 
Any UUI 

40.3 
36.3 

n/a 
n/a 

4.77 
4.75 

5.02 
3.68 

 Gavira Iglesias 
et al. [314]  
 
 

Spain 5 486 34.9 65+ Any UI 41.0 54.0 7.2 2.8 

Herzog et al 
[258] 

US 2 1,154 30.2 60+ Any UI 37.7 52.7 15.8 7.5 

Burgio et al. 
[315  

US 3 541 61.9 42-50 Monthly UI 30.7 n/a 2.7 n/a 

Melville et al. 
[216]  

US 6 5,820 18.1 57-67 Monthly UI 13.5 n/a 3.5 n/a 

Jahanlu & 
Hunskaar [137]  

Norway 10 2,331 13.0 40-44 Any UI 38.9 43.9 4.9 n/a 

Legendre et al. 
[316] 

France 12 4,127 7.4 46-50 Any UI 24.5 34.7 3.3 6.2 

Botlero(Botlero, 
Davis, Urquhart, 
& Bell, 2011) 

Australia 2 506 12.6 26-82 Any UI 41.6 44.6 8.5 8.4 



 

 
EPIDEMIOLOGY OF URINARY INCONTINENCE IN WOMEN  25 

 

3. INCIDENCE AND REMISSION 

Many prospective longitudinal studies have examined 
UI in women, either in the general population, or fo-
cused on pregnancy, menopause or old age. How-
ever, interpretation and comparison of incidence and 
remission rates is fraught with difficulties. Inconti-
nence is not intuitively a condition, with fluctuating se-
verity, indeed the popular perception in both the med-
ical community and the general public, is of a chronic 
condition. However misclassification due to the unre-
liability of symptom assessment tools may cause the 
appearance of symptom fluctuation. Measuring the 
short term test re-test reliability for the BFLUTS ques-
tionnaire [118], the DAN-PSS [119], the IIQ [120], or 
any of the other commonly used questionnaires sug-
gests that only 80-85% of  item responses are stable 
over even a brief retest period. Thus even when a lon-
gitudinal study is able to use the exact same item for 
assessment across even relatively long periods of fol-
low up, the effect of misclassification due to question-
naire unreliability may obscure a true effect of inci-
dence or remission. Even non-differential misclassifi-
cation bias, can have serious consequences both for 
estimates of absolute cumulative incidence, and rela-
tive incidence risk, and such effects are largest for 
conditions such as UI, with high prevalence and low 
incidence [121]. Other methodological differences 
may also cause wide variation. Questionnaires that 
use different recall periods (e.g. any leakage in last 
week, any leakage in last year, any leakage ever) will 
produce different estimates of incidence and remis-
sion.  Due to changes in standard definitions, many 
studies have also used different case definitions at 
baseline and follow-up. Finally, although loss to follow 
up itself is very variable between studies, differential 
loss to follow-up is observed in almost all studies, and 
must substantially decrease generalisability. 

Annual incidence rates for broad definitions of UI 
(“monthly” or “any”) range from 0.9% to 18.8%, while 
rates for weekly UI show less variation at 1.2-4.0%. 
There is a significant negative correlation between 
the length of a study and its reported annualized inci-
dence rate, suggesting that short studies of 1-2 years 
overestimate incidence due to a dominating effect of 
misclassification. Limiting comparisons to studies 
with >5yr follow up suggests incidence of 1.3-4.9% 
even for inclusive definitions of UI. Fewer studies 
have reported remission rates, and again estimates 
vary widely between 1.2 and 42%. Again limiting the 
comparison to longer studies of >5yrs suggests rates 
of 2.1 to 5.0%. Overall these results are compatible 
with findings from cross-sectional studies, with mod-
est increases in UI prevalence across the whole fe-
male population of 0.5-1% per year. Although the ex-
tent of cohort effects has rarely been reported, current 
data suggests that earlier cohorts are less likely both 
to report incontinence [122-123], and to seek care for 
it [124].  

4. POTENTIAL RISK FACTORS 

This section summarises the most important reported 
demographic, social, environmental, and lifestyle cor-
relates of urinary incontinence in women. Familial risk 
factors for incontinence and prolapse are considered 
together in the section on genetic epidemiology.  

While a majority of previously cited studies have re-
ported associations with incontinence, great caution 
is again needed in assigning these as causal risk fac-
tors. As already seen, a large majority of studies are 
cross-sectional in design, providing no evidence of 
causation, since the temporal association of the puta-
tive risk factor and the onset of incontinence cannot 
be assessed. Where possible we therefore try to fo-
cus on risk factors for incident UI, from longitudinal 
studies. Again though, with the exceptions of mode of 
delivery, menopause hormone therapy, and weight 
loss, there remains a dearth of interventional studies. 
Even the highest quality observational studies may 
suffer from residual or unmeasured confounding, fur-
ther limiting conclusions about causality. 

4.1. Age 
The age distribution for incontinence of all causes re-
ported in the widely cited EPINCONT study [125], de-
picts a steady increase in moderate and severe in-
continence throughout the adult lifespan, but with a 
distinct peak in slight incontinence around the time of 
the menopause. Other large studies have, however, 
reported a steady increase in prevalence for both 
slight and severe UI, without a distinct menopausal 
peak [126]. The timing and causes of a fifth and sixth 
decade peak has been explored in a number of high 
quality longitudinal studies of menopausal transition, 
discussed subsequently. Where such a peak is iden-
tified from cross-sectional studies, it is most pro-
nounced for stress incontinence [114-115]. Across 
most cross-sectional studies isolated stress inconti-
nence declines into old age, as mixed incontinence 
becomes relatively more common [125,128]. Besides 
methodological differences, disparity in age ranges, 
severity thresholds, and proportion of each subtype 
of incontinence probably therefore explains the mod-
est differences in age trends seen in Table 3. These 
age trends, drawn from cross-sectional studies, may 
in any case be biased by cohort or period effects. 

While most cross-sectional studies find an increase in 
prevalence into old age, some high quality studies 
have identified a peak in all cause incontinence, with 
a decline in the eighth and ninth decade [129]. Such 
a large disparity might be explained by sampling strat-
egies that include or exclude institutionalized adults. 
The epidemiology of UI in this vulnerable group de-
serves special attention, and of course remains of key 
interest to geriatricians. The epidemiology of inconti-
nence in nursing home residents has been the sub-
ject of one systematic review [130]. Only one primary 
study provides data from more than one country, al-
lowing cross-border comparisons. From a population 
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of 279,191 elderly people in care homes, from Den-
mark, France, Iceland, Italy, Japan, Sweden, and the 
US, the prevalence of female urinary incontinence 
was relatively stable at 42.0-72.5% [131, with much 
of that variation accounted for by differences in age 
structure, and proportion of residents with functional 
or cognitive impairment. Indeed variability in preva-
lence estimates for female care home residents 
across the entire literature is much less than for the 
general population [130], ranging from 42.0% in Ja-
pan [129] through to 78.4% in the US (using a much 
more inclusive definition) [132]. Urinary incontinence 
is associated with nursing home admission from the 
community [133]. This may in part explain the appar-
ent steeper increase in prevalence with age in nurs-
ing homes compared to community dwelling samples 
[132]. Loss to follow up certainly limits our ability to 
accurately assess age trends in the elderly from 
cross-sectional studies. 

Given the difficulties in establishing robust incidence 
estimates, most longitudinal studies do not provide 
good evidence of age trends in incidence. Studies 
have variably reported no change in incidence with 
age, or a stable incidence in middle age, with a sharp 
increase in old age. However, the large Nurse’s 
Health Study cohort [134] provided good evidence of 
a decrease in incidence of stress UI following the 
menopause, which has more recently been explored 
in analyses of the SWAN study [135], the 1946 British 
Birth Cohort [127], and the Hordaland Women’s Co-
hort [136-137]. All these studies provide consistent 
evidence of a peak in incontinence at the time of the 
menopause, with pre- and peri-menopausal status 
being associated with increased incidence of UI and 
decreased remission of UI compared to post-meno-
pause. As will be discussed in the section on meno-
pausal replacement therapy, part of this peak may be 
iatrogenic. Consistent with evidence from cross-sec-
tional studies [114,125], the peak is attributable 
mainly to mild stress incontinence. 

While the association between age and female UI is 
clearly important for planning healthcare resource al-
location, in many studies this is not an independent 
association. Other risk factors associated with age, 
including parity, co-morbidities, and BMI attenuate 
the association with UI [126], and additional adjust-
ment for relevant co-morbidities typically eliminates 
the association [138]. Confounding factors ade-
quately explain the association between age and UI, 
and therefore UI in women should not be considered 
as an intrinsic consequence of the aging process it-
self.  

4.2. Obesity and Adiposity 
Obesity is perhaps the most clearly established risk 
factor for UI in women. There is a wealth of cross-
sectional, longitudinal, and interventional data 
demonstrating positive association between BMI and 
UI, which has been subject of several systematic re-
views [139-140]. Across a wide range of studies 
obese women have approximately double the risk of 
UI. A typical pattern of association, taken from the 
large Nurses’ Health Study II [141]  (n = 83,355) is 
demonstrated in Figure 2. The ORs for UI by severity 
are plotted against BMI, from underweight through to 
obese. Although the Nurses’ Health Study II is limited 
to middle aged women, such findings are consistent 
across all age groups, both within studies [142], and 
between studies [139]. This association is quite mini-
mally attenuated by adjustment for other risks for UI.  

Data from the EPINCONT survey also demonstrate 
the same positive association between BMI and more 
severe incontinence. Additionally they indicate that 
such associations hold for the major subtypes of in-
continence (Figure 3), but are most pronounced for 
mixed UI, and relatively modest for UUI. Similar find-
ings were reported for data from the Heart and Estro-
gen/Progestin Replacement Study [143] and the 
1946 British Birth Cohort [144], with the associations 

 
Figure 5: Associations between BMI and UI severity from the Nurses’ Health Study II. Original figure created 
based on data reported in Danforth et al. [141]. 
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with BMI being greater for stress or mixed UI com-
pared with urgency UI. 

The temporal association between BMI and UI is also 
established with data from the 1946 British Birth Co-
hort, SWAN, MRC Incontinence [145] and the 
Nurses’ Health II studies demonstrating that earlier 
onset of obesity is associated with increased risk for 
UI in middle age [127], and that both higher BMI and 
greater weight gain are associated with increased risk 
of incident UI [145-147]. Although again it is hard to 
compare between studies, it appears that BMI may 
be a greater risk factor for incident UI than for preva-
lent UI adding credence to the association [147]. As 
for cross-sectional studies, the association is stronger 
for incident stress UI and mixed UI, compared with 
incident urgency UI [145, 147].  

There is adequate evidence [149-150], that obesity 
increases intra-abdominal pressure, predisposing to 
stress incontinence, while metabolic syndrome asso-
ciated with obesity predisposes to urgency inconti-
nence [151- 154]. Consistent with this, waist circum-
ference and waist to hip ratio appeared to be associ-
ated only with stress UI, and not with urgency UI in 
the SWAN [147] and HERS studies [143]. More re-
cent data from BACH [155] and KNHNES [156] indi-
cate that measures of central adiposity are also cor-
related with urgency UI.  

Finally, intervention studies for weight reduction have 
reported that even modest weight loss is associated 

with improvement or resolution of both stress and ur-
gency UI, with the probability of resolution correlated 
to the degree of weight loss [149,157-160]. Despite 
the complex interplay between weight and other risk 
factors for UI, we still have robust evidence to support 
a causal role of BMI in the development of UI. 

4.3. Parity, pregnancy & mode of delivery 
Parity is considered by the laity as among the most 
important risk factors for UI. This is reflected in almost 
all large cross-sectional surveys (Figure 4). Some 
early studies reported a threshold effect at one deliv-
ery and little or no additional risk with increasing par-
ity [161-163], but in most subsequent work, increas-
ing parity is associated with increased risk of UI. A 
single delivery is typically associated with adjusted 
OR of around 1.3-1.6 for UI, and further deliveries lin-
early increasing the risk up to an adjusted OR of 1.5-
2.0 [126,141,147,164].  

As expected these effects are strongest in the third 
and fourth decades, with substantial attenuation 
through middle age, and in many studies no persis-
tent effect in old age [142,164-166], as other risk fac-
tors come to dominate. Although the EPINCONT 
[164] and SWAN [147] studies reported only associa-
tion between parity and stress or mixed UI, other 
studies have also suggested, a reduced but signifi-
cant association with urgency UI [167-168]. 

 

 
Figure 6: Associations between BMI and UI subtype from the EPINCONT study. Original figure created based 
on data reported in Hannestad et al. [148]. 
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Table 10. Prevalence of urinary incontinence in the first post-partum year among primiparous women by type 
of delivery 

VD=all vaginal deliveries; SVD=spontaneous vaginal delivery; IVD=instrumental vaginal delivery (forceps 
and/or vacuum); CS=all Caesarean Sections; elCS=elective Caesarean Section (prior to labor); emCS= emer-
gency Caesarean Section (after onset of labor) 

• Prevalence estimates restricted to women with no UI prior to pregnancy 

Reference Country Type of 
delivery 

N Type of 
UI 

Severity of UI Prevalence (%) by months post-
partum 

1 to 3 
months 

4 to 6 
months 

7 to 12 
months 

Chaliha et al. 
[317] 

UK VD 289 All 
Stress 

Any 15 
13 

  

CS 131 All 
Stress 

Any 9 
8 

  

Eason et al. 
[186]   

Canada VD 467 All Any 
>Weekly 
Daily 

31 
10 
3 

  

CS 104 All Any 
>Weekly 
Daily 

12 
2 
1 

  

Eftekhar et al. 
[318]* 

Iran VD 357 Stress Any  16  

CS 
elCS 
emCS 

345 Stress Any  12 
11 
25 

 

Ekstrom et al. 
[319]  

Sweden VD 197 Stress 
Urge 

Any 20 
4 

 15 
6 

elCS 192 Stress 
Urge 

Any 4 
3 

 5 
5 

Pregazzi et al. 
[193]  

Italy VD 379 Stress 
Urge 

Any 8 
6 

  

SVD 218 Stress 
Urge 

Any 16 
1 

  

Farrell et al. 
[190] * 

Canada SVD 313 All Any 23 22  

CS 
elCS 
emCS 

125 
27 
98 

All Any 8 
4 
9 

10 
5 
12 

 

Groutz et al 
[320]* 
  

Israel SVD 145 Stress Fortnightly   10 

elCS 
emCS 

118 
100 

Stress Fortnightly   3 
12 

Glazener et al. 
[200]* 

New 
Zealand, 
UK 

VD 
SVD 
IVD 

2805 
19548
51 

All Any 32, 29 
31, 28 
33, 30 

  

CS 569 All Any 16, 12   

Schytt et al. 
[321]  

Sweden VD 
SVD 
IVD 

750 
617 
133 

SUI Any   20 
19 
22 

CS 
elCS 
emCS 

165 
43 
122 

Stress Any   9 
0 
11 
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Reference Country Type of 
delivery 

N Type of 
UI 

Severity of UI Prevalence (%) by months post-
partum 

1 to 3 
months 

4 to 6 
months 

7 to 12 
months 

Borello-France 
et al. [185] 

USA VD 356 All 
Stress 
Urge 
Mixed 

Any 35 
17 
4 
15 

31 
14 
3 
14 

 

elCS 116 All 
Stress 
Urge 
Mixed 

Any 25 
11 
4 
10 

23 
14 
1 
8 

 

 

There is a substantial difference in effect between 
vaginal delivery and caesarean delivery, that has also 
been the subject of two systematic reviews [169-170]. 
Over short term follow-up meta-analysis of data from 
four large cross-sectional studies [171-174], sug-
gested a significant protective effect of caesarean on 
stress UI (OR 0.56) and mixed UI (OR 0.70). For long 
term follow up, meta-analysis of 15 studies again 
found almost double the risk of stress incontinence 
after any vaginal delivery (spontaneous, or assisted) 
compared to any caesarean section (adjusted OR 
1.85, absolute risk difference 8.2%), with a smaller ef-
fect on urgency incontinence (adjusted OR 1.30, risk 
difference 2.6%). In meta-regression of long term 
studies the effects on stress incontinence were much 
more pronounced for younger women, further adding 
to our confidence in assigning a causal role for vagi-
nal delivery. 

Generally across all observational studies, women 
delivering exclusively by caesarean have similar 
prevalence for UI as age matched nulliparous 
women. While the existing interventional studies re-
main significantly underpowered, the same direction 
of effect for caesarean is still seen [175]. 

Pregnant women, and those in the early post-partum 
period are typically excluded from population-based 
studies of UI, but a large body of work considers the 
specific epidemiology of UI in and around pregnancy. 
A systematic review including 33 population-based 
studies, each with response rate over 50% [105], con-
cluded that the prevalence of UI in the first three 
months post-delivery was 30%, with infrequent stress 
UI being the most common. The difference in UI rates 
between women delivering vaginally and those deliv-
ering by caesarean is evident immediately after deliv-
ery. As demonstrated in Table 5 (adapted from 
Abrams et al 2009 [109]), there is a gradual decrease 
in prevalence during the first post-partum year.  

Despite the protective effect of caesarean, for many 
women the onset of incontinence is during pregnancy 
itself. The point prevalence of UI is low in the first tri-
mester, rising rapidly in the second trimester and in-
creasing slightly in the 3rd trimester [176-177]. In the 
population based Norwegian Mother and Child Co-
hort Study, (n = 43,279), the prevalence of stress in-
continence from before to during pregnancy, rose 
from 9% to 31% in nulliparous women, and from 24% 
to 42% in parous women [178]. In contrast, mixed in-
continence showed a similar rise in both groups (from 

 
Figure 7: Adjusted OR for UI from selected large cross-sectional surveys. Figure created for this chapter 
combining data in: (Danforth et al., 2006 [141); Grodstein et al., 2003 [126]; Rortveit et al., 2001 [164]; Waetjen 
et al., 2007 [147]). 
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6% to 16% and from 8% to 20%, respectively). Ur-
gency incontinence remained virtually unchanged in 
both groups at less than 5%. In follow up of these 
women, the onset of incontinence during pregnancy 
was strongly predictive of post-partum UI (adjusted 
RR 2.3, 95% CI 2.2-2.4), with little modification by 
mode of delivery. Such an effect seems to persist into 
long term follow up [179-182], even for women who 
return to full continence in the immediate post-partum 
period. It seems that the temporary physiological 
changes during pregnancy may reveal women with a 
predisposition to incontinence in later life, in a manner 
analogous to gestational diabetes [183]. 

There are other suggested potentially modifiable ob-
stetric risk factors, including induction of labour, for-
ceps delivery, and use of episiotomy. Regardless of 
conflicting observational evidence of an effect of epi-
siotomy (for example refrences 184-187), there are a 
large number of interventional studies that have not 
shown either harm or benefit [188]. Similarly while for-
ceps delivery has conflicting evidence from observa-
tional studies (for example refrences 187,189-191), 
within the context of the second stage of labour, ma-
ternal urinary incontinence is of secondary im-
portance in decision making regarding choice of de-
livery instrument [192]. In a similar vein, while induc-
tion and augmentation of labour, and use of epidural 
anaesthesia have each been identified as being as-
sociated with both early postpartum and persistent UI 
[193-196], it is doubtful whether this should have any 
effect on current obstetric practice. 

Many other suggested obstetric risk factors, including 
age at first delivery, and birth weight, are perhaps not 
meaningfully modifiable. Several studies have sug-
gested that older age at either first or last birth is as-
sociated with UI [144, 197-199], although more recent 
data from the RRISK study suggested a U shaped 
distribution [195], with very young mothers also at in-
creased risk. Inadequate adjustment for socio-eco-
nomic class may explain all these effects. Numerous 
studies have suggested that greater birth weight at a 
single delivery, or maximum weight of infant across 
all deliveries may also be associated with UI 
[162,165,195,200-202]. Although elective caesarean 
would be protective, birth weight is still challenging to 
predict, and again pragmatic randomised interven-
tional trials are needed before making clinical recom-
mendations. 

4.4. Menopausal Replacement Therapy 
Menopausal oestrogen replacement therapy was 
once widely prescribed as a treatment for urinary in-
continence during or after menopause, on the basis 
of rather heterogeneous data from clinical trials [203], 
and inconsistent associations in cross-sectional stud-
ies [196,204]. While current evidence overall contin-
ues to support prescribing of topical oestrogen [205], 
the Nurse’s Health Study [206], the Heart Estro-
gen/Progestin Replacement Study (HERS) [207], and  

Women’s Health Initiative (WHI) Hormone Replace-
ment Trial [208] all provided strong evidence that oral 
oestrogens, with or without combined progestogens 
were associated with increased incident UI. In the pla-
cebo controlled HERS trial, women randomised to 
conjugated oral oestrogen plus medroxyprogester-
one were more likely to experience worsening of their 
incontinence over 4 years (39% vs. 27%, 
p<.001)[207]. In the randomised WHI trial, continent 
women receiving oestrogen, with or without proges-
togen, were approximately twice as likely compared 
to women receiving placebo to have developed stress 
incontinence at 1 year (16% vs. 9%, p<.0001) [208]. 
The risks of mixed and urge incontinence were also 
significantly increased, though more modestly. Fur-
ther trials including oestrogen arms have subse-
quently been reported during development of selec-
tive oestrogen receptor modulators (SERMs), con-
firming these findings [209]. Some SERMs have 
themselves been associated with an increased risk of 
UI [210] (Albertazzi & Sharma, 2005), although ralox-
ifene appears safe [209]. 

4.5. Hysterectomy 
Hysterectomy is among the most common major pro-
cedures performed for women in Western nations. 
Many women date the onset of incontinence to a hys-
terectomy, but uncontrolled case series and small 
randomised trials have produced conflicting results. 
Evidence from large population-based observational 
studies has increasingly suggested a causal link, alt-
hough the underlying pathophysiological mechanism 
is poorly understood. 

Among a sample of 1,517 Taiwanese women aged 
65 years and over, hysterectomy was associated with 
OR 1.8 for UI, with no difference between abdominal 
and vaginal hysterectomy [211]. Earlier trials had, 
however, suggested either no effect [212-213], or ra-
ther more modest effects [214]. Where an association 
is found, it is strongest with case definitions con-
sistent with “severe UI” [141,215-216], perhaps re-
flecting high rates of mild UI in controls. Using a sam-
ple of more than 900,000 women from the Swedish 
Population Register, abdominal hysterectomy for be-
nign disease was associated with a hazard ratio of 
2.1 for subsequent stress UI surgery, while vaginal 
hysterectomy for prolapse was associated with a haz-
ard ratio of 6.3 [217]. Similar results were observed 
comparing hysterectomy and endometrial ablation in 
the Scottish Morbidity Returns database [218]. Re-
cent data from a randomised trial of levonorgestrel-
IUS versus hysterectomy [219] does confirm this ef-
fect. In follow up of 236 women, increased incidence 
of stress UI (OR 1.83 95%CI 1.01-3.22) was first ap-
parent at 10 year follow, with significantly higher rates 
of treatment for both stress and urgency UI. 

Overall hysterectomy appears to be associated with 
development of subsequent incontinence symptoms, 
and particularly with the need for stress UI surgery. 
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One potential mechanism is loss of pelvic floor sup-
port at the time of surgery. The data from observa-
tional studies should still be considered cautiously, as 
findings may be influenced by both healthy responder 
bias and medical surveillance bias, the latter of which 
may also affect unblinded interventional studies.  

4.6. Diet 
Many dietary constituents including coffee, tea, alco-
hol and carbonated beverages have all implicated in 
the pathogenesis of UI. Dietary data are difficult to 
obtain reliably [220], and women may change dietary 
intake in response to UI, making cross- sectional 
studies of diet and UI difficult to interpret. 

The consumption of coffee or other caffeinated drinks 
as a risk factor for UI has been most widely studied. 
While some studies report a positive association as-
sociated with an increased risk of UI [221-224], others 
have either report no association [225-227], or a pro-
tective effect [145,228]. Even within the large 
EPINCONT study there were conflicting findings re-
garding coffee, with a positive association with mixed 
UI, but a negative association with stress UI [148]. 
The WHI study demonstrated a dose-dependent pos-
itive association between caffeinated coffee and urge 
UI, but not for decaffeinated coffee or for other UI sub-
types [229]. The EPINCONT study suggested a pos-
itive association between tea drinking and stress UI 
or mixed UI [148], while analysis of the Swedish Twin 
Registry Cohort showed an association only with 
overactive bladder [228]. The Leicester MRC Inconti-
nence study is one of two studies to have used food 
frequency questionnaires, and found no association 
with tea [145]. It is unclear whether tea consumption 
contributed significantly to the overall association be-
tween UI and dietary caffeine in the WHI study [229]. 
At a population level the overall picture is therefore 
unclear, despite suggestive evidence of improve-
ments in symptoms reported from interventional trials 
of caffeine reduction [230]. 

Anecdotally, alcohol consumption may be acutely as-
sociated with urinary urgency and urgency inconti-
nence. A positive association between alcohol con-
sumption and UI has been reported by some studies 
[231], but is found to be either protective [145, 232], 
or of no significance [148] in other studies. Differ-
ences between studies may reflect confounding as-
sociations between age and alcohol consumption. 

The most comprehensive assessment of diet as a risk 
factor for UI comes from the Leicester MRC study 
[145]. Besides effects reported above, this study also 
found increased incidence of stress UI with increased 
intake of carbonated drinks, and reduced incidence of 
overactive bladder with increased intake of bread, po-
tato and vegetable consumption. While these effects 
certainly provide interesting avenues for further re-
search, there is no evidence of a causal association, 
and instead these dietary components may be surro-
gates for other unidentified socioeconomic risks. 
Overall there is a lack of consistency in reports of di-
etary associations with UI that most likely reflects 
methodological limitations rather than differences be-
tween populations. 

4.7. Socio-economic status 
Socio-economic status (SES) is strongly correlated 
with many of the other risk factors for UI including par-
ity, BMI, diabetes, depression, smoking and timing of 
menopause. Higher SES is consistently associated 
with increased care seeking for UI, but there is con-
flicting evidence of association between SES and UI 
prevalence, or its bothersomeness. While many stud-
ies do include some measure of SES as a potential 
confounder, its effect is frequently not reported. Table 
6 summarises some of the major studies that have 
reported associations, to highlight inconsistencies 
both by SES definition and UI definition. In the table 
a positive association is cited where women of higher 
SES, i.e. higher income/more education, report a 
greater prevalence of UI. 

 

 

Table 11. Selected studies reporting associations between socioeconomic status and UI in women. Directions 
of effect summarized across multiple measures of SES. Positive association reported where statistically sig-
nificant association (OR or RR) of more UI among women of higher social status, and vice versa for negative 
association. 

Reference Country ♀ Sample SES Measure Incontinence 
Definition 

Direction of 
Association 

Huang et al. 
[322] 

US 2,109 Educational level Bothersome UI* Negative 

Sampselle et 
al. [235]  

US 3,302 Educational level 
Financial strain 

Any UI 
Bothersome UI* 

Positive 
Negative 

Waetjen et al. 
[147]  

US 2,702 Educational level 
Social Support 

Monthly UI 
Monthly UUI 

Negative 
Positive 

Kraus et al. 
[323]  

US 654 Occupation Bothersome UI* Negative 
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Reference Country ♀ Sample SES Measure Incontinence 
Definition 

Direction of 
Association 

Tennstedt et al. 
[238]  

US 3,205 Composite Index Weekly UI Nil 

Melville et al. 
[175]  

US 3,506 Educational level 
Income 

Monthly UI 
Monthly UI 

Negative 
Negative 

Saadoun et al. 
[324] 

France 2,640 Educational level 
Occupation 

Monthly UI 
Monthly UI 

Nil 
Nil 

Roe & Doll 
[325]  

UK 2,699 Occupation Monthly UI Nil 

Kuh et al. [144 UK 1,333 Educational level 
Educational level 

Monthly SUI 
Monthly UUI 

Positive 
Nil 

Coyne et al. 
[249] 

US/UK/ 
Sweden 

15,861 Educational level 
Occupation 

Monthly UI 
Monthly UI 

Negative 
Negative 

Ge et al. [236]  China 3,058 Educational level 
Occupation 

Monthly UI 
Monthly UI 

Negative 
Negative 

*Defined using either quality of life questionnaire, or symptom bother rating.

4.8. Smoking 
Data from observational studies on smoking are also 
quite inconsistent. It has been reported to be an inde-
pendent risk factor for UI in women in some cross-
sectional studies [145,148, 233-235] but not in many 
others [138,236]. Within studies that do find an asso-
ciation, former smokers have a risk intermediate be-
tween never smokers and current smokers, and 
some dose response effect is evident, adding plausi-
bility. 

However, with one exception longitudinal studies 
have consistently failed to find a significant associa-
tion between either past or current smoking and inci-
dent UI in multivariate analysis 
[147,212,213,237,238]. Only in the Leicester MRC 
study [145] was current smoking associated with in-
creased risk for incident stress UI. The conflicting 
data from cross-sectional studies and lack of associ-
ation between smoking and incident UI in most pro-
spective studies suggests that smoking is probably 
not a causal risk factor for UI. 

4.9. Exercise 
Evaluating associations between physical activity and 
incontinence remains complex. It is clear that high im-
pact exercise such as gymnastics [239-240], or tram-
polining [241-242] leads to stress UI, with a dose de-
pendent deleterious effect. However, women who 
suffer with UI, and particularly stress UI, may feel less 
able to engage in such sports [243]. Furthermore with 
increasing interest in core training as a treatment for 
UI [244], there are theoretical reasons to believe that 
low impact exercise might have a direct therapeutic 
effect. With these competing mechanisms at play, un-
surprisingly cross-sectional studies have again pro-
duced conflicting evidence (see for example refer-
ences 138, 245-246). However, among cross-sec-

tional studies, comparison of low impact and high im-
pact exercise is suggestive that as hypothesised, 
high impact sports might be harmful, while low impact 
sports might be protective [148,247]. 

Evidence from longitudinal studies overall suggests 
that exercise does have a protective effect against in-
cident UI, but perhaps only mediated via an effect on 
weight. In the Leicester MRC study, women who re-
ported that they exercised less frequently were at in-
creased risk for both incident stress UI and overactive 
bladder (OAB) in a model that adjusted for physical 
functioning, although notably this association was 
eliminated in a full model, adjusting for obesity [145]. 
In a study of 4,291 older women exercise at baseline 
was not associated with incident UI at 10 year follow 
up after multivariate adjustment [238]. Perhaps the 
strongest evidence comes from the Nurses’ Health 
Study [248]. In this population of US nurses aged 54-
79, a higher level of physical activity across 14 years 
of follow-up, was associated with a reduced risk of UI 
overall, and specifically stress UI, although after ad-
justment for BMI and other factors, the overall effect 
was small.  

4.10. Comorbidities: Diabetes, Urinary Tract 
Infection, Cognitive Impairment, 
Ischaemic Heart Disease, Physical 
Impairment, and Depression 

In cross-sectional studies many different comorbidi-
ties have been associated with UI in univariate anal-
ysis [204, 249-250]. However, in most cases these 
have no explicatory power, being neither a cause nor 
consequence of UI, but only associated with other 
known or unknown mediators of UI, or differentially 
diagnosed due to medical surveillance bias. In this 
section, we therefore concentrate on studies that are 
able to adjust for a wide range of confounders, and 
again give priority to associations of incident UI. 
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Many cross-sectional studies have reported urinary 
incontinence to be more common in women with ei-
ther type 1 or type 2 diabetes, than among women 
with normal glucose levels, even after extensive ad-
justment for known risk factors 
[147,172,212,249,251-252]. There are conflicting 
data regarding a dose dependent association, e.g. 
between HbA1C and UI severity [251,253]. Longitu-
dinal evidence is also conflicting. In the Nurses’ 
Health Study cohort [254], Type 2 diabetes was a 
slight but significant predictor of incident UI 
(RR=1.21), and the magnitude of the association was 
seen to increase both with duration of diabetes and 
with severity of incontinence. Despite significant as-
sociations with prevalent UI in the SWAN study, no 
association with either incident UI [147], or worsening 
UI was found [147]. Perhaps the best evidence how-
ever comes from recent analyses of women enrolled 
in the Epidemiology of Diabetes and its Complica-
tions study. Over 7 years of follow up, more than 10 
years after a diagnosis of type 1 diabetes, HbA1C 
was shown to be a powerful predictor of incident in-
continence (odds ratio 1.41, per % HbA1c increase), 
even after careful adjustment. There are plausible 
pathophysiological mechanisms by which diabetes 
might induce incontinence, and it seems likely based 
on the totally of current evidence that it truly has a 
causal role. 

Acute urinary tract infection (UTI) is a direct cause of 
transient UI [255], but caution is required regarding a 
causal association with chronic UI. UTIs are often di-
agnosed and treated based on symptoms alone, and 
there may therefore be a risk of misclassification be-
tween exposure and outcome. Many cross-sectional 
studies have found that women with UI are more likely 
to report having had one or more lifetime UTIs 
[225,256,-258], and longitudinal data suggest both 
that UI can cause UTI, and that UTI can lead to UI. 
Two prospective studies found that baseline UI was a 
risk for incident UTI [255,259], among middle aged 
and elderly women, and in the Leicester MRC study, 
a history of UTI was associated with both incident 
stress UI (OR 1.9) and incident overactive bladder 
(OR 2.1) in women aged >40 [250].  

Prevalent UI has a clear association with dementia 
[260-261], but until recently longitudinal studies did 
not identify an association with incident UI. One lon-
gitudinal study of 6,349 community dwelling women 
found that a decrease in mental functioning as meas-
ured by the modified mini mental status exam 
(MMSE) was not associated with increased fre-
quency of UI over 6 years, but did predict a greater 
impact [262]. Despite strong associations with base-
line UI in the Canadian Study of Health and Aging, 
moderate or severe cognitive impairment, again de-
fined by the modified MMSE, was not associated with 
incident UI over 10 years [238]. However, in a sample 
of 12,432 women aged 70-75, followed up for 9 years, 
the Australian Longitudinal Survey of Women’s 
Health did demonstrate an association with diag-
nosed dementia (OR 2.34) [263]. In a 9 year follow up 

of 1,453 women aged 65 years and over enrolled in 
an US HMO, diagnosed dementia was strongly asso-
ciated with incident diagnosis of UI (RR 3.0 95%CI 
2.4-3.7) [264]. Given the strength and consistency of 
associations with prevalent and incident UI, and given 
that treatment for reversible dementias can improve 
UI [265-266], a causal role seems certain.  

Ischaemic heart disease is associated with many risk 
factors for UI, but perhaps because of Neyman’s bias, 
caused by exclusion of participants who have died, 
cross-sectional studies have often failed to identify an 
association with UI itself even in univariate analysis 
[204,267]. The BACH study reported a strong associ-
ation only among black participants (OR 2.52) in mul-
tivariate analysis [138]. In the Leicester MRC study 
[250], a history of ischaemic heart disease was asso-
ciated with baseline stress UI and OAB only in uni-
variate analysis, and with no association with incident 
symptoms. In contrast, the Nurses’ Health Study 
found that coronary heart disease was associated 
with incident weekly UI (OR 1.46), and incident se-
vere UI (OR 1.79) [212]. If ischaemic heart disease is 
a risk factor for incident UI, its effects might be medi-
ated by cardiac failure [264], or polypharmacy [268-
269]. 

Several cross-sectional studies have documented an 
association between depression and incontinence 
[147,172,214,270,271,272]. In the SWAN study, de-
pression was not associated with incident UI, but in 
the UAB Study of Aging, in a sample of 490 women 
aged 65 years and older, baseline depression was 
weakly associated with incident UI (OR 1.2) over 3 
years of follow-up [273]. Similarly in the Health and 
Retirement Study participants (n = 5,820), major de-
pression was a modest predictor of incident UI (OR 
1.46) over six years of follow-up, and including exten-
sive adjustment for confounders. Baseline inconti-
nence did not predict incident depression in the same 
study. In a follow up of women aged 65 years and 
older enrolled in an HMO, diagnosed depression was 
also associated with incident diagnosed UI over 9 
years (OR 1.6) [264]. Although it seems plausible that 
the stigma of UI leads to depression (for example by 
reducing a woman’s social network), current evi-
dence supports causality in the opposite direction, 
most likely as depression increases the bother of UI 
symptoms.  

Functional impairments, particularly mobility limita-
tions, a history of falls, arthritis, dizziness, use of a 
walking aid, and poor lower extremity strength, have 
been correlated with UI in many community-based 
and nursing home studies [138,261,270,272]. In the 
Nurse’s Health Study osteoarthritis and functional 
limitations were plausibly associated only with inci-
dent urge UI (RR 1.86 and 2.10 respectively), not with 
incident stress UI or mixed UI [254]. In a study of 
2,025 older women, improvement in Activities of Daily 
Living was associated with remission of urge UI at 3 
year follow up [272] . Other longitudinal studies have 
shown similar findings [262,273]. It remains unclear 
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whether UI is a direct consequence of difficulties in 
getting to the bathroom and/or removing clothing, or 
whether mobility limitations and UI may both be con-
sequences of general frailty in older age or of an un-
derlying systemic illness.  

4.11. Ethnic Variation 
Ethnic variation in any disease provides only limited 
evidence for any underlying genetic predisposition. 
Environmental or cultural differences rather than ge-
netic differences may explain differences in preva-
lence between populations. As there are very wide 
variations in UI prevalence between studies, mean-
ingful comparison by race and ethnicity can be made 
only where such data has been reported within one 
study. Almost all population-based studies comparing 
the prevalence of UI among women from one or more 
racial or ethnic groups originate from the US, which 
may limit generalisability of conclusions. Results are 
summarised in table 7. In general, across all studies, 
white women have a higher prevalence of UI, and in 
particular stress UI than all other groups.  

The starkest and most consistent contrast is in rates 
of stress UI for black and white women. In most stud-
ies, black women have half the prevalence of stress 
UI compared to white women, with differences per-
sisting after adjustment for age, parity and BMI. In 
comparing prevalence of mixed and urge UI for white 
and black women, there is less consistency. Most 
studies suggest similar prevalence of urge UI and 
mixed UI, however, the BACH survey found very high 
rates of mixed UI [138] among black women, while 
the EPI study reported very high rates of pure ur-
gency UI [257]. These cross-sectional data are sup-
plemented by longitudinal studies. In SWAN [147], 
black women were at half the risk of incident stress 
UI, but nearly double the risk of incident urgency UI. 
In the Nurse Health Studies [274], black women had 
lower risk of both overall UI, and stress UI after ad-
justment. The consistency of this difference across 
both cross-sectional and longitudinal studies, em-
ploying different case definitions suggests a real dif-
ference in prevalence rather than simply reporting 
bias.  

 

Table 12. Population-based studies reporting ethnic variation in incontinence prevalence. 

Reference Age Sample 
Size 

Case Definition Prevalence (%) 

White Hispanic Black Asian 

Fultz et al. [326]  70+ 3,991 Any UI 23 - 16 - 

Nygaard et al [272]  50-69 5,701 Any UI 17 10 10 - 

Nygaard et al. [286]  20+ 1,961 Monthly UI 16 16 14 - 

Burgio et al. [315]  42-50 541 Monthly UI 32 - 18 - 

Grodstein et al [206]  50-75 82,936 Monthly UI 
Weekly UI 

35 
18 

28 
16 

21 
10 

26 
13 

Danforth et al. [141]  37-54 85,670 Monthly UI 
Weekly UI 

18 
26 

19 
26 

14 
22 

14 
18 

Sampselle et al. [235]  42-52 3,258 Any UI 66 42 50 52 

Waetjen et al. [147]  42-52 3,002 Monthly UI 
Weekly UI 
Monthly SUI 
Monthly UUI 
Monthly MUI 

57 
20 
32 
8 
16 

28 
11 
21 
1 
5 

39 
13 
13 
12 
13 

39 

9 

27 
4 

7 

Anger et al. [275]  60+ 23,477,726 Any UI 
Monthly UI 
Weekly UI 
Daily UI 

41 
35 
25 
15 

31 

27 

25 

8 

20 
17 
15 
11 

- 

Jackson et al. [267] 70-79 1,558 Weekly UI 
Weekly SUI 
Weekly UUI 

27 
12 
11 

- 14 
5 
7 

- 

Dooley et al. [327] 20+ 4,229 Any UI 
Any SUI 
Any UUI 
Any MUI 

53 
27 
8 
19 

50 
26 
8 
17 

38 
12 
11 
15 

- 

Fenner et al. [258] 35-64 2,814 Monthly UI 33 - 15 - 
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Reference Age Sample 
Size 

Case Definition Prevalence (%) 

White Hispanic Black Asian 

Weekly UI 
Monthly SUI 
Monthly UUI 
Monthly MUI 

21 
13 
4 
7 

9 
4 
4 
4 

Markland(Markland et al., 
2009) 

65+ 421 Any UI 45 29 - - 

Markland et al. [270] 65+ 490 Monthly UI 41  25  

Tennstedt et al. [238]  30-79 3,205 Weekly SUI 
Weekly UUI 
Weekly MUI 
Weekly Other UI 

35 
13 
44 
7 

14 
11 
69 
6 

9 
3 
82 
5 

- 

Thom et al. [328]  
 

40-69 2109 Monthly UI 
Weekly UI 
Daily UI 
Weekly SUI 
Weekly UUI 
Weekly MUI 

45 
30 
12 
15 
9 
3 

51 
36 
17 
18 
10 
5 

37 
25 
12 
8 
14 
2 

34 
19 
9 
8 
7 
3 

Typically smaller groups of East Asian or Hispanic 
women have been included in these studies, which 
precludes clear conclusions. Broadly though, Asian 
women report lower prevalence of both stress and 
urge UI. There is less consistency in comparisons of 
Hispanic and non-Hispanic white women, with some 
studies reporting higher, and others lower overall 
prevalence. This heterogeneity may be explained, at 
least in part, by differences in prevalence among sub-
populations, with Mexican-American women being at 
higher risk than other Hispanic women [275], or dif-
ferences in extent of adjustment for covariates.  

These studies therefore clearly demonstrate wide 
variation in self-report of incontinence, and particu-
larly stress incontinence between women of different 
ethnicities. There may be substantial differences be-
tween women of different ethnicities in major risk fac-
tors for incontinence, including BMI, and perhaps par-
ity, which might explain differences in incontinence. 
However, variation in prevalence might also reflect 
true differences in genetic susceptibility, particularly 
since in some studies the wide disparity in rates per-
sists even after adjustment for the major known envi-
ronmental risk factors. 

5. SUMMARY POINTS 
Despite a vast literature, there remain many uncer-
tainties about the aetiology of UI. Despite wide con-
sensus on the definitions of the symptoms of inconti-
nence and its subtypes, there is no universally ac-
cepted threshold for clinically or biologically signifi-
cant incontinence, and no objective tests that can be 
applied in the community. For these reasons, even 

the prevalence of incontinence is not well estab-
lished, and the incidence and remission are even less 
clear.  

Despite a number of high quality longitudinal studies, 
the literature on risk factors for incontinence is very 
heterogeneous. Among young and middle-aged 
women, only age, BMI, parity and mode of delivery 
are unambiguously associated with incontinence, and 
for all of these, the association with stress UI is 
greater than with urgency UI.  

 EPIDEMIOLOGY OF URINARY 
INCONTINENCE IN MEN  

1. GENERAL COMMENTS   

The epidemiology of UI in men has not been investi-
gated to the same extent as for females. However, 
progress has been made during recent years, partic-
ularly in the reporting of population-based studies of 
urinary incontinence among men and more specifi-
cally, of urinary incontinence associated with prosta-
tectomy.  In addition, more reports have been pub-
lished on the risk factors for the development of UI in 
men.  

In almost all community based studies, the preva-
lence rates of UI continue to be reported to be less in 
men than in women by a 1:2 ratio. The type and age 
distribution of UI appear to be different between the 
sexes, and risk factors, although less investigated in 
men, seem to be different from women. It is also im-
portant not to consider UI as an isolated problem in 
men, but rather as a component of a multifactorial 
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problem. Often other urogenital symptoms (LUTS) 
such as weak stream, hesitancy, and dribbling, or 
erectile dysfunction, exist. 

Post-prostatectomy incontinence has been studied 
and reported with increasing regularity in the last few 
years. Since radical prostatectomy is being per-
formed with increased frequency, and incontinence is 
one of the main complications of the procedure, a 
specific review of UI in the postprostatectomy patient 
population is presented in this section. In addition to 
epidemiological studies, we included clinical trial data 
on postprostectomy incontinence. 

2. PREVALENCE 

Several surveys from the general population have 
been conducted to determine the prevalence of UI in 
men (Table V.1). Prevalences ranging from 1 – 39% 
have been published. The wide span of results may 
be explained by the variation in the population stud-
ied, the definition of incontinence used and the meth-
ods used in the surveys. A systematic review of 21 
studies reported a prevalence of UI in older men rang-
ing from 11-34% (median = 17, pooled mean = 22%), 
while that among middle-aged and younger men was 
from 3% to 5% (median = 4% , pooled mean = 5%). 
In the same review, the prevalence of daily UI in men 
ranged from 2-11% (median = 4%, pooled mean = 
5%) [112].  A more recent systematic review of 69 
prevalence studies on UI in community-dwelling men 
showed pooled overall prevalence rates from 4.81% 
to 32.17%, with prevalence increasing with age. 
[329].  A wide definition of UI, older age, inclusion of 
institutionalized men, and the use of self-reporting 
methods tend to result in higher prevalence rates 
[112,330,331]. For any definition of UI, there is a 
steady increase in prevalence with increasing age 
(Table 13). 
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Table 13: Examples of prevalence studies of UI among men 

A. General Population Sampling, all adult age groups 

Author and year [ref] N Response rate (%) Country Population (age) Definition of UI used Method of assessment Prevalence (%) 

Wu 2015 [349] 3604 88.9% USA ≥50 yrs At least weekly leakage or 
(of any volume) or monthly 
leakage (of volumes more 
than just drops) 

Interviewer administered 
questionnaire 

6.4 (5.4-7.5) 

Kim 2014 [411] 1842 26.8% Korea >=40 Any UI by EPIC 
questionnaire; based on 
ICS definitions 

Interviewer administered 
questionnaire (EPIC 
questionnaire) 

9.1 (7.8-10.5) 

Kogan 2014  
[117] 

1516  
 
 

Russia, 
Czech 
Republic, 
Turkey 

>=18  Any UI by EPIC 
questionnaire; based on 
ICS definitions 

Structured telephone 
interviews 

7 

Zumrutbas 2014  
[301] 

636 74% Turkey ≥18 yrs ICIQ-SF 
 
The frequency and amount 
of UI were determined by 
the relevant questions of 
ICIQ-SF in the 
questionnaire. 
 
 

Self-administered 
questionnaire 

9.9 

Osuga 2013 
[303] 

1198 Respondents 
members of 
longitudinal cohort 
study; 32% 
response rate to 
initial invitation to 
join cohort 

Japan >=40 involuntary loss of urine ≥ 
times per week. 

Self-administered 
questionnaire (missing data 
followed up by interviewer) 

3.3 

Yoshimura 2013 
[338] 

3224  Japan ≥30 yrs ICIQ-SF 
 
Definitions: 
Mild UI = once or less per 
week; 

Self-administered 
questionnaire (missing data 
followed up by interviewer) 

Any UI : 13.7 
Mild UI : 10.4 
Moderate UI : 1.4 
Severe UI : 1.9 



 

 
 

38 Author and year [ref] N Response rate (%) Country Population (age) Definition of UI used Method of assessment Prevalence (%) 

Moderate UI = two or three 
times per week;  
Severe UI = once or more 
per day. 

Lee 2011 [412] 888 22.%  Korea >=18 Involuntary urinary leakage Telephone interview using 
a questionnaire 

2.9% 
(other UI = 1.3, 
SUI = 0,9) 

Markland 2011 
[413[ 

9071 - US >=20 Positive response to 
SUI/UUI/Other 

Personal interview 13.9% 
SUI = 
UUI = 8.3% (7.6-
9.0) 

De Souza 2010 [414] ?  Brazil >=18   6.2% 

Malmsten 2010 [343] 4072 80 Sweden 45-103    

Markland 2010 [340] 5297 - US >=20  Score of 3 or greater on a 
validated incontinence 
severity index (moderate to 
severe leakage) 

interview 4.5 (3.8-5.4)  
 

Correja 2009 [415] 451 59.6% Portugal >=40 at least 
one episode of urine 
leakage in the previous 
month 
 

Structured telephone 
interviews 

7.65 (95% CI 4.8-
10.4) 

Espuna-Pons 2009 [416] 15,929  Spain >=15  questionnaire 3.6% 

Diokno 2007 [333] 21,590 66.5 US >=18 Involuntary leakage or loss 
of urine in the past 30 days 

Postal questionnaire 12.7% 

Irwin 2006 
[417] 

19165 33%  >=18 ICS 2002 definition Telephone interview 5.4 (1.9-5.9) 

McGrother 2004 [308] 92491 60.2  >=40 In the last year, did you 
ever leak urine when you 
don’t mean to? 

Postal questionnaire 14.2 

Boyle 2003 [339] 4 979 28-72% France,  
Netherlands, 
UK, Korea 

40-79 Lack of control over bladder 
function which caused urine 
leakage at times 

Self-administered 
questionnaire 

7 (France), 16 
(The 
Netherlands), 14 
(UK), 4 (Korea) 
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Author and year [ref] N Response rate (%) Country Population (age) Definition of UI used Method of assessment Prevalence (%) 

Brocklehurst 2003 [418] 1883 -  >=30 Ever suffered from bladder 
problems such as leaking, 
wet pants, damp pants 

Interview 6.6% overall, 
3.8% incontinent 
in the previous 
year, 2.8% in the 
previous 2 
months 

Engstrom 2003 [419] ? 86  40-80  Self-administered 
questionnaire 

2 (SUI) 

Finkelstein 2002 [353] 25400 88.7 Canada >=30 urinary incontinence 
diagnosed by a health 
professional 

interview 1.4 (per 100 
population) 

Parrazzini 2002 [420] 9613 97.5  >=50 Involuntarily leaked in the 
past 3 months 

 8.3 (7.7-8.9) 

Van Oyen 2002 [245] 7 266 -  > =15   1.4 

Schmidbauer 2001 [231] 1 236 -  Mean 49   5 

Maral 2001 [334] 1 000 90  > = 15   1 (SUI), 3 (UUI) 

Bortolotti 2000 [225] 2 721 -  > 50 Any urine loss in the last 
year 

Telephone interview 3 
32 (last year), 14 
(weekly) 

Roe 2000 [202] 12529 53 US    5.3 

Smoger 2000 [421] 840 85  25-93, VA clinic Incontinence in the past 12 
months 

Self administered 
questionnaire 

32.3 

Ueda 2000 [332] 3 500 52.5 Japan > 40  Mailed self-administered 
questionnaire 

10.5 (UUI) 

Roberts 1999 [422] 778 -  > 50   25.6 (95CI 22.5-
28.8) 

Roberts 1998 [423] 2 150 -  > 40 Urinary leakage in the 
previous 12 months 

self 18 

Schulman 1997 [424] 2 499 -  > 30   5.2 

Malmsten 1997 [342] 10 458 74  > 45   9 
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Legace 1993 [425] 2830 86%  >-20 Any urine loss in the past 
12 months 

Self-administered 
questionnaire 

11 (9-13) 

Obrien 1991 [426] 2496 79    Self administered 
questionnaire 

7.4 (95CI 6.4 – 
8.4) 

 

B. General Population Sampling, Older Group 

Author and year [ref] N Response rate (%) Country Population (age) Definition of UI used Method of assessment Prevalence (%) 

Vasilopoulos 2014 
[427] 

1514  USA 62-90 yrs, 
community 
dwelling 

Any UI in last 12 months. Self-administered and 
interview administered 
questionnaires 

62-69 : 25.8 (SE 
2.3) 
70-79 : 38.4 (SE 
3.0) 
80-90 : 40.5 
(SE3.6) 

Ramage-Morin 2013 
[428] 

6639 92.1% Canada >=65  UI diagnosed by a health 
professional and had 
lasted, or was expected to 
last, at least six months 

Structured telephone 
interviews 

All men : 9.2 (8.3-
10.2) 
65-74 yrs : 6.4 
(5.4-7.7) 
75-84 yrs : 11.6 
(9.8-13.6) 
≥85 years : 18.7 
(15.4-22.6) 

Osuga 2013 [303]   Japan  involuntary loss of urine ≥ 
times per week. 

Self-administered 
questionnaire (missing data 
followed up by interviewer) 

60-69 : 2.9 
70-79 : 5.3 
>=80 : 15.1 

Wehrberger 2012 [429] 96 68% Austria 85 yrs UI definition: any 
involuntary urine loss 
during the past 4 weeks 

Self-administered postal 
questionnaire 

26.0 

Kwong 2010 [430] 1705 47 Australia >=70 Urinary leakage at least 
2x/week over the past 4 
weeks 

Self administered 
questionnaire 

14.8% 

Smith 2010 [431] 572  US (Latinos) older   26.9% 

Correia 2009 [233]   Portugal >= 60 of at least Structured telephone 
interviews 

60-69 yrs : 8.6 
(95%CI 2.4-14.8) 
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Author and year [ref] N Response rate (%) Country Population (age) Definition of UI used Method of assessment Prevalence (%) 

one episode of urine 
leakage in the previous 
month 
 

70-79 yrs : 13.2 
(95%CI6.3 – 
20.0) 
≥80 years : 21.6 
(95%CI6.9-36.3) 
 

Yu 2009 [432] 743  China (rural) >=60  Face to face interview 33.38% 

Janssen 2007 [409]  57%  >= 65  Leaked or lost control of 
urine in the past year 

Interview 13.1% 

Dios-Diz 2003 [433] 350 -  > 64 - - ? (95CI: 15-28) 

Landi 2003 [344] 5372   >= 85 MDS urinary incontinence 
scale of >=1 

Health care professional 
assessment 

49% 

Stoddart 2001 [434] 1 000 79  > 65 Incontinence in the 
previous month 

 23 

Aggazzotti 2000 [435] 893 90  > 65, Community 
and residential 
homes 

Involuntary loss of urine at 
least 2x/month 

Questionnaire, review of 
clinical record 

39.2 

Gavira-Iglesias 2000 
[436] 

827 -  > 65 - - 29 (25-38 95CI) 

Smoger 2000 [421] 840 85  25-93, VA clinic Incontinence in the past 12 
months 

Self administered 
questionnaire 

32.3 

Damian 1998 [335] 589 
(iincluding 
women) 

78  > 65 Current experience of 
difficulty in controlling urine 
or urine escaping 
involuntarily 

Interview 15 

Umlauf 1996 [352] 1 490 53  Elderly Uncontrolled urinary 
leakage of any amount the 
month before 

Mailed self administered 
questionnaire 

29 

Nuotio 2003 [271] 171 -  > 70   24 (UUI) 

Thom 1997 [264] 1420 NA  >=65  Review of database 5.3 

Herzog 1990 (MESA 
study) [258] 

 66% - 72%  >=60 In the past 12 months about 
on how many days have 

Interview 18.9% 
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you lost any urine, even a 
small amount beyond 
control 

Diokno 1986 [350] 805 65.1 US 60 older    
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Due to differences in pathological anatomy and path-
ophysiology of UI in men and women, there is a dif-
ferent distribution in incontinence subtypes. Recent 
studies confirmed our previous reports of the predom-
inance of urge incontinence (40-80%), followed by 
mixed forms of UI (10-30%), and stress incontinence 

(<10%) [258]. The pooled prevalence rates in a sys-
tematic review confirmed that such distribution pat-
tern across the different types of UI is consistent 
across the different age groups [329].   

 

 

Table 15: Relative proportion of types of urinary incontinence in men. 

Author Year Population Age group UUI SUI MUI Others 

Shamliyan 2009 
[329]  

* 19-44 y 
45-64 
65+ 
80+ 

68.2  
59.3 
54.2 
65.9 

16.3 
28.9 
8.0 
0 

15.5 
11.7 
17.9 
34.1 

- 

Diokno 2007 [333] 21,590 >=18 
18-34 
35-44 
45-54 
55-64 
65-74 
75+ 

44.6 
30.0 
35.4 
38.9 
46.8 
53.8 
56.3 

24.5 
38.1 
35.8 
30.8 
19.3 
16.7 
13.2 

18.8 
14.8 
12.6 
16.5 
21.0 
22.6 
22.4 

12.1 
17.1 
16.2 
13.8 
13.0 
6.9 
8.1 

Herschorn 2007 
[284] 

482 >=18 y 
 

58 27 15 - 

Irwin 2006 [115] 19,165 >=18 y 22.2  11.1 11.1 53.7 

Nuotio 2003 [271] 171 >70 70.8 8.3 25.0  

Chaojie 2002 [442] 2087 (total) >=70 y 17.4 11.9   

   30.4 20.7   

Damian  1998 
[335] 

589 >=65 y 52.2 10.6 16.1 21.1 

Diokno 1986 [350]  >= 60 y 34.9 7.9 28.9 28.3 
 

The higher percentages of the urgency and mixed 
types of incontinence are more significant in studies 
involving older people.  In fact, the increasing preva-
lence of any UI by age in men is largely due to the 
contribution of urgency UI rather than stress inconti-
nence. One study demonstrated an increasing rate of 
urgency UI from 0.7% between age 50-59, 2.7% be-
tween 60-69 and 3.4% for 70 years and older re-
spondents. Stress UI was steady at 0.5%, 0.5% and 
0.1% for the above groups respectively [332]. A simi-
lar trend of increasing proportions of urge and mixed 
UI with increasing age is demonstrated in the large 
population-based study in the US [333], and a smaller 
population-based Canadian study [284]. On the other 
hand, Maral and coworkers reported increasing prev-
alence also of SUI with age, from 0.9% between age 
35-44, to 1.2% between 45-54, 3.8% between 55-64, 
and 4.9% at age 65 and older [334].  

Most studies report a significant fraction of other/un-
classified type of UI . One study reported that a ma-
jority of men with UI had overflow and functional types 
of incontinence [225], while another found constant 
dribbling in 7% of their respondents [335]. Terminal 
dribbling or postvoid dribbling is another type of leak-

age in men that is difficult to assign to the conven-
tional subtypes of UI. In an Australian survey, 12% of 
respondents reported frequent terminal dribbling 
[336]. 

When it comes to severity, the distribution in men fol-
lows that of the women. Estimates for severe UI in 
older women tend to be about twice as high as for 
older men [258].  Available data have shown that 
overall prevalence of UI in men is largely due to mild 
UI.  Men reporting moderate to severe UI are signifi-
cantly less than those reporting mild UI [337,338].  

Very few studies have studied the impact of race or 
ethnicity on the prevalence of UI among men.  A four-
country study presented lower prevalences of re-
ported UI among men from Korea (4%) and France 
(7%) than in men from Britain (14%) and Denmark 
(16%) [339]. On the other hand, unpublished data 
from the MESA study did not indicate differences in 
prevalence among white male respondents com-
pared to African American respondents. Similarly, the 
National Health and Nutrition Examination Survey did 
not find any difference in prevalence of UI by ra-
cial/ethnic group [340]. 
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Literature on the incidence of male UI is very scarce. 
No recent studies have reported on this issue. The 
MESA study [258] found a one-year incidence rate for 
men older than 60 years at 9-10%. In a population-
based survey in the UK among men with at least 40 
years of age, the one-year incidence of UI was noted 
to be 3.8% [341]. A review of a health organisation 
database of males at least 65 years old revealed an 
UI incidence of 23.8 per 1000 person years. Malm-
sten [342] analysed the age of onset of UI for each 
age cohort. Mean debut age for all men was 63 years.  
The mean duration was about 8-10 years in the co-
horts.  A longitudinal population based study in Swe-
den showed that 8.6% (212/2471) of those without UI 
at the initial survey was found to have UI at the survey 
done 11 years later [343].   

Substantial remission rates for UI in males were 
noted by the MESA study, higher among men (27-
32%) than women (11-13%) [258].  A similarly high 
one-year remission rate of 39.6% was noted among 
British males [341].  In the Swedish longitudinal study, 
47.8% (55/115) of those found to have UI at the initial 
survey did not present with the problem at the time of 
the follow up survey 11 years later [343]. 

One possible explanation for the difference in the 
published incidence and remission rates in men com-
pared to women, is the predominance of urge type 
incontinence among men, and its close relation to 
overactive bladder with and without  UI. Another fac-
tor is the close association between urge UI and pros-
tate gland disease, infections, or bowel dysfunction, 
all of which are relatively amenable to treatment or 
may improve even without treatment. 

3. POTENTIAL RISK FACTORS FOR 
UI 

There is relative little research concerning conditions 
and factors that may be associated with UI in men, 
and clear risk factors are more seldom scientifically 
documented. However, a few available studies have 
identified potential risk factors, which are described 
below. 

3.1. Age 
As in women, increasing age is correlated with in-
creasing prevalence of UI (Table V.2).   Multivariate 
analysis in several studies has shown that age is an 
independent risk factor for incontinence 
[333,338,344-349] Compared to women, however, 
there seems to be a more steady increase in preva-
lence in men with increasing age. The National Health 
and Nutrition Examination Survey in the US reported 
an odds ratio for moderate to severe UI of 1.8 (95%CI 
1.6-2.0) for every 10-year increase in age in a cohort 
of 5,297 men 20 years or older [340]. 

3.2. Lower Urinary Tract Symptoms (LUTS) 
and Infections 

In postal and telephone surveys of community-living 
incontinent men, a majority has experienced a variety 
of other medical conditions, many of which may 
cause or aggravate UI. LUTS like urgency, nocturia, 
feeling of incomplete voiding and reduced flow are 
typically associated with UI [231,350-352]. In one 
study, UI was reported by 15% of men without voiding 
symptoms, frequency or urgency and by 34% of those 
with such symptoms [350]. 

Studies have also reported that urinary tract infec-
tions and cystitis are strongly associated with male UI 
[332,335], with an odds ratio of 3.7 for UI in men re-
porting cystitis [332] and an odds ratio of 12.5 among 
men with recurrent infections [225]. The metaanalysis 
of 5 studies including the previously mentioned stud-
ies showed a significantly higher risk of UI among 
men with UTI, with a pooled odds ratio of 3.6 (95% CI 
2.17-6.00) [329].  It should be noted that most reports 
indicating a positive association between UTI and in-
continence involved men aged older than 60 years.  

3.3. Functional and Cognitive Impairment, 
Physical Activity 

Mobility problems such as use of a wheelchair or aids 
to walking, as well as diagnosed arthritis or rheuma-
tism or having a fall the last year, were significantly 
greater among incontinent than continent men 
[204,335]. The Canadian National Population Health 
Study involving 25,400 men found that those afflicted 
with arthritis were more likely to have UI with an odds 
ratio of 1.59 (95% CI 1.07-2.38) [353]. The same 
study demonstrated that men with back problems 
were 2x more likely to have UI (OR 2.1, 95%CI 1.50-
2.93).  A Japanese study on community dwelling men 
noted that UI is more likely among men whose activi-
ties of daily living (ADL) are impaired, specifically 
those who are unable to change clothes and unable 
to walk outside, with odds ratio of 17.4 and 4.36 re-
spectively [332]. A Canadian study found odds ratios 
of 1.8 and 6.4 for partially and totally immobile men 
aged 65+, respectively, for daily UI compared to 
those with normal ambulatory function. Similarly, the 
Silver Network Home Care project among the frail 
older persons in Italy showed that those with higher 
ADL scores (i.e., greater functional impairment) had 
2-4x higher odds of having UI [344]. A survey of nurs-
ing home residents in Wisconsin identified dementia 
and poor ADL as risk factors for the occurrence of UI 
[346].   In general, most studies find similarities be-
tween men and women (see subsection on women) 
for functional and cognitive impairment as risk factors 
for UI. 

Corollary to this, the association between physical ac-
tivity and UI has been studied by Kikuchi and co work-
ers among the elderly, community-based population 
in Japan [354].  They found that men with middle level 
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physical activity was associated with a lower UI prev-
alence compared to those with low level physical ac-
tivity, with as odds ratio of 0.38  (0.17-0.78).  High 
level physical activity showed similar relations but 
was not statistically significant. 

3.4. Neurological disorders 
Many specific neurological diseases may lead to UI 
[355]. Detrusor hyper-reflexia is seen commonly in 
mengingo-myelocele patients and in spinal injuries, 
Parkinson's disease and multiple sclerosis. Areflexic 
bladder dysfunction due to a cauda equina lesion or 
diabetes might cause overflow or a paralysed pelvic 
floor and hence stress incontinence. A metaanalysis 
of five studies showed that men who suffered stroke 
were at an increased risk for UI with a pooled odds 
ratio of  2.68 (95% CI 1.31-5.45) [329]. Men who had 
suffered a stroke were at increased risk for inconti-
nence with an odds ratio of 7.1 [332]. The Canadian 
National Population Health Survey showed that 
stroke in men increased their odds of having UI by 8x 
(OR = 8.26, 95%CI 3.63-18.8) [353]. A case control 
study by Jorgensen [356], age-matched long-term 
stroke male survivors with controls showed a higher 
prevalence of UI among stroke survivors compared to 
controls (17% vs 9%).  In addition, among UI suffer-
ers, the stroke survivors were found to have higher 
frequency and more leakage than controls. In a study 
of 235 stroke patients, the occurrence of UI correlated 
with motor weakness (OR 5.4), visual defects (OR 
4.8, and dysphagia (OR 4.0) [357]. 

3.5. Diabetes 
The results of studies on the association of diabetes 
mellitus with UI are conflicting. Several reports have 
not found diabetes as a factor significantly associated 
with UI in men.  This includes the Canadian popula-
tion-based study involving more than 25,000 men 
showing no increased risk for UI among men with di-
abetes [353].  However, the Japanese survey found 
that diabetics had twice the odds of having UI than 
non-diabetics [338].  An earlier review reporting the 

pooled analysis of 6 studies showed that diabetic 
men were significantly more likely to have UI with an 
odds ratio of 1.36 (95%CI 1.14-1.61) [329]. 

3.6. Alcohol  
Two recent reports showed significant association 
between alcohol consumption and UI in men.  A Jap-
anese survey showed an odds ratio of 1.84 (95%CI 
1.2-2.82)  [338], and a survey among Chinese men 
showed an odds ration of 1.42 (95% 1.1-1.8) [348]. 

3.7. Prostatectomy 
A well known iatrogenic cause of male incontinence 
is prostatectomy, but the attributable risk for this fac-
tor in the population of men with UI is varied. In a Nor-
wegian survey of elderly men with UI almost a third 
had undergone prostatectomy. [351]. 

In a cross sectional study among men in Vienna, 
Schmidbauer and associates identified previous 
prostatectomy to be associated with UI [231]. 

TURP seems to be followed by an incidence of stress 
incontinence of about 1%. A randomised controlled 
trial comparing TURP, laser prostatectomy and 
evaporisation of the prostate for benign disease 
showed comparable incontinence rates immediately 
and up to 12 months postoperatively [358]. 

Radical prostatectomy seems to induce UI at a much 
higher rate than TURP. The overall prevalence of 
post- radical prostatectomy incontinence ranges from 
2 to nearly 60% (Table V. 4). This wide range may be 
explained by many factors, including differences in 
study characteristics, population characteristics, 
study site, the definition used, and the timing of as-
sessment of continence in relation to the surgery. The 
era in development of the procedure has also been 
found to be associated to the prevalence rates [359], 
as well as the various procedural modifications of the 
surgery (see below). 

 

 

Table 16: Examples of studies on the prevalence of post-prostatectomy incontinence. 

Author/Ref Procedure N Follow up 
(months) 

Definition Prevalence 
(%) 

Gavin 2015 [443] RP 934 ≥24 (2-18 yrs) Unknown 27.8 (24.9–
30.8) 

Kopp 2014 [444] RP 362 Mean 6.3 (SD 
4.8) years 
since diagnosis 

Any UI 
UI < 1 /week 
UI 1 /week 
UI 1 /day 
Pad use 

79.0 
21.8 
15.5 
41.7 
21.7 

Resnick 2013 [445] RP 1164 
 
842 

24 
60 
180 (5 yrs) 

“No control or 
frequent leakage” 

9.6 
13.4 
18.3 

Peterson 2011 [446] RP 1618 > 12 Self report of UI in 
every followup 

9.7 
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Author/Ref Procedure N Follow up 
(months) 

Definition Prevalence 
(%) 

Wolin 2010 [447] RP 165 13 mo Use of pads 22 

Hu 2003 [359] RP 12 079 > 36  4-20  

Augustin 2002 [448]  RP  12 Any protection 27 

Sebesta 2002  [449] RP 674 > 24 Use of pads 32 

Potosky 2000 [450]  RP  24  10 

Arai 1999  [451] RP 60 12 Use of pads 3-19  

Bishoff 1998 [375] RP 907    

Egawa 1997 [452] RP 94 18 Use of pads 27 

Peterson 2012 [387] RRP 1616 > 1 year  
 
Median 50.7 
months (range 
12–216 
months) since 
surgery 

Patient reported, 
“do you ever leak 
urine?” 

90.3 

Demirkesen 2007 [453] RRP 72 >12 More than once a 
day leakage 

8 

Kundu 2004 [454] RRP 2737  >= 18 Use of pads 7 

Salomon 2003 [455]  RRP 205 12 Use of pads 34 

Moinzadeh 2003  [371] RRP 200 12-15 Use of pads 2 
1 

Maffezzini 2003 [456]  RRP 300 ?  9 SUI 
2 UI ?? 

Deliveliotis 2002 [457] RRP 149 12  6-8 

Benoit 2000  [458] RRP 25 651 12  8 

Walsh 2000 [370] RRP 64 12-18  7 

Poon 2000 [381]  RRP 220 Mean >12  3-7 

Catalona 1999  [399] RRP 1 870 >12  8 

Horie 1999 [369]  RRP 104 12 Use of pads 22 

Goluboff 1998 [368]  RRP 480 12 Any UI 
Daily or pad use 
Continuous 

57 
7 
1 

Weldon 1997  [367] RRP 220 18  5 

Lowe 1996 [366] RRP 180 12 Any protection 12. 

Gray 1999 [391] RRP/RPP 209 Median 32  25 

Olsson 2001 [360] Lap RP 228 12 Use of pads 21.6 

La Fontaine 2000 [459]  Lap RP 522 Mean 31 Use of pads 15 

Galli 2006 [460]  Lap RP 150 12 Use of pads 8.3 
 

Novara 2011 [461] RARP 242 12  11 

Novara 2010 [397] RARP 308 12  10 

Lee 2010 [365] RARP 107 Mean 7.6 Use of pads 9 
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Author/Ref Procedure N Follow up 
(months) 

Definition Prevalence 
(%) 

Reynolds 2010 [462] RARP 1005 24 Use of pad 10 

Van Hemerlrijck 2012 [463] RRP 
RARP 

1377 12 Unknown 54 
48 

Nilsson 2011 [398] RRP  
RARP  

1288 > 1 year  
 
Median 2.2 
years (range 1-
5 years) since 
surgery 

Using > 1 pad / day 10.5 

Shikanov 2010 [464] RARP 1436 12 mo Use of pads 31 

Martin 2011 [465] RARP 315 12 mo Use of pads 22 

Xylinas 2011 [466] RARP 500 12 mo Use of pads 22 

Link 2008 [467] RARP 1847 12 mo Use of > 1 pad 
daily 

7.5 

RRP: radical retropubic prostatectomy  

RPP : radical perineal prostatectomy  

RP: radical prostatectomy, unspecified or combined 

Lap RRP: laparoscopic retropubic prostatectomy  

RARP : Robotic-assisted radical prostatectomy 

 

Post-prostatectomy incontinence rates elicited from 
symptoms reported by patients are generally 2-3x 
higher than those from physicians’ observations. 
Studies that have performed both assessments in the 
same population confirm this observation that doctors 
underestimate postprostatectomy incontinence by as 
much as 75% [360-363].  A higher incontinence rate 
is also seen after self-reported questionnaire assess-
ment compared to pad testing [364-365]. 

Incontinence rates after prostatectomy seem to 
steadily decline with time and plateaus 1 - 2 years af-
ter surgery [366-371] (Table V.5). This emphasises 

the need of a long follow-up period to establish conti-
nence status postprostatectomy.  An actuarial study 
among 647 postprostatectomy men estimated UI rate 
of 13% at one year and 7% at two years postsurgery 
[372].  The Prostate Cancer Outcomes Study re-
ported that the 5-year postprostatectomy inconti-
nence rate among 1, 288 men was 14%, which was 
higher than the 10% rate reported after 2 years [373] 

 

 

Table 17: Examples of studies on postprostatectomy UI rates at different times of assessment. 

 
Study 

 
Type of 
Prostatectom
y 

 
N 

UI Rates by Time of Assessment of Continence (%) 

1 mo 3 mo 6 mo 12 mo 24 mo 

Springer 2013 
[468] 

RRP (nerve 
sparing) 

128 71.9  26.6 10.6  

Penson 2008 
[378] 

RP 1213 - - 33 18 15 

Moore 2007 
[396] 

RP 228  43  15%  

Harris 2007 
[469] 

RPP 210 48 29 15 6 - 



 

 

48  
COMMITTEE 1. EPIDEMIOLOGY OF URINARY INCONTINENCE (UI) AND OTHER LOWER URINARY TRACT 
SYMPTOMS (LUTS), PELVIC ORGAN PROLAPSE (POP) AND ANAL (AI) INCONTINENCE 

 

 
Study 

 
Type of 
Prostatectom
y 

 
N 

UI Rates by Time of Assessment of Continence (%) 

1 mo 3 mo 6 mo 12 mo 24 mo 

Moinzadeh 2003 
[371] 

RRP  - 18 9 1.5 - 

Jonler 1996 
[470] 

RRP 24 87 67 63 - - 

Jacobsen 2007 
[471] 

RRP, 
Lap RRP 

 - 42  
(RRP),  
70.4 (lapRRP1), 
60 (lapRRP2) 

- 12.8  
(RRP),  
20.7 
(lapRRP1) 
14.5 
(lapRRP2) 

- 

Ates 2007 [472] Lap RRP 939  30.2  11.8 8.3 

Galli 2006 [460] Lap RRP 150 45 26.2 12.1 8.3 - 

Link 2005 [473] Lap RRP 122 - 83.01 
49.02 

47.81 

10.12 
33.31 

6.62 
- 

Springer 2013 
[468] 

Lap RRP 125 60  31.6 3.2  

Patel 2011 [357] RARP 1111  14%1 6 1 41  

Finley 2009 
[474] 

RARP   31%1    

Greco 2009 
[475] 

RARP   352 212 112  

 

The technique of radical prostatectomy impacts on UI 
rates. Modifications associated with lower UI rates in-
clude the perineal approach [374-375] and preserva-
tion of neurovascular bundle [376- 379].  Bladder 
neck preservation affords earlier return to continence 
compared with bladder neck resection, but with simi-
lar UI rates after one year [380-381]. One study 
showed earlier recovery of UI after tennis racquet re-
construction and bladder neck preservation com-
pared with bladder neck resection with puboprostatic 
ligament preservation, but with similar UI rates at one 
year [366,382-384]. However, continence status as-
sessed more than 12 months after surgery showed 
even lower rates of UI after bladder neck preservation  
(11.6%) compared to resection (4.9%) in one study 
[366].  Bladder neck intussusception was found to be 
associated with earlier return to continence in several 
prospective studies [385].  The literature on the im-
pact of neurovascular preservation on postprostatec-
tomy continence rates is conflicting [386-387]. 

With the increasing performance of minimally inva-
sive surgery, several studies have investigated the 
impact of these forms of surgery on postoperative 
continence rates. Several systematic reviews with 
metaanalysis of studies comparing continence rates 
for open, laparoscopic and robotic radical prostatec-
tomy, similarly, did not show any significant difference 
in the postoperative continence rates between the 3 
techniques [388-390].  However, a prospective study 

of  239 men showed that UI after laparoscopic proce-
dures seems to be higher initially but approximates 
that of open techniques by one year. A more recent 
systematic review that focused on robotic radical 
prostatectomy showed better continence recovery af-
ter robotic prostatectomy compared with open ret-
ropubic prostatatectomy (OR : 1.53, p = 0.03) or lap-
aroscopic radical prostatectomy (OR : 2.39, p = 006) 
[390]. 

Older age at time of surgery has been found to be 
associated with a higher prevalence of post-prosta-
tectomy UI [368,377,391-398], with one study 
showed a doubled risk for every 10 years of age be-
ginning at age 40 [399].Another showed that age at 
surgery predicted% per year [398]. However, other 
studies failed to demonstrate that age is an independ-
ent predictor for incontinence [400-401]. Several 
studies suggested that rather than absolutely affect-
ing final continence, elderly men need a longer time 
to achieve continence after surgery [402-403].  

Similarly, patient weight and body mass index have 
been identified as a risk factor for postoperative in-
continence [377, 404] or as a predictor of a longer in-
terval before return to continence [368].  One cohort 
study showed that men who were not obese and were 
active were 26% less likely to be incontinent at 58 
weeks postoperative (RR 0.74, 95% CI 0.52–1.06) 
[394]. 
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Other factors have been found to be associated with 
a higher prevalence of post-prostatectomy UI, alt-
hough not consistently. Such factors include prior 
TURP, preoperative lower urinary tract symptoms, 
obesity, clinical stage, PSA, prostate volume and 
Gleason score [365,377,392-393,396,405]. A retro-
spective analysis of 156 patients who had undergone 
preoperative MRI of the prostate and were followed 
up post-prostatectomy showed that time to return to 
continence was associated with the variation in the 
shape of the prostatic apex.  The prostatic apex that 
does not overlap with the membranous urethra was 
found to be significantly associated with an early re-
turn of continence. The 5-year cohort study of the 
Prostate Cancer Outcomes Study found that among 
prostatectomy patients, race and ethnic differences 
was related to urinary incontinence, with African-
Americans having better recovery compared to non-
hispanic whites and Hispanics [406]. 

Adjuvant radiotherapy has not been found to affect 
post-prostatectomy incontinence rates when as-
sessed beyond 1 year [407-408].   

3.8. Factors of Unclear Association with UI 
in Men 

A 9 year study of Janssen [409] showed increasing 
rates of UI with increasing BMI among the older men 
and women.  However, multivariate analysis failed to 
show increased BMI (overweight and obese levels) 
as an independent risk factor for the development of 
UI.   

In a study including a younger population in Australia, 
obesity was noted to be associated with UI with an 
odds ratio of 3.2 (1.2-9.0) [410].  In this study, how-
ever, being merely overweight was not associated 
with UI. 

Several studies in the older persons have shown an 
association between physical activity and UI among 
women that is not seen among men [339,354].   

4. SUMMARY POINTS: 

• The epidemiology of UI in men has not been in-
vestigated to the same extent as for females. But 
it appears that UI is at least twice as prevalent in 
women as compared with men. There seems to 
be a more steady increase in prevalence with in-
creasing age than for women. 

• Most studies find a predominance of urgency UI, 
followed by mixed forms of UI and stress UI the 
least. Most studies have a large fraction of 
other/unclassified types. 

• Literature on incidence and remission of male UI 
is still very scarce. 

• Clear risk factors are more seldom scientifically 
documented, but several medical correlates 
have been reported. Established risk factors pre-
disposing men to UI include increasing age, 

presence of lower urinary tract symptoms 
(LUTS), urinary tract infections, functional and 
cognitive impairment, diabetes, alcohol intake, 
neurological disorders, and prostatectomy.   

• Substantial gains have been achieved on the 
study of the epidemiology of UI in men compared 
to the previous years.  The conduct of more pop-
ulation-based prevalence studies permitted a 
better understanding of the problem of UI among 
men. 

• UI after radical prostatectomy is frequent, rang-
ing from 2-57%.  Rates steadily decline from the 
time of surgery and plateaus at 1 to 2 years post-
operatively. 

• Factors affecting post-prostatectomy UI include 
the age at surgery, obesity, type of prostatec-
tomy, and certain modifications in the technique.  

• There is not enough evidence to demonstrate 
any significant difference in continence rates be-
tween open, laparoscopic and robotic-assisted 
radical prostatectomy. 

• Comparative studies of surgical procedures to 
address prostate disease and their various mod-
ifications should be performed to better assess 
their impact on postoperative continence rates. 

 EPIDEMIOLOGY OF 
OVERACTIVE BLADDER AND 

NOCTURIA 

1. GENERAL COMMENTS AND 
DEFINITIONS 

Overactive bladder (OAB) and nocturia have been 
neglected topics in the medical literature [476-478]. 
Earlier research on epidemiology of urinary symp-
toms focused either on lower urinary tract symptoms 
(LUTS) suggestive of benign prostatic hyperplasia 
(BPH) in men or on urinary incontinence in women 
[479]. However, there has been increased research 
interest in OAB and nocturia during last two decades 
[477-478, 480].  

OAB can be bothersome [481-483], and is associated 
with comorbidity [484], impaired quality of life [483], 
and reduced emotional well-being and work produc-
tivity [485]. Nocturia is a common cause for sleep 
maintenance insomnia [486-488]. Nocturia can be 
bothersome [489-496], and is associated with im-
paired mental health, physical health and quality of 
life [496-498]. Both OAB and nocturia have been re-
ported to be associated with increased risk of falls 
and fractures [499-506] and nocturia also with mortal-
ity [505, 507-510]. Indeed, urinary urgency and ur-
gency incontinence, the cornerstone symptoms of 
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OAB, and nocturia are among the most bothersome 
urinary symptoms both at individual and population-
level [511].  

In general, the definition of any condition is a critical 
factor in evaluating its epidemiology: OAB and noctu-
ria are not exceptions to this rule [478, 512]. To facil-
itate discussion and research related to LUTS, the In-
ternational Continence Society (ICS) has produced 
standardisation reports [513-514]. We will use the 
ICS definitions as basis of this chapter. However, we 
acknowledge that these definitions are not perfect 
and we encourage further research and discussion 
[480, 512-516]. 

OAB is a term to describe the clinical problem of ur-
gency and urge incontinence from a symptomatic ra-
ther than from a urodynamic perspective. Previously 
various terms, such as ‘irritable bladder’ or ‘unstable 
bladder’ have been used. According to the ICS, OAB 
is a symptom-defined condition characterised by uri-
nary urgency, with or without urgency urinary inconti-
nence, usually with increased daytime frequency and 
nocturia [513-514]. The ICS defines urinary urgency 
as sudden compelling desire to pass urine, and the 
term OAB is appropriate if there is no proven infection 
or other obvious pathology [513].  

It has been known for a long time that among healthy 
people urine production is lower during the night than 
during the day [517]. Urologists have traditionally de-
fined nocturia as frequency of urination at night with-
out reference to urine amount, while internists have 
assumed that nocturia results from an increased 
amount of urine produced with less focus on other uri-
nary symptoms [518]. By the ICS definitions, nocturia 
refers to waking at night one or more times to void, 
and nocturnal polyuria (NP) to the production of an 
abnormally large volume of urine during sleep [519]. 
Nocturnal urinary incontinence or nighttime bed wet-
ting (enuresis) differs from nocturia.  

According to the ICS, as stated earlier, nocturia is 
also a component of OAB. However, there is a debate 
on the definitions, especially regarding urinary ur-
gency and OAB [480, 516, 520-530]. 

Sometimes OAB has been divided into ‘OAB wet’ 
(OAB with urgency urinary incontinence) and ‘OAB 
dry’ (OAB without urgency urinary incontinence). In 
this part of the chapter we focus on the epidemiology 
of OAB – without distinction between OAB ‘wet’ and 
‘dry’ – and nocturia. ‘OAB wet’ (i.e., urgency urinary 
incontinence) is covered separately in urinary incon-
tinence sections (epidemiology of UI in women and 
epidemiology of UI in men).   

2. PREVALENCE OF OVERACTIVE 
BLADDER  

Prevalence estimates from as low as 2% [531] up to 
53%[532] have been reported. Many studies on OAB 

have reported prevalence estimates between 10% 
and 20% [533-539] and the most cited articles esti-
mate a prevalence of between 12% and 17% % [533, 
535, 540]. However, many of the studies have been 
limited by not measuring bothersomeness.  

In Table 1, we have reviewed all population-based 
studies assessing prevalence of OAB in adults of 
both genders. To identify these studies, a Medline 
search (English-language articles published before 
June 2016) was carried out on with the strategy 
(Overactive bladder.mp) or (OAB$.mp) and (preva-
lence.mp). Non-population-based (i.e. based on doc-
tor attendances or similar) studies or studies not con-
ducted among both sexes are not included in Table 
18.  

Among these population-based studies identified, dif-
ferent populations, different sample selection and dif-
ferent data collection methods were often used (Ta-
ble 1). Sample sizes varied between 913 and 
162,906, median being 3,366 individuals. Nine (39%) 
out of 23 studies did not report any response propor-
tion. Among those 14 studies which reported, as 
many as eight (58%) had response proportion less 
than 50%. There was significant heterogeneity in 
symptom assessment, exclusion criteria, case defini-
tions (some studies used grading of symptom sever-
ity whereas others did not), and in the time period dur-
ing which the occurrence of symptoms was asked 
(Table 1). Hence, dissimilarities in study procedures 
likely explain the differences in prevalence estimates. 
Overall, median prevalence estimate of the studies is 
16.5% (range 2-35% in men, and 3-41% in women) 
(Table 1). However, estimates of the prevalence of 
OAB have been smaller in many recent studies com-
pared to earlier estimates (Table 1).  
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Table 18: Overview of published population-based studies assessing prevalence of OAB in both sexes (PubMed indexed English-language articles as of June 2016, in 
chronological order). 

Origin Data collection 
method 

Sample source Respondents 
(response 
proportion, %) 

Age range 
(years) 

2002 ICS 
Consensus 
Definition of 
OAB 

Definition of 
normal - 
abnormal 
occurrence 

Time period Prevalence, %: 
Men/women 
 

European [533] Telephone 
interview / in 
person interviewa 

Telephone registry 
/ electoral censusa 

16,776 
(unreported) 

40 – 75+   N/A N/A Undefined 16 / 17 

USA [535] Telephone 
interview 

Telephone registry 5,204 (44.5)b 18 – 75+ N/A N/A Past 4 weeks 16 / 17 

Canada [541] Telephone 
interview 

Telephone registry 3,249 (43.4)c 35 – 75+ N/A N/A Past month 15 / 21 

Japan [537] Mailed 
questionnaire 

Not reported 4,570 (45.3) 40 – 100 N/A N/A Past month 14 / 11 

Brazil [542] Unreported Not reported 913 (unreported) 15 – 55 Yes Unreported Undefined 14 / 23 

Taiwan [543] Questionnaire 
administered by 
nurse 

Population registry 1,921 (67.0) 30 – 79 No N/A Past 4 weeks 16 / 18 

International 
[540] 

Telephone 
interview 

Telephone registry 19,165 (33.0) 18 – 70+ Yes No – Yes Undefined 11 / 13 

Finland [544] Mailed 
questionnaire 

Population registry 3,727 (62.4) 18 – 79 Yes Rarely – often Past 2 weeks 7 / 9 

Korea [545] Telephone 
interview 

Telephone registry 2,005 (13.8) 40 – 89 No N/A Past 4 weeks 21 / 31 

Canada [546]  Telephone 
interview 

Telephone registry 1,000 (unreported) 18 – 90 No N/A Undefined 13 / 15 

USA [547]  Mailed 
questionnaire / 
Telephone 
interview 

Consumer panel 162,906 (62.7) 18 – 85+ No N/A Undefined 24 / 29 

Portugal [548]  Telephone 
interview 

Telephone registry 1,934 (59.6) 40 – 80+ No N/A Past 4 weeks 35 / 29 



 

 
 

52 Origin Data collection 
method 

Sample source Respondents 
(response 
proportion, %) 

Age range 
(years) 

2002 ICS 
Consensus 
Definition of 
OAB 

Definition of 
normal - 
abnormal 
occurrence 

Time period Prevalence, %: 
Men/women 
 

International 
[482]  

Web-based 
interview 

Consumer/ voter 
panel 

30,000 (49.5)d 40 – 99 Yes Rarely – 
sometimes 
(Sometimes – 
often) 

Past 4 weeks 22 / 36  
(5 / 11) 

USA [549]  Web-based 
interview 

Consumer/ voter 
panel 

2,000 (42.1)e 40+ Yes Rarely – 
sometimes 

Past 4 weeks 26 / 41 

USA [550]  In person 
interview 

Community registry 3,483 (63.3)h 30 – 79 Noi N/A Past monthi 9 / 14 

Korea [551]  Telephone 
interview 

Telephone registry 2,000 (22.1) 18 – 96 Yes Unreported Undefined 10 / 14 

Korea [552]  Telephone 
interview 

Post/address 
registry 

2,000 (unclear) 30 – 60+ No N/A Past weekj 19 / 27 

China [553]  Interviewer 
assisted 

Unreported 14,844 (69.0) 18 – 70+ Yes <1 a week – ≥1 
a week 

Past week 6 / 6 

USA [554]  Web-based 
interview 

Consumer/ voter 
panel 

10,000 (unknown)f 18 – 70  No  N/A Past 4 weeks 16 / 30 

Japan [555]  Web-based 
interview 

Consumer/ voter 
panel 

Unknown 20 – 60+ No N/A Past weekj 10 / 9 

Brazil [556]  In person 
interview 

Local census tract  3,000 (unclear) 30 – 70+ Yes Unreported Undefined 5 / 10 

China [557]  In person 
interview 

Local census tract 9,805 (unclear) 40 – 70+ No N/A Past week 3 / 2 

International 
[558]  

Telephone 
interview 

Unreported 3,130 (unknown)g 18 – 60+ Yes No – Yes Undefined 18 / 28 

a. In the European study, in five out of six countries, telephone interview was used (excluding Spain, where direct interviews were conducted due to lower proportion 
of households with telephone). Study sample was obtained from telephone number listings (except Spain, where electoral census data was used). 
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b. Out of 11,740 participants (of 17,231 households contacted), 5,539 were considered ineligible. To calculate response rate, the number of respondents was divided 
by eligible participants (the former response rate). If same proportion of non-participants, as there were ineligible among participants (47%), were also considered 
ineligible, response rate was greater (the latter response rate). 

c. Out of 7,487 individuals, 3,239 completed the questionnaire (response proportion 43.4%).  

d. Invitation to complete email survey was sent to 88,150 members of the Internet-based panel. Of the members, 51,546 responded but 7,947 were excluded due to 
high rates of missing or inconsistent data, or discontinuation of the survey. Finally, 30,000 participants were randomly selected from the pool of respondents with 
completed surveys.  

e. Invitation to complete email survey was sent to 5,002 members of the Internet-based panel. Of the members, 3,058 responded, but only 2,106 members completed 
the survey. Finally, 2,000 participants were randomly selected from the pool of respondents with completed surveys. 

f. Invitation to complete email survey was sent to 38,469 members of the Internet-based panel. Of the members, 18,591 responded, but number of members completing 
the survey was not reported. Finally, 10,000 participants were selected from the pool of respondents with completed surveys. 

g. Authors reported that a large proportion of individuals asked to participate declined. However, the number of individuals asked to participate was not reported. 

h. Out of 5,503 individuals, 63.3% completed the questionnaire (n=3.483). 

i. In this study, individuals “were considered to have urgency if they reported difficulty postponing urination, had a strong urge to urinate (fairly often, usually or 
almost always) in the last month or a strong urge to urinate in the last 7 days (4 or more times).” 

j. Time period was not reported in the article. However, authors cited the original OABSS articles, which states that “patients were instructed to circle the score that 
best applied to their urinary condition during the past week” (Homma et al. Urology 2006). 

k. ICS, International Continence Society; OAB, overactive bladder; UTI, urinary tract infection. 

l. Cut-off point (threshold) used for normal vs. abnormal symptom occurrence.  Reviewed only for studies using current ICS definition of OAB.1 

m. Time period during which the occurrence of symptoms was asked. 
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Only a few population-based studies have evaluated 
OAB prevalence using the ICS definition and reported 
bother. Assessing perceived bother associated with 
OAB substantially decreases the prevalence esti-
mates. In the FINNO Study (conducted in Finland 
among women and men aged 18-79) [483], as many 
as 54% of men and 57% reported any (at least rarely) 
urinary urgency. However, prevalence of at least 
moderate bother from urgency was 7% for men and 
9% for women. Overall, more than 96% of individuals 
with rare urgency reported no or small bother from it 
whereas 65% of individuals with urgency often and 
more than 70% with urgency always reported moder-
ate or major bother (scale: none-small-moderate-ma-
jor) [483]. These results are in concordance with two 
international studies [481-482]. In the EpiLUTS study 
(conducted in the US, UK and Sweden among people 
aged 40–99) [482], 22.4% of men and 35.7% of 
women reported urinary urgency at least sometimes 
(in scale: never-rarely-sometimes-often-almost-al-
ways) (Table 1). However, prevalence estimates 
were substantially lower when bother was taken into 
account. Only 6% of men and 12% of women re-
ported “quite a bit” or more bother from urgency (in 
scale: not at all-a little bit-somewhat-quite a bit-a 
great deal) [482]. Bother analysis from the EPIC 
Study [481, 540] showed also that infrequent urinary 
urgency is not considered as very bothersome by 
most individuals. Out of OAB cases, 46% did not re-
port symptom bother from it [6]. All these results sug-
gest that i) bother measurement is essential in esti-
mating the clinically relevant prevalence of OAB, and 
ii) most studies have overestimated the prevalence of 
patient-important OAB [480-483] (Table 1).   

3. INCIDENCE OF OVERACTIVE 
BLADDER  

The natural history of OAB has been systematically 
reviewed little more than 5 years ago (English articles 
published between January 1, 1990, and September 
20, 2009) [559]. Authors identified 7 longitudinal stud-
ies of OAB. OAB incidence varied between 3.7% and 
8.8%; and included studies provided evidence for dy-
namic nature of OAB [549]. Indeed, longitudinal stud-
ies have confirmed that OAB prevalence increases 
with age but also that OAB is a dynamic condition 
[560-566].  

 

In a population-based study (conducted in between 
1991 and 2007 in Gothenburg, Sweden) [562], the 
number of women with OAB with urgency inconti-
nence (“OAB wet”) increased from 6% to 16%, how-
ever, the proportion of women with OAB without UUI 
(OAB dry) did not differ significantly (11% vs. 10%). 
Among women with OAB dry in 1991, 23% remained 
OAB dry, 28% reported symptom progression to OAB 
wet and approximately half reported remission of 
OAB by 2007, supporting the concept of the dynamic 

nature of OAB. The rate of remission of OAB symp-
toms was greater for women who were OAB dry 
(49%) compared with those who were OAB wet 
(26%).  

Finding that OAB is a dynamic condition was also re-
ported in Australian and Japanese studies [565-566]. 
In the CHAMP study conducted among 1,705 men 
aged 70 or more living in a defined region of metro-
politan Sydney [565], one in three older men with 
OAB had sustained remission of symptoms without 
medical or surgical interventions. Of the men with 
OAB at baseline, 29% received treatment for OAB or 
benign prostatic enlargement over 5 years. In the 
Japanese longitudinal community-based “Fujiwara-
kyo study” among more than four thousand men and 
women aged 65 years or more [566], the incidence 
rate of OAB was 12% and remission rate 30%. 

4. POTENTIAL RISKFACTORS FOR 
OVERACTIVE BLADDER  

The causes and risk factors of urinary urgency and/or 
OAB are not well studied. Available studies, that have 
identified potential risk factors, are summarised be-
low. 

4.1. Age 
In numerous cross-sectional studies older individuals 
reported more OAB than younger ones (Table 1). Fur-
thermore, longitudinal studies have confirmed that 
OAB increases with age [559]. Besides increasing 
age, also having urgency in childhood predicts having 
urgency in later life [567-568]. 

4.2. Gender 
In Table 1, we summarised population-based studies 
assessing prevalence of OAB among both. In most 
studies, OAB was more common among women (Ta-
ble 1).  In only three (13%) out of 23 studies, the prev-
alence estimate of OAB was larger for men than for 
women. However, these three studies [537, 548, 557] 
did not include younger age groups, and typically 
OAB is more common among women than men es-
pecially in younger ages. 

4.3. Obesity 
In a British, prospective study, obesity was a risk fac-
tor for the onset of an OAB (OR 1.5, 1.0-2.1) in 
women [484] but not among men [561]. Ten studies 
were included in a recent systematic review examin-
ing the link between OAB and obesity [569]. There 
was a statistically significant link between obesity 
(measured by BMI) and OAB in eight studies. How-
ever, four of the studies that found a positive correla-
tion were found of low methodological quality. BMI. 
Three studies examined the relationship between 
OAB with waist circumference, two found relationship 
whereas one did not. Overall, unfortunately most 
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studies were cross-sectional and did not often adjust 
for major confounders.    

4.4. Life style 
In a prospective study among British women, neither 
alcohol, coffee nor tea consumption were risk factors 
for the onset of OAB (defined as having either ur-
gency, UUI, or a combination of these) but use of car-
bonated drinks was [484]. Among men, neither tea, 
coffee nor wine consumption were associated with 
onset of OAB, but a negative association between 
beer intake at baseline and subsequent OAB onset 
was found [561]. However, this may be explained by 
a systematic misclassification error (individuals de-
crease or cease alcohol consumption due to ill health) 
[570-571], residual confounding (moderate drinkers 
have many other favouring lifestyle factors) [572-
573], or direct biological effects. In a Swedish popu-
lation-based study in young female twins [574], tea 
(but not coffee) drinking was associated with an in-
creased risk for both OAB and nocturia. However, af-
ter controlling for confounders (including zygosity of 
twins) these associations did not remain significant. 
Concurring with these studies, among non-care seek-
ing women [575], coffee or alcohol consumption was 
not associated with OAB. In a population-based study 
among women in Southern Sweden [576], OAB was 
not associated with alcohol consumption.  

In a prospective British study, smoking was a risk fac-
tor for the onset of an OAB (defined as having either 
urgency, UUI, or a combination of these) in women 
but not in men [561]. In a population-based study 
among Finnish women aged 18-79 [577], urgency 
was approximately three times more common among 
current and twice as common among former than 
never smokers. Parallel associations for urgency with 
smoking intensity suggested a dose–response rela-
tionship [577]. Other supporting findings have also 
been reported [578-581]. However, some other stud-
ies did not find smoking as a risk factor for urgency 
[548, 574, 576].  

A prospective study among British men did not pro-
vide evidence of any specific dietary patterns as a risk 
factor for onset of OAB [561]. Furthermore, physical 
activity was not significantly associated with OAB on-
set in men [561]. Contradictory results were found 
among non-care seeking women [575] where physi-
cal activity was associated with decreased OAB. 

4.5. Race/Etnicity and socioeconomic 
status  

Evidence regarding the role of race/ethnicity on OAB 
prevalence is limited. In a small Taiwanese study 
[582], higher prevalence of urgency (7.7% vs. 4.3%, 
p=0.02), was found in indigenous woman than in non-
indigenous women.  In the US part of the EpiLUTS 
study [578], OAB was reported by 26% of White, 33% 
of Black, 27% of Asian and 28% of Hispanic men. In 
the multivariate analysis, OAB was significantly more 
common among African-American (OR 2.0, p<.001) 

and Hispanic (OR 1.7, p<.001) male participants. The 
authors reported no statistically significant differ-
ences among women after multivariate analysis, de-
spite wide variation in crude prevalence (27% for 
Asian women, 43% for White, 46% for African-Amer-
ican and 42% for Hispanic) [578]. Hospital-based 
studies have reported no difference in the prevalence 
of OAB by race/ethnicity [583-584].  

4.6. Reproductive factors and pelvic surgery   
Urinary urgency is a common symptom during preg-
nancy [585]. In a Taiwanese study [586], only 1% of 
women reported having urgency before pregnancy, 
whereas corresponding estimates were 16% in the 
first, 25% in the second, and 31% in the third tri-
mester. Other studies have also found increasing 
prevalence of urgency with advanced gestational age 
[587-588]. However, in a Nigerian study, women in 3rd 
trimester did not report more urgency than women in 
2nd trimester [589]. Although one quarter of pregnant 
women reported urgency, it was associated with 
moderate or severe bother for only 5% of sympto-
matic women. 

The association between parity and urinary urgency 
is controversial. Some studies reported no associa-
tion for parity with urgency or OAB [484, 575, 590-
591], whereas others found increased prevalence of 
urgency among parous women [582, 592-595]. How-
ever, there were substantial differences in methods 
between these studies. Regarding  mode of delivery, 
most studies demonstrated no effect on prevalence 
of urgency or OAB [548, 590, 594-597]. On the other 
hand, contrary findings have also been reported [598-
599]. In a Swedish prospective study, weekly urgency 
was reported in late pregnancy by 2.6% of women in 
the elective vaginal delivery and by 2.7% of the 
women in the elective cesarean section group [598]. 
Corresponding figures were 7.9% for vaginal delivery 
and 2.7% for cesarean section groups at 9 months 
post-partum [125] concurring with the results of a 
cross-sectional US study [599]. In a recent US study 
[581], for women with a history of at least one opera-
tive vaginal birth, the adjusted odds of OAB was more 
than quadrupled (OR 4.9, 95% CI 2.2-11; women who 
had delivered all their children by pre-labour cesar-
ean as reference). 

The association  between the postmenopausal period 
and increased urgency or OAB has been reported in 
several studies [553, 592, 594-595, 600-601]. Impact 
of hormone therapy on OAB is unclear. The Cochrane 
Incontinence Group review of urinary incontinence 
and oestrogens (urgency or nocturia not as the pri-
mary objective of the study) found that there were 
less nocturnal voids and urgency episodes among 
women treated with local (but not systemic) oestro-
gen [602]. There were no significant differences in 
OAB prevalence among women using either  oral 
contraceptives or a levonorgestrel-releasing intrau-
terine device, in comparison to noncontraceptive us-
ers in a population-based study among young, Swe-
dish women [603]. 
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Radical hysterectomy is related  to increased preva-
lence of pelvic floor problems [604]. For instance, pa-
tients treated for cervical cancer reported urgency 2-
3 times more often than the matched controls: 36% of 
those with history of radical hysterectomy and pelvic 
lymph node dissection, 49% of those with surgery and 
adjuvant radiotherapy, and 48% of those with primary 
radiotherapy reported experiencing urgency [605]. 
However, the relationship between urgency and hys-
terectomy for benign indications is less clear. Many 
studies did not find significant association of hyster-
ectomy with urgency [590-591, 606-611]. However, 
some studies reported less [601, 612-615] and some 
more [548, 584-585, 616] urinary urgency after hys-
terectomy. No differences by route of hysterectomy 
on urgency have been found [611, 615-618]. Both 
prolapse surgery and stress incontinence surgery are 
associated with risk of (de novo) urgency or urgency 
incontinence in both hospital based, and population 
based studies [580, 591, 619-620].  

4.7. Specific conditions   
There is a paucity of studies concerning conditions 
and co-morbidities that may be associated with OAB, 
and clear causal risk factors are even less often  doc-
umented. Few available studies have identified po-
tential risk factors, which are described below. 

4.8. Benign prostatic hyperplasia  
Instead of OAB/urgency, observational, clinic-based 
studies have assessed the relationship between  de-
trusor overactivity and benign prostatic hyper-
plasia/obstruction. Although patients with detrusor 
overactivity are less likely to get symptom improve-
ment after BPH surgery than those without detrusor 
overactivity, many patients report less urgency after 
BPH surgery [621]. Similar findings were  reported in 
a prostatectomy study among men aged 47-85, 32% 
(n=49) reported urgency pre-operatively and 13% 
post-operatively (n=20) [622]. In another study, detru-
sor overactivity was present in 68% of patients (n=21) 
at baseline and in 31% (n=10) at follow-up (mean 2 
years) in the prostatectomy group [623]. However, 
many patients remain symptomatic after prostate sur-
gery, and prognostic factors for success remain 
largely unknown [624].  

4.9. Pelvic organ prolapse.  
In community-based studies [584, 625-626], pelvic 
organ prolapse was associated with 2-6 times higher 
risk of having urgency incontinence. Concurrent with 
this findings, hospital based studies have also found 
pelvic organ prolapse as a risk factor for urgency in-
continence, and in interventional studies urgency in-
continence is often (but not always) relieved [628].   

4.10. Mental health 
In the BACH survey [629], urinary frequency, ur-
gency, and nocturia were associated with previously 
experienced sexual, physical, and emotional abuse 

for both genders and for all ethnic groups of the study 
(White, Black, Hispanic). Concurring results were 
found in a German, clinic-based study where 31% of 
women with OAB reported almost twice as often ear-
lier physical or sexual abuse as did the women with 
stress urinary incontinence (18%) or women without 
urinary symptoms (18%) [630]. In an Iranian study, 
individuals with OAB had a higher prevalence of anx-
iety (28.2 vs. 8.8%; p=0.001) and depression (38.2 
vs. 18.2%; P = 0.02) [538] agreeing with finding from 
multinational EpiLUTS study and longitudinal Japa-
nese where increased depression and anxiety were 
found among individuals with OAB [566, 631]. Fur-
thermore, postpartum depression has also been re-
ported to be associated with urgency incontinence 
[632]. 

4.11. Other conditions  
In the BACH survey [633], urgency was associated 
with almost double the risk of hypertension and heart 
disease in women and with more than double the risk 
of diabetes in men. However, In a Japanese study 
among the elderly, OAB was not associated with dia-
betes or kidney disease but was associated with de-
pression, alcohol use, and increasing BMI [634]. In a 
UK prospective cohort study within a random sample 
of 19,241 women aged 40 or more identified from 
Health Authority lists of 108 general practices [484], 
predictors of OAB included bowel urgency, imbal-
ance, osteoporosis, ankle swelling, diabetes, DVT 
and cystitis [484]. Urgency/OAB has also been re-
ported to common among patients with irritable bowel 
syndrome [635-636], functional dyspepsia [637], dia-
betes [638-640], including gestational diabetes [641], 
stroke [642] and asthma [548]. 

5. PREVALENCE OF NOCTURIA  

Most earlier studies assessing the prevalence of noc-
turia have been conducted among elderly men [643-
651]. They consistently found that nocturia 1) is a very 
common symptom and 2) increases with ageing. 
These finding have recently been confirmed in com-
parative studies conducted in both sexes [489-490, 
495, 498, 540, 546, 652-663] (Figure 8). 

We have reviewed all population-based studies as-
sessing prevalence of nocturia in adults of both 
sexes. To identify these studies, a Medline search 
(English-language articles published before June 
2016) was carried out on with the strategy (noctu-
ria.mp) and (prevalence.mp). Non-population-based 
(i.e. not based on doctor attendances or similar) stud-
ies, studies not conducted among both sexes of 
adults, studies with narrow age range (less than 40 
years), or studies with percentage data unavailable 
are not shown in Figure 1. 
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In the FINNO Study, conducted among men and 
women aged 18 to 79 [656], approximately one out of 
eight men and women reported at least two voids per 
night. In addition one third reported one void per 
night. Young women reported clearly more nocturia 
than young men, prevalence of nocturia in men and 
women equalised only in the sixth to seventh decade 
of life, and in older age groups men had more nocturia 
than women. Many other studies have supported 
these findings: higher prevalence of nocturia among 
young women than young men, and an equalization 
of prevalence in middle age [495, 498, 540, 546, 660, 
664-665] (Figure 1). As the gender difference has 
been found across different continents (Europe, Asia, 
Australia and North America) it probably not due to 
specific country, lifestyle or cultural factors. The rea-
sons for the excess of nocturia among older men re-
main unknown, but prostatic enlargement is likely to 
be the predominant factor.  

The Krimpen study, conducted in the Netherlands 
among elderly men [666], is one of the few studies 
where nocturia was assessed by using frequency-vol-
ume charts. One and a half or more voids/night (av-
erage of information on two to three nights) was pre-
sent in 60% of men aged 70-78 years, whereas at 
least 2.5 voids per night was present in 20%, respec-
tively. These estimations are comparable to question-
naire studies: most elderly people void at least once 
per night [665] (Figure 1). 

6. INCIDENCE OF NOCTURIA  

A recent systematic review and meta-analysis sum-
marised the incidence and remission of nocturia 
[667]. Authors conducted a comprehensive search of 
PubMed, Scopus, and CINAHL databases and ab-
stracts of major urological meetings until end of Au-
gust 2015 and found 16 eligible studies [668-683]. Of 
the 16 included studies, 10 (62%) were at high risk 
and six (38%) at low risk of bias. Of these 16 studies, 

14 (88%) accurately assessed nocturia both at base-
line and at follow-up, nine (56%) had little missing 
data in the follow-up, and eight (50%) used repre-
sentative source populations. Pooled estimates from 
13 studies [670-683] with 114 964 person-years of 
follow-up demonstrated that annual incidence was 
strongly associated with age: 0.4% (0–0.8%) for 
adults aged less than 40 years; 2.8% (1.9–3.7%) for 
adults aged 40–59 years; and 11.5% (9.1–14.0%) for 
adults aged at least 60 yr. Of those with nocturia, 
each year 12.1% (9.5–14.7%) experienced remis-
sion. 

7. RISK FACTORS FOR NOCTURIA  

The causes and risk factors of nocturia are not very 
well understood [510, 647]. Available studies, that 
aimed to identify potential risk factors, are summa-
rised below. 

7.1. Age 
There have been numerous studies showing that el-
derly subjects have more nocturia than younger peo-
ple (Figure 1) - age is one, if not the most important 
correlates of nocturia. For instance, in a community-
based US study, less than 5% of those aged 18-24 
reported two voids per night while the corresponding 
figures were approximately 15% and 25% for those 
aged 45-54 and 65-74 respectively [490]. Besides in-
creasing age, also childhood nocturia and enuresis 
has been suggested to predict nocturia in later life 
[567, 683]. 

7.2. Gender 
Although there is no remarkable difference in overall 
prevalence of nocturia between genders, in more de-
tailed age specific analyses differences have 
emerged between the genders (Figure 1). Many stud-
ies found higher prevalence of nocturia among young 

 
Figure 8: Prevalence of at least two voids per night across age groups by sex in population-based studies 
conducted among both sexes with wide age-range [489-490, 495, 498, 540, 546, 652-663]. 
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women than young men, and an equalization of prev-
alence in middle age [495, 509, 540, 546, 639, 656, 
665]. Prostatic enlargement has been suggested as 
predominant factor for potential nocturia excess 
among elderly men [665].  

7.3. Obesity 
Several studies have shown the relation  between 
overweight/obesity and nocturia. Obesity was associ-
ated with more than three-fold risk of nocturia in a 
Swedish study among middle-aged women [685], 
and with more than two fold-risk in the FINNO Study 
[686]. Confirmatory findings have been reported in 
numerous studies [687-692]. In the longitudinal 
TAMUS study among men aged 50 or more [693], 
obese men had double the risk for nocturia compared 
with normal weight men. The frequency of nocturia at 
baseline did not increase the incidence of obesity at 
follow-up.  

7.4. Life style 
Most studies have not found an association between 
nocturia and either alcohol [489, 673, 689, 694-695] 
or coffee/caffeine [650, 684, 693, 696-697] consump-
tion. In some studies moderate alcohol consumers 
had less nocturia than abstainers [693, 698-699]. 
However (as discussed earlier in ‘Risk factors of over-
active bladder’), these findings may be due to system-
atic misclassification error or residual confounding 
[570-573]. 

Most studies have not found an association between 
nocturia and smoking [508, 651, 666, 689, 693, 695-
696]. Some conflicting results have also been re-
ported: in Swedish and Chinese studies [685, 692] 
smoking was associated with increased nocturia but 
in Austrian [489] and Japanese [694] studies, with de-
creased nocturia. 

Physical activity has been reported to be protective 
against LUTS in men [700-702], and against nocturia 
in both genders [663, 685]. In an Austrian study [489], 
no relation was found between nocturia and physical 
activity. However, exercise programme has been 
shown to improve nocturia in non-randomised trial 
[703]. 

7.5. Race/Ethnicity and socioeconomic 
status   

In several US studies, African Americans were ap-
proximately twice as likely to report nocturia as other 
groups [687, 690, 704-706]. This effect was attenu-
ated, although remained significant [700, 705], with 
adjustment for socioeconomic status and comorbid-
ity. Furthermore, care-seeking black women reported 
also more commonly nocturia than other groups [707-
708]. Conflicting results were found in a Kaiser Per-
manente study [709]. In the EpiLUTS study con-
ducted in the USA, UK and Sweden [684] and in a 
Kaiser Permanente study [710], Blacks and Hispanic 
had more nocturia when compared to White. Less is 

known about the relationship between ethnicity and 
nocturia outside the US. In small studies in Taiwan 
[582, 711] and Scotland [712], associations of noctu-
ria and ethnicity have been found. In the Scottish 
study, nocturnal polyuria was more common in the 
Caucasian men compared to Asian men. 

7.6. Reproductive factors and pelvic surgery  
Nocturia is a very common symptom during preg-
nancy. In all studies most pregnant women report 
nocturia at least weekly, in many studies most women 
report having nocturia every night [582-589, 596, 
713-714]. Typically the occurrence of nocturia in-
creases during pregnancy. In an Indian study [714], 
nocturia (defined as more than one void per week) 
was reported by 50.6% of women before pregnancy 
(retrospective information), by 58.6% of those in the 
first, 71.9% in the second and 77.0% in the third tri-
mester. In Finnish and Chinese studies [591, 692], 
parous women reported slightly more nocturia than 
nulliparous women, contradicting earlier reports (con-
ducted among perimenopausal women) of no associ-
ation [593, 715]. The relationship between  nocturia 
and parity  could be  due to pregnancy itself rather 
than trauma to the urinary tract during delivery [716] 
supported by finding of no difference in nocturia be-
tween primi- and multiparous women in the same 
Finnish study [716] and by a finding of no difference 
between vaginal delivery and caesarean section in a 
Swedish prospective study [598]. In these studies, 
the postpartum period was also associated with in-
creased nocturia [591, 598]. 

In a population-based Swedish study of young 
women, no difference in nocturia was found among 
oral contraceptive users and non-users, however, 
levonorgestrel-releasing intrauterine device (com-
pared with non-contraceptive users), reported less 
nocturia (OR 0.53, 95% CI 0.32-0.89) [605].  

Danish and Finnish population-based studies have 
reported more than double the risk of nocturia after 
menopause [591, 593], consistent with other studies 
[602, 657, 715]. One study attributed this to aging ra-
ther than to menopausal transition [717]. In the Finn-
ish and Swedish studies [591, 715], there were indi-
cations of increased nocturia among women using 
menopausal hormone therapy, but the findings were 
statistically insignificant. In a small randomised trial 
[718], there was no difference in nocturia among 
those with menopausal hormone therapy or placebo. 
Similar findings were reported in a randomised trial of 
vaginal oestradiol and placebo after sling surgery 
[719]. 

The relationship between nocturia and hysterectomy 
is unclear, with hysterectomy being a  protective fac-
tor [609, 614, 616], risk factor [593, 710], or not asso-
ciated with nocturia [591, 603, 610]. Surgery for 
stress urinary incontinence was not associated with 
nocturia in a population-based study [591]. 
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7.7. Specific conditions 

7.7.1 Benign prostatic hyperplasia and pros-
tate cancer 

Benign prostatic hyperplasia (BPH) constitutes a 
well-recognised risk factor for nocturia [666, 696, 
720]. In the FINNO Study [696], half of the subjects 
with physician-diagnosed BPH reported at least two 
voids per night; however, only a third of the men with 
nocturia reported BPH. However, nocturia is the least 
specific LUTS associated with BPO and medical 
treatment to relieve BPO has less effect on nocturia 
than on other LUTS [721-722]. Furthermore, nocturia 
has been reported as one of the most persistent 
LUTS following prostate surgery [622, 723]. In a study 
on men with bothersome LUTS, those receiving finas-
teride had an effect indistinguishable from placebo 
[724]. Many men with LUTS express a fear of prostate 
cancer [725], however, whether LUTS (including noc-
turia) are suggestive of prostate cancer is not clearly 
established [726]. In the large HUNT-2 study [727], 
LUTS severity was positively associated with the sub-
sequent diagnosis of localised prostate cancer but 
not with advanced or fatal disease. More than 70% of 
men with physician-diagnosed prostate cancer re-
ported at least two voids/night, while 7% of men with 
nocturia reported prostate cancer in the FINNO Study 
[696]. Whether men with nocturia are only more vul-
nerable to be diagnosed with prostate cancer (due to 
use of prostate-specific antigen), prostate cancer 
causes nocturia, or nocturia is a side-effect of various 
prostate cancer treatments remains unclear [496, 
728]. The impact of radical prostatectomy on nocturia 
has been neutral or negative (i.e. increased nocturia) 
[729-731].  

7.7.2 Nocturnal polyuria  
A systematic review and meta-analysis summarised 
the relationship between nocturia and nocturnal poly-
uria [731]. Authors conducted a search of PubMed 
and Embase databases for studies written in English, 
German, French or Dutch with original data on adult 
participants in an investigation of the relationship be-
tween nocturia and nocturnal polyuria. Fifteen studies 
met the inclusion criteria. Quality scores of studies 
were generally high for internal validity but low for ex-
ternal validity. Standardised mean difference of 0.6 
(95% CI 0.3-0.9) for nocturnal voids between noctur-
nal polyuria and nonnocturnal polyuria cases was 
found. Risk ratio for nocturnal polyuria in individuals 
with nocturia was 1.41 (1.37-1.44). Authors con-
cluded that “the association between nocturia and 
nocturnal polyuria is apparent and robust. However, 
the clinical importance of the association appears to 
be less obvious than previously suggested based on 
single studies. The observed high prevalence of noc-
turnal polyuria, as a result of the International Conti-
nence Society definition, may be responsible for this 
discrepancy.” The ICS defines nocturnal polyuria as 
an increased proportion of the 24-hour output of urine 
volume occurring at night [513]. However, there is a 
paucity of studies providing reference values. The 

Krimpen study authors suggested that nocturnal urine 
production exceeding 90 ml/hr is abnormal [666, 733] 
but concluded that “nocturnal urine production as an 
explanatory variable for nocturnal voiding frequency 
is of little value.” The fundamental pathogenesis of 
nocturnal polyuria remains largely unknown.  

7.7.3 Overactive bladder 
Urinary urgency was a clear risk factor for nocturia in 
the FINNO Study (OR 7.4, 95% CI 4.5-12 for men, 
and OR 4.9, 95% CI 3.2-7.7 for women) [696]. How-
ever, while half of subjects with urgency also reported 
at least two voids per night, only one in three with 
nocturia reported urgency [544].  The finding that 
most people with nocturia do not report frequent uri-
nary urgency (Figure 2), has been reported also in the 
EPIC and EpiLUTS studies [482, 540]. 

7.7.4 Diabetes 
An association between diabetes and nocturia has 
been noted in most [655, 684, 687, 689, 692, 696, 
699, 720, 734-741], but not all reports [654, 666, 673]. 
In the BACH Survey [687] and in a Danish study at 
ages 60-80 years [689], nocturia was associated with 
double the risk of diabetes. In these surveys [687, 
689],  gender differences were not reported. In the 
FINNO Study [696], diabetes was associated with 
nocturia after adjustment for other factors only in 
women. On the contrary, in a Chinese study, associ-
ation was found for men, but not for women [663]. 

7.7.5 Hypertension 
It has been suggested that essential hypertension 
and nocturnal polyuria are part of the same patho-
physiological process [738]. In Japanese, US and 
Chinese studies [655, 673, 670, 692], hypertension 
was associated with nocturia, although effect sizes 
were modest (ORs between 1.5 and 1.6). In another 
Chinese study [663], association of nocturia and hy-
pertension was found in women, but not in men. In 
studies conducted in Europe [654, 656, 696], neither 
nocturnal polyuria nor nocturia were associated with 
hypertension. In a secondary analysis from the BACH 
survey [739], monotherapy with calcium channel 
blockers in women, and combination therapy with 
loop diuretics in men was associated with nocturia but 
no other associations for nocturia with any other anti-
hypertensive was found [739]. While the treatment for 
hypertension may cause [479, 739] or alleviate noc-
turia [741] in some cases, appropriate methods are of 
particular importance when trying to assess the rela-
tionship between hypertension and nocturia. 
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7.7.6 Coronary disease  
Earlier (male) studies [654-655, 666] did not find a re-
lationship between nocturia and cardiac disease. 
However, in these studies, an association between 
cardiac symptoms/disease and nocturia was found in 
the preliminary analyses before multivariate model-
ling. In more recent studies [508, 663, 687, 696, 699] 
coronary disease has been shown to be associated 
with nocturia.  

7.7.7 Depression 
In Swedish and US population-based studies [498, 
742], depression and antidepressant use were both 
associated with increased prevalence of nocturia 
whereas in a Finnish study a relationship was found 
only among men using antidepressants after adjust-
ment for other factors [696]. In another Finnish study 
(among men aged 50 or more), those with depressive 
symptoms at study entry were at almost triple risk for 
moderate or severe nocturia than those without de-
pressive symptoms but nocturia had no effect on de-
pressive symptoms during 5-year follow-up [743]. In 
a Kaiser Permanente study [710], increasing anxi-
ety/depression scale was associated with increasing 
nocturia. 

7.7.8 Sleep apnoea and snoring 
In clinic-based studies [736, 744-747], nocturia was 
associated with sleep apnoea. In US studies con-
ducted among community-dwelling older adults, sub-
jects with increased apnea-hypopnea index had 
greater mean nocturia episodes, nighttime urine pro-
duction and atrial natriutretic peptide excretion [748-
749]. Snoring was one of the three most important 
nocturia population-level risk factors for both sexes in 
the FINNO Study [696] concurrent with a Swedish 
urology clinic study [750]. 

 

7.7.9 Neurological diseases 
Most patients with multiple sclerosis have bladder 
dysfunction, which may also lead to nocturia [751-
752]. Nocturia was also associated with stroke and 
cerebrovascular disease [699, 734, 753]. Moreover, 
in a study among Parkinson´s patients, severity of 
disease was also associated with increased nocturia 
[754]. Furthermore, a relationship of nocturia with 
restless legs syndrome has been reported [696].  

 
Figure 9: Age-standardized prevalence of nocturia, urinary urgency (with or without urgency incontinence) 
and urinary frequency among Finnish people aged 18–79 years.  

The red circle represents individuals with urinary urgency (often or always in scale: never-rarely-often-al-
ways) without urgency incontinence (often or always in scale: never-rarely-often-always) excluding the area 
of the red oval representing individuals with urinary urgency with urgency incontinence. The blue circle rep-
resents individuals with urinary frequency (defined as more than eight voids/day) and the green circle noc-
turia (defined as at least two voids/night). Age-standardization performed using the age structure of Finland. 
Modified from Tikkinen KA et al. [544]. 
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8. SUMMARY POINTS 

• Overactive bladder (syndrome) (OAB) has been 
defined as urinary urgency, with or without ur-
gency urinary incontinence, usually with in-
creased daytime frequency and nocturia (in the 
absence of infection or other obvious pathology). 

• Prevalence of OAB has been estimated from as 
low as 2% up to 53%. 

• Recent population-based studies have shown 
that less than 10% of people have OAB with at 
least moderate bother, suggesting that bother 
measurement is essential in estimating the clini-
cally relevant prevalence of OAB. 

• Longitudinal studies have shown that OAB in-
creases with age, and that OAB is a dynamic 
condition, with not only substantial progression 
but also remission rates. 

• OAB may be associated with an increased risk of 
falls, fractures, and impaired quality of life.  

• While age is a clear risk factor for urinary urgency 
and/or OAB, other risk factors have not  been 
that well studied.  

• Individuals with benign prostatic hyperplasia, 
pelvic organ prolapse and mental health prob-
lems typically report urinary urgency more often 
than those without. 

• Nocturia is one of – if not the - most common 
lower urinary tract symptom with similar overall 
prevalence in both genders. 

• The prevalence of nocturia is higher among 
young women than young men, but the preva-
lence increases more strongly with age in men.  

• The literature on the incidence of nocturia re-
mains relatively sparse. The incidence of noctu-
ria has been shown to increase with age but also 
remarkable fluctuation has been identified. 

• Two episodes of nocturia constitute meaningful 
nocturia, affecting quality of life and perceived 
health, while a single episode does not. 

• Nocturia has been associated with an increased 
risk of falls, fractures, and death.  

• Risk factors for nocturia include conditions of the 
lower urinary tract, but also a range of systemic 
conditions, including but not limited to prostatic 
hyperplasia, urinary urgency/overactive bladder, 
obesity, sleep apnoea, parity, and the postmen-
opausal state.  

 

9. FUTURE NEEDS 

• Due to the  relatively recent research in OAB and 
nocturia, most data currently available are cross-
sectional, hence, more prospective studies are 
needed 

• Natural history of OAB and nocturia need more 
research – progression and remission of these 
symptoms is not yet well understood.  

• Better understanding of relationship of different 
‘overactive bladder symptoms’ would be benefi-
cial.  

• With prospective studies examining risk factors 
for incident OAB and nocturia will be possible, 
however, definition of incident OAB and nocturia 
may be challenging due to fluctuating character 
of these symptoms. 

• Overall, further studies should be conducted with 
proper study designs and population-based sam-
pling in order to decrease the risk of bias. 

 EPIDEMIOLOGY OF PELVIC 
ORGAN PROLAPSE 

1. GENERAL COMMENTS AND 
DEFINITIONS 

Pelvic organ prolapse (POP) refers to loss of support 
for uterus, bladder, colon or rectum leading to pro-
lapse of one or more of these organs into the vagina.  
Prolapse is thus a continuous condition when meas-
ured by visual inspection of the vaginal wall during 
valsalva.  For clinical purposes, the degree of POP is 
commonly described as above the introitus, at the in-
troitus, or beyond the introitus with or without 
valsalva.  The International Continence Society first 
developed a standardised definition for the condition 
of POP in 1996 [755]. The ICS Pelvic Organ Prolapse 
Quantification (POPQ) examination defines prolapse 
by measuring the descent of specific segments of the 
reproductive tract during valsalva strain relative to a 
fixed point, the hymen. The POPQ system describes 
the anatomical findings of pelvic organ prolapse with-
out consideration for symptoms and bother perceived 
by the woman. Validation of this system has shown it 
to be highly reliable [756]. The stages of prolapse se-
verity are arbitrarily defined, and there is no clear dif-
ferentiation between normal anatomic variation and 
mild POP.  For research purposes there is consensus 
for use of the POPQ system until further evidence 
might clarify the distinction between normal variation 
and mild prolapse [757].  

Determining POP based on self-reported symptoms 
is difficult because of the lack of specificity and sen-
sitivity of most symptoms attributed to pelvic organ 
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prolapse [758]  and the fact that prolapse above the 
level of the hymeneal ring is usually asymptomatic 
[759]. The only exception appears to be a sensation 
of bulging into the vaginal [760] which is most strongly 
associated with prolapse at or below the hymeneal 
ring [761-762]. A recent study of 110 women found 
that a question asking about a feeling of something 
bulging in or dropping out of their vagina had a sensi-
tivity of 84% and a specificity of 94% for POP at or 
beyond the hymeneal ring on examination [759]. See-
ing prolapse would presumably be even more spe-
cific, but is too uncommon to be useful as a definition. 

2. PREVALENCE OF POP 

Since the 3rd ICI, several additional studies have re-
ported the prevalence of POP in a general population 
[763-768]. Reports from the Women’s Health initiative 
(WHI) Oestrogen Plus Progestin Trial, and random-
ised controlled trial, have been included [763,765-
766]. While not actually population-based, the women 
in the trial were recruited from the community rather 

than women seeking gynaecological care, and pro-
vide important information on the prevalence of POP 
based on pelvic examination.  

The prevalence of POP based on a sensation of a 
mass bulging into the vagina was remarkably con-
sistent, ranging between 5 and 10 percent.  The study 
by Eva et al., which reported a substantially higher 
prevalence included in the definition of POP, pelvic 
heaviness or digital pressure on the perineum or in 
the vagina to aid with defaecation [769]. The preva-
lence of observed prolapse in women enrolled in the 
WHI trial is similar to the prevalence found in the one 
population-based study that also used pelvic exami-
nation [770], although the prevalence of each type of 
prolapse was higher in the WHI study [762]. In both 
studies, prolapse occurs most frequently in the ante-
rior compartment, next most frequently in the poste-
rior compartment, and least in the apical compart-
ment. 

 

Table 19: Prevalence of pelvic organ prolapse (POP) defined by symptoms or observed on pelvic examination 
in the general population . 

First author Country Definition of POP Ages (years) N Prevalence   
Subgroup:  % 

Kumari [771]  India ”a mass of flesh in the 
vagina” or equivalent using 
local terminology 

15+ 2990 15-24:   5 
25-34: 10 
35-44:   8 
45-54:   6 
55-64:   9 
65+:      3 

McLennan 
[772]  

Australia A feeling of something 
coming down in the vagina 

15-97 1546 8 
 

Tegerstedt 
[767]  

Sweden Validated 5 item quetionnaire 30-79 5489 8 

Eva [769]  Sweden Any symptom of pelvic 
heaviness, genital bulge, or 
use of fingers in vagina or on 
perineum for defecation 

40 
60 

641 
663 

23 
28 

Samuelsson 
[770]  

Sweden Standardized pelvic 
examination  

20-59 
(mean=39) 

487 Any prolapse:  31 
To introitus:    2 
Cystocele:  16 
Rectocele: 14 
Uterocele*:   5 

Rortveit [768]  USA Feeling of bulging, pressure 
or protrusion or visible bulge 
or protrusion 

40-73 
(mean=56) 

2109 6 

Lawrence [764]  USA Sensation of bulge in vagina 
or something falling out of 
vagina with a degree of 
bother of at least 33 on a 1-
100 visual analogue scale 
(validated) 

25-84 
(mean= 57) 

4103 6 

Hendrix [762]  USA Standardized pelvic 
examination 

50-79   
(mean=63) 

27,342 Any prolapse: 40 
Cystocele: 34 
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First author Country Definition of POP Ages (years) N Prevalence   
Subgroup:  % 

 Rectocele: 19 
Uterocele*: 14 

Handa [763]  USA Standardized pelvic 
examination 

50-79   
(mean=63) 

412 Any prolapse: 32 
Cystocele any: 25 
Cystocele grade 1: 14 
Cystocele grade 2: 10 
Rectocele any: 13 
Rectocele grade 1:  8 
Rectocele grade 2:  5 
Uterocele any:  4 
Uterocele grade 1:  3 
Uterocele grade 2:  1 

Nygaard [766]  USA POP-Q** 50-79 
(mean=68) 

270 Stage 0:   2 
Stage 1: 33 
Stage 2: 63 
Stage 3:  2 
Stage 4:  0 
> hymeneal ring: 26 

Bradley [765]  USA POP-Q 50-79 
(mean=68) 

270 > hymeneal ring: 24 

* Denominator is women with a uterus 

** Stages defined as 0: no prolapse, 1: prolapse to 1 cm above hymen, 2: prolapse to between 1 cm above 
and 1 cm below hymen, 3: prolapse between 1 cm below hymen and 2 cm above introitus, 4: prolapse beyond 
2 cm above introitus. 

Note: Studies reported  by Handa, Nygaard and Bradley are all subsets from study reported by Hendrix. 

Two studies that examined prolapse by race found 
the that Black women had the lowest prevalence and 
Hispanic women the highest after controlling for mul-
tiple other factors in multivariate analysis [762,768]. 
The study reported by Rortveit et al based on symp-
toms found adjusted odds ratios of 0.4 (95% CI=0.2-
0.8) for Black and 1.3 (95% CI=0.8-2.2) for Hispanic 
women, with White women as the referent group 
[768]. Hendrix et al reported adjusted odds ratios of 
0.6 (95% CI=0.5-0.8) for Black and 1.2 (95% CI=1.0-
1.5) for Hispanic women compared to White women 
for POP based on genital examination [763].  

3. INCIDENCE  

Only two studies could be located that reported the 
incidence of new POP.  Both studies were done on 
sub-groups of women enrolled in the WHI Oestrogen 
Plus Progestin Trial.  The first study of 412 women 
enrolled at the University of California, Davis site, 
used a standardised pelvic examination repeated 
every 2 years over 8 years [763]. The incidence of 
new cystocoele, rectocele and uterine prolapse was 
9%, 6% and 2%, respectively.  Annual rates of remis-
sion from grade 1 (prolapse to above introitus) was 
relatively common for each type of POP (24%, 22% 
and 48%, respectively) but less common from grade 
2 or 3 (prolapse to or beyond introitus) (9%, 3% and 
0%, respectively).  In a second study of 259 women 

post-menopausal women with a uterus were exam-
ined using the POP-Q at baseline and annually for 3 
years. POP was defined as prolapse to or beyond the 
hymeneal ring.  The incidence of new POP was 26% 
at 1 year and 40% at 3 years, with remission rates of 
21% at 1 year and 19% at 3 years [765].  

Several studies have reported the annual incidence 
of surgery for POP in the US and at least one in the 
UK.  A longitudinal study of over 17,000 women in the 
U K, age 25 to 39 at baseline, reported an annual rate 
of prolapse surgery of 0.16% [763]. This rate is con-
sistent with the rate of approximately 0.2% per year 
reported in the US [764-765]. One US study reported 
an annual incidence rising with age from 0.05% in 
women age 30-39 to 0.5% in women age 70-79 with 
an estimated lifetime cumulative risk of surgery from 
prolapse of 7% to 11% [766]. A recent US study re-
ported similar surgical rates: 0.07% for women 18-39, 
0.24% for women age 40-59, and 0.31% for women 
age 60-79 [765]. Surgical rates drop substantially af-
ter age 80 [766-767]. Estimating rates of prolapse 
surgery has the advantage of using hospital dis-
charge data on procedures, which is highly accurate 
for the procedure performed, but less accurate for the 
indications for the procedures, particularly when a 
procedure may have more then one indication. 
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4. RISK FACTORS 

4.1. Bowel dysfunction and pelvic organ 
prolapse 

Women who seek urogynecological care report a 
high prevalence of bowel symptoms [773]. However, 
bowel dysfunction is highly prevalent among women 
in general and it has been estimated that up to 27% 
of the female population in industrialised countries 
are affected by constipation [774]. The overall preva-
lence of constipation and associated symptoms in 
women with pelvic organ prolapse ranges between 
20-53% depending on definition of disorders [775-
777]. Although definitions of disease differ between 
studies it is widely acknowledged that bowel dysfunc-
tion is a complex condition with a multifactorial aethi-
ology.  Bowel dysfunction comprises a wide variety of 
symptoms including constipation, rectal emptying dif-
ficulties, incomplete defaecation, manually assisted 
defaecation, faecal urgency and irritable bowel syn-
drome (IBS). Neurophysiologic assessments have 
shown that damage to the pelvic floor musculature 
nerve supply can occur as a result of chronic consti-
pation [778]. Other predisposing factors comprise low 
socio-economic status, pelvic floor surgery, depres-
sive disorders, thyroid dysfunction, physical disability 
and inactivity, and food habits [779].  

Current epidemiological evidence on the association 
between bowel dysfunction and pelvic organ prolapse 
are at odds. A number of studies suggest that women 
with pelvic organ prolapse are significantly more likely 
to experience constipation and other symptoms of 
bowel dysfunction,[768,777,780-782) whereas others 
show a weak or non-existent association 
[762,776,783-784).   In a case-control study, manu-
ally assisted defaecation was present in 19.7% of 
women with prolapse compared to 4.4% of control 
subjects (p<0.001) [777]. In a randomly selected pop-
ulation based study, irritable bowel syndrome and 
constipation were both strongly associated with pelvic 
organ prolapse (OR 2.8 95% CI 1.7-4.6, and OR 2.5 
95% CI 1.7-3.7 respectively) [768]. Varma et al., [769] 
suggested that among randomly selected women, 
with symptomatic pelvic organ prolapse more than 
doubled the risk for obstructed defaecation (OR 2.3 
95% CI 1.5-3.7). A retrospective questionnaire based 
survey of women with and without prolapse con-
cluded that constipation as a young adult was an im-
portant factor in the development of uterovaginal pro-
lapse [780]. In a case-control study, women with pro-
lapse were at increased risk for constipation even af-
ter adjustment for dietary fibre intake (OR 2.9, 95% 
CI 1.1-13.5). when compared to women without pro-
lapse [781]. Also in a low income setting constipation 
has been identified as a risk factor for symptomatic 
pelvic organ prolapse [785]. 

In the cross-sectional Women´s Health Initiative 
(WHI), cystocele and rectocele were only weakly as-
sociated with constipation (OR 1.1 95% CI  1.0-1.2) 
[762]. Similar weak associations between prolapse 
and bowel dysfunction have been observed in other 
large cross-sectional studies [776,783-784]. Overall 
severity and prevalence of bowel dysfunction has 
shown poor correlation with findings of pelvic organ 
prolapse at radiological imaging [786-788]. Also at 
clinical examination, increasing vaginal descent and 
prolapse severity, show a generally weak (or absent) 
association with symptoms related to bowel dysfunc-
tion [758,775,789-791]. In a substudy of the WHI, no 
specific bowel symptom was associated with increas-
ing loss of pelvic organ support in any vaginal com-
partment [784]. When considering compartment-spe-
cific pelvic floor defects, most studies suggest that in-
creasing posterior vaginal wall prolapse and perineal 
descent are correlated to more symptoms of obstruc-
tive defaecation [758, 776, 788]. In a cross-sectional 
study of 260 women with pelvic organ prolapse, 
women with posterior vaginal wall prolapse were 
more likely to incomplete emptying (41% vs 21%, 
P=0.003), straining at defaecation (39% vs 19%, 
P=0.002), and splinting with defecation (36% vs 14%, 
P<0.001) compared with women without posterior 
vaginal wall prolapse. But there was no significant as-
sociation between bowel symptoms and increasing 
severity of prolapse [792].  

The association between bowel dysfunction other 
than specifically obstructive symptoms and pelvic or-
gan prolapse has been poorly investigated. In a ran-
dom population-based study of 2109 racially diverse 
women women with IBS (prevalence =9.7%) had 
higher odds of reporting symptomatic pelvic organ 
prolapse (OR 2.4; 95% CI, 1.4-4.1) compared to 
those without IBS [793]. It has also between sug-
gested that anal sphincter dysfunction such as para-
doxical anal sphincter reaction is more common in pa-
tients with a rectocele as compared to women without 
rectocele at defaecography [794]. 

4.2. Pelvic surgery and POP 
Even though the suggestion  that hysterectomy in-
creases the risk for pelvic organ prolapse has wide 
acceptance, longitudinal studies confirming a tem-
poral association are few and previous studies  do not 
often differentiate between various types of hysterec-
tomy.  A number of cross-sectional and retrospective 
studies implicate hysterectomy as an independent 
risk factor for pelvic organ prolapse.  However, due to 
a delay of onset, large population samples and a suf-
ficiently long duration of follow-up are required to de-
termine an association with adequate certainty.   

In a nationwide cohort study, Altman et al. [795] re-
ported that 3.2% of women who had undergone hys-
terectomy had pelvic organ prolapse surgery, com-
pared with 2.0% in non-hysterectomised controls, 
corresponding to a risk of 1.7 (95% CI, 1.6-1.7).  In 
this Swedish study, vaginal hysterectomy had the 
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highest risk for subsequent prolapse surgery (HR 
3.8, 95% CI, 3.1 to 4.8) in comparison to non-hyster-
ectomised controls. These results were corroborated 
by Cooper et al. in a large study from Scotland show-
ing an increased risk for prolapse surgery among 
women after hysterectomy, compared to endometrial 
ablation [796]. These register-based data are largely 
in agreement with the longitudinal Oxford Family 
Planning Association study by Mant et al. [797] re-
porting increased overall incidence rates for prolapse 
surgery following hysterectomy.  Although not sepa-
rating various hysterectomy techniques, Mant el al. 
determined that the risk of prolapse following hyster-
ectomy was 5.5 times higher (95% CI 3.1-9.7) in 
women whose hysterectomy was performed for pro-
lapse as opposed to other benign conditions. In a 
large register-based survey from Denmark 
(n=154,882) [798] it was determined that the highest 
cumulative incidence of subsequent POP surgery 32 
years after hysterectomy was found among women 
where pelvic organ prolapse was the indication for 
hysterectomy and also that the posterior compart-
ment was the predominant location for prolapse oc-
currence post-hysterectomy. A history of hysterec-
tomy has also been identified to increase the risk for 
prolapse in several cross-sectional and retrospective 
studies [799-800].  

Specific risk factors for posthysterectomy prolapse 
have been assessed in two case-control studies.  
Both Dällenbach et al. [801] and Forsgren et al. [802] 
reported that pelvic floor surgery before hysterectomy 
was the strongest risk factor for developing 
posthysterectomy pelvic organ prolapse (OR 7.9, 
95% CI 1.3-48.2 and OR 2.8, 95% CI 1.0-7.7 respec-
tively).  The risk of prolapse repair was 4.7 times 
higher in women whose initial hysterectomy was indi-
cated by prolapse [801]. Vaginal vault prolapse in-
volves the loss of vaginal apical support and may by 
definition only occur after hysterectomy [803]. Mar-
chionni et al. [804] reported a 4.4% overall incidence 
of vaginal vault prolapse after hysterectomy but in 
women where uterine prolapse was the indication for 
hysterectomy the incidence was 11.6%. In a register-
based study Forsgren et al. [805] showed that the 
greatest risks for prolapse surgery (HR 4.9, 95% CI 
3.4-6.9) were observed subsequent to vaginal hyster-
ectomy for pelvic organ prolapse but having a vaginal 
hysterectomy also for other indications significantly 
increased the risk for subsequent pelvic organ pro-
lapse surgery compared to other modes of hysterec-
tomy. Similar observational results were shown by 
Cooper et al. [796].  

It has also been suggested that pelvic surgery other 
than hysterectomy may predispose women to subse-
quent genital prolapse including: rectopexy for rectal 
prolapse (OR 3.1; 95% CI 1.4-6.9) [806]; gynaecolog-
ical surgery in general (OR = 3.9, 95% CI 1.8-8.8) 
[807]; and retropubic colposuspension procedures 
are associated with a near 30% risk of subsequent 
vaginal vault and posterior vaginal prolapse at long-
term evaluations [808-809]. In a prospective cohort 

study of 374 women, the 10-year re-operation rate 
was 17% after traditional prolapse or incontinence 
surgery [810]. Having undergone pelvic organ pro-
lapse or incontinence surgery prior to the index oper-
ation increased the risk of re-operation to 17% com-
pared with 12% for women who underwent a first pro-
cedure (p=.04) [810].  

4.3. Obstetrical factors and POP 
For ethical and practical reasons, randomised con-
trolled trials to study the causal effects of vaginal and 
caesarean delivery on the pelvic floor will never be 
performed. Observational studies will therefore re-
main the main source of knowledge on this subject. 
Nonetheless it is widely accepted that childbirth is a 
significant risk factor for pelvic organ prolapse, pre-
sumably due to overt or occult pelvic floor tissue 
trauma. Controversy does, however, remain with re-
gard to the protective effect of caesarean section and 
if specific obstetrical events should be considered as 
risk modifiers. Due to a delayed onset of pelvic organ 
prolapse in relation to giving birth, studies on the sub-
ject need a long duration of follow-up as well as large 
study populations to be able to elucidate the possible 
causative events. Therefore, the majority of studies 
on the subject are typically designed a cross-sec-
tional surveys or retrospective cohort or case-control 
studies. It is, however, encouraging that long term 
longitudinal data are starting to emerge and in recent 
years several studies with follow-up periods extend-
ing beyond 10 years have been published. 

Pregnancy in itself has been identified as a risk factor 
for stress urinary incontinence. With regard to pelvic 
organ prolapse, the association is less well substan-
tiated. In a clinical case-control study, all 21 nullipa-
rous non-pregnant women had POP-Q stage 0 or 1, 
whereas 47.6% of 21 nulliparous pregnant women 
had pelvic organ descent corresponding to stage II 
(p<0.001) [811]. Overall POP-Q stage was higher in 
the third trimester than in the first (p=0.001).  Also Sze 
et al. [812] found that in 94 nulliparous women evalu-
ated at the 36 week antepartum visit and six weeks 
postpartum, POP-Q staging increased.  

A large number of studies identify childbirth as one of 
the strongest predictors for developing pelvic organ 
prolapse later in life. [762,768,797,799,813-820]. It is 
also a recurrent observation that the number of child-
births is associated with the risk of prolapse although 
there are data to suggest the contrary [821]. In the 
prospective Oxford Family Planning Association 
study [797], childbirth was the single strongest risk 
factor for developing prolapse in women under 59 
years of age and the risk increased by every child-
birth.  Similar findings derived from the WHI, [762] 
where a parity of one conveyed an overall two-fold 
risk increase for prolapse compared to having no chil-
dren, after which each additional childbirth added a 
10-20% risk increase. In a case-control study, Teger-
stedt et al. [817] found that the risk for symptomatic 
pelvic organ prolapse increased with number of child-
births and were 3.3-times higher among mothers of 
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four than among mothers of one. Similarly, Rortveit et 
al. [768] found that the risk of prolapse increased in 
women with one (OR 2.8 95% CI 1.1-7.2), two (OR 
4.1, 95% CI 1.8-9.5), and three or more (OR 5.3, 95% 
CI 2.3-12.3) vaginal deliveries compared with nullipa-
rous women. In a questionnaire based cross-sec-
tional study among 2,640 middle-aged women the 
number of vaginal deliveries was a risk factor for past 
or present symptomatic prolapse [818].  

Whether or not caesarean section prevents loss of 
pelvic organ support has been debated but today the 
vast majority of studies show that elective caesarean 
section does indeed decrease the risk  of pelvic organ 
prolapse later in life [813-824].  

In 4,458 randomly selected women, vaginal childbirth 
increased the risk of prolapse by 1.82 (95% CI 1.04-
3.19).(66) In a nested case-control study, Uma et al. 
[816] found that caesarean section was associated 
with a significantly reduced risk of pelvic floor surgery 
compared with spontaneous vaginal delivery (OR 
0.16, 95% CI 0.05-0.55). In a case-control study, Chi-
affarino et al. [822] found that women who were de-
livered by cesarean section were at significantly lower 
risk for prolapse (OR 0.3 95% CI 0.1-1.0). In a regis-
ter-based cohort study of women having their first and 
all subsequent deliveries by cesarean (n = 33,167), 
and an age-matched sample of women only having 
vaginal deliveries (n = 63,229) between 1973 and 
1983, Leijonhufvud et al. [823] found that women only 
having vaginal deliveries had a significantly increased 
overall risk of subsequent prolapse surgery (hazard 
ratio, 9.2; 95% CI 7.0-12.1) compared with women 
only having cesarean deliveries. Among women with 
vaginal deliveries only the incidence rate for prolapse 
surgery increased steadily, reaching its peak close to 
three decades after first delivery. This corresponds 

with data from other long-term studies with more than 
a decade of follow-up (see below). In women with ce-
sarean deliveries only the incidence rate for POP sur-
gery showed very little variation over time and being 
notably lower compared to the vaginal delivery cohort 
10 years after first birth for the duration of the obser-
vational period. There are some reports suggesting 
that in the long term, caesarean delivery does not pro-
vide a significant risk reduction pelvic floor morbidity 

compared with vaginal delivery [823-824]. These 
studies belong to an overwhelming minority and most 
long-term longitudinal studies published in recent 
years, with follow-up times ranging between 10 and 
23 years, commonly show that cesarean section pro-
vides a significant reduction in risk for pelvic organ 
prolapse. Volløyhaug et al. [824] showed that caesar-
ean delivery was associated with decreased risk of 
pelvic organ prolapse 15-23 years after first delivery 
(OR 0.42, 95% CI 0.21-0.86). Compared with women 
whose births were all spontaneous vaginal deliveries, 
women who had all births by caesarean section were 
the least likely to have prolapse (OR 0.11, 95% CI 
0.03-0.38) 12 years after first birth according to 
Glazener et al. [820]. Gyhagen et al. [819] reported 
that 20 years after birth singleton primiparae with no 
further births (n = 5236) had a significantly higher 
prevalence of pelvic organ prolapse after vaginal de-
livery compared with caesarean section (14.6 versus 
6.3%, OR 2.55, 95% CI 1.98-3.28) but was not in-
creased after emergency compared with elective cae-
sarean section.  

A number of specific obstetrical events and interven-
tions have been implicated as risk factors for the de-
velopment of pelvic organ prolapse. In one study, ma-
ternal age and use of epidural analgesia was associ-
ated with an increased need for pelvic organ prolapse 

 
Figure 10: Rate of pelvic organ prolapse surgery in relation to mode of delivery and time from first childbirth 
[823]. 
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surgery [814]. Handa et al. [827] found that operative 
vaginal birth significantly increased the risk for all pel-
vic floor disorders and pelvic organ prolapse in partic-
ular (OR 7.5, 95% CI 2.7-20.9). In a long term longi-
tudinal study Volløyhaug et al. [824] found that oper-
ative vaginal delivery was associated with increased 
risk of pelvic organ prolapse (OR 1.73, 95% CI 1.21-
2.48) when compared with non-instrumental vaginal 
delivery. There were no differences in the risk for pel-
vic organ prolapse when comparing forceps and vac-
uum delivery. 

In a case-control study, Chiaffarino et al. [822] found 
that after forceps delivery women had an OR of 3.6 
(95% CI 1.0-13.5) for developing pelvic organ pro-
lapse, but after adjustment for vaginal delivery the 
odds were no longer significant (OR 1.3 95% CI 0.6-
3.1). Also Moalli et al. [828] concluded that forceps 
delivery posed a risk for prolapse and a case-control 
study found no significant association with maternal 
age, instrumental delivery (forceps or vacuum), or 
length of delivery when comparing women with pro-
lapse to randomly selected controls [817]. On the 
other hand, Uma et al. [816] found no significant as-
sociation between pelvic organ prolapse and forceps 
delivery (OR 0.9, 95% CI 0.7-1.2); infant birthweight 
>4.0 kg (OR 0.9, 95% CI 0.5-1.7); episiotomy (OR 
1.46, 95% CI 1.0-2.10); and labour prolonged >12 
hours (OR 1.51, 95% CI 1.00, 2.27). Similarly both 
Gyhagen et al. [819] and Glazener et al. [820] found 
no significant association of increased risk between 
instrumental delivery and pelvic organ prolapse com-
pared with spontaneous vaginal delivery.  

4.4. Miscellaneous risk factors and POP 
A wide variety of risk factors for pelvic organ prolapse, 
others than those addressed above, have been iden-
tified in the literature.  Most of these have been inves-
tigated as part of larger multivariate analyses based 
on cross-sectional surveys or retrospective case-con-
trol studies.  Overall, these associations are largely of 
level III-IV evidence and further research is needed to 
disentangle the effects and interactions of environ-
mental risk factors for prolapse. 

Several somatic risk factors for pelvic organ prolapse 
have been identified.  Generalised connective tissue 
disorders such as Ehlers-Danhlos disease and 
Marfans syndrome [829-830] have been linked to an 
increased risk for pelvic organ prolapse.  In a commu-
nity-based study of prolapse in rural West Africa, 
chronic anemia was the strongest risk factor for pro-
lapse after parity and age (OR 2.1 95% CI 1.1-3.4) 
[831] and also chronic obstructive pulmonary disor-
ders. Skeletal abnormalities such as thoracic kypho-
sis, lumbar lordosis and pelvic dimension changes 
have been associated with an increased risk for pro-
lapse [832-833] . Women with joint hypermobility 
have a significantly higher prevalence of genital (and 
rectal) prolapse in comparison to women with normal 
mobility [834-835]. Weak associations have also 
been shown for osteoporosis and rheumatoid arthritis 

[825]. Obesity may be associated with increased pel-
vic floor symptoms and more severe symptomatic 
prolapse [818-819, 836-837] yet increasing body 
mass index and obesity has not consistently been 
identified as risk factors for prolapse as compared to 
stress urinary incontinence [838-839]. Other factors 
that have not convincingly demonstrated any signifi-
cant linkage to prolapse include the presence of 
chronic obstructive pulmonary disease and diabetes 
mellitus [785, 800, 839]. Pulmonary impairment has 
been shown to more common in women with loss of 
pelvic organ support compared to those without [840]. 
In a study by Rogowski et al. [841] the diagnosis of 
metabolic syndrome was associated with the severity 
of pelvic organ prolapse in urogynecological patients 
(OR 3.5, 95% CI 1.5-8.2) as compared to those with-
out. 

A low educational level (OR 2.16, 95% CI 1.10-4.24) 
[842] and low annual income [843], are socio-eco-
nomic factors which have been associated with an in-
creased risk for pelvic organ prolapse. In 21,449 non-
hysterectomised Italian women, higher education 
was associated was a protective factor for uterine 
prolapse [826]. However, despite significant differ-
ences in educational level, smoking habits, alcohol 
consumption, and socio-economic indices, the prev-
alence of pelvic organ prolapse did not differ between 
Croatian urban and rural women [844]. Interestingly, 
risk factors for pelvic floor disorders including pelvic 
organ prolapse among women in developing coun-
tries were similar to those in industrialised countries 
(increased age and parity). In a review study across 
16 low-income and lower middle-income countries 
the mean prevalence for pelvic organ prolapse was 
19.7% (range 3.4-56.4%) but risk factors were similar 
to those described in studies from more affluent coun-
tries but additionally pelvic organ prolapse and other 
pelvic floor disorders were associated with other fac-
tors including poor nutrition and heavy physical work 
[845-846]. 

A physically strenuous occupation has also been 
shown to influence the risk for pelvic organ prolapse. 
In a register based study of 28,000 Danish assistant 
nurses exposed to repetitive heavy lifting, the risk for 
prolapse was higher among the nurses compared to 
controls (OR 1.6 95% CI 1.2-2.2) [847]. Women who 
were laborers/factory workers had significantly more 
severe prolapse than other job categories (p < 0.001) 
in a cross-sectional study of women presenting for 
routine gynecological care [848]. Also, hard physical 
training may increase the risk for prolapse as women 
attending paratrooper training, were more likely to 
present stage II prolapse compared to controls 
(RR=2.7 95% CI 1.4-5.4) [849].  

5. SUMMARY POINTS 

• Most studies have used a cross-sectional design 
and there are limited longitudinal data to suggest 
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a causal relationship between symptoms of ob-
structed defaecation and pelvic organ prolapse 
or vice versa. 

• Posterior vaginal wall prolapse and perineal de-
scent are the specific pelvic defects most fre-
quently associated with symptoms of obstructive 
defaecation. 

• Current evidence suggests that hysterectomy in-
creases the risk for subsequent pelvic organ pro-
lapse in general 

• Vaginal hysterectomy and hysterectomy per-
formed for uterine prolapse are the strongest risk 
factors for having secondary pelvic floor surgery 

• Childbirth is associated with an increased risk of 
pelvic organ prolapse later in life and increasing 
number of childbirths is positively associated 
with the risk. 

• Long-term prospective study data consistently 
show that caesarean section decreases the risk 
for pelvic organ prolapse and that caesarean 
section is associated with a decreased risk of 
subsequent pelvic floor morbidity in comparison 
to vaginal birth. 

• Current understanding of how specific obstetrical 
interventions influence the risk of pelvic organ 
prolapse is poor but instrumental delivery may in-
crease the risk of developing pelvic organ pro-
lapse. 

• Life style factors and socio-economic indices 
may be associated with the risk of pelvic organ 
prolapse in both industrialised and non-indus-
trialised countries. 

• A number of somatic diseases and conditions 
have been linked to the occurrence of prolapse 
but the cause-effect relationship is undeter-
mined. 

 THE GENETIC 
EPIDEMIOLOGY OF URINARY 
INCONTINENCE AND PELVIC 
ORGAN PROLAPSE IN ADULT 

WOMEN 

Geneticists have historically pursued a specific se-
quence of studies to establish the genetic basis of dis-
eases [850]. The first step was measurement of fa-
milial correlations, followed by formal twin or adoption 
studies.  Analysis of segregation patterns in extended 
pedigrees was used to identify the likely mode of in-
heritance. This information was used to inform link-
age studies, designed to identify putative chromoso-
mal risk loci. Only once these steps were complete 

would association studies be attempted. Although it 
remains relevant to establish the heritability of a trait, 
this traditional sequence of investigations has been 
supplanted by the success of Genome-wide associa-
tion studies (GWAS), with many new discoveries now 
coming from association studies without the prior 
steps. Nonetheless here we recapitulate the history 
of our understanding of urinary incontinence as a 
complex genetic disease, with multiple genetic and 
environmental risk factors, and review the studies 
that formed the basis for the genetic epidemiology of 
incontinence. 

1. FAMILY STUDIES 

The existence of both acquired and inherited risk fac-
tors for incontinence was first recognised more than 
150 years ago (H. Thompson, 1854), by observation 
of familial aggregation. However, familial aggregation 
provides limited evidence of heritability, since it fails 
to control for the effects of shared environmental fac-
tors. For incontinence, exposures to all major lifestyle 
risk factors are likely to be at least partly determined 
by socio-cultural values that are shared within fami-
lies. Such effects are at least plausible for family size, 
smoking, socio-economic status, care seeking be-
haviour, physical exercise, dietary and drinking hab-
its, and toilet training. As incontinence is considered 
stigmatizing in all populations, family studies may be 
at risk of differential misclassification bias. This might 
be expected to have particular impact on the validity 
of estimates obtained from studies employing the 
family history method, and any study with non-ran-
dom sampling of families, for example those relying 
on probands recruited in secondary care, or those re-
cruiting volunteers via advertisement. Finally, while 
age correction of risks is possible, to account for in-
creasing disease prevalence with age, this has typi-
cally not been employed in family studies of inconti-
nence. 

Although family studies may not provide robust evi-
dence, there have been many studies that examined 
prevalence of incontinence among relatives of 
women with incontinence [204, 851-855]. Despite 
considerable variation in case selection and sampling 
methods, almost all studies have demonstrated in-
creased risk for urinary incontinence among first de-
gree relatives of probands. This appears to have a 
plausible biological gradient, with higher risks among 
relatives of women with severe incontinence. 

The most modest estimates come from the 
EPINCONT study, which is also least likely to be af-
fected by bias, with the direct ascertainment method 
employed in a large population representative sample 
[854]. With a total sample of 8,125 pairs of probands 
and their daughters or younger sisters, they found 
less than two-fold increased risk of stress UI among 
daughters of women with stress UI (RR 1.52 95%CI 
1.28-1.81), and a non-significant but directionally 
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consistent increased risk of urge UI among daughters 
of women with urge UI (RR 1.80 95%CI 0.83-3.92). 
Similarly, in a survey spanning 11 countries in South 
and East Asia (n = 5,502), a family history of OAB 
was also a modest predictor of OAB symptoms in-
cluding urge incontinence (OR 1.62 95%CI 1.42-
1.83)[854]. In the studies that have used multivariate 
analyses, it appears that these familial risks are at-
tenuated but not eliminated by adjustment for classic 
risk factors for incontinence including age, parity, and 
BMI.  

Risks seem particularly elevated in relation to incon-
tinence surgery. For example in a registry based 
study of 3,678,556 Swedish women, surgery for 
stress UI among sisters was associated with greatly 
increased odds (OR 6.09 95%CI 5.73-6.48) [857]. 
This exaggerated association might be a conse-
quence of low rates of presentation for care, such that 
care seeking rather than the underlying symptoms 
are particularly familial. In contrast to the twin studies 
discussed in the next section, family studies have 
demonstrated much more clearly that stress rather 
than urge incontinence is familial. This might be a re-
flection of more stigma around urgency incontinence, 
or simply lack of statistical power for a rarer condition. 
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Table 20: Family studies of urinary incontinence among women. 

Study Setting Design Age range n (♀ probands 
and controls) 

Proband 
phenotype 

Family member outcomes OR or RR (95%CI) 

Diokno et al, 
1990 

Population 
Based 

Family History 
Method 

>60 1,154 Any UI  Either parent with UI as adult 2.04 (1.55-2.68) 

Any sibling with UI as adult 1.85 (1.32-2.60) 

Urge UI Either parent with UI as adult 1.89 (0.93-3.82) 

Any sibling with UI as adult 0.68 (0.20-2.28) 

Stress UI Either parent with UI as adult 1.74 (1.12-2.70) 

Any sibling with UI as adult 1.59 (0.92-2.75) 

Mixed UI Either parent with UI as adult 2.63 (1.91-3.61) 

Any sibling with UI as adult 2.32 (1.58-3.40) 

Other UI Either parent with UI as adult 0.23 (0.06-0.99) 

Any sibling with UI as adult 0.70 (0.21-2.34) 

Mushkat et al, 
1996 
 

Secondary Care Direct 
ascertainment 

>18 424 Urodynamic 
Stress UI 

Stress UI among all first 
degree relatives 

3.00 (2.06-4.38) 

Stress UI among mothers 3.68 (2.10-6.45) 

Stress UI among sisters 3.39 (1.89-6.08) 

Stress UI among daughters 2.43(0.68-8.65) 

Hannestad et al, 
2004(  

Population 
based 

Direct 
ascertainment 

>18 8,771 (mothers) 
2,866 (older 
sisters) 

Any UI Any UI among daughters 1.31(1.19-1.44)* 
1.94(1.26-3.00)** 

Any UI among younger 
sisters 

1.59(1.34-1.89)* 

Stress UI Stress UI among daughters 1.52(1.28-1.81)* 
2.98(1.11-8.03)** 

Stress UI among younger 
sisters 

1.77(1.34-2.33)* 

Urge UI Urge UI among daughters 1.80(0.83-3.92)* 

Mixed UI Mixed UI among daughters 1.55(1.21-1.99)* 
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Study Setting Design Age range n (♀ probands 
and controls) 

Proband 
phenotype 

Family member outcomes OR or RR (95%CI) 

2.07(0.92-4.64)** 

Mixed UI among younger 
sisters 

1.74(1.08-2.82)* 

Elia et al, 2002(  Secondary Care Family history 
method 

>18 667 Any UI Any UI among any relatives 4.51(2.833-7.20) 

Ertunc et al, 
2004(  

Secondary Care Direct 
ascertainment 

>18 513 Surgery for 
Stress UI 

Stress UI among mothers 3.71(1.84-7.47) 

Stress UI among sisters 2.49(1.49-4.16) 

Buchsbaum et 
al, 2006  

Community 
Based 

Direct 
ascertainment 

Post menopause 143 Nulliparous with 
any UI 

Any UI among parous sisters 2.89(1.46-5.70) 

Lapitan et al, 
2001 

Secondary Care Family history >18 5,502 OAB Any family history  1.62(1.42-1.83) 

Andrada Hamer 
et al, 2013) 

Population 
based 

Direct 
ascertainment 
(registry) 

Any age 3,678,556 Surgery for 
Stress UI 

Surgery for Stress UI among 
sisters 

6.09(5.73-6.48)$ 

Surgery for Stress UI among 
mothers 

2.56 (2.27–2.89)$ 

*RR adjusted for age, BMI, and parity  **RR adjusted for age, BMI, and parity and restricted to subgroup of daughters of mothers with severe UI $ RR adjusted for age 
and parity. Note: unadjusted risks generally higher across all outcomes, indicative of substantial concordance/correlation in age, BMI, and parity between family pairs. 
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Three studies have also assessed family history as a 
risk factor for incident post-partum incontinence, with 
some evidence of familial aggregation [317,858-859]. 
Again, however, estimates from these studies may be 
compromised by use of the family history method, ra-
ther than direct ascertainment. A single large study 
has assessed correlations between adult inconti-
nence and childhood daytime wetting, using the 
ALSPAC cohort [860]. Using a sample of 8,145 chil-
dren aged seven they reported excess risks associ-
ated with incontinence in the children for incontinence 
among their mothers (OR 2.64, 95%CI 1.38-5.07) 
and particularly among their fathers (OR 5.47, 95%CI 
2.39-12.50). 

In summary, a family history of incontinence is asso-
ciated with approximately two to three fold increased 
risk. Such an effect appears to hold for all subtypes 
of incontinence, although the evidence is more robust 
for stress UI. Among adults there is plausible evi-
dence that family history is associated with both ear-
lier onset, and more severe phenotype. Additionally, 
there is also clear evidence that this familial predis-
position stretches right across the lifecourse. These 
effects are however partly explained by known envi-
ronmental risk factors, and family studies cannot ex-
clude the risk of further unmeasured confounding 
from shared environmental risks. For this we should 
consider evidence from classical twin studies. 

2. TWIN STUDIES 

Twin studies compare the concordance in a trait or 
condition between monozygotic (MZ) twins and 
same-sex dizygotic (DZ) twins, to estimate heritabil-
ity. Heritability, and here specifically broad-sense her-
itability, is defined as the proportion of phenotypic var-
iation (VP) that is due to variation in genetic values 
(VG). For genetically determined traits higher con-
cordance is observed in MZ twins compared to DZ 
twins, while for entirely environmentally determined 
traits, concordance should be the same in both types 
of twin pairs.  

This idea is illustrated by consideration of a fully pen-
etrant autosomal single gene disorder, which will dis-
play 100% concordance in MZ twins, while in DZ 
twins will have only 50% concordance for a gene with 
dominant mode of inheritance. A fundamental as-
sumption of analyses of classic twin studies is that 
both types of twin pairs share equal environment. 
This assumption is clearly violated both prenatally, 
and in later life. This bias can be further investigated 
in studies of twins reared apart, or in adoption studies, 
but these designs have not been applied to the study 
of incontinence. A second central assumption is that 
MZ twins are genetically identical, which again is vio-
lated both by epigenetic effects, and by somatic mu-
tation. 

Three major twin resources have been used to as-
sess genetic influences on incontinence: the US 

Twins Days festival, the Danish Twin Registry, and 
the Swedish Twin Registry. The Twins Days festival 
relies on volunteers, and the resulting recruitment 
bias is likely to overestimate concordance for many 
traits for both MZ and DZ twins. In the sample of 
1,764, predominantly MZ, middle-aged twins from 
Twins Days, concordance of symptomatic stress uri-
nary incontinence was 79.5% for MZ and 78.6% for 
DZ twins [861]. Such a result suggests no significant 
genetic contribution to stress urinary incontinence at 
all.  

Among a sample of 2,336 twins surveyed as part of 
four studies from the Danish Twin Register, concord-
ances for both MZ and DZ twins were much lower not 
only for stress urinary incontinence, but also for ur-
gency and mixed incontinence [862]. With cohorts for 
middle-aged and elderly women, heritability was cal-
culated separately in each age group. As in the Twins 
Day sample, genetic factors were not significant for 
stress incontinence in middle-aged women, but rose 
to a heritability of 39% in the elderly women. Similarly 
heritability increased with age for urgency inconti-
nence (42% rising to 49%), and mixed incontinence 
(27% to 55%).  

Women participating in the Swedish Twin Register 
have provided relevant data as part of two separate 
analyses [863-864]. Treatment codes corresponding 
to stress incontinence and prolapse surgery from a 
nationwide surgical register were used to estimate 
heritability for a sample of 16,886 twins aged >50. 
Concordances for surgical treatment were low, but 
produced heritability estimates of 41% for stress in-
continence surgery, and 43% for prolapse surgery. 
Similarly for female twins aged 20-46 from the same 
register (evaluable sample 4,550), using self-com-
pleted questionnaires, produced an estimate of 34% 
heritability for stress incontinence. From the same 
survey, heritability was estimated for urgency inconti-
nence (37%), mixed incontinence (18%), “any” incon-
tinence (51%), nocturia (48%), and urinary frequency 
(40%). It was however noted that because of sample 
size limitations, an absence of genetic effects cannot 
be entirely precluded for stress, urgency, or mixed in-
continence. 

The mechanism of these probable genetic effects has 
also been explored in analyses of joint hypermobility 
and pelvic floor mobility in twins [865-866], which is 
one pathophysiological correlate of stress inconti-
nence. These data suggest heritability of 59% for 
oblique bladder neck descent on Valsalva in nullipa-
rous twins aged 18-24, with a shared genetic compo-
nent to both pelvic floor and elbow mobility. 

In summary, twin studies to date have suggested sig-
nificant heritability for stress incontinence and ur-
gency incontinence with genetic variation potentially 
contributing up to half of population phenotypic varia-
tion. Heritability appears to be highest for urgency in-
continence, with apparent heritability increasing with 
age as environmental factors reduce in importance. 
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This is consistent with our understanding of childbirth 
as a major environmental determinant of inconti-
nence. Genetic predisposition to incontinence may 
manifest at a preclinical stage in pelvic floor hypermo-
bility. Together with data from family studies this pro-
vides strong evidence of genetic risk factors for incon-
tinence. 

3. SEGREGATION ANALYSES 

Despite the large number of family studies of inconti-
nence in adults, there have been few studies to ex-
amine segregation among extended pedigrees. Stud-
ies of families affected by nocturnal enuresis [865], 
have however included some adults affected by ur-
gency incontinence. Analysis of different enuretic 
families has usually suggested autosomal dominant 
inheritance with high penetrance, but low penetrance 
and autosomal recessive modes have also been re-
ported. These findings could be a consequence of se-
lection or ascertainment bias. In contrast results from 
more recent association studies strongly suggest that 
polygenic inheritance is most likely across the popu-
lation as a whole. 

4. LINKAGE STUDIES 

A linkage study can be used to map a condition to one 
or more genomic loci by demonstrating co-segrega-
tion of the trait among an extended family with spe-
cific genetic markers. The association between two 
SNPs is measured using Linkage Disequilibrium (LD) 
statistics, typically D’ or r2. With the success of the 
International HapMap Project [868] and the 1000 Ge-
nomes Project [869], LD has been established for the 
majority of all known common SNPs. Although there 
are more than 60 million catalogued human 
SNPs(“[dbsnp-announce] RELEASE: dbSNP Build 
138 for Human and Cow,” n.d.), common SNPs less 
than 10 kb apart are often highly correlated. Thus 
without a requirement for dense genotyping, linkage 
studies can successfully identify loci containing a 
causal genetic variant [870]. Given the power con-
straints of assembling extended families for study, 
this technique is most successful for monogenic or ol-
igogenic traits in which the causal variants have large 
effect sizes. Several linkage studies have been con-
ducted using families of children affected by nocturnal 
enuresis, and two studies have considered uniquely 
adult symptoms. Earlier reports suggested a range of 
loci associated with nocturnal enuresis [867,871], and 
in the largest attempted replication using a collection 
of 32 families with at least three members with noc-
turnal enuresis, there was evidence in favour of a lo-
cus at chromosome 22q11 (cumulative logarithm 
(base 10) of odds (LOD) score 3.63), and weak evi-
dence for loci at 13q13 (cumulative LOD score 1.53) 
and 12q( cumulative LOD score 1.95) [872]. Allen-
Brady and colleagues [873] genotyped women from 
32 families, including 70 patients needing surgical 

treatment for prolapse. There was strong overlap with 
other pelvic floor disorders including a high preva-
lence of treatment for both stress and urgency incon-
tinence. Using a set of 27,157 markers from a prede-
signed array, they observed a significant peak at 
9q21 (maximum HLOD 3.41), and further suggestive 
peaks at 9q31(maximum HLOD 1.90), and 
1q42(maximum HLOD 1.89),.  Subsequent un-
published work from the same group did not however 
replicate these findings specifically for stress inconti-
nence surgery [874] but suggested separate loci on 
chromosomes 2, 4, 8,10 and 11 (maximum HLOD 
scores 2.15-2.98). Such problems with replication of 
linkage studies [875] have been recognised right 
across medicine, and may be particularly pronounced 
with multiple common variants each with small true 
effect sizes. 

5. GENE ASSOCIATION STUDIES 

A recent systematic review has summarised all prior 
candidate gene and genome-wide association stud-
ies [876]. Replication is an essential step in establish-
ing the validity of genetic associations, and yet meta-
analyses were possible for only three polymorphisms.  

Variation in the beta-3 adrenoceptor, particularly of 
the rs4994 SNP, also known as Trp64Arg, has been 
extensively investigated in association with obesity, 
type 2 diabetes mellitus, and other metabolic syn-
drome phenotypes. The beta-3 adrenoceptor is highly 
expressed in bladder, and mediates detrusor muscle 
relaxation [877]. A beta-3 adrenoceptor agonist has 
recently been approved for treatment of overactive 
bladder symptoms [878-879].  Two conference ab-
stracts [879-881] and one published paper [882] pro-
vided relevant information on the common rs4994 
missense mutation, of which two could be included in 
meta-analysis. In the initial report, in a heterogeneous 
Japanese sample of 13 men and 31 women, with di-
verse urological pathologies including neurogenic 
bladder and benign prostatic hyperplasia, the rs4994 
SNP was not associated with LUTS (OR 1.20 95%CI 
0.32-4.47) [879]. 

Results were not available stratified by gender, and 
could not be included in quantitative synthesis. Sub-
sequent reports used larger samples of Japanese 
women (n=100) [883], and  Brazilian women (n=49) 
[882], and looked specifically at the overactive blad-
der phenotype, finding a large effect size (pooled OR 
2.46 95%CI 1.67-3.60), with no heterogeneity. De-
spite a lack of information about genotyping QC, and 
some risk of population stratification, this large effect 
size confers some protection from bias, providing 
moderate epidemiological credibility.  

rs1800012 also known as the Sp1-binding site poly-
morphism of collagen, type I, alpha 1, modifies tran-
scription factor binding and gene expression. It has 
been most extensively studied in association with os-
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teoporosis, where the minor allele is modestly asso-
ciated with reduced bone mineral density and in-
creased fracture risk [884]. Collagen, type I, alpha 1 
is a major structural component of the vaginal epithe-
lium and endopelvic fascia [885]. The available data 
on gene and protein expression in pelvic tissue from 
women with prolapse or stress incontinence are het-
erogeneous but suggest increased COL1A1 expres-
sion with reduced type 1 collagen content (see a pre-
vious comprehensive review [885]).   

Two studies of Polish [886] and Greek [887] women 
reported associations of the same polymorphism with 
stress incontinence, in both cases using a combined 
symptomatic and objectively measured case defini-
tion. The pooled effect size was large (OR 2.09 
95%CI 1.35-3.22) with no heterogeneity (I2=0%). 
There was significant deviation from Hardy-Weinberg 
equilibrium in one sample, and therefore only weak 
epidemiological credibility for this finding. 

Matrix metalloproteinase-1, also known as interstitial 
collagenase, is one of a number of enzymes that 
cleave collagen type 1. The MMP1 gene is upregu-
lated in pelvic tissues of women with prolapse [886]. 
Common variants of this gene have been extensively 
studied in association with chronic obstructive pulmo-
nary disease [889], cardiovascular disease [890], and 
a number of cancers including of lung, colon and 
breast. Two studies tested associations with SUI 
[891-892], and the pooled effect was non-significant 
(OR 0.87 95%CI 0.63-1.20), with no heterogeneity. 

Finally there remain a number of candidate gene 
studies of incontinence for which no replication has 
been reported. Statistically significant associations 
have been suggested between incontinence and the 
CAG copy number variant of AR, the androgen recep-
tor [893], between incontinence and the rs6313 poly-
morphism of HTR2A, the serotonin 2A receptor [894], 
and between stress incontinence and both the 
rs2165241 and rs1048661 variants of LOX-L1, ly-
syloxidaselike-1 [895]. Following the Venice recom-
mendations [896], these nominally significant but un-
replicated associations are all assigned weak epide-
miological credibility. 

As the first genome wide association studies (GWAS) 
for incontinence are reported, these results from can-
didate gene studies are all likely to be overturned.  In-
itial GWAS results from the WHI found no replicable 
loci for urgency incontinence [897], while a subse-
quent consortia of European and US studies have re-
ported as a conference abstract one replicated locus 
for stress incontinence close to the EN1 gene and 
one for urgencyincontinence close to the EDN1 gene 
[876]. Notably no previously suggested gene for in-
continence was re-identified in either of these studies. 

6. SUMMARY POINTS 

Family studies and twin studies have provided con-
vincing evidence of genetic predisposition to inconti-
nence, with genetic variation contributing up to half of 
population phenotypic variability. Heritability is most 
pronounced for urgency incontinence. Although some 
families may be affected by severe dominant mono-
genic forms of incontinence, for the general popula-
tion no clear mode of inheritance is apparent, con-
sistent with our understanding of both stress and ur-
gency incontinence as complex polygenic conditions. 
Linkage studies have not yielded consistent results, 
nor led to identification of any candidate genes. The 
few available candidate gene studies are underpow-
ered for large genetic effects, but suggest the possi-
bility of ADRb3 as a candidate gene. Emerging re-
sults from GWAS are likely to substantially change 
our understanding of the genetic architecture of these 
conditions. 

 EPIDEMIOLOGY OF FAECAL 
INCONTINENCE 

1. GENERAL COMMENTS AND 
DEFINITIONS  

Faecal Incontinence (FI) is the involuntary loss of fae-
ces – solid or liquid. Anal Incontinence (AI) includes 
these events as well as the involuntary loss of flatus, 
which is felt by many patients to be an equally disa-
bling disorder. A third cause of soilingor embarrass-
ment is anal mucoid seepage, a troubling condition 
that cannot be deferred even by an able sphincter and 
intact cognition. It is most often caused by an organic 
colonic disease or dietary sensitivity, and more rarely 
by faecal impaction.This is the loss of fluid, some-
times faeculent, often following a normal continent 
defecation.Seepage is an important condition to dis-
tinguish from other manifestations of incontinence be-
cause most authors that report very high prevalence 
rates of AI include leakage in their questionnaires.  
However in these individuals there is often no detect-
able sphincter abnormality [898]. It is not treatable by 
any of the standard therapies for  incontinence of fae-
ces: such as sphincter repair, neuromuscular re-edu-
cation or even faecal diversion. It is in fact why we 
wear underclothes. 

1.1. Ascertainment of Anal Incontinence 
Older reports of AI prevalence have come from single 
institutions, and the patients described therein have 
been subject to referral bias when demographics and 
aetiology are discussed. The accuracy of AI preva-
lence estimates may also be diminished by difficulty 
in ascertaining those figures due to patients’ reluc-
tance to report symptoms or to seek treatment [899-
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900] . It has been shown that women are more willing 
to report AI than men [901]. In addition, the character 
(incontinence ofsolid faeces, diarrhoea, or flatus, or 
merely anal seepage) and frequency (daily versus 

episodic) of reported AI varies greatly in each report. 
So, prevalence depends heavily on the definition of 
AI. 

The variation in prevalence of AI seen in a sampling 
of surveys in Table 21 further demonstrates how dif-
ficult the ascertainment of AI is. The border between 
occasional dyschezia which may be associated with 
minor illness, travel or diet and a disabling disease 
that requires intervention to return a patient to ac-
ceptable function is not clearly drawn.  Many ques-
tionnaires have been developed and “validated” for 
the detection of AI.  At least three  were published at 
the time of the last update of this volume.  No system-
atic review of these many questionnaires has yet to 
be published.  The most insightful of prevalence stud-
ies has recently been published from New Zealand 
[902]. The authors studied adults, not excluding those 
in custodial care.  Acknowledging the difficulty in 
prevalence estimation, they used three different 
questionnaires.  The first simply asked if the partici-
pant had incontinence and if they were troubled by it, 
the second was a well known quantitative instrument 
and the third a quality of life instrument specific to fae-
cal incontinence.  In the cohort examined there were 
those who were totally continent, those that exceeded 
thresholds in all three instruments and were undenia-
bly incontinent and those who had positive responses 
on only one or two of the questionnaires (Figure 11).  
The authors surmised that two out of three positive 
responses constituted clinical AI, though the thresh-
old for the quality of life instrument was very high (i.e. 
perhaps too sensitive).  From the Figure 1 it can be 

seen that the prevalence of AI varied from 12.6% to 
26.8% for each individual instrument, 4.6% were pos-
itive for all three and 13.2% were positive for two of 
three, which was the authors' definition of AI.   

Since ICI 5, new studies were sought using a search 
strategy for Medline and EMBASE and the Cochrane 
data base of clinical trials from 1966 to April, 2016.  

 
Figure 11: Co-occurrence of fecal incontinence in each of 3 diagnostic measures. FISI = Fecal Incontinence 
Severity Index; FIQLS = Incontinence Quality of Life Scale 
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Table 21. Population-based Surveys of Prevalence of Anal Incontinence 

COUNTRY (ref) POPULATION N PREVALENCE 

U.K. [900] Community Service 4844 1.90% 

France [921] All >45 years 1100 11%, 6% to faeces, 60% are women 

U.S.A. [919] Market mailing 5430 7% soiling, 0.7% to faeces 

U.S.A. [901] Wisconsin households 6959 2.2%, 63% women 

Australia [918] Household survey 3010 6.8% in men, 10.9% in women, >age 15  

Germany [924] >18 years 500 4.4%-6.7% (by health) 

Australia [923] >18 years 618 11-20% (gender M>F) 

Australia [925] >18 years  651 11.30% 

New Zealand [927] >18 years old 717 8.1% for solid and higher for gas 

U.K. [928] >40 years  10116 1.40% 

U.K. [929] Postpartum women 549 5.50% 

Canada [930] Postpartum women 949 3.1% solid, 25.5% flatus 

Denmark [931] Postpartum women 1726 8.6% in past year, 0.6% to solid stool 

Nigeria [932] Gynecology patients 3963 6.9%, 2.3% to solid stool 

United Arab Emirates [933] Women multips 450 11.3%, 5.5% to solid stool 

Canada [934] Teenage females 228 3.5% flatus, 3% FI 

Czech Republic [935] Gynecology patients 2212 5.6%, 4.4% in the community 

Japan [936] Cystectomy patients 28 60.7% post  ureterosigmoidostomy 

Sweden [937] Prostate cancer 864 RR 1.3-4.5  

Australia [938] Diabetics 8657 Increased risk  

Holland [939] Women >60 years 719 4.2% to 16.9% with rising age 

U.S.A. [940] >65 years at home  328 3.7% (M >F) 

Japan [941] >65 years at home  1405 6.6-8.7% (by age). 

U.S.A. [942] >50 years 1440 11.1 – 15.2% (F > M)  
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COUNTRY (ref) POPULATION N PREVALENCE 

U.K. [943] >65 years at home 2818 3% 

Holland [944] >60 years 3345 6%, (M = F) 

Czech Republic [945]                                  Nursing homes 1162 54.40% 

U.S.A. [946] Nursing homes 18170 47% FI  

Canada [947] Nursing homes 447 46% FI, 44% both UI and FI 

France [948] >18 years 713 30% response rate. 11% gas,0.4% feces, Women>men. 

U.S.A. [949] Women >20 years 2800 53% response rate. Median age onset 55 years. Urgency 

France [950] Women >50 years 2640 85% response rate. 9.5% FI, but includes leakage. 

U.S.A. [951] Women >25 years 4103 37% response rate.  25% AI.  Obesity. 
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2. PREVALENCE   

Because therapeutic interventions are not the subject 
of this chapter, the  epidemiology is descriptive and 
not derived from randomized clinical trials (aside from 
the pre-partum intervention described below), the 
level of evidence will be at best 2, and the 
strongestevidence will come from systematic reviews 
in which there was a predefined search strategy and 
application of quality assessment tools that were de-
signed specifically to minimize bias in referral or as-
certainment.  

2.1. Adults 
In an effort to resolve the widely varying reported 
prevalence figures (Table 21), three systematic re-
views of the published frequencies have been under-
taken in community dwelling adults (above age 15 in 
the second) [903-905].  All three reviews were based 
on protocols including: A defined search strategy; 
Each study presented a PRISMA statement; Pro-
spective continence assessment to minimise recall 
bias; Response rate > than 50%; a validated conti-
nence assessment tool; a representative community 
based population; appropriate outcome reporting. 

Not every study included in these three systematic re-
views adhered to these criteria, but the risk of bias in 
each study was assessed  by these criteria  and the 
highest quality studies  described separately. None of 
the three was able to find a study that did prospective 
cohort assembly and data collection.  In general most 
of the studies were of  poor quality.A summary fre-
quency was not calculated in the first review because 
of the marked clinical heterogeneity between reports. 
The three reports that the authors judged most free of 
potential biases had frequencies between 11% and 
15%, although only one of these three used a vali-
dated assessment instrument [903]. The degree of 
disability present in these 11%-15% is not known, nor 
even if a proportion of them  had only anal seepage. 
These high prevalences were obtained in surveys 
that employed anonymous self-administered ques-
tionnaires, which may not allow objective confirma-
tion of AI or assessment of degree of disability asso-
ciated with AI. The second systematic review found a 
range of solid and liquid anal incontinence of 0-
15.2%, with an average across both genders and all 
age groups of 4.3% [904].  The third review reported 
and overall prevalence of 7.7% (95% confidence in-
terval (CI) 2.0-20.7%) of faecal incontinence.  Anal in-
continence (incorporating flatus) was 15.9% (CI: 2.2-
47.6%).  Significant risk factors for incontinence in 
this review were increasing age, diarrhoea and coex-
isting urinary incontinence (UI).  Not significantly as-
sociated with FI were obesity, gender and constipa-
tion.   

One more important study of prevalence not cited in 
the above reviews was the National Health and Nutri-
tion Examination Survey (NHANES) of the USA.  This 

is done periodically, the most recent data on conti-
nence being from the 2010 NHANES [906].  This has 
been reported in a number of publications.  The pop-
ulation screened is careful constructed to be repre-
sentative of the entire non institutionalized or care 
home dwelling USA population and data collected 
with validated instruments in the participants own 
home. The prevalence was found to be 8.4% for FI 
(CI: 7.2-9.8%).  Significant associations with FI in-
cluded: diabetes, stool frequency (diarrhoea), poor 
health, and male gender if  UI is included in the re-
gression model. Not associated were obesity and 
parity. 

2.2. Children 
The reported prevalence of AI in children can be 
broadly divided into two facets: in those children born 
with congenital anomalies of the anus and rectum–
either congenital aganglionosis (Hirschprung’s Dis-
ease) or imperforate anus – and those children with-
out congenital anomalies. Among those children and 
adults who were born with congenital anomalies, de-
spite surgical correction of the defect, life long defae-
cation difficulties are common, occurring in roughly 
half of affected children [907-909]. Problems with 
psychological health and development because of 
the defecation disorderis also common in this group, 
as is a generally depressed quality of life [910]. These 
disorders are not  very rare, occurring in 3 to 5 per 
10,000 live births [911]. 

Among children without congenital defects of the anal 
canal, bowel control has been found to be complete 
in one Swiss cohort in 33% by age 1 year, 75% by 
age two and 97% by age three. Nevertheless in this 
longitudinal study, a quarter of the boys and one tenth 
of the girls had a major period of incomplete bowel or 
bladder control between the ages of 6 and 18. At least 
annual encopresis occurred in 2-3% of these chil-
dren, boys more frequently than girls [912]. In the 
Wisconsin Family Health Survey the prevalence of AI 
in children from the ages of 5 and 16 years was 
12/1367 (0.88%) with the gender distribution being 7 
boys and 5 girls (Wisconsin Family Health Survey: 
unpublished data). The common disorder for all chil-
dren and then adults in this discussion is faecal reten-
tion with overflow and seepage. 

3. INCIDENCE 

Clinical trials have provided incidence data after a 
therapeutic interventions, but usually without a pre-
liminary continence assessment. This is best seen in 
two Cochrane reviews of therapy for anal fissure 
[913-914]. AI incidence rates varied widely from 0% 
to 30%, to flatus only, and the duration was unspeci-
fied in the trials. Medical therapy was less likely than 
surgery to cause AI (0.23, 0.02-2.1), and certain op-
erations (anal stretch) were more likely to cause AI 
than others (sphincterotomy) (4.2, 1.9-9.4). None of 
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these trials reported rigorous ascertainment of conti-
nence before the onset of disease or therapy. 

4. RISK FACTORS 

4.1. Age 
Three systematic reviews and NHANES have anal-
yses of the association of age and anal incontinence 
and found advancing  age to be the most consistent 
of all assessed associations [903-906].  

4.2. Gender 
Most discussions of the aetiology of AI have been 
based upon the assumption that women, particularly 
for individuals under the age of 65 years, are far more 
at risk for AI than men.   Injury to the pudendal nerve 
or sphincter muscle from prior obstetric trauma is de-
scribed as the primary risk factor [915-917], followed 
by irritable bowel syndrome (a disease thought to be 

more prevalent in women) [918], and other aetiolo-
gies such as diabetes a distant third [919]. Yet each 
population based-survey of the prevalence of AI has 
shown a surprisingly high prevalence in males  (Ta-
ble 17).  

Of the two systematic reviews that looked specifically 
at prevalence, only two assessed the role gender 
played and in that review gender was not associated 
with incontinence in any age group [904-905]. In 
NHANES when UI is included in the regression 
model, male gender was a significant risk factor [906].  
In the search for this updated review, 26 publications 
assessed prevalence of AI, two in both genders and 
24 only in women.  Clearly, aetiologies other than 
childbirth must be sought. This represents a rather 
gross imbalance in research on this topic. 

4.3. Obesity 
Four reports have demonstrated an increased risk of 
AI in obese women, a Kaiser cohort, a cross sectional 
survey in a specialty clinic and two case control stud-
ies [952-955]. One longitudinal study found a reduc-
tion in anal leakage (again not necessarily a direct 
correlate with incontinence) in women after bariatric 
surgery and weight loss, although other factors in-
cluding diet and activity change may have been re-
sponsible for the improvement [956].   However One 
systematic review and NHANES found no association 
of FI with obesity [905-906].  Another review from Kai-
ser data also showed no association of FI with obesity 
[957]. 

4.4. Childbirth and mode of delivery  
A meta-analysis of published reports that assessed 
anal sphincter integrity after vaginal delivery and cor-
related this with continence stated that 77%-83% (de-
pending on parity) of anal incontinence in parous 
women was due to sphincter disruption [958].  An-
other systematic review that looked only at post par-
tum factors in prospective cohorts found that the only 

predictor of AI was 3rd-4th degree sphincter rupture 
during birth [959].  Three things are implied by the 
conclusion or the first review: first, that incontinence 
in men, children, of elderly onset (or even in middle 
aged women) and in nulliparous women, or women 
having caesarean delivery (CD) has a completely dif-
ferent cause than in women who have ever delivered 
vaginally (VD). There is scant epidemiologic evidence 
that this is the case [960]. Second, it is implied that 
sphincter repair would be effective treatment for anal 
incontinence in almost all parous women. Yet repair 
of a disrupted sphincter has less than a perfect track 
record. Even more importantly, there is a reported 
rapid decay in function after repair that is far too great 
to be explained by age alone [961-968]. Third, if direct 
trauma to the anal sphincter (and not intra-pelvic 
nerves) were the major cause of anal incontinence, 
then CD should be effective in preventing inconti-
nence.   

However a systematic review has shown that this is 
not the case [968]. Twenty-one reports have been 
found eligible for inclusion in the review, encompass-
ing 31,198 women having had 6,028 CD and 25,170 
VD as index events prior to anal continence assess-
ment . Only one of these reports demonstrated a sig-
nificant benefit of CD in the preservation of anal con-
tinence. In that report AI rates exceeded 39% in both 
groups, suggesting a problem with ascertainment.  
The greater the quality of the report, the closer its 
odds ratio approached 1.0. This review was updated 
for this current summary searching Medline, 
EMBASE and the Cochrane data base of clinical trials 
from 1966 to April 2016.  Ten new studies were added 
to the meta-analysis and of the older review [971-980]  
three excluded because there cohorts had less than 
250 participants and fewer than 50 reported CDs, 
leaving 27 included studies.  With these new studies 
now CD was found to be less likely to result in FI than 
VD  (Odds Ratio 0.83, CI; 0.73-0.94.  Figure 12).  
However when quality criteria were applied to the 
studies included , specifically follow-up after delivery 
of at least six months and adjustment of the Odds Ra-
tio (OR)  for at least age (see above) and in most 
cases also for parity and obesity, the difference in FI 
risk between CD and VD was not significant  (OR 
0.93; CI 0.77-1.13, Figure 13).   The importance of 
duration of follow up is shown in (Figure 14), in which 
a single cohort was measured for FI at three months 
post partum, six years and twelve years. The appar-
ent advantage of CD in the 2001 report is clearly gone 
six and twelve years later. From other studies (Figure 
12) , it is apparent that this equalisation occurs by six 
months. This entire analysis included 46,724 deliver-
ies, 8901 of which were CD in reports from 1997 to 
2011. No difference in risk was seen between emer-
gency (in labour) CD and elective CD. 

In another publication increasing parity as an isolated 
risk factor does increase risk of AI [951], but not in 
NHANES [906].
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Figure 12.  All studies comparing FI risk after CD and VD.  
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Figure 13: Same comparison as Figure 12 but with studies having at least six month follow-up post part and adjustment for age, parity and in some cases obesity. 

 
Figure 14: A single cohort reported three times by MacArthur, et al.  AI was assessed 3 months post parted (2001), 6 years post part (2005) and 12 years post part (2011). 
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But why does not CD prevent anal incontinence, es-
pecially when associating perineal 

trauma with loss of bowel control is not just intuitive, 
but sometimes visibly obvious? Certain aspects of VD 
are clearly causally related to anal incontinence: sig-
nificant laceration, forceps, and some episiotomies 
[982-983].  However this review demonstrates that 
other factors need to be explored. One must look to 
pregnancy and not just labour and delivery as an ini-
tiating factor. Further evidence in favour of this comes 
from the sphincter repair literaturecited above. The 
rapid decay in function suggests that another defect 
is present besides a gap in the sphincter that remains 
after the early effects of sphincter repair wear off. 
Trauma at the pelvic inlet during pregnancy or in early 
labour [984] is a possible explanation.  Sphincter dys-
function has been demonstrated in women who have 
had CD [985].  Further indirect evidence for the pos-
sibility that injury higher in the pelvis may be related 
to AI in pregnant women can be found in the associ-
ation  between hysterectomy and AI, an association 
seen more often with abdominal hysterectomy (TAH) 
than vaginal hysterectomy (VH), and for flatus only 
[986] (Odds Ratio of TAH vs. VH for faeces: 1.2, 0.3-
4.7, Odds Ratio for gas: 18.9, 1.1-327). Pelvic nerve 
injury during surgery is the postulated reason for this 
difference. Further support for this is that one of the 
strongest predictors of FI after birth is FI during the 
pregnancy [985]. 

4.5. Nursing home residence  
The most common association with AI by far is nurs-
ing home residence.  A very thorough discussion of 
this is [988] , which combines data from NHANES, 
The National Study of Residential Care Facilities 
(NSRCF), the National Home and Hospice Care 
Study (NHHCS) and the Minimum Data Set (MDS). 
The prevalence of AI has been reported to be ≈ 7-8% 
for community-dwelling persons, and may rise with in-
creasing age to greater than 10%, among nursing 
home residents theprevalence approaches 50% 
[945-947]. This is partly explained by FI being one of 
the most common reasons for nursing home admis-
sion. In a large survey of 18,000 Wisconsin nursing 
home residents, risk factors for fecal incontinence (FI) 
were directly observed by nursing home personnel 
[946]. Urinary incontinence (UI) was the greatest as-
sociation with  FI (OR = 12.6, 11.5-13.7), followed by 
the loss of ability to perform daily living activities (6.0, 
4.7-7.7), tube feeding (7.6, 5.6-10.4), physical re-
straints (3.2, 4.7-7.7), diarrhoea (3.3, 2.7-4.2), de-
mentia (1.5, 1.4-1.7),impaired vision (1.5, 1.4-1.7), 
constipation (1.4, 1.3- 1.6), fecal impaction (1.5, 1.1-
2.1), stroke (1.3, 1.2-1.5) male gender (1.2, 1.1-1.3), 
age and body mass index. Inverse associations were 
noted with heart disease, arthritis and depression. 

4.6. Diarrhoea  
The importance of diarrhoea or liquid stool in FI can-
not be overemphasised. One case series noted that 

51% of individuals with chronic diarrhoea were incon-
tinent [899]. In the Wisconsin Family Health Survey of 
AI [901], 10 of the 25 subjects with FI lived in Milwau-
kee when the city experienced an outbreak of water-
borne disease [989]. Non-infectious causes of diar-
rhoea must also be considered, such as inflammatory 
bowel disease [988] and those initiated by sports ac-
tivities such as running [991-992].  

4.7. Surgery 
AI originating from surgery would seem fairly  insig-
nificant in the general population, since prior anal sur-
gery has not been an apparent risk factor in  any of 
the larger surveys. Several operations nonetheless 
frequently can result in AI. Examples are midline in-
ternal sphincterotomy, lateral internal sphincterot-
omy, fistulectomy, fistulotomy, ileo-anal reservoir re-
construction, low anterior rectal resection, total ab-
dominal colectomy, and ureterosigmoidostomy. The 
risk of lateral internal sphincterotomy for anal fissure 
causing AI was previously thought to be insignificant 
when compared to midline sphincterotomy.   But a re-
cent reappraisal of this operation has shown that the 
AI risk may be 8% [993]. The risk of AI after fistulot-
omy has been reported to be as high as 18% to 52% 
[994]. New approaches to fissure and fistula have re-
cently been developed specifically to lower this risk 
[994-995]. However incontinence after haemorrhoid-
ectomy has also been reported to be as high as 33%, 
an operation in which no sphincter is divided [996]. 
This suggests either that division of the anoderm, not 
the sphincter may be affecting continence, or that the 
method of  identification used in published surveys is 
not accurate. As with delivery, assessments done im-
mediately surgery will always show significant seep-
age which may be misinterpreted as incontinence. 
Six months is the minimum duration of follow-up 
needed to obtain reliable risk numbers. Mixing urine 
and stool has been found to  have a predictable effect 
on anal sphincter control, as does diarrhoea, in pa-
tients having uretero-sigmoidostomy after urinary 
bladder resection [936].  Patients with rectal cancer 
form a special group in whom cancer issues often dis-
tort the continence disturbance that may result from 
rectal resection [997] or radiotherapy [998].   

4.8. Specific neurological and other 
diseases   

Several specific diseases have  anecdotally been as-
sociated with AI in case series, and mechanisms to 
explain the associations have been investigated 
[999]. Examples are diabetes [938], stroke [1000-
1001], multiple sclerosis, Parkinson’s disease, sys-
temic sclerosis, myotonic dystrophy, amyloidosis, spi-
nal cord injury, imperforate anus, Hirschsprung’s dis-
ease, retarded or interrupted toilet training, prociden-
tia, and any illness causing diarrhoea (HIV, IBD, radi-
ation, infection). Many of these conditions directly af-
fect patient mobility and ability to perform daily living 
activities or they cause diarrhoea or faecal impaction. 
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4.8.1 Constipation  
Constipation may alternate with diarrhoaea in irritable 
bowel syndrome making defaecation chaotic and of-
ten very urgent.  Often retained feces leads to anal 
seepage that cannot be held.  In the New Zealand 
survey [902], the 2 of 3 rule for categorising an indi-
vidual as incontinent excluded constipated patients, 
which was also assessed in their survey, the positive 
rate fell from 13.2% to just over 9%.  This further 
demonstrates the frequent co-existence of constipa-
tion and AI, similar to the frequent coexistence of uri-
nary incontinence and AI.   

Because of a paucity of clinical trials that specifically 
address risk factors and prevention of AI, the strong-
est available data to identify risk come from cohorts 
that collected data on potential risk factors prior to the 
onset of incontinence. Prospectively collected risk as-
sessments for FI have occurred in three nursing 
home cohorts. Porell combined UI and FI into a single 
outcome variable and found many positive associa-
tions in a cohort of 60,000 nursing home residents in 
Massachusetts [1002]. Age, African American race, 
cognitive and ADL impairments predicted the out-
come, although specific relative risks for incidence 
are not presented. Chassange followed 234 previ-
ously non-FI residents in France for 10 months, dur-
ing which 20% had FI episodes, but only 7.5% devel-
oped long lasting FI [1003]. The others had acute ep-
isodes due to diarrhoea or impaction. The factors as-
sociated with the development of long lasting FI were 
urinary incontinence (UI) (2.9, 1.8-4.6), decreased 
mobility (1.8, 1.1-3.0), and cognitive defects: either as 
seen in an MMSE score <15 (2.5,1.4-4.4) of history 
of dementia (2.1, 1.2-3.5). Neither gender nor age 
were risk factors. Nelson reported, in a cohort of 
18,000 nursing home residents in Wisconsin, a sub-
group of 3,850 continent of both urine and faeces in 
1992 and were assessed one year later [1004]. 15% 
developed FI. Positive associations were seen for 
ADL loss (3.4, 2.4-4.5), trunk restraints (2.5, 1.7-3.6), 
dementia (1.7, 1.4-2.0), African American race (2.1, 
1.3-3.4) and age (1.02, 1.0-1.0). UI was not investi-
gated as a risk factor because it was felt to be a co-
morbid condition. In a broadly based cross sectional 
survey, it was apparent that factors that affect an in-
dividual’s general health or physical capabilities, in-
dependent of age and gender, place that individual at 
greatest risk for AI [918], though all four are signifi-
cantly associated with AI [901]. Among obstetrical pa-
tients age has also been a consistent association, 
with less consistent associations noted for chronic 
bronchitis (OR =6.5, 1.1- 38), symptoms of pelvic pro-
lapse (5.0, 3.0-8.7) and obesity (3.0, 1.0-3.4) [1003]. 
Defecatory dysfunction has also been assessed in 
pre-partum women [1006-1008], found to be preva-
lent and which has led to an important preventive 
strategy for post partum AI described below. 

5. PREVENTION 

This discussion is by necessity descriptive, so pre-
ventive measures are only relevant insofar as they 
provide insight into aetiology of incontinence. By far 
the most frequently applied preventive measure is 
CD, discussed above. Its lack of effectiveness in pre-
venting anal incontinence provides a valuable insight 
into the relationship of pregnancy and AI – that the 
focus may need to be more on the pregnancy rather 
than the delivery and how it effects 

defecation afterwards. A decision analysis study sug-
gests specific obstetrical indication for elective CD 
that may be cost effective [1009]. Another study re-
lated to birth trauma randomized mothers to immedi-
ate post-partum anal ultrasound with repair of occult 
defects in the sphincter and continence assessed in 
follow-up, demonstrating an improved outcome with 
this intervention [1010]. Intervention pre partum with 
pelvic floor exercises has been assessed in a number 
of randomized trials [1011-1012] for the purpose of 
diminishing post partum AI.  One Cochrane review 
found this strategy effective [1011]. Sixteen studies 
were included in the analysis in which 6,181 women 
participated.  Those without prior urinary incontinence 
were randomized to either pelvic floor training or 
standard care.  At 12 months postpartum the inter-
vention group were half as likely to have AI (RR= 
0.52; 0.31-0.87).  A subsequent report has not shown 
this benefit, and has yet to be included in the 
Cochrane review [1012]. The AHRQ recently pub-
lished a monograph on prevention of incontinence, 
though the strategies listed for AI were therapies for 
existing AI, such as pelvic floor exercises and retrain-
ing, rather than established mechanisms for preven-
tion [1013]. 

6. SUMMARY POINTS 

• Anal and urinary incontinence commonly coexist, 
particularly in the elderly and in nursing home 
residents (LE 1). 

• The prevalence of anal incontinence increases 
with age, but is present in all age groups in both 
genders varying from 1.5% in children to more 
than 50% in nursing home residents (LE 1). 

• AI is almost as common in men as in women (LE 
2). 

• More analyses comparing AI after CS and VD 
have been published. 

• Studies reporting a protective effect of CS have 
been published.  

• Obesity is perhaps the most modifiable risk fac-
tor for AI (LE 2) but the data associating obesity 
with AI are inconsistent.   
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• Intrapartum pelvic floor education can decrease 
the risk of subsequent development of AI post-
partum (LE 1)  

• As populations age, co-morbid disease becomes 
a significant component of fecal incontinence 
risk. Surgery, neurological diseases, and stroke 
are examples. 

• Cognitive and ADL impairment are associated 
with faecal incontinence. 

• More population based prevalence surveys have 
been published. 

• Systematic reviews of prevalence, including the 
role of age and gender, CD and decision anal-
yses for the use of CD in macrosomia have been 
published, providing necessary integration of 
data with quality assessment of existing litera-
ture. 

7. FUTURE NEEDS  

• Risk factors for AI in each age group are still 
poorly defined 

• Prevention research, much less policy, are there-
fore still a great distance away. 

• Randomised trials are needed of AI (and UI) in 
average risk women comparing VD and CD with 
minimal cross over and sufficient follow-up to ad-
equately assess FI and UI. 

 WHY DO PREVALENCE 
ESTIMATES DIFFER? 

The discussion here relates to UI only, as data and 
literature for FI and POP are very scarce. However, 
many of the principal arguments will be relevant to 
these conditions as well. 

1. GENERAL PROBLEMS IN SURVEY 
RESEARCH 

The well documented variation in prevalence esti-
mates is thought to result at least in part from several 
confounders common to survey and epidemiological 
research. Herzog and Fultz,[1014] in a review of the 
prevalence and incidence of UI in community-dwell-
ing populations, proposed that past investigations 
were plagued by sampling and non-response issues, 
by self selection and attrition, by definitional, concep-
tual, and measurement issues. Comprehensive re-
views about measurements and methodological as-
pects of investigating UI are provided. It is clear that 
there are large methodological challenges to rigorous 
research in this field. In general, the quality of recent 

large studies has undoubtedly improved, but the sci-
entific community must continue to deal with method-
ological challenges in order to achieve progress. 

2. DIFFERENT DEFINITIONS AND 
MEASUREMENT 

A major problem in research on UI has been the use 
of different definitions and measurements, and this 
might contribute to the wide range of reported preva-
lence estimates. The former ICS definition of UI – as 
a condition in which involuntary loss of urine is a so-
cial or hygienic problem and is objectively demonstra-
ble - included objective demonstration of urine loss as 
one critical component. This aspect limited the ICS 
definition for community based epidemiological inves-
tigations, because objective demonstration of UI is 
difficult to achieve outside of the clinical setting, and 
studies which were able to include this aspect in their 
assessment might have produced different preva-
lences. In addition, a social or hygienic aspect of the 
definition was problematic in epidemiological studies 
because it added a subjective aspect to an objectively 
defined condition and therefore confounded the in-
vestigation of prevalence, incidence, and risk factors. 
In  a previous report  we argued for reconsideration 
of the definition of UI, and we emphasised that the 
core of the definition should be ”any involuntary loss 
of urine”. In accordance with this view, ICS changed 
its definition in 2002 to UI being ”the complaint of any 
involuntary leakage of urine”.  

The new definition makes epidemiological research 
easier. But three consequences should be ad-
dressed: 

1. Epidemiological studies should not be based on 
this definition alone, and all studies should in-
clude a minimal additional data set, standard 
confounders, and questions specific to the aim of 
the study. This is discussed in the Section on 
Recommendations for further research. 

2. The number of persons fulfilling the definition will 
increase. This should not be interpreted as an in-
crease in the number potential of patients.  

3. Public awareness, case finding of health care 
personnel, and help seeking behaviour may be 
affected by a new and more extensive definition.  

Studies have used different severity levels and time 
frames for defining UI. A further factor complicating 
the conceptualisation and measurement of UI in epi-
demiological studies lies in the nature of the condi-
tion. UI is a chronic condition (or set of conditions) 
that often starts slowly and comes and goes for a con-
siderable time period before it become fully estab-
lished. If people get used to their UI or notice it less, 
this can interfere with valid assessment. 
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Ideally self-report measures are validated by clinical 
evaluations. However, clinical and even urodynamic 
investigations should be regarded as other 
measures, not necessarily as gold standards, be-
cause it is known to be difficult to demonstrate all uri-
nary symptoms in the clinical setting. 

Low response rates may further bias prevalence esti-
mates. Known differences between responders and 
non-responders can be compensated during the 
analysis. The major problems is unknown differences 
in response rates and other characteristics. Inconti-
nent women may not answer (or deny UI) because of 
embarrassment or related handicaps. But incontinent 
women may also find the subject particularly relevant 
and therefore respond to a greater extent than conti-
nent women. At present, we do not know much about 
how these factors may affect the comparison be-
tween incontinent and continent women.  

One paper explored the problem of underreporting in-
continence and how it can be altered with the use of 
an introduction to the incontinence questions and 
probing [178]. Another paper explored the issue of 
selection bias in mailed surveys. The first wave had a 
higher prevalence of incontinence than follow-up 
mailings, and thus individuals with UI tended to re-
spond on the first wave. In an English mailed survey 
on incontinence and other urinary symptoms, a sam-
ple of non-responders were traced, and those eligible 
were asked questions from the survey [1015]. Com-
pared with the responders, the non-responders over-
all showed little differences in reporting of urinary 
symptoms. However, non-responders >70 tended to 
be of poorer general health, and they reported certain 
urinary symptoms more frequently. 

3. SUMMARY POINTS: 

• The lack of epidemiological data from popula-
tions underrepresented in research limits the 
world wide application of the present information. 

• Many investigations are plagued by sampling 
and non response issues, by self selection and 
attrition. Many early studies were obtained by 
sampling patients seeking care. 

• A major problem is the use of different definitions 
of incontinence. The new ICS definition makes 
epidemiological research easier. 

• There are large methodological challenges to re-
search in the field of UI. Unless the scientific 
community deals with these issues, progress will 
be difficult to make. 

 HELP SEEKING BEHAVIOUR 

1. URINARY INCONTINENCE 

A majority of people with UI have not sought help 
[540]. Reasons given by people for not seeking help 
include: not regarding incontinence as abnormal or 
serious, considering incontinence to be a normal part 
of ageing, having low expectations of treatment and 
thinking they should cope on their own. Some studies 
also confirm the notion that embarrassment may be 
an important reason for not seeking help. There is an 
association between help seeking and condition-spe-
cific factors like duration, frequency and amount, and 
people’s perceptions of the impact of incontinence 
but other more personal characteristics like individual 
health care behaviour and attitudes may also play a 
role. 

In a Norwegian study 4.4 % of all women >20 years 
old in a community consulted their general practi-
tioner for UI during a 3 year period [1016]. Mentioning 
the symptoms to a physician may not be enough. 
There are reports of doctors not responding, either by 
ignoring the statement of symptoms or by providing a 
dismissive explanation, and people interpreting a lack 
of response from the doctor as an indication that no 
treatment is available. In a study of management of 
incontinence in general practice, 30% of the women 
who had told their doctor about their symptoms per-
ceived that they were offered no help. It is probable 
that many primary health care providers lack confi-
dence in managing UI, and that this contributes to un-
der treatment in those seeking help.  

Only a small proportion of incontinent community-re-
siding women have had surgery, medication, or exer-
cise regimens.  In addition to seeking help from the 
formal health care system, common responses to 
symptoms of illness are self-management and self-
treatment behaviour. The major method of actively 
managing UI among community residents is the use 
of absorbent products.  

It is obvious that millions of men and women suffer 
from their UI, and that for many of them good treat-
ment options are available. However, for many per-
sons with very mild or occasional UI it is probably ad-
equate not to seek help from the health care system. 
Others are satisfied with just information and under-
standing about the causes and in many cases self 
care may be quite appropriate. A Danish study has 
shown that simple information and advice was ade-
quate “ treatment”  for 23% of the women attending 
an open access incontinence clinic [1017]. A Swedish 
study found that among 136 women with UI, 36% 
wanted clinical evaluation, and only 24% subse-
quently started treatment [651].  

Both epidemiological and qualitative research in this 
field should be encouraged in order to understand 
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cultural, religious, and personal factors for help seek-
ing behaviour world wide.  Specifically, other than 
condition-specific factors should be further explored, 
e.g. persons’ health care behaviour, perceptions and 
attitudes. 

2. FAECAL INCONTINENCE AND 
PELVIC ORGAN PROLAPSE 

There are indications of underreporting also of FI and 
patients’ reluctance to report symptoms or to seek 
treatment. It has been shown that women are more 
willing to report FI than men. For POP we have no 
information. 

3. SUMMARY POINTS: 

• Recent publications confirm that a majority of 
people with FI, UI, and POP have not sought 
help. 

• Only a small proportion of urinary incontinent 
community-residing people have had surgery, 
medication, or exercise regimens. 

• Increasing severity, increasing duration, and ur-
gency/mixed type of UI are related to consulting 
a health care provider. 

• Associations other than condition-specific factors 
should be further explored in future research, 
e.g. persons’ health care behaviour, perceptions 
and attitudes. 

• Health care personnel should be encouraged to 
approach persons at risk for FI, UI and POP. 
People with such symptoms should be assessed 
so services and treatment can be offered and tar-
geted. The patient’s view of management, even 
denial, should be respected. 

 EPIDEMIOLOGY AND 
CLINICAL WORK: FROM 

RESPONDENT TO PATIENT 

We have emphasised some major and important dif-
ferences between epidemiology and clinical work. 
These differences may have several implications. A 
selection process is most often accomplished first by 
self-selection (help seeking), then a referral system, 
which provides specialist physicians to a patient pop-
ulation with higher prevalence of disease, more se-
vere disease, and often skewed type distribution, thus 
obtaining test results with fewer false positives, better 
diagnostic accuracy, and more efficient use of re-
sources. However, such intended and purposeful se-
lection bias has its drawbacks. There is growing evi-
dence that this selection process introduces bias into 

research and hampers our ability to generalise hospi-
tal based research back to general or primary care 
populations. Furthermore, it may result in recommen-
dations and guidelines for diagnosis or therapy de-
rived from tertiary care centres that are inappropriate 
at the primary care level. Often guidelines, review ar-
ticles or teaching material do not take into account the 
varying prevalence and variation in the clinical picture 
between community and hospital. They may also em-
phasise use of tests or equipment that are not appro-
priate or relevant for primary health care, thus leading 
to over utilisation of referrals. Data from hospitals or 
specialist level may also overestimate level of bur-
den, costs and number of persons in need of treat-
ment if such data are used for extrapolation back to 
community level. Therefore it is important that this 
Consultation uses different algorithms for initial and 
specialised care (see other relevant chapters). 

One study provides substantial empirical evidence to 
support the existence of selection bias for UI [125]. 
The analyses were based on three populations of in-
continent women: Community level (epidemiological 
survey), primary care level (prospective study), and 
secondary care level (university hospital, prospective 
study). The general practice patients were older and 
the hospital patients younger than those in the com-
munity. From community via general practice to hos-
pital, there was an increase in duration, frequency of 
leakage, amount of leakage, severity and perceived 
impact of incontinence. Help-seeking at the primary 
care level was associated with increasing age and se-
verity, and with urgency symptoms and impact. Re-
ferral from general practice to hospital was only asso-
ciated with lower age and urgency symptoms. 

Under the subtitle Severity and Impact we have given 
examples of how the prevalence estimates for 
women change dramatically when bothersomeness 
and severity are considered. Taken together with se-
lection bias, this emphasises caution when epidemi-
ological data are used in a clinical context. It concerns 
“ level of care”  in several ways; there is a large tran-
sitional zone from healthy to diseased, there is a dan-
ger of medicalisation, and there is a danger of treating 
patients at a higher level than necessary. Risk fac-
tors, predictors and correlates discovered in epidemi-
ological studies are probabilistic of nature and may 
not be decisive in the clinical assessment of an indi-
vidual patient. In addition, the attributable risk due to 
some known risk factors may be statistically but not 
clinically significant. 

1. WORLDWIDE ESTIMATES OF 
LOWER URINARY TRACT 

SYMPTOMS  

In order to effectively plan health care resources it is 
necessary to estimate the prevalence and incidence 
of illnesses to know to what extent resources require 
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to be allocated to a specific illness health care condi-
tion. This chapter has dealt with three major global 
problems, urinary and faecal incontinence as well as 
pelvic organ prolapse, that affect women and men 
throughout the world.  Irwin and coworkers [539] have 
published data estimating the  current and future 
worldwide prevalence of lower urinary tract symtoms. 

The objective of the study was to estimate the current 
and future number of people with LUTS, including 
overactive bladder (OAB) and Urinary Incontinence 
(UI) utilising the current ICS definitions. Age- and 
gender-specific prevalence rates from the EPIC study 
[417] were applied to the worldwide over 20 year old 

population (4.2 billion) with males and females strati-
fied into five-year age groups (20-24 to 80+). Pro-
jected population estimates for all worldwide regions 
were based on the United States Census Bureau In-
ternational Database (IDB). 

Estimates were presented for 2008, 2013 and 2018 
and are summarised in Tables 21 and 22. Table 21 
summarises the estimated number of individuals with 
certain LUTS symptoms by year and sex in the world 
population and Table 22 describes the estimated 
number of individuals of  LUTS and OAB over 10 
years across the world regions. 

 

Table 22: Estimated Number of Individuals with Certain LUTS By Year & Sex - World Population  
(In Millions) [539] 

LUTS Symptoms Male 
2008 

Male 
2013 

Male 
2018 

Female 2008 Female 2013 Female 2018 

Incontinence 

Any Incontinence 98 109 120 250 275 301 

UUI 22 25 27 27 30 33 

MUI 11 12 14 43 47 52 

SUI 10 12 13 127 140 153 

Other1 55 61 66 53 58 64 

Storage 

Any Storage Symptom 
(Noct2 ≥1) 

1,050 1,151 1,250 1,249 1,363 1,474 

Any Storage Symptom 
(Noct ≥2) 

597 655 713 760 831 901 

Noct ≥1 942 1,035 1,127 1,098 1,200 1,301 

Noct ≥2 388 427 467 464 509 555 

Urgency 205 226 247 249 273 297 

Frequency 127 139 152 161 174 186 

Voiding Symptoms 

Voiding Symptoms 515 563 610 402 511 473 

Intermittency 164 181 198 148 176 175 

Slow Stream 156 173 193 122 161 146 

Straining 132 145 157 83 120 98 

Term Dribble 289 315 340 210 276 245 

Post Micturition Symptoms 

Post Mic3 Symptoms 332 365 396 297 350 348 

Incomplete Emptying 263 288 314 257 290 302 

Other Post Mic 
Incontinence 

108 118 129 64 96 76 

Any LUTS (Noct ≥1)  

Any LUTS (Noct ≥1) 1,260 1,377 1,490 1,379 1,460 1,623 
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LUTS Symptoms Male 
2008 

Male 
2013 

Male 
2018 

Female 2008 Female 2013 Female 2018 

Storage + Voiding 
Symptoms (Noct ≥1) 

350 386 422 309 373 367 

Storage + Post Mic 
Symptoms (Noct ≥1) 

247 273 299 238 274 282 

Voiding + Post Mic 
Symptoms (Noct ≥1) 

205 226 247 158 205 187 

Storage + Voiding + Post 
Mic Symptoms (Noct ≥1) 

166 183 202 137 173 163 

Any LUTS (Noct ≥2) 

Any LUTS (Noct ≥2) 933 1,020 1,104 994 1,068 1,170 

Storage + Voiding 
Symptoms (Noct ≥2) 

247 273 299 237 275 283 

Storage + Post Mic 
Symptoms (Noct ≥2) 

188 207 227 190 214 226 

Voiding + Post Mic 
Symptoms (Noct ≥2) 

205 226 247 158 205 187 

Storage + Voiding + Post 
Mic Symptoms (Noct ≥2) 

130 144 158 119 142 142 

 

Table 23: Estimated Worldwide Number of Individuals with LUTS including OAB and Incontinence by Region 
(In Millions) [539] 

Region Estimated Number of 
individuals 
 with any LUTS 

Estimated Number of 
Individuals  
with  OAB 

Estimated Number of 
Individuals with  
Incontinence 

2008 2013 2018 2008 2013 2018 2008 2013 2018 

World 1,930 2,106 2,277 455 500 545 346 383 420 

Africa 203 231 263 46 53 60 33 38 43 

North America 167 180 193 40 44 48 32 34 37 

South America 111 122 133 26 29 32 20 22 24 

Asia 1,166 1,284 1,396 272 302 332 206 231 256 

Europe 273 278 280 68 70 71 54 56 57 
 

Estimates and projections featured in this analysis 
were based on prevalence rates of LUTS  described 
in the EPIC study – based primarily on a European 
population. The prevalence rates featured in the 
EPIC study are similar to other prevalence rates of 
LUTS that were found in others studies across other 
countries [284,537]    

The projections in this report assume the prevalence 
rates of LUTS will remain throughout the year 2018 
for all age and sex groups   
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Prevalence of LUTS will also increase as  other fac-
tors related to LUTS, such as obesity, increases. The 
estimated number for present and future years are 
not true numbers but are based on a projected popu-
lation configured by the International Database (IDB). 
The IDB's estimates and projections are drawn by 
Census Bureau demographers and are based on re-
viewed censuses, surveys, and vital statistics pro-
vided by National Statistics Offices9. Data on interna-
tional migration and refugee movements,  public 
health efforts, socio-political circumstances, and his-
torical events such as natural disasters and conflict 
are all considered when the IDB calculates the esti-
mates and projections. 

It is anticipated that with the overall aging of the pop-
ulation the prevalence of LUTS will also increase  

It has been shown that LUTS are burdensome to in-
dividuals [202,485] and the likely increase in the num-
ber of individuals experiencing. LUTS has implica-
tions on healthcare resources and overall health bur-
den.  This analysis is an estimate of the number of 
individuals with LUTS based on a conservative prev-
alence rate, and so the future number of those with 
certain LUTS may surpass those of this report. 

 

 
Figure 15: Estimated number of individuals with UI 2008, 2013 and 2018 grouped according to type of incon-
tinence 

 
Figure 16: Estimated number of individuals with LUTS 2008, 2013 and 2018 grouped according to gender 
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Table 24. Summary of major findings regarding the estimated worldwide prevalence figures for lower urinary 
tract symptoms LUTS [539[ 

46% of the 4.2 billion of the adult world population (≥ 20 and over) experience any LUTS 

455 million individuals or 11% of the world population estimated to experience OAB symptoms 

346 million individuals or 8% of the world population estimated to experience some type of UI 

SUI is the most common type of incontinence in 2008 and 2018 (Fig 1.) 

136 (3%) and 164 (4%) million individuals are estimated to experience SUI in 2008 and in 2018 respectively 

49 (1%) and 60 (1%) million individuals are estimated to experience UUI in 2008 and in 2018 respectively 

53(1%) and 65 (1%) million individuals are estimated to experience MUI in 2008 and in 2018 respectively 

108 (3%) and 131 (3%) million individuals are estimated to experience Other Incontinence in 2008 and in 2018 
respectively 
Assuming LUTS prevalence rates remain stable for the next ten years, 2.3 billion individuals are estimated to 
experience LUTS by the year 2018 
An increase of 18% from 2008 

Storage symptoms has the highest burden in both the male and female population than other LUTS  (Fig 2.) 

Male: estimated 597 million in 2008,   713 million in 2018 

Female: estimated 760 million in 2008, 901 million in 2018 

Asia region is estimated to carry the highest burden of LUTS. Estimated 1.2 billion individuals in Asia regions may 
experience any LUTS 

 

2. SUMMARY POINTS: 

• The spectrum of severity of anal and urinary in-
continence, as well as pelvic organ prolapse, and 
the symptom profile of patients referred to spe-
cialist centres do not necessarily reflect the spec-
trum of disease seen in the community. 

• The selection and referral process may introduce 
bias into research and hamper the ability to gen-
eralise hospital-based research back to primary 
care populations. 

• One should be very careful with calculating num-
bers of patients in need of therapy based on ep-
idemiological data. 

 RECOMMENDATIONS FOR 
FURTHER RESEARCH 

Much biomedical research is observational and the 
reporting of such research is often inadequate which 
hampers the assessment of its strengths and weak-
nesses and of a study´s generalisability. The 

STROBE  (Strengthening of the Reporting of OBser-
vational studies in Epidemiology) statement was in-
troduced [1018]. It is a a checklist of items that should 
be addressed in articles reporting on the three main 
study designs of analytical epidemiology: cohort, 
case-control, and cross sectional studies. The use of 
this checklist is highly recommended. 

1. URINARY INCONTINENCE 

It is recommended that more sustained research on 
measurement of UI should be performed including, its 
types and severity to move the research ahead. Lon-
gitudinal study designs are needed to estimate inci-
dence of UI and describe the course of the condition 
and its different forms and to investigate its risk fac-
tors and possible protective factors. 

There is still little knowledge with regard to preva-
lence, incidence, and other epidemiological data in 
developing countries. A recent review on the global 
prevalence of urgency urinary incontinence clearly 
showed that prevalence rates are largely unknown for 
many countries in the world [1019].  It is recom-
mended that fundamental research regarding preva-
lence, incidence and other epidemiological data in 
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developing countries should be encouraged, and tai-
lored to the cultural, economic and social environ-
ment of the population under study. 

Crude prevalence studies (descriptive epidemiology) 
from USA and Europe are abundant, and further stud-
ies should be done only with recommended and vali-
dated questionnaires or in order to combine data from 
the prevalence study with studies of co-factors and 
predictors (analytical epidemiology). Control for con-
founders, stratification, and multivariate techniques 
should be increasingly used because of the need for 
more advanced epidemiological analyses of risk fac-
tors and comorbidity. Strength of associations should 
be determined by relative risks and odds ratios, and 
confidence limits should be given. We have still very 
little knowledge of the absolute and relative im-
portance of several risk factors, and almost no infor-
mation about the attributable risk of the factors in so-
ciety. 

Some potential risk and protective factors deserve 
more attention. For example, the role of pregnancy 
and childbirth in the development of UI must be stud-
ied in a fashion that links population-based methods 
to clinical assessment of pregnancy, delivery and the 
birth trauma and follows women over many years. 
Such a design is necessary because the effect of 
pregnancy and childbirth may become clear only 
years later when the woman is older and because the 
woman will not be able to report the exact nature of 
the tear or episiotomy, etc. There should be more em-
phasis on the associations between UI and specific 
diseases like stroke, diabetes, psychiatric disease 
and genital prolapse. Genetic components should be 
investigated. 

Primary prevention is the main goal in the manage-
ment of human disease. An important strategy would 

thus be to identify the individuals at risk, and then take 
measures to reduce the risk among those individuals 
or in certain risk groups. A predictive modelling sys-
tem based on risk factors identified in population stud-
ies has been put forward  [1020]. Primary prevention 
studies should be encouraged, but the epidemiologi-
cal basis for choosing appropriate interventions is 
weak. 

In surveys based on questionnaires or interviews 
symptoms can be registered. There are convincing 
data suggesting that the different types may reflect 
quite different pathologies and risk factors. Differenti-
ating the types in future research might therefore 
prove very fruitful. Methodological work has still to be 
done in this area, but typical type descriptions should 
be included in new studies. Likewise, studies of risk 
factors should include important and known con-
founders such as age, parity, and weight. 

Variations in definitions and measurement issues are 
fundamental and lead to problems with assessing the 
findings in epidemiological studies. We need to im-
prove epidemiological studies by including variables 
that better characterise UI, so that more advanced 
and informative analyses may be conducted. It is 
therefore recommended that all epidemiological stud-
ies include a minimum data set (Table 24), including 
elements of screening question, frequency measure, 
quantity of urine loss, duration, type, and severity. In 
addition, it is recommended that validated measures 
of bother/quality of life and urinary symptoms other 
than UI should be included. We here also refer to the 
chapter from the committee on symptom and quality 
of life assessment.  

 

 

Table 25. Elements in a minimum data set recommended for all epidemiological studies 

• Screening question for any involuntary urine loss  

• Frequency measure. For example, classification into categories of none, less than once a month, one/several 
times a month, one/several times a week, every day/nigth, all the time  

• Quantity of urine loss for a typical episode. For example, classification into categories of none, drops, small 
amounts, moderate amounts, much/a great deal  

• Duration. For example months, years  

• Type. Based on typical description; stress, urge, mixed and other  

• Severity. Either by combining excisting questions or by a validated index  
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2. FAECAL INCONTINENCE AND 
PELVIC ORGAN PROLAPSE 

In these areas there is a need for more epidemiolog-
ical research in all areas; prevalence, incidence, and 
risk factors. Many of the fundamental methodological 
issues relevant to UI discussed above are highly rel-
evant to the fields of FI and POP. 

The committee emphasises that uniform definitions of 
FI and POP should be used in studies, and there 
should be a move towards a standardisation of meas-
urement instruments in community surveys that can 
be used worldwide. Developing definitions is a scien-
tific process requiring careful conceptualisation of the 
condition in light of its many clinical presentations and 
underlying mechanisms. This will require a multi-
method approach and consideration of issues such a 
reliability and validity. 
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ABBREVIATIONS 

ABMA α,β-methylene ATP 

ACUU acute cold-induced urinary urgency 

Ach acetylcholine 

AJ adherence (adherens) junction 

AMPA α-amino-3-hydroxy-5-methyl-lisoxazole-4-
propionic acid 

Ano1 anoctamin-1 (a Ca2+-activated Cl– 
channel 

AP action potential 

4-AP 4-aminopyridine 

AQP aquaporin 

ASIC acid-sensing ion channels 

ATP adenosine triphosphate 

BDNF brain-derived neurotrophic factor 

BK large-conductance, Ca2+-activated K+ 
channel 

BoNT/A botulinum toxin A 

BOO bladder outflow obstruction 

CACL Ca2+-activated Cl– current 

cAMP cyclic AMP (cyclic adenosine 
monophosphate) 

CCh carbachol 

cGMP cyclic guanosine monophosphate 

CGRP calcitonin gene-related peptide 

CICR Ca2+-induced Ca2+ release 

CO carbon monoxide 

COX cyclooxygenase enzymes 

CPA cyclopiazonic acid 

Cx connexin (gap junction protein family) 

DFV discoidal/fusiform vesicles (in urothelium) 

DIDS a Cl- channel blocker 

DO detrusor overactivity 

DRG dorsal root ganglion 

Ds desmosome 

DSD detrusor sphincter dyssynergia 

DSM detrusor smooth muscle 

EAS external anal sphincter 

ECM extracellular matrix 

ECP excitatory junction potential 

EDL externum digitorum longus muscle 

EFS  electrical field stimulation 

ENaC epithelial Na+ channel 

ENS enteric nervous system 

EUS external urethral sphincter 

EMG electromyogram 

FAAH fatty acid amide hydrolase 

GABA γ-amino butyric acid 

GAG glycosaminoglycan 

GCaMP Ca2+-sensitive green fluorescent protein 

GPa giga Pascal (unit of pressure/unit stress) 

GPCR G-protein coupled receptor 

GRK G-protein coupled receptor kinase 

Gy Gray, unit of radiation 

HCN hyperpolarisation-activated cyclic 
nucleotide-dependent channel 

H2S hydrogen sulphide 

Hz Hertz (unit of frequency: per second) 

IAS internal anal sphincter 

ICC interstitial cell of Cajal  

IC-LP interstitial cell in the laminal propria 

IC-IM intramuscular interstitial cell  

ICI intercontraction interval 

IJP inhibitory junction potential 

InsP3 inosital trisphosphate 

JAM junctional adherence molecule 

KCl  potassium chloride 

Kit (KIT) a tyrosine kinase receptor 

LP lamina propria 

LUT lower urinary tract 

LUTD lower urinary tract dysfunction 

LVDCC  L-type voltage dependent Ca2+ channels  

mRNA messenger RNA 

MLCK myosin light chain kinase 

MLCP myosin light chain phosphatase 

MM muscularis mucosae 

MMC myelomeningocele 

NANC non-cholinergic, non-adrenergic 
(innervation) 

NDO neuropathic detrusor overactivity 
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NGF nerve growth factor 

NMDA N-methyl-D-aspartate 

NO nitric oxide 

NOS nitric oxide synthase 

eNOS endothelial NOS 

iNOS inducible NOS 

nNOS neuronal NOS 

NOP N/OFQ receptor 

NSCC non-selective cation channel 

OAB overactive bladder 

ODQ inhibitor of soluble guanylyl cyclase 

OEtA oleoyl ethyl amide 

p75NTR a neurotrophin receptor 

P2X (purinergic) family of cation channels 
activated by ATP 

P2Y (purinergic) family of receptors activated 
by nucleotides and other ligands 

PACAP pituitary adenylate cyclase activating 
peptide 

pBOO partial bladder outlet obstruction 

PC pubococcygeus muscle 

PCNA proliferating cell nuclear antigen 

PDE phosphodiesterase POP pelvic organ 
prolapse 

PDGFa platelet derived growth factor subunit a 
(or α) 

PDGFR platelet derived growth factor receptor 

PKC (A) protein kinase C (A) 

PRV pseudorabies virus 

PLC phospholipase C  

PTHrP parathyroid hormone-related protein 

PUV posterior urethral valves 

RAIR recto-anal inhibitory reflex 

RAMEN rapidly-adapting mechano-sensitive 
enteric neurones 

RhoA Member of the rho family of GTP- 
(guanosine triphosphate-) ases 

RLC (myosin) regulatory light chain 

ROCK Rho-associated kinase 

ROS reactive oxygen species 

RTX resiniferotoxin 

RXFP relaxin receptor 

SCI spinal cord injury 

SK small conductance Ca2+ and voltage-
dependent K+ channel 

SLC solute carrier 

SR sarcoplasmic reticulum 

STZ streptozotocin 

TEA tetraethyl ammonium 

TEP transepithelial electrical resistance 

TJ tight junction 

Trk a neurotrophin receptor 

TRP transient receptor potential (ion channel) 
family  

TTX tetrodotoxin 

TVDCC  T-type voltage dependent Ca2+ channels  

U urothelium 

UAB underactive bladder 

UGS urogenital sinus 

UI urinary incontinence 

UP uroplakin 

UT urea transporter 

UUI urgency UI 

VIP  vasoactive intestinal polypeptide 

VNUT vesicular nucleotide transporter 

WT wild-type (mouse) 

ZO zonula occludens protein 
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CELL BIOLOGY 

C. FRY (UK) 
R. CHESS-WILLIAMS (UK), H. HASHITANI (JAPAN), A. KANAI (USA), K. MCCLOSKEY (UK), 

M. TAKEDA (JAPAN), B. VAHABI (UK) 

 INTRODUCTION 

The previous edition of this report in the 5th edition of 
Incontinence (2013, pp109-178) convered several 
topics of current interest including updates on: inter-
stitial cells; detrusor and urethral muscle contractile 
activation; the structure and function of the urothe-
lium; the physiology of the ano-rectum; and transla-
tional topics that included identification of novel tar-
gets for bladder dysfunction and the role of bi-
omarkers to help understand more of the pathophys-
iology of the overactive bladder and detrusor overac-
tivity.  This edition aims to update the reader on sev-
eral of these rapidly-evolving areas, but also intro-
duce some new topics that are important areas for re-
search to understand pathophysiological processes 
in the lower urinary tract and lower gastro-intestinal 
tract.   

The committee has worked closely with Committee 3 
(Neural Biology) as several topics have relevance to 
them both.  This Committee considerd new advances 
in our understanding of excitation-coupling in bladder 
wall smooth muscle, including the hitherto less-stud-
ied trigone, muscularis mucosae and perivascular 
myocytes.  Interstitial cells continue to be an area of 
great activity and their phenotypic influence over 
other cells has been reconsidered and updated. The 
urothelium was reconsidered with regard to its barrier 
and transport functions, whilst its role in transducing 
sensations, in particular to the nervous system, is 
considered by Committee 3. In addition, there have 
been great advances in understanding the 
(patho)physiology of the ano-rectum and these are 
also reflected here.  The functional interaction of the 
ano-rectum with the lower urinary tract (LUT) is very 
close and the cellular mechanisms that control the 
ano-rectum are equally relevant to LUT function. 

Two new areas have been included.  Firstly, the skel-
etal muscle physiology of the pelvic floor muscles and 
the external urethral sphincter.  Derangments in the 
function of these muscles underlie a number of LUT 
pathologies but the pathophysiological processes 
that cause them have been given very little attention 
in fundamental research.  Committee 3 of the previ-
ous consultation considered the neural control of 
these muscles and the aim of this report was to ex-
pand on this knowledge and form a more complete 

understanding of their (patho) physiology.  Secondly 
a new area has been introduced regarding the physi-
ology of the foetal and neonatal bladder, as well as its 
development in childhood.  In particular the develop-
ment of detrusor smooth muscle function is de-
scribed, including consideration of the changes that 
occur in the presence of congenital anomalies of the 
lower urinary tract.  The functional physiology of this 
topic is very sparsely pursued although the conse-
quences for children with congenital anomalies are 
profound. 

With respect to translational sciences, the identifica-
tion of new drug targets for management of LUT dis-
orders has again been given prominence, and novel 
targets are always being identified.  Furthermore, a 
more holistic approach to such disorders has been 
taken, as they are generally associated with changes 
to more than one part of the tract, or indeed due to 
interaction between different cells in a partiulcar tis-
sue.  Examples are provided whereby certain agents 
and treatments may have complex actions on various 
cells and tissues of the LUT that together may have a 
beneficial function. 

Overall great advances are being made to under-
stand the fundamental basis of LUT disorders.  How-
ever, there remains a great deal to be discovered as 
to how different cells and tissues influence each 
other’s function and how this may impact on the gen-
esis of LUT disorders and offer more targeted thera-
pies. 

 EXCITATION-CONTRACTION 
COUPLING IN BLADDER SMOOTH 

MUSCLE  

1. DETRUSOR SMOOTH MUSCLE 
DURING THE STORAGE PHASE 

1.1. Relevance of Spontaneous Activity 
During the storage phase, intravesical pressure rises 
remarkably little, thus detrusor smooth muscle (DSM) 
is often considered to be quiescent or relaxed.   Non-
voiding contractions were thought as a sign of an 
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overactive bladder or as artificial due to non-physio-
logical ‘fast’ filling cystometory.  However, it is now 
more widely accepted that the DSM in normal blad-
ders is spontaneously contractile to maintain a shape 
with a minimum surface area.  This property allows 
micturition contractions to be generated efficiently 
upon parasympathetic nerve excitation, irrespective 
of the intravesical urine volume [1].   

In bladder of humans [2,3] and laboratory animals 
[4,5] in vivo, non-voiding contractile activity, termed 
‘micromotions’, develops as localized events that are 
associated with small rises in intravesical pressure.  
In rat and guinea pig bladder, non-voiding contrac-
tions increase in amplitude and frequency with in-
creases in intravesical volume, suggesting that non-
voiding activity may stimulate afferent nerves convey-
ing a sense of bladder fullness [4,5].  In the isolated 
whole bladder of the guinea pig and pig, the corre-
sponding activity is seen as ‘non-propagating’ auton-
omous activity [6,7].  A recent study applying multi-
electrode arrays to isolated whole guinea pig bladder 
demonstrated that spontaneous electrical waves on 
the bladder surface propagate preferentially in the ax-
ial direction for only a limited distance [8], indicating 
that autonomous activity arises from spontaneous 
electrical events.  

Spontaneous phasic contractions are recorded in 
DSM strips taken from various species including hu-
man, [9,10].  The mechanisms underlying these 
spontaneous phasic contractions include the firing of 
spontaneous action potentials that can be detected 
as surface electrical waves in whole bladder prepara-
tions and associated intracellular Ca2+ transients (Fig-
ure 1 [11]). 

Increases in the amplitude, spread and/or changes in 
the pattern of spontaneous activity, e.g. tetanic con-
tractions, are observed in human overactive bladders 
with detrusor overactivity [1] or in animal models [12].  
A recent study demonstrated that spontaneous ‘tran-
sient’ contractions of detrusor smooth muscle have a 
much larger influence than their baseline tone on af-
ferent nerve activity during storage phases [13].  
Thus, it is reasonable to assume that increased spon-
taneous contractility causes urinary urgency reported 
in patients with an overactive bladder.  Therefore, un-
derstanding the mechanisms regulating the sponta-
neous excitability of DSM, that plays a critical role in 
maintaining bladder storage function, is fundamental 
to establish the basis and therapeutic targets of over-
active bladder.   

While ‘non-voiding’ activity in whole bladders has 
been considered to reflect spontaneous contractile 
activity of DSM, evidence is accumulating that the 
‘mucosa’ (or muscularis mucosae, see below) is also 
spontaneously contractile.   Because of the close ap-
position of the ‘mucosa’ with the urothelium and 
suburothelial afferent nerves, its spontaneous activity 
may have a larger impact on afferent nerve activity.  

Therefore, the origin of spontaneous ‘non-voiding’ ac-
tivity in whole bladders is an important area for future 
study. 

1.2. Origin of Spontaneous Activity 
Autonomous activity in isolated whole bladders or 
spontaneous phasic contractions in muscle strips are 
not diminished by tetrodotoxin (TTX) nor atropine, in-
dicating that they do not originate from parasympa-
thetic nerve excitation [6,9].  Since the discovery of 
interstitial cells in the bladder expressing Kit-receptor 
tyrosine kinase [14], a specific marker for interstitial 
cells of Cajal (ICC) that act as electrical pacemaker 
cells in the gastrointestinal tract [15], Kit-positive in-
terstitial cells have been a favorite candidate as pace-
maker cells driving detrusor spontaneous activity.  
This analogy is supported by several ‘indirect’ pieces 
of evidence: 1) isolated single interstitial cells are ca-
pable of generating spontaneous 'nifedipine'-resistant 
Ca2+ transients; 2) detrusor interstitial cells are pref-
erentially located along the boundary of detrusor 
muscle bundles where spontaneous detrusor Ca2+ 
transients originate; 3) the number of interstitial cells 
increases in animal models of overactive bladder or 
in patients with overactive bladder, 4) imatinib mesyl-
ate (Glivec), an inhibitor of Kit-receptor tyrosine ki-
nase suppresses detrusor spontaneous contractile 
activity as well as their action potentials [10,16].  How-
ever, no evidence of electrical coupling of interstitial 
cells with DSM has been demonstrated.  Rather, Ca2+ 
transients recorded from interstitial cells in situ occur 
independently of Ca2+ transients in adjacent DSM 
cells [17].   The ‘acute’ inhibitory action of imatinib is 
most likely attributable to its non-specific action on 
both L-type VDCCs and Ca2+ release from intracellu-
lar stores rather than inhibition of Kit signaling [18].  
Consistently, Glivec exerts no acute effects on spon-
taneous slow waves in the gastrointestinal tract [19].  
Moreover, the distribution of Kit-positive interstitial 
cells and spontaneous contractile/electrical activity 
are little affected in bladders taken from W/Wv mice 
that have partial loss of gastrointestinal ICC and as-
sociated dysregulation of its motility [20].  Curiosuly, 
a later study using double labelling of Kit-positive cells 
and PDGFR-α-positive cells (described later) failed to 
resolve Kit immunoreactivity in the murine bladder us-
ing verified antibodies that labelled Kit immunoreac-
tivity in ICC of the colon [21]. 

Electrophysiological investigations have demon-
strated that single DSM cells are capable of generat-
ing spontaneous action potentials that are very simi-
lar to those recorded in ‘multicellular’ syncytium of the 
intact tissue preparations [22,23].  Moreover, isolated 
DSM cells taken from human bladders with idiopathic 
detrusor overactivity exhibit aberrant spontaneous 
activity [9].  Therefore, the origin of spontaneous ac-
tivity in detrusor is most likely to be the DSM cells 
themselves, so that their altered properties would 
contribute to several pathological conditions.   
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1.3. Voltage-Dependent Ca2+ Channels 
L-type voltage dependent Ca2+ channels Sponta-
neous action potentials in DSM result from the open-
ing of L-type voltage dependent Ca2+ channels 
(LVDCCs, [17,22]).  Ca2+ influx during action potential 
discharge appears to be amplified by triggering Ca2+-
induced Ca2+ release (CICR) via ryanodine receptor 
Ca2+ channels in the sarcoplasmic reticulum (Figure 
1A).  Thus, individual action potentials are associated 
with spontaneous Ca2+ transients resulting in sponta-
neous phasic contractions [17]. Ca2+ sensitisation by 

constitutively active Rho kinase (described later) may 
augument the ‘Ca2+-dependent’ spontaneous phasic 
contractions.  Bursting action potentials are associ-
ated with larger Ca2+ transients and corresponding 
‘summed’ phasic contractions (Figure 1B).  Since the 
resting membrane potential of DSM in situ ranges be-
tween -50 mV and -40 mV which is very close to the 
activation threshold of LVDCCs, the generation 
and/or frequency of action potentials is highly sensi-
tive to the membrane potential [24,25].   

 
T-type voltage dependent Ca2+ channels. The func-
tional role of T-type voltage dependent Ca2+ channels 
(TVDCCs) in the urinary and male genital tracts, in-
cluding the bladder, is well summarized in a recent 
review article [26].  TVDCC currents that can be 
clearly distinguished from LVDCC currents have 
been recorded from DSM cells of human and guinea 
pig bladders [27,28].   In the gastrointestinal tract, 
TVDCCs appear to contribute to the upstroke of pace-
maker potentials generated by ICC, and thus contrib-
ute to the pacemaker mechanism [15].   In DSM of 
the guinea-pig bladder, Ni2+(30 μM), a blocker for 
TVDCCs slowed the frequency of spontaneous action 
potentials and corresponding phasic contractions 

[28].  A higher concentration of Ni2+ (100μM) con-
verted individual action potentials into bursts, and 
thus increased the amplitude but reduced the fre-
quency of spontaneous phasic contractions.   Since 
the effects of Ni2+ (100μM) on action potentials are 
very similar to those of apamin, a blocker for small 
conductance Ca2+-activated potassium (SK) chan-
nels, Ca2+ influx through TVDCCs may preferentially 
access SK channels to stabilise detrusor excitability.   
In isolated human DSM cells, Ni2+ (100μM) blocked 
iberiotoxin-sensitive spontaneous transient outward 
currents (large conductance Ca2+-activated potas-
sium (BK)-STOCs), suggesting the functional cou-
pling of TVCCs with BK channels.  Interestingly, Ca2+ 

 
Figure 1. Correlation between spontaneous electrical, intracellular [Ca2+] and mechanical activity in detrusor 
smooth muscle. (DSM)  A: Ca2+ influx via L-type voltage-dependent Ca2+ channels (LVDCC) during the action 
potential (black trace) is amplified by Ca2+-induced Ca2+-release (CICR) to induce a Ca2+ transient (blue 
trace) followed by phasic contraction (red trace).  The unit for the Ca2+ trace is a fluorescence ratio, R, when 
illuminated sequentially at 340 and then at 380 nm in a rapid turnover, R340/380. Constitutively active ROCK 
may augment spontaneous phasic contractions by Ca2+-sensitisation.  B: Compared to individually gener-
ated action potentials, bursting action potentials trigger larger Ca2+ transients and phasic contractions. 
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influx through TVDCCs but not LVDCCs is an essen-
tial trigger for the activation of a Ca2+-activated Cl– 
current (CACL) in isolated interstitial cells of the 
guinea-pig prostate [30].  Functional coupling of 
TVDCCs with Ca2+-activated channels thus varies 
amongst species, as well as different lower urinary 
tract tissues. 

In DSM cells from bladders with detrusor overactivity, 
the current density of TVDCCs increases, while 
LVDCC density is reduced [31] and supports the ob-
servation of increased action potential generation in 
these cells [32].  Since the window current for 
TVDCCs lies around the resting membrane potential 
the upregulation of TVDCCs would cause membrane 
depolarization and/or Ca2+ influx, which would in-
crease detrusor contractility by activating LVDCCs or 
CICR.  However, the net outcome of TVDCCs upreg-
ulation in terms of detrusor contractility would be de-
termined by the balance between Ca2+ influx though 
TVDCCs and the subsequent activation of Ca2+-acti-
vated K+ channels.  

1.4. Ca2+-Activated Chloride Channels  
Ca2+-activated Cl- channels (CACL) function as pre-
dominant ‘pacemaker’ currents in interstitial cells of 
various smooth muscle tissues, including ICC in the 
gastrointestinal tract or interstitial cells in the urethra 
[15,33].  In pig detrusor smooth muscle cells, endo-
thelin-1-induces an inward current that is inhibited by 
niflumic acid or DIDS, blockers for CACL current, but 
not by nifedipine [34].  In the rat bladder, immunore-
activity against Anoctamin-1 (Ano1) CACLs, co-lo-
cates in vimentin-positive interstitial cells.  Although it 
was not stated, Ano-1 immunoreactivity appears to 
be also expressed in DSM bundles [35].  In the same 
study, niflumic acid or 5-Nitro-2-(3-phenylpropyla-
mino)-benzoic acid reduced the amplitude and fre-
quency of sponantaneous phasic contractions, sug-
gesting that Ano1 CACLs may play a role in generat-
ing spontaneous phasic activity.   An increased ex-
pression and function of CACLs in detrusor myocytes 
isolated from obstructed rat bladder may contribute to 
greater bladder excitability [36].  It should be noted 
that spontaneous action potentials in DSM are not 
blocked by CPA, caffeine or ryanodine [25,37], 
agents that do prevent spontaneous activity in the 
urethra arising from spontaneous Ca2+ release and 
subsequent opening of CACLs [38].  Transgenic 
Ano1 knockout mice display uncoordinated Ca2+ tran-
sients in their ICC, no electrical slow waves as well 
as non-rhythmic, uncoordinated spontaneous con-
tractions in their small intestine [39].   Future studies 
taking an advantage of Ano1 knockout mice should 
reveal the functional relevance of Ano1 Ca2+-acti-
vated Cl- channels in developing spontaneous activity 
in DSM. 

1.5. TRP Channels 
The role of stretch-activated Ca2+ permeable TRPV4 
channels in the urothelium in sensing bladder fullness 
is well established [40].  TRPV4 channels are also ex-
pressed in DSM and may play a role in regulating 
DSM contractility upon bladder filling [40].  
GSK1016790A, a potent TRPV4 channel agonist, en-
hanced spontaneous phasic contractions in detrusor 
muscle strips associated with a rise in the basal ten-
sion of the mouse and rat bladders [41,42].  
GSK1016790A enhanced spontaneous phasic con-
tractions and also caused a sustained contraction 
that are suppressed by nifedipine.  This suggests that 
the membrane depolarisation and subsequent activa-
tion of LVDCC, rather than the Ca2+ influx through 
TRPV4 itself, plays a dominant role in the generation 
of these contractions [41].   The enhanced spontane-
ous contractile activity upon bladder filling would fa-
cilitate afferent discharge, and the sustained contrac-
tions may effectively prevent excessive bladder wall 
distension. 

A recent study demonstrated that TRPV4-positive 
mice showed markedly higher voiding frequencies 
[43].  Since the activation of TRPV4 in the urothelium 
would cause urothelial release of ATP to trigger a 
micturition reflex, the higher voiding frequency of 
TRPV4

-/- mice is rather unexpected.  Interestingly, 
these mice also consistently developed higher fre-
quency non-voiding contractions [33,43].  The higher 
incidence of non-voiding contractions may be at-
tributed to increased DSM excitability during the stor-
age phase.  Thus TRPV4 may also have an inhibitory 
role in DSM contractility in addition to having an ex-
citatory function in results which demonstrated func-
tional coupling between TRPV4 and BK channels in 
DSM of the guinea-pig bladder [44]. 

Recently, TRPM4, Ca2+-activated monovalent cation 
channels, have been shown to be expressed in DSM 
of human, rat and guinea-pig bladders and play a role 
in regulating its excitability and contractility [45,56].  
Thus, 9-phenanthrol, a TRPM4 channel inhibitor, de-
creased transient inward cation currents and voltage 
step-induced whole cell currents, as well as attenu-
ated spontaneous phasic contractions. 

1.6. Potassium Channels 
K+ channels contribute to action potential repolarisa-
tion as well as the resting membrane potential, and 
thus play a critical role in stabilizing DSM excitability 
of human and laboratory animals.  The role of differ-
ent types of K+ channels in regulating detrusor excit-
ability is summarized in a recent review article [47]. 

In all species studied so far, including human, large 
conductance Ca2+- and voltage-dependent K+ (BK) 
channels play a predominant role in stabilising DSM 
excitability [48].  Since BK channels contribute to ac-
tion potential repolarisation, pharmacological block-
ade of BK channels enhances the amplitude and du-
ration of spontaneous action potentials (Figure 2A, 
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[24,25,49]).  As expected, the blockade of BK chan-
nels greatly enhanced spontaneous phasic contrac-
tions [50].  In DSM of the guinea-pig [25] but not hu-
man or mouse [24,49], BK channels also appeared to 
contribute to the generation of an action potential ‘af-
ter-hyperpolarization’.  Ca2+ influx through LVDCCs 
upon action potential firing has been shown to facili-
tate the opening of BK channels.  Subsequent Ca2+ 

release from sarcoplasmic reticulum via CICR also 
contributed to the activation of BK but not SK chan-
nels [51].  Thus, the inhibition of CICR with CPA or 
ryanodine results in the enhancement of spontane-
ous action potentials and associated phasic contrac-
tions. Consistently, deletion of pore-forming subunits 
of BK channels in mouse bladder resulted in an over-
active phenotype [52].  

 
Of interest, NS11021, a BK channel opener, that sup-
presses spontaneous phasic contractions, reduced 
the frequency of spontaneous action potentials with-
out changing the resting membrane potential [53].   
Thus the opening of a small number of BK channels 
that is not associated with a membrane hyperpolari-
zation may be sufficient to block the generation as 
well as propagation of action potentials.  Considering 
the amplitude of the after-hyperpolarisation (approxi-
mately 10 mV), the physiological activation of BK 
channels during action potential firing appears to be 
highly efficient. 

Small conductance Ca2+-activated K+ (SK) channels 
play an important role in determining the pattern of 
action potential firing, while contributing little to the 
action potential configuration.  Thus, the blockade of 
SK channels converted individual action potentials 
into bursts, resulting in increased amplitude of spon-
taneous contractions (Figure 2B, [24,25]).  Recently, 

PDGFRα-positive cells (see below) in the bladder, 
that also predominantly express SK3 protein, may 
well stabilise detrusor excitability [54,55].  However, 
changes to the pattern but not frequency of action po-
tential firing is an unlikely result from a simple deletion 
of a hyperpolarizing input from non-DSM cells.  Sup-
pressing SK3 channel expression in mouse bladder 
was associated with an increase in DSM spontane-
ous phasic contractions in vitro, and bladder over-ac-
tivity in vivo [56].  An essential role of SK2 channel 
expression in regulating DSM contractility has also 
been demonstrated using mice lacking SK2 gene ex-
pression [57]. 

SK channel openers, e.g. NS309, SKA-31, suppress 
spontaneous phasic contractions in a manner sensi-
tive to apamin [58,59].  In isolated DSM cells with 
resting membrane potentials of about -25mV, these 
openers caused small apamin-sensitive hyperpolari-

 
Figure 2. Role of K+ channels in regulating spontaneous action potentials in detrusor smooth muscle (DSM).  
A: BK channels predominately contribute to action potential (AP) repolarisation to limit the amplitude and 
duration of the AP.  They also generate an after-hyperpolarisation; reduced by BK channel blockade with 
iberiotoxin (IbTX, red trace, guinea-pig DSM). B: Increased SK channel opening (with NS309, blue trace) hy-
perpolarises the cell and slows AP generation. C: Kv7 channel blockade (with XE991, red trace) depolarises 
the cell and accelerates AP firing. 
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sation.  In DSM bundle preparations where physiolog-
ical membarne potentials, i.e. -50~-40 mV, is 
maitained, SK channel openers prevent sponanoeus 
action potentials with or without membarne hyperpo-
larizations [60].   Of interest, SK channel openers dra-
matically prolong the duration of after-hyperpolariza-
tion without increasing their amplitude in a manner 
sensitive to apamin (Figure 2B).  This action of SK 
channel openers may preferentially suppress tetanic 
contractions seen in pathological bladders by dis-
persing bursting action potentials. 

Because of their slow inactivation and low-voltage ac-
tivation thresholds, Kv7 channels are considered to 
contribute to the resting membrane potential. Kv7 ac-
tivators, e.g. flupirtine, retigabine or ICA-069673, 
block spontaneous transient depolarisations (or ac-
tion potentials) in isolated guinea-pig DSM cells, as-
sociated also with membrane hyperpolarisation.  In 
contrast, XE991 (10 μM), a Kv7 blocker, depolarises 
the membrane to trigger the generation of spontane-
ous transient depolarisations [61-63]. Figure 2C Con-
sistently, Kv7 activators suppress spontaneous pha-
sic contractions in a manner sensitive to Kv7 inhibi-
tors.  In DSM bundle preparations of the guinea-pig 
bladder, XE991 also depolarised the membrane and 
dramatically increased action potential frequency 
(Figure 2C) [60].  However, flupirtine slowed or pre-
vented spontaneous action potentials without hy-
perpolarizing the membrane.  In mouse DSM, TEA 
(10 mM) further enhanced the amplitude and duration 
of iberitotoxin-treated action potentials and also sup-
pressed their after-hyperpolarizations in mouse de-
trusor smooth muscle [49].   In single DSM of the 
mouse bladder, slowly-inactivating Kv currents that 
were blocked by TEA, but not 4-AP, were recorded 
although the molecular expression of Kv7 was not ex-
amined [64]. 

2. INHIBITORY MECHANISMS 

In addition to the intrinsic relaxing mechanisms of K+ 
channels on DSM, several other mechanisms may be 
involved in stabilising DSM excitability/contractility 
during the storage phase.   

2.1. β- Adrenoceptors 
It is widely quoted that noradrenaline released from 
sympathetic nerves acts on β- adrenoceptors in DSM 
to directly suppress its contractility during the storage 
phase [65].  However, this is unlikely as sympathetic 
nerve fibres predominantly innervate the blood ves-
sels in the bladder wall not DSM in most species, in-
cluding human [66,67].  This view is consistent with 
the finding that nerve-evoked relaxation of DSM strips 
is hardly detected in the presence of α,β-methylene 
ATP and atropine, while nitrergic relaxations are de-
tected in trigonal and urethral muscle strips [68].  On 
the other hand, sympathetic, α-adrenergic con-
strictions of submucosal arterioles or venules can be 
readily detected in the rat bladder [69,70].  Thus, the 
predominant effect of the sympathetic innervation of 

the DSM is inhibition of the parasympathetic path-
ways at spinal and ganglion levels [71]. 

Nevertheless, exogenously-applied β3 adrenoceptor 
agonists effectively suppress spontaneous phasic 
contractions of DSM.  In isolated DSM, β3 adreno-
ceptor agonists and PDF4 inhibitors that increase in-
tracellular cAMP levels hyperpolarise the membrane 
by opening BK channels to relax DSM [72,73].  How-
ever, in DSM bundle preparations of the guiena-pig 
bladder, BRL37344 (10 μM), a β3 adrenoceptor ago-
nist, or rolipram (10nM), a PDF4 inhibitor, slowed or 
prevented action potential firing without hyperpolariz-
ing the membrane [60].  Although a higher concentra-
tion of rolipram (100nM) was capable of hyperpolar-
izing DSM membrane, IbTX, a BK blocker, prevented 
the rolipram-induced blockade of action potentials but 
not the hyperpolarization. Since cAMP appears to be 
capable of reducing DSM contractility by mechanisms 
other than BK channel opening [74], the relevance of 
BK channel-induced hyperpolarisation to cAMP-de-
pendent relaxation of DSM is of interest. 

2.2. Parathyroid Hormone-Related Protein 

Parathyroid hormone-related protein (PTHrP) re-
leased from DSM upon stretch may act as an endog-
enous DSM relaxant during bladder filling [75].  A re-
cent study in the rat bladder demonstrated that 
PTHrP potently suppressed spontaneous phasic con-
tractions, while exerting only a modest inhibitory ef-
fect on carbachol-induced contractions [76]. PTH1R, 
a PTHrP receptor, predominantly locates in the mus-
cular layers of the bladder wall (Figure 3A, [77,78]) 
and the concurrent expression of PTHrP in DSM indi-
cated that PTHrP may function as a relaxing factor in 
an autocrine or paracrine fashion.  Bath-applied 
PTHrP largely suppresses spontaneous contractions, 
while little affecting CCh-induced contractions, indi-
cating that PTHrP appears important for normal blad-
der function as well as a therapeutic target for over-
active bladder.  Endogenous and exogenously ad-
ministrated PTHrP may not disturb neurally-mediated 
detrusor contractions during the voiding phase, while 
effectively suppressing spontaneous contractions 
that could stimulate afferent nerve firing (Figure 3B).  
In contrast, downregulation of PTHrP-mediated stabi-
lisation of DSM contractility may result in overactive 
bladder or reduced bladder capacity.  Indeed, speci-
mens taken from patients who have undergone blad-
der augmentation invariably show negative PTH1R 
staining in their DSM [77].  Because the detrusor has 
a tenfold higher sensitivity to PTHrP compared to the 
muscularis mucosae, and that they are separated by 
layers of connective tissue, PTHrP may function as 
autocrine relaxant of DSM without suppressing mu-
cosa contractility [78]. 

In other smooth muscles, PTHrP acts via the adenylyl 
cyclase-cyclic AMP-PKA pathway.  However, the in-
volvement of this pathway in detrusor relaxation has 
not been established.  Further studies will be needed 
to explore the mechanism of PTHrP-induced sup-
pression of spontaneous DSM contractions. 
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2.3. PDGFR-α /SK3 Positive Cells 
Interstitial cells that are labelled specifically with anti-
bodies against platelet-derived growth factor recep-
tor-α (PDGFRα-positive cells) functionally express 
SK3 channels and thus may stabilise DSM excitability 
by hyperpolarising them [54,55].  PDGFRα-positive 
cells have also been identified in the detrusor layer 
and lamina propria of human and guinea pig bladders 
[79].  Of interest, PDGFRα-positive cells are a sub-
population of vimentin-positive cells and in human 

and guinea pig bladders a significant proportion co-
expresses Kit immunoreactivity. PDGFRα-positive 
cells have a close apposition with varicose nerve pro-
cesses within the DSM and lamina propria, and re-
spond to purines by generating apamin-sensitive hy-
perpolarization [80, suggesting that PDGFRα/SK3 
positive cells may also be involved during purinergic 
inhibition of detrusor excitability.  To date, no evi-
dence of electrical coupling between PDGFR-α/SK3-
positive cells and neighbouring DSM cells has been 
demonstrated. 

2.4. TRPV4-BK Coupling 
The activation of TRPV4 with GSK, a TRPV4 agonist, 
enhances DSM contractility in mouse and rat blad-
ders [41,42].  Thus, TRPV4 expressed in DSM may 
be considered to have an excitatory effect on DSM 
excitability/contractility upon bladder filling.   In 
guinea-pig DSM, GSK (1 nM) evoked a sustained 
contraction associated with a cessation of spontane-
ous phasic contractions in a manner sensitive to HC-
067047, a TRPV4 antagonist [44]. Cessation of spon-
taneous contractions induced by GSK is reversed or 

prevented by iberiotoxin or paxilline, BK channel 
blockers, but not apamin, a SK blocker.  GSK abol-
ished spontaneous Ca2+ transients, increased basal 
Ca2+ levels and also prevented spontaneous action 
potential discharge associated with DSM membrane 
hyperpolarisation (Figure 4A).  Iberiotoxin restored 
spontaneous Ca2+ transients and action potentials, 
and reversed the hyperpolarization.  Thus, Ca2+ influx 
through TRPV4 appears to activate BK channels to 
suppress spontaneous contractions by inhibiting 

 
Figure 3. Expression PTHrP-R and function of PTHrP in detrusor smooth muscle (DSM) and muscularis mu-
cosae (MM). A: Guinea-pig bladder; both DSM and MM express PTHrP receptor immunoreactivity, with weaker 
expression in the urothelium.  Phalloidin label (green) for F-actin in cells: Hoescht label (blue) for nuclei 
(DNA).  B:  Bath-applied PTHrP (10 nM, abolishes spontaneous phasic contractions (upper trace), whilst leav-
ing nerve-evoked contractions (single or repetitive stimulation) largely unaffected. 
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LVDCCs (Figure 4B).  Since TRPV4 is a stretch-acti-
vated channel, such functional coupling of TRPV4 
with BK channels may ideally function as a self-limit-
ing mechanism for bladder contractility during its stor-
age phase. Of interest, unlike mouse bladder, where 

the urothelium has a much stronger expression of 
TRPV4 than DSM, in the guinea-pig bladder TRPV4 
expression is stronger in DSM compared to urothe-
lium (Figure 4C). 

 

3. DETRUSOR SMOOTH MUSCLE 
DURING VOIDING PHASE  

3.1. Ca2+-Dependent Cholinergic 
Transmission 

DSM receives a very high density of parasympathetic 
(cholinergic) innervation forming ‘true’ autonomic 
neuromuscular junctions [67].  Single DSM cells have 
multiple neuromuscular junctions where their mem-
brane forms very close appositions with a number of 
nerve varicosities.  In normal human DSM, excitatory 
neuromuscular transmission is exclusively mediated 
by acetylcholine, while a significant non-cholinergic 
component is evident during nerve-evoked DSM con-
traction in other species [9].  Despite a greater density 

of M2 muscarinic receptors than M3 muscarinic recep-
tors in DSM, neurally-released acetylcholine predom-
inantly acts on M3 muscarinic receptors accounting 
for over 95% of the cholinergic contraction [81,82].  
This suggests that M3 muscarinic receptors may be 
clustered within the neuromuscular junctions.   The 
relative contribution of M3 and M2 receptors to the car-
bachol (CCh)-induced contraction appears not to be 
altered in obstructed human bladders [83]. 

M3 receptors couple to Gq/11 guanine nucleotide 
binding proteins that stimulate phosphoinositide hy-
drolysis by phospholipase C (PLC).  Thus, a contribu-
tion of inositol 1,4,5-trisphosphate (InsP3)-mediated 
Ca2+ release from the sarcoplasmic reticulum (SR) to 
cholinergic=mediated DSM contractions has been 
suggested.   However, it has been suggested that M3 
muscarinic receptor-mediated contraction of human 

 
Figure 4.  Functional coupling of TRPV4 with BK in DSM A:  GSK, a TRPV4 agonist, caused a cessation of 
spontaneous Ca2+ transients (upper traces from three cells) and action potentials (lower panel).  This was 
followed by a rise of the resting Ca2+ concentration and membrane hyperpolarisation.   Iberiotoxin (IbTX, 100 
nM), a BK channel blocker, restored spontaneous Ca2+ transients and action potentials and also reversed 
the hyperpolarization.  B:  A schematic drawing of the proposed relationship between TRPV4 and K+/Ca2+ 
channels is shown below, whereby upon bladder wall distension, Ca2+ influx via stretch-activated TRPV4 
channels activates BK channels to inhibit L-type Ca2+ channel activity. C:  Guinea-pig bladder wall, both 
DSM and muscularis mucosae (MM) express a strong TRPV4 immunoreactivity (right panel).  A phalloidin 
label for F-actin is shown in the left panel. 
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bladder is largely mediated by Ca2+ influx through 
LVDCCs and activation of a Rho-associated kinase 
(ROCK), while PLC and protein kinase C (PKC) acti-
vation are little involved [84] (Figure 5A).  The rise of 
the intracellular Ca2+ concentrations upon Ca2+ influx 
though VDCCs will be amplified by Ca2+-induced Ca2+ 
release (CICR) from the SR and activate Ca2+/cal-
modulin dependent activation of myosin light chain ki-
nase (MLCK) resulting in myosin regulatory light 
chain (RLC) phosphorylation to initiate DSM contrac-
tions.  In guinea-pig detrusor, cholinergic nerve stim-
ulation increases the frequency of action potential fir-
ing and induces oscillatory Ca2+ transients associated 

with contractions [37], suggesting the importance of 
Ca2+ influx though LVDCCs in cholinergic contrac-
tions.  In mouse detrusor when photolysis of caged 
InsP3 can promote Ca2+ release from the SR, neu-
rally-released ACh triggers bursting action potentials 
and corresponding Ca2+ transients [85].  Moreover, 
nerve-evoked contractions are greatly suppressed by 
the blockade of LVDCCs but upon blockade of InsP3 
production or SR Ca2+ handling there is little effect, 
suggesting that InsP3-mediated Ca2+ release does 
not participate in cholinergic nerve-mediated contrac-
tion. 

 

In human detrusor, neurally-released ACh evokes an 
inhibitory junction potential (IJP) that is followed by 
action potential discharge (Figure 5B).  [24]).  Block-
ade of SK but not BK channels abolishes the IJP and 
unmasks an excitatory junction potential (EJP) which 
triggers multiple action potentials, suggesting that SK 

channels function as a self-limiting mechanism to pre-
vent an excessive increase of intracellular Ca2+ and 
hence limit the contraction of DSM.  Ionic conduct-
ances underlying the EJPs have not been identified, 
but it is reasonable to assume that CACL or Ca2+-ac-
tivated TRPM4 may be involved (Figure 5B).  A recent 

 
Figure 5.  Cholinergic transmission in human detrusor smooth muscle (DSM). A: Junctional and ‘extrajunc-
tional’ transmission.  Receptors that activate depolarisation-induced Ca2+ influx and PKC-dependent Ca2+ 
sensitisation by nerve mediated stimulation (left).  Bath-applied muscarinic agonists (right) act preferentially 
on ‘extrajunctional’ M3 receptors to activate ROCK the signalling pathway as well as depolarisation-induced 
Ca2+ influx. B: Left traces: nerve (cholinergic) stimulation evokes an inhibitory junction potential (ICP: black 
trace) followed by action potential firing. Lower panel: After blockade of SK channels, the IJP is converted to 
an excitatory junction potential (EJP) to trigger more rapidly an action potential (blue trace). Lower traces: 
After nifedipine treatment nerve stimulation evokes a small IJP (black trace) that is followed by a slow depo-
larisation.  After blockade of SK channels, an EJP is unmasked (blue trace).  M3 receptor stimulation appears 
concurrently to activate SK channels and Ca2+-activated inward currents.  Schematic diagram of the inter-
relationship between L-type Ca2+ channels (LVDCC), SK channels and muscarinic receptor activation. 
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study using isolated human DSM demonstrated that 
muscarinic receptor stimulation results in the sup-
pression of BK channel-dependent transients out-
ward currents and membrane depolarization by mod-
ulating intracellular Ca2+, but not by directly inhibiting 
BK channels [86].  Therefore, BK channels that play 
a predominat role in stablising DSM excitability may 
be suppressed during cholinergic transmission, while 
SK chnanels may have a counteracting action. 

3.2. Ca2+-Sensitisation in Cholinergic 
Transmission   

In addition to the Ca2+-dependent contractile path-
way, the stimulation of muscarinic receptors is 
thought to recruit ROCK- and PKC-dependent Ca2+ 
sensitization of the DSM contraction mechanism [87].  
A study using transgenic mice expressing calmodulin 
sensor MLCK in smooth muscle demonstrated that 
activation of DSM muscarinic receptors by neurally-
released ACh leads to phosphorylation of the 17 kDa 
PKC-potentiated protein phosphatase 1 inhibitor 
(CPI-17) to enhance Ca2+ sensitivity, but not the my-
osin-targeting subunit of MLCP (MYPT1).  This may 
suggest that ROCK-mediated Ca2+ sensitization is 
not involved in cholinergic neuromuscular transmis-
sion [88].   The involvement of the ROCK signalling 
pathway in muscarinic DSM contraction has been 
demonstrated using only high concentrations of bath-
applied muscarinic agonists, thus signalling pathways 
underlying neurally-releasd transmiiters and bath-ap-
plied agonists could well be different.  In murine gas-
tric fundus, cholinergic motor neurotransmission acti-
vates PKC-dependent CPI-17 phosphorylation, while 
bath-applied carbachol recruits additional ROCK-
dependent MYPT1 phosphorylation [89].  Thus, car-
bachol, as a muscarinic agonist, was proposed to ac-
tivate ‘non-junctional’ muscarinic receptors, indicating 
that focalized (or synaptic-like) neurotransmission, 
rather than diffuse ‘volume’ neurotransmission oper-
ates in this tissue.  Likewise, neurally-relased ACh in 
DSM may access only ‘junctional’ M3 receptors, while 
bath-applied muscarinic agonists may preferentially 
act on ‘extrajunctional’ M3 receptors (Figure 5A).  
ROCK inhibitors do suppress spontaneous phasic 
contractions [90] or high-potasium-induced con-
tratcions in guiena-pig DSM [91].  Therefore, consti-
tutively active ROCK may contribute to basal MYPT1 
phosphorylation to enhance Ca2+/calmodulin depend-
ent contractility.  In rabbit DSM, activaton of PKC with 
phorbol12,13-dibutyrate induces contraction which 
involves both PKC and ROCK signalling pathways 
[92].  CPI-17 is phosphorylated directly by PKC and 
indirectely via PKC-dependent activation of ROCK, 
but ROCK mediated-MYPT1 phosphorylation is not 
involved.  A constitutively active isoform of ROCK that 
apperas to be different form that activated by PKC 
may contribute to the high basal MYPT1 phosphory-
lation in DSM.   

Increased expression of RhoA and ROCK and en-
hancement of CCh-induced tonic contraction that is 
sensitive to ROCK inhibitors have been reported in 
obstructed [93] and ischaemic [94] rat bladders.  In 

addition, bladder outlet obstruction enhances the 
ROCK pathway, increasing CCh-induced Ca2+ sensi-
tization of permeabilized guinea pig DSM, while di-
minishing the contribution of the PKC pathway [95].  
This suggests that the ROCK pathway plays a larger 
role in regulating the contractility of pathological 
DSM.   

DSM from diet-induced obese mice displays an over-
active bladder phenotype and develops greater con-
tractions irrespective of the stimuli (e.g. with CCh, α, 
β-methylene ATP or KCl) which are fully reversed by 
an LVDCC blocker [96] even in the absence of an up-
regulation of Ca2+-channel (Cav1.2) protein expres-
sion.  Chronic but not acute metformin treatment im-
proves their insulin sensitivity and normalizes the in 
vitro bladder hypercontractility as well as their cysto-
metric dysfunction.  PKC protein expression is higher 
in DSM from obese mice and reversed upon treat-
ment with an LVDCC blocker or metformin.   Thus it 
appears that insulin resistance and the enhanced 
Ca2+ influx though LVDCC and PKC upregulation are 
causes of detrusor overactivity by mechanisms yet to 
be identified.  KCl-induced contractions are au-
gumented in DSM taken from hypercholesterolemia 
rats, but their spontaneous and CCh-induced con-
tractions are not altered [97].  Although the relative 
contribution of M3/M2 receptors to these CCh-in-
duced contractions are not changed,  LVDCCs block-
ade results in a much larger inhbition of M3-mediated 
contractions in hypercholesterolemia DSM, whereas 
ROCK-dependent components are not changed.  
Therefore, changes in DSM contractility in hypercho-
lesterolemia may also be attributed to alterd propeties 
of LVDCCs.   Of interest, a study using adiponectin-
sense-transgenic (Adip-Sen) mice demonstrated that 
their DSM exhibit a larger Ca2+ dependency of CCh-
induced contractions, attributed to an increased ex-
pression of the Ca2+-dependent isoform of PKC, 
PKCα resulting in Ca2+ senstization [98].   Since adi-
ponectin is an endogenous antidiabetic factor that is 
reduced in individuals with obesity, this finding is ap-
parently contradictory to the observation in metabolic 
syndrome model animals.   

3.3. Purinergic Transmission  
Non-cholinergic DSM contractions are mediated by 
ATP, co-released with ACh from parasympathetic 
nerves, acting on P2X purinoceptors.  In guinea-pig, 
neurally-released ATP evokes excitatory junction po-
tentials (EJPs) which trigger action potentials and as-
sociated Ca2+ transients to contract DSM [37]).   Pu-
rinergic contractions appear to result from Ca2+ influx 
through LVDCCs that is amplified by CICR.   A study 
using transgenic mice expressing calmodulin sensor 
MLCK in smooth muscles demonstrated that puriner-
gic transmission has a larger contribution to the initial 
contractile phase during nerve-evoked contractions, 
while cholinergic transmission is dominantly involved 
in the sustained phase [88].  Purinergic transmission 
induces Ca2+/calmodulin dependent activation of 
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MLCK resulting in myosin RLC phosphorylation with-
out causing CPI-17 phosphorylation, suggesting that 
purinergic contraction is exclusively Ca2+ dependent.   

Unlike normal human bladder in which neurally-medi-
ated DSM contractions exclusively rely on the release 
of ACh, atropine-resistant components can be seen 
under pathological conditions [98].  Furthermore, a 
recent study has demonstrated that normal paediatric 
DSM also exhibits a purinergic contraction that de-
creases with postnatal development [100].   An in vitro 
contractile study has also demonstrated that expo-
sure of DSM strips to cycles of hypoxia–glucopenia 
and reoxygenation increases the atropine resistant 
component of EFS-induced contractions, while not in-
creasing the cholinergic component [101].  The aug-
mentation of purinergic transmission may be at-
tributed to increases in the expression of P2X1 recep-
tors and/or neural ATP release.  This suggests that 
hypoxia–glucopenia and reperfusion episodes during 
the micturition cycle may cause increased atropine-
resistant responses in detrusor of patients with over-
active bladder and bladder outlet obstruction.  A 
mouse model of premature ageing displays an in-
creased frequency of total and small volume micturi-
tion.  DSM strips taken from senescence-accelerated 
mice display enhanced nerve-evoked contractions as 
well as larger atropine-resistant, purinergic contrac-
tions [102].   In contrast, DSM of ageing rats exhibits 
impaired contractility in response to CCh or electrical 
field stimulation.  The decrease of the cholinergic 
component may be attibuted to a lower M3 receptor 
mRNA expression as well as a higher collagen depo-
sition [103].   These age-related bladder changes are 
milder in the old rats with long-term caloric restriction 
than in those fed normal food, suggesting a preven-
tive effect of caloric restriction against age-related 
functional and morphological bladder changes, and 
possibly related to a change of pelvic blood supply. 

3.4. β -drenoceptor Mediated Inhibition 
As described previously, exogenously-applied β3 
adrenoceptor agonists and PDE4 inhibitors suppress 
spontaneous phasic contractions of DSM.   Consider-
ing the therapeutic usefulness of these agents, it is of 
interest to know if they also suppress neurally-medi-
ated contractions.  In human bladder, BRL37344, a 
β3-adrenergic agonist suppressed nerve-evoked 
contractions in a manner partially sensitive to a BK 
channel blocker [104].   Although a preferential inhi-
bition of purinergic contractions would be beneficial, 
BRL37344 reduced both cholinergic and purinergic 

contractions.  Rolipram, a PDE4 inhibitor that accu-
mulates cAMP, also inhibited neurally-mediated con-
tractions of human DSM that was partially reversed 
by a BK channel blocker [73].  A recent study using 
α-toxin permeabilized human DSM demonstrated 
that cAMP inhibits ROCK-dependent Ca2+-sensitiza-
tion evoked upon M3 receptor activation, while the 
PKC pathway appears to be unaffected by cAMP, 
suggesting that cAMP also recruits Ca2+-independent 
relaxation of DSM [105].   

4. NON-DETRUSOR SMOOTH 
MUSCLE CONTRACTILE ELEMENTS 

4.1. Muscularis Mucosae 
The mucosa of guinea-pig and pig bladders contracts 
spontaneously or in response to electrical field stimu-
lation or bath-applied agonists such as CCh, purines 
or neurokinins [106-108].  In the guinea pig bladder, 
the muscularis mucosae is a thin layer located be-
tween the urothelium and detrusor, displays immuno-
positivity to α-smooth muscle actin, and is thus con-
sidered a source of spontaneous contractions [109].  
In the human urinary bladder, the muscularis muco-
sae forms a discontinuous layer that is clearly distinct 
from the detrusor, and is well recognised as an ana-
tomical landmark for bladder cancer staging.  In the 
bladder of rat, rabbit, cat and dogs, the muscularis 
mucosae is not morphologically evident, perhaps ex-
plaining the lack of mucosa contractile activity in 
these species.  

Since the bladder mucosa develops a much larger 
contraction per unit cross-sectional area than DSM 
[108], specialised contractile elements such as myo-
fibroblasts or the microvasculature have been sug-
gested to contribute to mucosa contractile function.  A 
recent study examined the contractility of ‘isolated’ 
muscularis mucosae strips in which the urothelium 
and suburothelial blood vessels had been removed 
(Figure 6, [78]). The muscle force generated by ‘iso-
lated’ muscularis mucosae per sectional area was ap-
proximately eight times larger compared to that of de-
trusor.  Moreover, the non- muscularis mucosae area 
of the mucosa did not exhibit any spontaneous con-
tractions.  Thus, the muscularis mucosaeappears to 
be the main contractile element in the mucosa, but 
the specialised contractile machinery that generates 
such a large cross-sectional force compared to the 
detrusor is not yet established.   
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The mucosa shares a number of common properties 
with detrusor smooth muscle, but also displays some 
differences.  For example, BK and SK channels play 
a less prominent role in regulating mucosa spontane-
ous contractions [100].  Capsaicin enhances sponta-
neous contractions in the detrusor, while suppressing 
those of the mucosa [109] or ‘isolated’ muscularis mu-
cosae [79]. 

Despite the presence of muscularis mucosae in the 
bladder of several species including human, its phys-
iological role is not well understood.  An early report 
implied that muscularis mucosae bundles are associ-
ated with suburothelial blood vessels in the human 
bladder.  In the guinea-pig bladder, immunohisto-
chemical analysis of whole mount mucosa demon-
strated that the muscularis mucosae is preferentially 
colocalised along the long axis of suburothelial blood 
vessels, while some is sparserly distributed in non-
vascular areas (Figure 6, [77]).  Such a morphological 
relationship between muscularis mucosae and 

suburothelial blood vessels may indicate that sponta-
neous contractions of the muscularis mucosae pre-
vent the vessels from stretching upon bladder wall 
distension.   Contraction of muscularis mucosae may 
also effectively maintain the folding of the urothelium.   
In addition, muscularis mucosae may cause larger 
mechanical stimuli to suburotheial sensory nerves 
than DSM, and thus may have an important role in 
sensing bladder fullness in normal and pathological 
bladders (Figure 6).  Even though mice and rats are 
the most common species used for investigating 
bladder function their lack of a muscularis mucosae 
and a non-contractile muscoa, limits their use a a 
model of human bladder. 

4.2. Suburothelial Microvasculature  
Ischaemic and reperfusion damage to the cells in the 
bladder wall has been considered as a major cause 
of lower urinary tract symptoms associated with age-
ing and metabolic syndrome [110-112].  Previous 

 
Figure 6. Structural and functional properties of muscularis mucosae. A-C: In bladder cross-sections, mus-
cularis mucosae (white arrow heads) have a close apposition with the urothelium and suburothelial mi-
crovessels.  D: In whole-mounts, muscularis mucosae runs parallel to the long axis of suburothelial mi-
crovessels.  E: Spontaneous contractions of muscularis mucosae (MM) may effectively reduce stretching of 
suburothelial microvessels as well as unfolding of the urothelium (Uro) through release of cGRP and sub-
stance P from nerves and PTHrP from detrusor smooth muscle (DSM). A; arterioles, V; venules, DSM; 



 

 
160  COMMITTEE 2. CELL BIOLOGY 
 

studies have focused on the insufficient blood supply 
to the bladder due to the occlusion of the iliac artery 
associated with atherosclerosis, using animal models 
that have undergone local endothelial injury to induce 
chronic bladder ischaemia [113-114].  The iliac artery, 
particularly at its bifurcation, is indeed the site where 
atherosclerosis preferentially develops upon endo-
thelial dysfunction [115].  Vasorelaxants such as α-
adrenoceptor antagonists, β3-adrenoceptor agonists 
and PDE5 inhibitors, improve bladder storage func-

tion without improving the narrowed luminal diame-
ters of the feeding arteries [110].  This suggests that 
their therapeutic effects can be attributed to their ac-
tions on the contractile and/or morphological proper-
ties of the microvasculature within the bladder wall. 
The bladder microvasculature may also be the origin 
of bladder dysfunction seen in systemic vascular dys-
function models [116,117].  However, current infor-
mation on the functional characteristics of the bladder 
microvasculature is limited. 

 
Blood vessels in the bladder wall are characterised 
by their torturous arrangement to efficiently accom-
modate the considerable spatial changes associated 
with the cyclic stretching and relaxation of the bladder 
wall during the micturition cycle [118].  Thus, they are 
capable of maintaining their diameters so that the re-
sistance against blood flow is not increased during 
the filling phase.  Besides this structural characteris-
tic, suburothelial venules in the bladder of rat [67,70] 
and mouse [119] develop spontaneous phasic con-
strictions so that the venules may actively facilitate 

venular drainage.  In the rat bladder, venular con-
strictions predominately arise through contractions of 
circumferentially-arranged venular smooth muscle 
cells, while stellate-shaped pericytes also exhibit 
spontaneous Ca2+ transients and contractions.  In the 
mouse bladder, the contractile mural cells generating 
spontaneous Ca2+ transients are stellate-shaped per-
icytes, while spindle-shaped smooth muscle cells are 
distributed only in the proximal, larger venules.   

The mechanisms underlying spontaneous venular 
constrictions are action potentials arsing from the 

 
Figure 7. Spontaneous contractions and Ca2+ transients in suburothelial venules.  A: Spontaneous depolar-
isations (upper trace) from a venular pericyte and synchronous Ca2+ transients (lower traces) from three 
associated cells from a network of cells.  The pericyte network from where the Ca2+ transients are shown 
below.  ∆Ft/F0 as used in the calibration bars for the Ca2+ transients is a positive function of the intracellular 
[Ca2+].  B: blockade of L-type voltage-dependent Ca2+ channels (LVDCC) with nicardipine supresses Ca2+ 
transients and disrupts synchrony. 
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opening of LVDCCs (Figure 7A, [67,119]).  Blockade 
of LVDCCs suppresses venule spontaneous Ca2+ 
transients and also disrupts their synchrony with the 
contractile mural cells, indicating they play a critical 
role in maintaining multicellular coupling (Figure 7B).   
After the blockade of LVDCCs, mural cells are capa-
ble of generating asynchronous spontaneous Ca2+ 
transients resulting from InsP3-induced Ca2+ release 
from the SR, suggesting that the SR plays a primary 
role in generating venular spontaneous activity.  Sub-
sequent opening of Ca2+-activated chloride channels 
results in depolarisation triggering the opening of 
LVDCCs and associated Ca2+ influx to cause venular 
constrictions, (Figure 7A).  Spontaneous constrictions 
of the suburothelial venules are accelerated by neu-
rally-released noradrenaline upon the activation of α-
adrenoceptors [70]. After α-adrenoceptor blockade, 
sympathetic nerve stimulation inhibits spontaneous 
constrictions that may involve endothelial NO produc-
tion.  

Unlike venules, suburothelial arterioles are quiescent 
at rest.  Noradrenaline released from sympathetic 
nerves predominantly acts on α1A-adrenoceptors to 
constrict arterioles [69].  Consistently, varicose nerve 
bundles immunoreactive for tyrosine hydroxylase, a. 
marker of sympathetic nerves, are distributed along 
the side of suburothelial arterioles [120].  This phar-
macological profile of suburothelial arterioles may 
partly explain the improvement of bladder microcircu-
lation and storage function with α -adrenoceptor an-
tagonists in overactive bladder animal models 
[121,122].  

5. TRIGONE 

5.1. Spontaneous Activity  
Because of its structural connection to the intravesi-
cal portion of the ureter, the trigone can play a role in 
regulating the opening and/or closure of the ureteric 
orifices. The main mechanism to prevent 
vesicoureteral reflux is the oblique angle of the inser-
tion of the ureter through the bladder wall, providing 
a compression valve as the bladder fills.  However, 
periodic trigone contractions may support opening of 
ureteral orifices to facilitate filling and may also assist 
compression during contraction.    

Spontaneous phasic contractions are present in 71% 
and 89% of trigone strips from pigs and humans, re-
spectively, compared to 20% of detrusor [9].  The de-
tailed mechanisms underlying the spontaneous con-
tractility were studied in the superficial trigone of the 
guinea pig bladder, in which the majority of muscle 
strips generated spontaneous phasic contractions 
[123].  Smooth muscle cells isolated from the trigon 
exhibited either discrete or, less often, fused Ca2+ 
transients that were abolished by either a LVDCC 
blocker or Ca2+ free solution, but not by thapsigargin, 
an inhibitor of SR Ca2+ uptake, or FCCP, a mitochon-
drial uncoupler.  Thus, spontaneous Ca2+ transients 

result from Ca2+ influx through LVDCCs, while intra-
cellular Ca2+ stores are not fundamentally involved.  
Spontaneous contractions in trigone strips are also 
abolished by LVDCC blocker or Ca2+ free solution, 
but not the T-type Ca2+ channel blocker, NiCl2.  Trig-
onal smooth muscle fire bursting action potentials, 
although their sensitivity to LVDCC blockers has not 
been tested [124], suggesting that as in the case of 
DSM electro-mechanical coupling may be crucial in 
developing spontaneous contractions.  Consistently, 
in the pig trigone, cromakalim suppresses spontane-
ous contractions, presumably by opening KATP chan-
nels to hyperpolarise the membrane [125].   Since 
niflumic acid, a CACL blocker, attenuates trigonal 
Ca2+ transients and muscle contractions, these 
CACLs may activate LVDCCs by depolarising the 
membrane.  Unlike DSM in which BK and SK chan-
nels play major roles in stabilising muscle excitability, 
the blockade of BK or SK channels little affect spon-
taneous the Ca2+ transients in trigonal smooth muscle 
cells.  Obviously, extensive electrophysiological in-
vestigations are required to understand the regulatory 
mechanisms of trigonal smooth muscle excitability. 

Immunolabeling of gap junctions (Cx43) was approx-
imately 5 times greater in the trigone than in detrusor 
smooth muscle [123].  18-ß-glycyrrhetinic acid, a gap 
junction blocker, reduces the amplitude but increases 
their frequency of the spontaneous contractions in the 
trigone, suggesting that intercellular communication 
may play a role in developing such contractions.  
Spontaneous electrical activity in the trigone is gen-
erated independently from that in the detrusor, indi-
cating that the trigonal syncytium is not continuous 
with detrusor [126].  Interestingly, electrical activity in 
the trigone is unchanged during the filling and voiding 
phases, while the electrical activity in the detrusor is 
dramatically increased during voiding.  More recently, 
spatiotemporal mapping techniques have also 
demonstrated that propagating patches of contraction 
travelled mainly along the anterior and lateral surface 
of the bladder and did not traverse the trigone [127].  

5.2. Neuromuscular Transmission. 
Neurally-evoked contractions of the superficial hu-
man trigone are predominately mediated by α-adren-
ergic, in contrast to detrusor, and cholinergic nerves 
[128].  Trigonal smooth muscle vigorously contracts 
upon α-adrenergic receptor stimulation but also re-
sponds to ACh.  After the blockade of α-adrenergic 
and cholinergic transmission, the trigone exhibits re-
sidual non-adrenergic, non-cholinergic (NANC) con-
tractions as well as relaxations.   
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In the guinea pig superficial trigone, phenylephrine 
augmented carbachol-induced contractions (4-fold of 
control) without a corresponding increase in intracel-
lular Ca2+ concentration ([Ca2+]i)  [129].  Phe-
nylephrine generated a greater contraction for a given 
rise of [Ca2+]i compared to KCl-induced contractions, 
suggesting that α-adrenergic activation also recruits 
Ca2+-sensitisation mechanisms.  The PKC inhibitor 
GF 109203X and the ROCK inhibitor Y-27632 re-
duced the phenylephrine contractions by 60 and 40 
%, respectively, without altering the Ca2+ transients.  
Thus, the synergistic effects of muscarinic and adren-
ergic receptor activation on trigonal contractility ap-
pear to result from an α-adrenergic evoked Ca2+-sen-
sitisation mechanism.  Similarly, phenylephrine-in-
duced contractions in rat trigonal smooth muscle are 
suppressed by ROCK inhibitors [130].  ROCK inhibi-
tors also reduced the basal tone and α,β-mATP-in-
duced contractions, although they only marginally af-
fected KCl-induced contractions.  Thus, constitutively 
active ROCK that facilitates Ca2+-dependent contrac-
tions may contribute to the contractile function of trig-
onal smooth muscle.  In comparison to the trigone of 
young rats, the trigone of old animals display a signif-
icant decrease in the contractions evoked by electri-
cal stimulation, high potassium and bethanechol.  
This suggests that this may be attributable to a de-
cline in depolarisation-induced contractions of the 
trigone, most likely upon the opening of LVDCCs 
[131].   The relative contribution of electro- and phar-
maco-mechanical coupling as well as MLCP-based 
Ca2+-sensitisation to trigonal contractile function re-
mains to be established.  In the pig bladder trigone, 
the presence of an intact urothelium depresses the 
contractile responses to carbachol or histamine, but 
not phenylephrine.  Phenylephrine-induced contrac-
tions of intact urothelium strips are diminished by car-
bachol or histamine in a manner sensitive to atropine 
or mepyramine, respectively [132], suggesting that 
muscarinic or H1 receptor activation in the urothelium 
may release ‘unidentified’ relaxing factors. 

NOS-immunoreactive nerve fibres distribute within 
the muscle bundles of pig trigone [133]  Electrical field 
stimulation of pig trigonal muscle strips induces relax-
ations, which are inhibited by NG-nitro-L-arginine, a 
nitric oxide (NO) synthase inhibitor, suggesting a 
functional nitrergic innervation to trigone.  Trigonal re-
laxation induced by low frequency stimulation was as-
sociated with increased formation of cGMP and abol-
ished by ODQ, Neurally-released NO therefore re-
laxes trigonal smooth muscle by stimulating soluble 
guanylate cyclase to produce cGMP [134,135].  Intra-
cellular signalling pathways involved in the nitrergic 
relaxation of the trigone remains largely unknown.   
High frequency nerve stimulation triggers NO-
independent relaxation that is not impaired by ODQ 
or blockers of BK, SK or KATP channels.   Capsaicin, 
chymotrypsin, a VIP receptor inhibitor or β-adreno-
ceptor antagonists also fail to inhibit the NO-
independent relaxation, thus the transmitter or mech-
anism of this relaxation remains to be identified.  

 CELL PHYSIOLOGY OF 
INTERSTITIAL CELLS IN THE 

URINARY BLADDER 

1. INTERSTITIAL CELLS IN SMOOTH 
MUSCLE TISSUES 

Interstitial cells (IC) refer to a class of non-muscle 
cells found in the interstitium of smooth muscle tis-
sues such as the gastrointestinal tract and the urinary 
tract. In the gut, these cells, first described by the 
Spanish neuroanatomist Ramon y Cajal and known 
as Interstitial Cells of Cajal (ICC) act as pacemakers 
driving peristaltic activity of the smooth muscle and 
contributing to the transmission of signals from en-
teric nerves to smooth muscle. In the lower urinary 
tract (LUT) similar non-muscle cells are present in the 
bladder and urethra and are typically described in the 
literature as Cajal-like cells, ICC-like cells, myofibro-
blasts, ICC, IC or other related terms such as telo-
cytes.  

Several review articles have summarised what is 
known of the localisation and morphology of LUT IC 
from electron microscopy, histology, immunofluores-
cence and multiphoton/ confocal microscopy and iso-
lated cell studies [136-142].  The purpose of the pre-
sent chapter is not to review all of the early literature 
but to provide an updated review of what we know of 
the cellular physiology of bladder IC. Importantly, 
studies of LUT IC in disease have been reviewed and 
essential gaps in our knowledge are highlighted. 

2. LOCATION OF BLADDER 
INTERSTITIAL CELLS 

IC have been studied in the bladder for almost two 
decades and many independent groups have de-
scribed a number of classes or subtypes based on 
their location. IC in the lamina propria (IC-LP, Figure 
8) form a network between the urothelium and the de-
trusor muscularis [14, 143-145] and have been fur-
ther classified as upper IC-LP and deep IC-LP [146]. 
Perivascular IC are found surrounding the mi-
crovessels in the lamina propria and may belong to 
the pericyte family [119,120,147-149] (Figure 9). 
Within the detrusor layer, intramuscular IC (IC-IM) lie 
on the edge of smooth muscle bundles, running in 
parallel with the bundle axis and a further subtype 
forms small networks in the interbundle spaces (IC-
IM). Serosal IC have also been reported in guinea-pig 
bladder [150]. 

While the above describes IC subtypes based on their 
location, several biomarkers are used to identify IC in 
tissue specimens, freshly isolated cell suspensions or 
cell cultures. The receptor tyrosine kinase KIT, en-
coded by the proto-oncogene c-kit is an established 
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marker of ICC in the gastrointestinal tract and many 
studies report KIT-positive IC in the urinary bladder 
[14,145,147,151-153]. The intermediate filament vi-
mentin, is expressed by many IC, and KIT-positive IC 
represent a sub-population of vimentin-positive IC. 
Like the gut, the bladder also contains KIT-negative 
IC and it seems that the majority of these are vi-
mentin-positive [144-146,154].  Whilst antibody spec-
ificity and species differences of KIT epitopes may ex-
plain KIT-negative IC, it is more likely that KIT-
negative cells are a specific IC subtype and bladder 
IC are a heterogeneous group of cells with a spec-
trum of phenotypes ranging from fibroblastic to my-
oid. Expression of KIT has been suggested to be age-
related with higher expression in neonatal bladders 
than young adult (see section on ageing below).  

Platelet-derived growth factor receptor alpha (PDG-
FRα), another receptor tyrosine kinase, is expressed 
by a significant proportion of human, guinea-pig and 
mouse bladder IC providing another biomarker for 
identification [53,57]. In mouse bladder, PDGFRα-IC 
are KIT-negative whereas in guinea-pig and human 

bladder, some IC are positive for both KIT and PDG-
FRα while others are only PDGFRα-positive [154]. 
NTPDase, a member of the ectonucleotidase family 
has also been demonstrated as a marker of murine 
bladder IC, colocalising with KIT, vimentin, Ano1 and 
Cx43 [155].  IC-LP and detrusor IC that are also N-
cadherin-positive have also been reported in human 
bladder, which strongly resemble KIT-postive or vi-
mentin-positive IC in other studies [141]. Finally, 
CD34 is expressed by some IC in human bladder 
which were KIT-negative, providing a further means 
of classification [154]. 

IC associated with bladder microvessels have been 
identified with KIT, PDGFRα and vimentin (see also 
section II.4.2). Like other IC, perivascular IC have a 
defined ultrastructural phenotype which is distinctive 
from vascular smooth muscle and other non-muscle 
cells e.g. fibroblasts, mast cells and myofibroblasts. 
Interestingly, they make close associations with vas-
cular smooth muscle cells with end-foot like connec-
tions and have been proposed to be involved in the 
local regulation of vascular perfusion of the bladder. 

 

 
Figure 8. Interstitial cells of the lamina propria.  A:  Haematoxylin & eosin stained section of guinea-pig 
bladder showing the mucosal layer which includes the urothelium, lamina propria and muscularis mucosae. 
Networks of interstitial cells are present in the lamina propria.  B: Confocal image of vimentin-positive 
(green) interstitial cells in a whole-mount sheet of rat bladder mucosa (nuclei are counterstained with DAPI 
(blue)). C: Recording of Ca2+-signalling activity in four neighbouring interstitial cells in the guinea-pig lam-
ina propria. Electrical field stimulation (EFS) of nerves (2 Hz) synchronized the events in the four cells 
demonstrating functional innervation. (figure courtesy of Bronagh M McDonnell, Susannah MY Gray and 
Karen D McCloskey) 
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3. BLADDER IC RECEPTORS 

The physiological properties of bladder IC have been 
studied with patch-clamp electrophysiology, live-cell 
Ca2+-imaging with epifluorescence or confocal mi-
croscopy and modulator release assays. Perhaps un-
surprisingly, bladder IC express many of the recep-
tors and ion channels that are found in urothelial cells, 
intramural nerves and smooth muscle cells and there 
is compelling evidence that they are closely involved 
in processes underpinning filling, voiding and sensing 
of fullness.  

3.1. Muscarinic Receptors 
Muscarinic receptors M2 are the dominantly ex-
pressed subtype on detrusor smooth muscle com-
pared with M3 in a 3:1 distribution. Nevertheless, M3 
are apparently more important than M2 in the modu-
lation of bladder contraction. Detrusor IC functionally 
express M3 receptors; activation by acetylcholine or 
its stable analogue carbamylcholine (carbachol) in 
isolated cells evoked large Ca2+-transients which 
showed some sensitivity to M2 antagonists but were 
blocked by M3 antagonists [156]. In cultured murine 
detrusor IC, cholinergic agonists evoked transient in-
ward currents which were sensitive to the pan-cholin-
ergic antagonist atropine, and the M3-selective an-
tagonist, 4-DAMP [157,158]; furthermore; M2 and M3 
receptors were demonstrated to be expressed on rat 
bladder KIT positive-IC with immunofluorescence 

 
Figure 9.  Cell physiology of perivascular interstitial cells.  A: Confocal image of KIT-positive interstitial cell 
of the lamina propria (IC-LP) and perivascular interstitial cell in the guinea-pig bladder (nuclei counter-
stained with DAPI (blue)).  B: Recording of Ca2+-signalling activity in a perivascular interstitial cell and an 
adjacent vascular smooth muscle cell in the guinea-pig bladder. Electrical field stimulation of nerves (0.5 
Hz) increased the frequency of events in the perivascular interstitial cell and evoked a response in the vas-
cular smooth muscle cell, demonstrating functional innervation. (figure courtesy of Susannah MY Gray and 
Karen D McCloskey 
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[159]. Carbachol evoked membrane depolarisation 
and increased the frequency of spontaneous transi-
ent depolarizations in cultured mouse detrusor IC 
[157].  This was consistent with an ex vivo study of 
guinea-pig bladder tissue where exogenous applica-
tion of carbachol evoked Ca2+-transients [156].  Fur-
thermore, in a later study, stimulation of intramural 
nerves in similar preparations with electrical field 
stimulation (EFS) elicited atropine-sensitive Ca2+-
transients, showing that bladder IC were functionally 
innervated by cholinergic nerves [160].  

Freshly dispersed guinea-pig IC-LP are reportedly in-
sensitive to cholinergic agonists although purinergic 
receptors were expressed on the same cells [158]. 
The lack of physiological response may be a conse-
quence of the particular cell isolation technique used 
as guinea-pig IC-LP in situ responded to EFS by firing 
atropine-sensitive Ca2+-transients [148].  

3.2. Purinergic Receptors 
ATP is an important neurotransmitter in the bladder, 
along with acetylcholine. In mouse bladder, contrac-
tile responses to EFS are almost 50% atropine-sen-
sitive and 50% PPADS or suramin-sensitive (indicat-
ing acetylcholine or ATP respectively as a neuro-
transmitter). ATP is also a co-transmitter with acetyl-
choline in rat, guinea-pig, rabbit and sheep however, 
the situation is rather different in normal human blad-
der where the EFS response is almost exclusively 
cholinergic. Purinergic receptors are expressed on 
human bladder smooth muscle cells, thus either ATP 
is not co-released with acetylcholine or the purine is 
completely degraded in the neuromuscular space so 
that it does not activate the detrusor cell.  It has been 
reported that an ATP-sensitive component of EFS 
emerges in disease conditions, such as overactive or 
obstructed bladders (see section II.3.3 above). In the 
normal bladder, non-neuronal sources of ATP re-
lease, including urothelium could activate smooth 
muscle cells or IC to potentially contribute to mecha-
nisms of sensory transduction or relaxation during fill-
ing. Consistent with this notion, cultured human  and 
freshly-dispersed guinea-pig IC-LP respond to ATP 
and the P2X1/3 agonist, α,β-methylene ATP with Ca2+-
signals [147,158] and which were sensitive to the 
P2X receptor antagonist, TNT-ATP [161]. Moreover, 
immunofluorescence shows protein expression of 
P2X1, P2X2 and to a lesser extent, P2X3 on IC-LP. 

Studies with animal tissue demonstrate that IC-LP 
from guinea-pig and rat bladder generate Ca2+-sig-
nals, transient inward currents and transient depolar-
izations in response to exogenous ATP [41,158,162]. 

In tissue preparations, IC-LP respond to EFS by gen-
erating Ca2+-signals which were sensitive to the pan-
purinergic receptor antagonist, suramin [160].  Murine 
detrusor PDGFRα-positive IC express P2Y1 recep-
tors which when stimulated by ATP, activate small-
conductance Ca2+-activated-K+ (SK) channels lead-
ing to hyperpolarisation [54].  Activation of SK chan-
nels in these same cells by UTP (a P2Y2 and P2Y4 
agonist) has also been reported along with mRNA ex-
pression of several P2Y subtypes, including P2Y2, 
P2Y4, P2Y6, P2Y12, P2Y13, P2Y14, in addition to P2Y1 
[78].  

In an electrophysiological study of cultured KIT-
positive IC from mouse detrusor, nifedipine-sensitive 
spontaneous electrical activity has been reported 
[157], providing confirmation of the essential role of 
L-type Ca2+-channels [163] in this activity. ATP also 
depolarised these cells [157] and increased the fre-
quency of spontaneous transient depolarisation firing, 
demonstrating that release of ATP from neuronal or 
non-neuronal sources can impact on their electrical 
excitability. 

4. BLADDER IC ION CHANNELS 

4.1. Potassium Channels 
A number of K+-channels are functionally expressed 
on bladder IC through patch-clamp studies. As dis-
cussed above, SK channels are present on murine 
detrusor PDGFRα-positive IC [54] where large-con-
ductance Ca2+-activated-K+ channels (BK) are appar-
ently absent. The SK3 channel isoform gene was 
dominantly expressed compared with SK1, SK2 and 
SK4. In contrast, guinea-pig detrusor IC, have domi-
nant BK currents with kinetics distinctively different 
from BK currents in neighbouring smooth muscle 
cells but with little evidence for SK channels [164] 
(Figure 10). 

Guinea-pig detrusor IC, in addition to BK channels, 
also express a number of voltage-dependent K+ 
channels including the Kv7 family, encoded by KCNQ 
genes. The Kv7 channels are involved in regulation 
of the IC resting membrane potential and providing a 
control mechanism to prevent over-excitability. Inhibi-
tion of Kv7 channels resulted in increased duration of 
spontaneous Ca2+-events, membrane depolarization 
and increased spontaneous contractions and base-
line tone suggesting that IC regulation of contractility 
may involve Kv7 mediated hyperpolarisation. 
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4.2. Calcium Channels 
Bladder IC have been reported to express both L-type 
(CaV1) and T-type (CaV3) Ca2+ channels. Guinea-pig 
detrusor IC have classical nifedipine-sensitive inward 
Ca2+currents which would provide a depolarising 
mechanism for the membrane potential.  Rat bladder 
IC were shown, with immunohistochemistry and 
PCR, to express CaV3.1 (a1G), CaV3.2 (a1H) and 
CaV3.3 (a1I) channels [165].  This is consistent with 
an electrophysiological study of L-type currents in 
guinea-pig bladder detrusor IC which also reported a 
nifedipine and Ni2+-insensitive inward Ca2+ current 
which may be CaV3.1 or CaV3.3 rather than CaV3.2, 
which is less-sensitive to Ni2+ inhibition [163]. In con-
trast, PDGFRa-positive IC from mouse bladder re-
portedly do not have inward Ca2+ currents [54], high-
lighting species or cell type differences in physiologi-
cal properties.  

4.3. Hyperpolarisation-Activated Cyclic 
nucleotide-Dependent (HCN) Channels 

Some early papers speculated whether detrusor IC 
could act as pacemakers, driving the activity of neigh-
bouring smooth muscle cells. This hypothesis, trig-
gered by the known role of gut ICC as pacemakers of 

smooth muscle activity and peristalsis, seemed un-
likely unless a candidate pacemaker current could be 
identified. More recent work has demonstrated the 
presence of currents mediated by HCN channels, (Ih). 
Gene [166] and protein expression of HCN channels 
in human and rat IC-LP and detrusor IC by immuno-
fluorescence [167,168] was confirmed with patch-
clamp studies.  The electrophysiological studies de-
scribed a slowly-activating but non-inactivating cur-
rent, also activated by hyperpolarisation,, and was 
sensitive to the pan-HCN inhibitor, ZD7288 [166-
168]. ZD7288 reduced baseline Ca2+ in isolated IC 
and diminished spontaneous contractions in strips 
from rats with detrusor overactivity [166]. This work 
adds support to the notion of detrusor IC having pace-
maker type functions, however, the mechanism link-
ing IC to smooth muscle has not yet been elucidated.  

4.4. Chloride Channels 
Calcium-activated chloride channels ICl(Ca) are im-
portant in guinea-pig IC-LP, providing depolarization 
when activated by ATP and underpinning spontane-
ous transient depolarisations [158]. Also an attractive 
candidate for pacemaking in detrusor IC, there is cur-
rently no electrophysiological evidence in support of 
ICl(Ca) in these cells although gene expression of 

 
Figure 10. K+ currents in interstitial cells (IC) of the detrusor.   A:  Example of detrusor IC (guinea-pig) outward 
currents in the absence and presence of the pan-K+ inhibitor, tetraethylammonium  chloride (TEA).  B: Sum-
mary data showing the current-voltage profile of the TEA-sensitive currents.  C: Spontaneous BK currents 
(large-conductance, Ca2+-activated K+) in a detrusor IC, voltage-clamped at +40mV were abolished by TEA.  
D: ATP (1 mM) enhanced spontaneous BK currents (in this example, held at 0mV), consistent with a puriner-
gic-inhibitory mechanism in the guinea-pig bladder.  (figure courtesy of Rebecca MJ Cunningham and Karen 
D McCloskey). 
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Anoctamin-1 (Ano-1), and protein expression of Ano-
1 in juvenile rat mucosa and detrusor vimentin-posi-
tive-IC has been reported [169]. Application of chan-
nel inhibitors to detrusor strips diminished spontane-
ous activity however one should be mindful of the ad-
ditional effects of these inhibitors as activators of BK 
channels and inhibitors of L-type Ca2+ channels. 
which would also bring about similar effects.  

4.5. Other Signalling Pathways 
One of the first studies to show IC in the bladder 
demonstrated that the cellular targets of nitric oxide 
signalling with cGMP immunohistochemistry were 
non-muscle cells with the multi-branched morphology 
of ICC [143].  This work was corroborated by a num-
ber of other studies reviewed by McCloskey 
[140,170].  More recently, nitric oxide-guanylyl 
cyclase has been reported to be present in murine 
detrusor PDGFRα-positive IC [171].  Of interest, in 
contrast to the urethra where NO-GC is expressed in 
smooth muscle cells and its activity leads to relaxa-
tion, bladder NO-GC does not contribute to a NO-
induced relaxation and currently has an unknown 
role. Phosphodiesterase type-2 (PDE2) expression 
on IC-LP and detrusor IC of guinea-pig bladder has 
also been reported [172]. Phosphodiesterases termi-
nate NO-cGMP signalling by hydrolysing cGMP to 5’-
CGMP and are used clinically to treat erectile dys-
function and bladder storage disorders. Furthermore 
PDE5 inhibition has been described in IC-LP indicat-
ing the expression of PDE5 receptors on these cells 
[173].  

Bladder IC may release modulator substances under 
certain conditions. For example, in a cultured model 
of pig IC-LP, stretch evoked the release of ATP [161], 
similar to what is already known of urothelial cells. In 
addition to ATP, bladder IC also release prostaglan-
dins, an important modulator of bladder contractility 
[151].  An investigation of the source of prostaglan-
dins in rabbit bladder revealed that KIT-
positive/Vimentin-positive IC expressed cyclooxy-
genases 1 and 2 (COX1 and COX2). Prostaglandins, 
products of COX were shown in the same study to 
modulate bladder spontaneous contractions where 
COX inhibitors diminished contractility.  This sug-
gested that one role of bladder IC was to modulate 
spontaneous activity by release of prostaglandins. Vi-
mentin-postive guinea-pig IC-LP and detrusor IC sub-
types express both prostaglandin E receptor type-2 
(EP2) and COX1, also highlighting the potential im-
portance of prostaglandin pathways in these cells 
[174].  

5. INTRACELLULAR CA2+ 
SIGNALLING 

IC in gut and the lower urinary tract share features of 
intracellualar Ca2+ signalling, which is both spontane-
ous in nature and in response to stimulation by ago-
nists or neurotransmitter substances. Cultured hu-
man IC-LP exhibit spontaneous intracellular Ca2+ 

transients, representing 55% of the cells observed 
with the frequency of events and the percentage of 
active cells enhanced by ATP [161].  IC-LP from 
guinea-pig bladder also exhibit spontaneous Ca2+-
events; a feature of around 50% of cells [158]. These 
cells also respond to ATP, UTP and a reduced extra-
cellular pH by generating Ca2+-transients [162].  
Freshly dispersed guinea-pig detrusor IC exhibit 
spontaneous Ca2+-transients and in response to cho-
linergic stimulation [14,156]. 

Intracellular Ca2+-signalling has also been measured 
from IC whilst within a multicellular tissue preparation 
[17].  In guinea-pig preparations it was shown that 
these signalling events were unlikely to be pacemak-
ing to adjacent smooth muscle bundles, due to their 
significantly lower frequency and asynchronous ap-
pearance with respect to Ca2+ transients in detrusor 
myocytes..  Spontaneous Ca2+-signals in IC-LP, IC-
IM and perivascular IC have also been characterised 
in situ within guinea-pig bladder wall preparations 
[148]. Ca2+-events were not temporally synchronised; 
events sometimes transmitted between adjacent cells 
but more often, IC-LP fired individually with no corre-
sponding event in adjacent cells. Of interest, stimula-
tion of intramural nerves (cholinergic or purinergic) 
within the preparations through electrical field stimu-
lation (EFS) synchronised IC-LP activity. A similar 
scenario was encountered with IC-IM, where adja-
cent IC-IM were rarely synchronised with each other 
or with neighbouring smooth muscle cells, but EFS 
synchronised all cellular activity.  Perivascular IC also 
displayed spontaneous Ca2+-signalling which was not 
synchronised with that of neighbouring vascular 
smooth muscle cells; activity of these cell types was 
also synchronised with EFS. Overall, there is no de-
monstrable signalling via Ca2+ transients beyween 
ICs in different layers of the bladder wall and adjacent 
cells.  However, there is good evidence for functional 
innervation to the three types of ICs discussed above. 
This latter phenomenon corroborates earlier morpho-
logical and ultrastructural studies of nerve-IC interac-
tions [14,145,175].  

6. BLADDER INTERSTITIAL CELLS 
IN DISEASE/DYSFUNCTION OF THE 

BLADDER 

6.1. Spinal Cord Injury 
About five weeks after spinal cord injury in rats (full 
transection at T9/10) there is a striking reduction of 
vimentin-positive-ICs, five weeks after injury, appar-
ently due to apoptosis and cell death. These bladders 
had a decompensated, hypoactive phenotype and 
the lack of IC was commensurate with areas of patchy 
denervation [176].  This was in agreement with a sim-
ilar model, six weeks post-SCI, in which there was a 
significant reduction in KIT-positive IC [177].  This lat-
ter study also reported an increase of KIT-positive IC 
in a model of suprasacral spinal cord transection at 
S1-3. These observations demonstrate the reliance 
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of bladder IC number on cellular homeostasis for 
maintenance and potentially requiring neuronally-re-
leased factors, such as stem cell factor. 

6.2. Diabetes 
The distribution and number of KIT-positive/Cx43-
positive IC in human bladder from diabetic patients is 
decreased in both the lamina propria and detrusor 
[178].  In a rat model of diabetic cystopathy (treated 
with streptozotocin, STZ) detrusor IC number  is also 
reduced [41].  Of importance, HCN channel expres-
sion in detrusor IC was also reduced, as well as a loss 
of caveolin-3 which colocalises with HCN – caveolin-
3 is a component of the membrane caveolae signal-
ling complex that trasnduce extracellular signals to in-
tracelluar pathways.  The consequences of this on 
bladder spontaneous activity was indicated by re-
duced sensitivity of diabetic bladder strips to forskolin 
(which increases cAMP concentrations and activates 
HCN channels), compared with normal animals.  
Consistent with a reduced number and activity of ICs 
in bladders from diabetic subjects, application of the 
KIT/PDGFRα/ inhibitor, imatinib mesylate (Glivec) to 
STZ-induced diabetic rat bladders produced a con-
centration-dependent decrease of carbachol-induced 
phasic contractile activity [179]. This was interpreted 
as an inhibition of KIT-positive ICs deceased contrac-
tile activity.  However an alternative explanation may 
be that Glivec decreased the L-type Ca2+-current re-
quired for the action potential upstroke and contrac-
tion in detrusor smooth muscle cells as reported pre-
viously [180].  

6.3. Bladder Outlet Obstruction 
The partial bladder outlet obstruction or pBOO model 
is widely used as an experimental model of obstruc-
tion analogous to benign prostate hypertrophy. The 
changes to bladder structure and function that result 
are well understood with respect to smooth muscle 
and innervation and several groups have studied the 
fate of IC in this model. As part of a larger study of 
P2X3 location and function in rats subjected to pBOO, 
a significant increase in the intensity of P2X3 staining 
in KIT-positive IC was found [153].  This was con-
sistent with a larger peak amplitude of inward current 
in pBOO IC when activated by the P2X1/3 agonist α,β-
methylene ATP [153].  In the same model, gene ex-
pression of HCN1-4 was increased compared with nor-
mal, and a higher current density of Ih, sensitive to 
ZD7288, was found in patch clamp studies [166]. 

In addition to changes in receptors and ion channel 
number and function, there is corroborating evidence 
that the number of ICs themselves increase after 
pBOO. The number of IC-LP and detrusor increased 
in guinea-pig pBOO bladders with an upregulation of 
IC muscarinic receptor M3 expression [150,181-182]. 
KIT-positive IC number is also increased in rat blad-
ders with pBOO [183].  

6.4. Other Overactive Bladder Studies 
Increased P2X2 and P2X5 receptor expression in de-
trusor IC has been measured in tissue from female 
rats with bladder overactivity, as assessed by cysto-
metrograms [184].. However, mouse PDGFRα-
positive cells do not respond to the P2X agonist α,β-
methylene ATP suggesting that functional P2X recep-
tors are not present on these cells, at least in normal 
mouse bladder [78].  Again, this apparent discrep-
ancy may be accounted for in the differences in pu-
rinergic physiology in normal and diseased human 
and rodent bladders. The number of KIT-positive IC 
from normal and neurogenic paediatric human blad-
ders was compared; the latter from a group of pa-
tients with myelomeningocele, the most common 
cause of neurogenic bladder in children. No differ-
ence in the number of KIT-positive IC was found be-
tween the two groups [185] 

6.5. Ageing and Development 
Bladder dysfunction is highly prevalent in the elderly 
population and there is a consensus that symptoms 
progress with ageing. Several groups have studied 
contractility and smooth muscle function in ageing 
models and others have focussed on IC numbers in 
neonatal, juvenile, adult and ageing bladders. No dif-
ferences in the number or location of KIT-positive or 
vimentin-positive IC-LP and detrusor IC were meas-
ured In juvenile and adult pig bladder specimens [10].  
However, it was noted in this study that juvenile blad-
der preparations had enhanced spontaneous con-
tractions which were sensitive to Glivec, whereas ac-
tivity in adult bladders was relatively insensitive. With 
IC from neonatal rat bladders KIT-positive and vi-
mentin-postive cells in the mucosa and detrusor were 
observed [146].  Administration of Glivec to newborn 
rats for seven days resulted in injury to detrusor IC 
but the IC-LP were relatively intact. The detrusor IC 
lesion may explain the lower contraction frequency 
and an altered response to muscarinic agonists ob-
served in bladder strips. KIT or PDGFRα may there-
fore be important in the maturation of IC in the detru-
sor with these cells having physiological roles in the 
generation of spontaneous and carbachol contrac-
tions.  

The next few years should see our knowledge of IC 
in ageing and development models increase as this 
is a significant gap in our knowledge. The selection of 
relevant animal models to represent co-morbidities 
e.g. pBOO, obesity, metabolic syndrome and diabe-
tes should be combined with ageing. In the present 
review, the papers cited were not designed to eluci-
date gender differences in IC in either normal or dis-
eased bladders. Current and future studies need to 
incorporate gender balance into their design so that 
knowledge is translational to improving the life of 
women and men with LUTS.  
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7. SUMMARY OF BLADDER IC 
PHYSIOLOGY 

This section has reviewed the current state of the art 
of the cellular physiology of bladder IC, an area that 
has progressed over the last three years. A profile of 
the receptor, ion channel and Ca2+ signalling physio-
logical profile for IC in the mucosa and detrusor layers 
is emerging (Figure 11). It is clear that bladder IC 
have the relevant mechanisms to participate in the 
bladder functions of filling and voiding in addition to 
sensory transduction and are regulated by intramural 
nerves. The discovery of pacemaking type currents 

adds support to the hypothesis that bladder IC might 
regulate smooth muscle activity by giving depolariz-
ing input. While it seems unlikely that they directly 
pace the detrusor smooth muscle, they may provide 
intermittent depolarisation. Conversely, bladder IC 
also have mechanisms of hyperpolarisation through 
a number of K+ channels, some of which are regu-
lated by ATP and which would provide a brake mech-
anism to prevent bladder overexcitability, an essential 
function during filling. Finally, the role of perivascular 
IC in providing local control of bladder vascular perfu-
sion is an exciting area that may help understand and 
address the issues relating to bladder ischaemia that 
are common to many pathophysiologies.

 

 
 

Figure 11.  Summary of morphology and physiology of interstitial cells in the bladder wall.  Schematic dia-
gram illustrating interstitial cells in the layers of the bladder wall. The ion channels, receptors and signalling 
proteins described in the article are listed for lamina propria IC and detrusor IC.  (figure courtesy of Bronagh 
M McDonnell and Karen D McCloskey) 
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 TRANSPORT FUNCTIONS OF 
THE UROTHELIUM 

1. INTRODUCTION 

The urothelium is the epithelial lining of the renal pel-
vis, the ureters, the urinary bladder and outflow tract. 
It lies at the interface between the urinary space and 
underlying tissues and plays a critical role as a per-
meability barrier to ion, solute and water flux, as well 
as pathogens. Whereas once considered a simple 
high resistance barrier, the urotheium is recognised 
as having the potential to modify the composition of 
stored urine [186,187] as well as function as an inte-
gral part of a sensory web in which it receives, ampli-
fies, and transmits information about the external mi-
lieu to the underlying nervous and muscular systems 
[188].  Therefore, the urothelium is a dynamic tissue 
that not only responds to changes in its local environ-
ment but can also relay this information to other tis-
sues in the bladder.  This section of Chapter 2 will be 
primarily concerned with transport and permeability 
functions of the urothelium, the sensory functions will 
be considered in the following chapter 

2. THE STRUCTURE OF THE 
UROTHELIUM 

The urothelium, mainly a transitional epithelium of en-
dodermal origin, typically comprises large umbrella 
(superficial) cells, intermediate cells and a layer of ba-
sal cells. Originally, the urothelium was considered as 
pseudostratified as studies reported that thin cyto-
plasmic extensions connected the various cell layers 
to the basement membrane [189]. However, subse-
quent studies demonstrated that the urothelium is 
stratified and the cytoplasmic extensions are rarely 
observed in the intermediate cell layer [190]. 

2.1. Basal and Intermediate Cell Layers 
Basal cells are germinal in nature with a diameter of 
5-10µm, and form a single layer that contacts the 
basement membrane. Although several studies have 
indicated the existence of progenitor cells within the 
basal cell layer, their exact topology and identity as 
well as their role in key processes such as tissue re-
generation and repair have not been fully clarified 
[191].  Although the turnover rate of the urothelium is 
estimated to be 3~6 months [192] it shows enormous 
regenerative capability when it is damaged and can 
restore itself within days of significant damage 
[193,194]. In a recent study, it was demonstrated that 
a small subset of basal cells of embryonic origin, 
characterised by expression of keratin 14, function as 
stem cell and can participate both in natural and in-
jury-induced bladder regeneration by giving rise to all 
urothelial cell layers [191]. 

Intermediate cells are single nucleated, pyriform in 
shape with a diameter of 10-25µm. They lie on the top 
of the underlying basal cells and can be one to sev-
eral cell layers thick [195]. They are connected to one 
another and the overlying umbrella cells by desmo-
somes and possibly by gap junctions [190,196]. The 
number of intermediate cell strata differs in various 
species. In rodents, the intermediate cells are one to 
two layers think and in humans up to five layers have 
been observed [188]. The state of bladder fullness 
dictates the thickness of this layer with cells appear-
ing in fewer numbers in distended compared to empty 
bladders. It is believed that the change in the thick-
ness of the intermediate cell layer is achieved by cells 
sliding past one another during bladder filling. It is un-
clear whether this “sliding” will result in reversible 
breakage of cell-cell contacts [188]. 

The intermediate cell layer is partially differentiated 
and these cells can express uroplakins (UPs) and dis-
coidal/fusiform-shaped vesicles [188,197]. It has 
been proposed that the intermediate cells closest to 
the umbrella cell layer can rapidly differentiate into 
umbrella cells when the cell barrier is disrupted as a 
result of senescence, bacterial infection, or experi-
mental manipulation [197-199]. The exact triggers 
that promotes the rapid differentiation of intermediate 
cells is unknown, but may include exposure of uncov-
ered intermediate cells to growth factors or other me-
diators in urine, or loss of cell-cell contacts between 
intermediate cells and the overlying basolateral sur-
face of umbrella cells [188]. 

2.2. Umbrella Cell Layer 
The permeability barrier function of the urothelium is 
primarily associated with the superficial umbrella cells 
which form a single layer of highly differentiated and 
polarised cells.  Umbrella cells have an extremely 
slow turnover rate with a cell cycle time of 40 weeks 
in some species [192], which additionally contributes 
to the impenetrable integrity of the urothelium.  

The morphology and shape of the umbrella cells is 
dependent on the filing state of the bladder. In empty 
bladders these cells are roughly cuboidal and be-
come highly stretched and are squamous in morphol-
ogy when the bladder is filled [195,200].  The apical 
side of umbrella cells is scalloped, comprising of 
plaques (also known as the asymmetrical unit mem-
brane or AUM) and intervening hinge regions. The 
membrane associated with hinge and plaque regions 
is similar to myelin; rich in cholesterol, phosphatidyl-
choline, phosphatidylethanolamine and cerebroside 
[188,201].  The polygonal-shaped plaques are ∼0.5 
μm in diameter, 12 nm in thickness and are made up 
~1000 subunits each. The major constituents of the 
subunits are a family of uroplakins (UP), which in-
clude UPIa, UPIb, UPII, UPIIIa [188,195].  UPIa is a 
urothelial receptor that binds uropathogenic Esche-
richia coli, which is responsible for more than 90% of 
urinary tract infections [202]. The hinge areas com-
prise at least one unique protein, which is called 
urohingin [203] and it is speculated that due to the 
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crystalline nature of the plaque regions, receptors 
and ion channels are localised to the hinge areas 
[188]. The surface of the umbrella cells is covered by 
a multi-charged anionic glycosaminoglycan (GAG) 
layer, which may be important in bacterial anti-adher-
ence and prevention of urothelial damage by large 
macromolecules. The role of the GAG layer as a bar-
rier to micromolecules is still controversial and there 
is no definite evidence that the GAG layer acts as the 
primary barrier between urine and underlying tissues 
[188]. 

An additional feature of umbrella cells is the presence 
of discoidal or fusiform-shaped vesicles (DFV). These 
vesicles and their associated cytokeratin filaments 
are responsible for delivery of UPs and other proteins 
to the apical surface of the cells. It is hypothesised 
that during bladder filling the umbrella cells recruit 
these vesicles to fuse with their apical membranes, 
thereby increasing the overall surface area [204,205]. 
On voiding, the extra surface membrane is believed 
to be endocytosed. This replenishes the population of 
cytoplasmic vesicles, followed by a refolding of the 
umbrella cell membrane and mucosal surface in 
preparation for the next filling cycle [204,205]. 

3. THE BARRIER FUNCTION OF THE 
UROTHELIUM 

The permeability properties of an epithelium define 
the movement of water and solutes/ions across the 

membrane, and the regulation of this movement is vi-
tal for homeostasis. Epithelial “tightness” is com-
monly assessed by measurement of transepithelial 
electrical resistance (TER), with epithelia displaying a 
TER >500 Ω.cm2 classified as “tight”. Measuring the 
permeability of different epithelial tissues has re-
vealed that the urothelium is the least permeable ep-
ithelium with a TER of 10,000 to >75,000 Ωcm2, mak-
ing it the tightest and most impermeable epithelial 
barrier [206].  

It has been generally assumed that urine held in the 
bladder is identical to that excreted by the kidneys. 
However, recent studies have shown that the compo-
sition of urine can change during its passage from re-
nal pelvis to the bladder [186,187,207]. Since the 
bladder is exposed to very large concentration gradi-
ents of ions, pH and solutes, it is not surprising that 
pathways for transport of Na+, K+, Cl-, urea, creatinine 
and water exist in the urothelium [188]. These path-
ways, coupled with the large surface area of the 
urothelium and the long storage times of urine, indi-
cate that depending on the physiological status of the 
organism, the urothelium may play a vital role in ion, 
solute and water homeostasis. 

The urothelium has two permeation pathways. The 
paracellular pathway, consisting of intercellular space 
and tight junctions (TJs) and the transcellular path-
way, consisting of the apical and basolateral plasma 
membranes of the umbrella cells (Figure 12, 
[206,208]).  

 

 
3.1. The Paracellular Pathway   
Paracellular transport is passive, consisting of diffu-
sion and osmosis with no directional discrimination 
[208].  The zone of attachment between adjacent 
urothelial cells forms a junctional complex composed 

of TJs and adherence junctions (AJs), both of which 
form continuous belts, and desmosomes (Figure 13). 
Desmosomes form individual circular plaques that 
are arranged in a row just below the AJs and together 
with AJs, play an important role in cell-cell adhesion 

 
Figure 12.  Paracellular and transcellular pathways of the urothelium. The paracellular pathway, consists of 
intercellular space with tight junctions (TJs) acting as the gatekeepers. The transcellular pathway, represents 
the route across the cell consisting of the apical and basolateral plasma membranes of the umbrella cells. 
The apical plasma membrane is represented with urothelial plaques and the glycosaminoglycan (GAG) layer. 
DFV, discoical fusiform vesicles; N, nucleus; TJ, tight junctions; GAG, glycosaminoglycan layer. 
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[188]. However, TJs are the main regulators of para-
cellular transport. 

Tight junctions (TJs), which encircle the apical end of 
the lateral surface of adjacent umbrella cells, prevent 
the unregulated flux of ions, organic solutes and wa-
ter across the paracellular space by forming close ap-
position of anastomising filamentous strands be-
tween the plasma membranes of neighbouring cells 
(Figure 13). Epithelia with high resistance were ob-
served to have TJs with more strands than low-re-
sistance epithelia and there is an exponential rela-
tionship between the number of TJ strands and pas-
sive resistance [208].  It is believed that TJs undergo 
structural and functional reorganisation to preserve 
barrier integrity during filling and voiding cycles [209]. 
The TJs consist of peripherally associated scaffolding 
proteins, cytoplasmic signalling proteins and trans-
membrane proteins. Scaffolding proteins such as 
zonula occludens-1 (ZO-1), link the tight junction as-
sociated transmembrane proteins to the prejunctional 
actin cytoskeleton and may also be important in trans-
ducing regulatory signals that control the paracellular 
barrier [210]. The transmembrane proteins of the TJs 
include occudins and claudins, the coxsackie/adeno-
virus-associated receptor, the junctional adhesion 
molecules and tricellulin [208]. Occludins and clau-
dins form continuous branching fibrils of transmem-

brane particles that completely encircle the apical as-
pect of the lateral surface of each cell and are respon-
sible for creating a complex barrier with ion and size 
selectivity [210].  

The claudins are 20-25kDa proteins with four trans-
membrane domains, two extracellular loops and a 
short -COOH intracellular tail with a PDZ-binding mo-
tif that promotes interactions with other proteins, such 
as ZO-1 (Figure 13, [211]). The specific claudin 
isoforms associated with the urothelium are now be-
ing investigated. The amino acid composition of the 
extracellular loop of these different isoforms control 
paracellular permeability by forming anion/cation se-
lective, or occluding pores [209,212-214]. There are 
currently at least 27 claudin isoforms which are capa-
ble of heterophilic or homophilic adhesion between 
cells [208]. Claudin-4, -8, -12 and possibly -13 have 
been found in the urothelium of rat, mouse and rabbit 
bladders [210,215] and claudin-3, -4, -5 and -7 have 
been found in the human urinary tract [216]. These 
interspecies differences in expression of claudin 
isoforms could explain the reason for TER and per-
meability variances between different species. Clau-
dins are also expressed in the basolateral plasma 
membrane of superficial, intermediate and basal 
urothelial cells, but their exact role, organisation and 
regulation is not fully understood [208]. 

 
Occludins span the membrane four times and un-
dergo homophilic adhesion between cells (Figure 12, 
[208]). They were the first transmembrane proteins 
described and it was assumed they were the key 
component of TJs until it was demonstrated that oc-

cludin knock-out mice had structurally and function-
ally normal junctions [217,218]. ZO-1 and occludins 
are also found in the basolateral surface of the um-
brella cells and the plasma membranes of intermedi-

 
Figure 13 The zone of attachment between adjacent urothelial cells. A: This zone forms a junctional complex 
composed of tight junctions (TJ) and adherence junctions (AJ), both of which form continuous belts, and 
desmosomes (Ds). B: Enlargement of the structure of a tight junction (TJ) between umbrella cells.  TJs are 
made up of three members of transmembrane proteins: junctional adhesion molecules (JAMs), claudins and 
occludin. 
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ate and basal cells [210]. The presence of ZO-1, oc-
cludin and claudins at cell borders could help cell ad-
hesion, especially during wound healing. 

Bladder filling stimulates an expansion of the um-
brella cell TJ ring, a process which is rapidly reversed 
upon voiding. One mechanism that can contribute to 
the filling induced TJ ring expansion is the insertion of 
newly synthesized or recycled membrane proteins via 
exocytosis at the TJs [209]. Indeed, studies in other 
cell systems have demonstrated that the membrane 
components of TJs are highly dynamic, even at 
steady state [219]. It is assumed that as exocytosis 
controls TJ expansion during filling, endocytosis 
plays an important role during voiding [209]. An in-
crease of ion permeability across the umbrella cell TJ 
was also reported during bladder filling which was as-
sumed to be independent of the low capacity, nonse-
lective leak pathway. This increased permeability 
may alter the function of sensory neurons or muscle 
cells by altering their ionic milieu and may be an im-
portant communication pathway between the urothe-
lial cells and the underlying tissues [209]. Disruption 
of TJs has been associated with various bladder con-
ditions such as outlet obstruction, spinal cord injury, 
bacterial cystitis, all of which are characterised by al-
terations of the urothelium and umbrella cell junc-
tional complex [188].  

3.2. The Transcellular Pathway 
The total transepithelial resistance is due to parallel 
arrangement of paracellular and transcellular re-
sistances. The paracellular resistance can be 
>100,000 Ωcm2, whilst the transcellular resistance 
can vary from 10,000 to >100,000 Ω.cm2 [220]. The 
main transcellular permeability barriers are the apical 
and basolateral plasma membranes of umbrella cells 
[208].  The apical plasma membrane in various spe-
cies has a resistance of up to 150,000 Ωcm2 which is 
much higher than that of the basolateral plasma 
membrane, with a resistance of only 1,500 Ωcm2 

[221]. The variability of the transcellular resistance is 
due to differences of the apical membrane permeabil-
ity and not the basolateral membrane [220]. It is be-
lieved that although uroplakins, which are the major 
proteins of the apical plasma membrane, may be im-
portant in preventing transcellular absorption of water 
and solutes from the urine, they are not solely respon-
sible for the transcellular barrier function [222].  Uro-
plakin post-translational modification, which results in 
functional plaque formation on the apical side of the 
umbrella cells, as well membrane lipid composition 
and profile are important factors in regulating the 
transcellular barrier function [206]. The specific fatty 
acid membrane composition can alter the lipid profile 
of the apical plasma membrane, inducing changes in 
the interparticle and uroplakin distance, which ulti-
mately affects the permeability barrier function as well 
as the pathway of endocytosed urinary fluid [206].  
Transcellular transport can be passive or active, is di-
rectional and energy dependent and is facilitated by 
transporters and channels.  

4. WATER AND ELECTROLYTE 
TRANSPORT ACROSS THE 

UROTHELIUM 

4.1. Water Transport in the Urothelium 
The mechanism by which water passes through bio-
logical membranes was a matter of debate until the 
discovery of a large family of transmembrane channel 
proteins called aquaporins (AQPs) [223]. AQPs are a 
class of membrane water channels whose primary 
function is to facilitate the passive transport of water 
across the plasma membrane in response to osmotic 
gradients that are created by active transport of so-
lutes. There are currently 13 AQPs (0-12) identified in 
mammalian tissue.  A subset of AQPs is the 
aquaglyceroporins: AQPs which also facilitate pas-
sive transport of glycerol and possibly other small so-
lutes such as urea, glycerol, H2O2 and CO2.  AQPs 
regulate transepithelial water movement in various 
tissues, e.g. kidney, and some subtypes are regu-
lated by circulating vasopressin.  Recent studies have 
confirmed the presence in the urothelium of AQP-3, -
4, -7 and -9 in human tissue  [224], AQP-1, -2 and -3 
in rats [225] and AQP- 1, -3, -9 and -11 in pigs (Figure 
14).  This suggests that AQPs may play a regulatory 
role in urothelial cell volume and osmolarity and also 
determine the final composition of urine. Indeed this 
hypothesis is further supported by the expression of 
AQP1 and AQP3 in the urothelium of the American 
black bear.  This mammal typically hibernates for 4-5 
months and does not eat, drink, urinate or defecate 
during this time.  However, it is known to produce and 
reabsorb urine in equal amounts daily [226,227]. 

The cellular localisation of AQPs in urothelial cells is 
an interesting indicator of their functionality. In rats, 
AQP2 and AQP 3 are found on the basolateral, but 
not apical, membrane of umbrella cells, as well as the 
plasma membrane of intermediate and basal cells 
[225].  The AQPs which are expressed on the apical 
membrane of umbrella cells may be responsible for 
the initial water influx and subsequent egress through 
basolateral AQPs to the intermediate and basal cells. 
This would allow water to be transported from the 
bladder lumen, through the urothelial cell layers to-
wards the interstitial space and circulation [188]. 

The exact function of AQPs in the urothelium is still 
unclear; however, several roles have been proposed. 
One possibility is that the AQPs are responsible for 
regulation of cell tonicity and volume of urothelial 
cells.  Changes to the extracellular osmolarity of 
urothelial cells is a form of stress which also results 
in release of transmitters such as ATP, acetylcholine, 
nitric oxide etc. Release of these transmitters has sig-
nificant effects on afferent nerves in the mucosa, as 
well as direct effects on the spontaneous contractile 
activity of the bladder wall [228,229]. However, the 
exact role of AQPs in mediating the sensory and con-
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tractile functions of the bladder wall, and the mecha-
nisms by which their expression and function in the 
urothelium is regulated remains unclear. 

 
4.2. Solute Transport in the Urothelium 
In addition to water, solutes such as urea and creati-
nine are constantly re-absorbed from the urine (or se-
creted depending on the local environment) and the 
net transport of these solutes is regulated by the hy-
dration status [208]. Although possible simple diffu-
sion of urea down its concentration gradient could be 
considered, the magnitude of the quantity of flux, and 
its rapidity of movement indicate that transport is fa-
cilitated or active in nature [230.231]. There are two 
subfamilies of urea transporters: UT-A and UT-B 
[232]. UT-A, is located apically, whereas UT-B is pri-
marily located on the basolateral surface of umbrella 
cells and the membrane of intermediate and basal 
cells [188].  This provides a system whereby urea is 
absorbed apically by UT-A and is then transported 
through the umbrella cell and exits on the basolateral 
side via UT-B, allowing for modulation of cell volume 
and osmolality [233]. 

4.3. Ion Transport in the Urothelium 
Several pathways for ion transport have been de-
scribed in the urothelium. The apical plasma mem-
brane of urothelium contains Na+, K+ and Ca2+ chan-
nels, as well as other cation-sensitive channels, 
whilst the basolateral plasma membrane expresses 
Cl- channels, Na+/H+ and Cl-/HCO3

- exchangers, 
ATPase-dependent pumps as well as Na+ and K+ 
channels [208]. 

The best understood pathway is mediated by the ami-
loride-sensitive Na+ channel (ENaC), which is ex-
pressed on the apical membrane of umbrella cells. 
ENaC facilitates transurethelial Na+ flux along with 
Na+/K+-ATPase dependent active transport on the 
basolateral membrane to provide the net electro-
chemical gradient that promotes Na+ absorption.  
When the bladder is empty and the urothelium is not 
stretched, Na+ absorption through ENaC channels is 

 
Figure 14 Expression and localisation of AQP proteins in pig urinary bladder  A: AQP-1 immunoreactivity 
detected in the mucosal layer localised to capillary and arteriole endothelial cells (arrows). B: AQP-3 detected 
throughout the urothelium (arrows). C: AQP-9 immunoreactivity detected only in the umbrella cells of the 
urothelium (arrows).  D: AQP-11 immunoreactivity detected throughout the urothelium (arrows). E: Negative 
control; minus primary antibody.  F: Negative control, scrambled AQP peptide):  LP lamina propria; U urothe-
lium. (Manso M, Drake MJ, Fry CH, Vahabi B, unpublished data). 
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the primary contributor to transepithelial potential dif-
ference of nearly -30mV [234,235]. However, when 
the urothelium is stretched, amiloride sensitive cur-
rent significantly increases which is likely the result of 
increased apical membrane exocytosis of ENaC-con-
taining DFVs [235].  Na+ entering the cell through 
ENaC channels then exits across the basolateral 
membrane via Na+/K+-ATPase.  As Na+ is extruded 
from the basolateral membrane, the Na+/K+-ATPase 
brings K+ into the cell, which then exits the cell across 
the basolateral membrane through K+ selective chan-
nels. This outward movement of K+ across the baso-
lateral membrane generates a membrane potential of 
-55 mV [220]. ENaC is also proposed to play a role in 
mediating ATP release from the urothelium as well as 
having a mechanosensory role in modulating stretch-
induced exocytosis at the apical membrane of the 
umbrella cells [188].   

Urothelial stretch can also stimulate K+ and Cl- secre-
tion. Secretion of Cl- from urothelial cells has been 
demonstrated in experimental conditions, but the 
channel responsible for Cl- transport is not yet identi-
fied. Although pathways for Cl- entry across the baso-
lateral membrane of umbrella cells, including Cl- 
channels and Cl-/HCO3

- exchanger have been pro-
posed [235], the apical pathway for Cl- secretion has 
not yet been described. The pathways for K+ transport 
include an apically expressed non-selective cation 
channel (NSCC) which is mechanosensitive and can 
also transport Ca2+ across the apical surface of um-
brella cells [235]. Other K+ channels in the urothelium 
include Kir 1.1 (inwardly rectifying K+ channel), which 
has recently been found to be expressed on the api-
cal membrane of umbrella cells [236]. The exact func-
tion of this channel is unknown, but it could be im-
portant in regulating cell volume or transmembrane 
electrical potential (3). Additional K+ channels that 
have been identified in the urothelium include: hepa-
rin-binding EGF-modulated inwardly rectifying chan-
nel, Kir 2.1; large-conductance Ca2+-activated K+ 
channels (BK); small/intermediate-conductance 
Ca2+-activated K+ channels (SK/IK); and ATP-
sensitive K+-channels (KATP) [237]. These channels 
have been shown to either modulate K+ transport or 
K+ secretion across the urothelial cells [188]. 

Other ion channels with a potential sensory role have 
also been described in the urothelium [238]. These 
include non-selective transient receptor potential 
(TRP) channels, which are permeable to Ca2+, Mg2+ 
and Na+ [239] and purinergic receptors (P2X), a fur-
ther family of non-selective cation channels. 

5. SUMMARY 

 The urothelium represents an effective blood-urine 
barrier that prevents, or at least regaultes, reabsorp-
tion of toxic metabolites and pathogens from urine. 
Various specialised features such as surface glycans, 
membrane lipids and tight junction proteins make the 

urothelium one of the tightest barriers. These special-
ised features of the urothelium allow the urinary tract 
to accommodate large changes in urine volume, as 
well as present an effective barrier against urinary 
tract infections and allow communication between the 
urothelium and the underlying tissues of the urinary 
tract. Beyond the role of forming an effective barrier, 
the presence of AQPs, solute and ion transporters in 
the urothelium indicates that there are potential path-
ways for altering the composition of urine, making this 
tissue an active component of water, salt and solute 
homeostasis. The specialised features of this tissue 
must also be considered in the development and ap-
plication of drugs, especially those given intravesi-
cally, for targeted delivery.   

 THE PATHOLOGY OF 
FUNCTIONAL DISORDERS OF 

THE LOWER URINARY TRACT IN 
PERINATAL SUBJECTS AND 

CHILDREN. 

1. INTRODUCTION 

The physiology of lower urinary tract tissues from 
adults with normal and pathological conditions has 
been the subject of considerable study.  However, the 
same is not true of foetal tissues and those from chil-
dren or neonatal animals. This is in spite of the fact 
that several developmental conditions have continu-
ing and profoundly detrimental effects on lower uri-
nary tract function long after the original condition has 
been surgically managed.  Moreover, therapeutic 
management of less debilitating conditions in children 
is also hampered by an incomplete knowledge of nor-
mal tissue physiology. The purpose of this section is 
to review current data regarding the cell and tissue 
physiology of lower urinary tract animal and human 
tissues, in particular from the bladder, spanning the 
period from foetal development to childhood and how 
this relates to normal and abnormal function within 
the lower urinary tract.  

2. DEVELOPMENT OF THE LOWER 
URINARY TRACT 

The urinary organs, kidneys, ureters, the bladder and 
the urethra, develop early in gestation - after the third 
week.  The kidneys and ureters develop from fused 
outgrowths of intermediate mesoderm immediately 
under ectoderm originally from fifth cervical to the 
third thoracic segments to form a pronephric duct.   
This grows caudally to open into the cloaca (below) 
and when the original region atrophies is then called 
the mesonephric (Wolffian) duct.  Ureteric buds from 
the Wolffian duct grow into nearby mesenchyme to 
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initiate kidney development – further consideration 
will not be given here, but see [240,241].  

The bladder and urethra derive ultimately from the 
cloaca, which offers a single orifice in the developing 
embryo from the hindgut.  Soon after, a urogenital 
membrane (urorectal septum) grows caudally to di-
vide the cloaca into ventral (urogenital sinus) and dor-
sal (rectum) compartments.  The urorectal septum it-
self consists of two fused mesodermal structures; an 
upper, frontal fold of Tourneux, and two lateral folds 
of Rathke, which complete the division between the 
urogenital sinus and rectum and form the perineum. 
Malformation of these structures can lead to fistulas 
between the rectum and either the urethra of bladder. 
The pelvic organs are supported by connective tissue 
and the perineal musculature, which form from the 
mesoderm surrounding the new rectum.  

The bladder develops from the anterior part of the 
urogenital sinus and has a functional outflow in early 
foetal life through the allantois and thence to the um-
bilicus. The allantois itself develops as a diverticulum 
from the yolk sac and has a key role is in the formation 
of umbilical vessels.  It is eventually obliterated during 
development and forms a fibrous cord, the urachus, 
still connected to the umbilicus.  The posterior portion 
of the urogenital sinus develops into the whole female 
urethra and the pre-prostatic, prostatic and membra-
nous urethra in males. 

During such development, the Wolffian ducts distal to 
the uretric buds opens into the urogenital sinus near 
to where the bladder neck will form.  This process 
brings the ureteric bud with it until the ureters them-
selves separate from the Wolffian ducts and incorpo-
rate themselves into a more anterior part of the uro-
genital sinus that will form the bladder dome. The tri-
angular region bounded by these insertions forms the 
bladder trigone.  Thus the trigone has a mesodermal 
origin whilst the remainder of the bladder is endoder-
mal in origin.  However, the trigone is subsequently 
covered by endodermal epithelial (urothelial) cells 
and so has a mixed celluar origin [242,243]. After 
about developmental week 12 the urothelial cells are 
overlain by mesenchyme that itself differentiates into: 
i) a lamina propria adjacent to urothelium composed 
of connective tissue, that also contains fibroblasts, 
nerves and blood vessels, and ii) detrusor smooth 
muscle [244].  Urothelium is necessary to induce 
mesenchyme to differentiate.  Differentiation of mes-
enchyme into detrusor smooth muscle requires the 
presence of urothelium via the diffusion of a signalling 
molecule [244,245].  Subsequent studies have 
demonstrated the importance of the Sonic Hedgehog 
pathway in this process [246,247]. 

The urethra forms itself from the lower part of the uro-
genital sinus (UGS).  In males the prostate and mem-
branous urethra arise from the pelvic part of the UGS 
while the spongy urethra comes from the phallic part 
(urethral plate).   In females the whole urethra and 
part of the vagina arise from the pelvic part of the 

UGS while the phallic part (urethral plate) forms the 
vestibule and the labia minora. 

3. THE FUNCTIONAL PROPERTIES 
OF FOETAL DETRUSOR SMOOTH 

MUSCLE. 

At the end of the first trimester the bladder has a res-
ervoir capability with discrete inner and outer longitu-
dinal muscle layers and a circular central layer, along 
with a discernable trigone area [248]. Increased mus-
cle development occurs until term, when there is also 
an increase of bladder capacity and discrete micturi-
tion episodes [249].   From the first trimester onward 
bladder compliance increases in keeping with its in-
creasing importance as a urine storage organ, obser-
vations matched by a decrease of passive stiffness 
during development [250].  Measurements in both hu-
mans and animal models results show this is not just 
from increased muscularisation but also from a re-
duction of resting smooth muscle tone [251,252] as 
well as from changes to connective tissue whereby 
collagen content changes from predominantly type-III 
to an increasing proportion of type-I [253-255]. 

In humans, urinary bladder innervation is advanced 
by week 13 when organogenesis is about complete.  
Parasympathetic innervation and the density of cho-
linergic receptors increases up to term, but through-
out there is a sparse noradrenergic innervation, in 
contrast to more dense supplies to the ureter and ure-
thra [256-258].  Similar developmental histories are 
found with bovine and sheep development [259,260].  
In addition a nitrergic supply to the bladder, as evi-
denced by nitric oxide (NO) synthase immunoreactiv-
ity, develops over a similar time-frame [261], the func-
tional significance of which requires evaluation. 

These structural changes are accompanied by devel-
opment of functional properties of tissue in the blad-
der wall.  Comparison of intracellular signalling path-
ways associated with Ca2+ regulation show that these 
are fully functional early in development [262].  Cells 
isolated from foetal sheep bladders in the 2nd and 3rd 
trimester, at term or from young adults show that the 
resting intracellular Ca2+ concentration is the same in 
all groups, as were increases of intracellular Ca2+ in 
response to muscarinic receptor agonists, membrane 
depolarisation and caffeine to release Ca2+ from in-
tracellular stores.  Responses to a purinergic (P2X1) 
receptor agonist (ABMA) were somewhat lower in 
foetal cells, as was a reduced potency to carbachol, 
suggesting some post-natal function changes did oc-
cur. However, it can be concluded that the membrane 
and intracellular pathways for contractile develop-
ment are fully developed in foetal detrusor cells (Fig-
ure 15). Such cellular changes are mirrored by devel-
opment of contractile detrusor responses. Between 
the second and third trimester contractions to muscle 
depolarisation with high-K superfusate increases, us-
ing bovine and sheep preparations, consistent with 
increased muscularisation.  However, contractions to 
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muscarinic and purinergic agonists increase even 
more suggesting there is a development also of the 
intracellular signalling pathways to these agents 
(250,263) and consistent with the above observations 
of isolated cells.  Later in development – from the on-
set of the third trimester until term – nerve-mediated 
contractions progressively develop suggesting an in-
crease of functional innervation to detrusor (250,263).   
Nerve-mediated relaxation has also been observed in 
the latter stages of development and shown to be me-
diated by NO-dependent pathways, due to its aboli-
tion by agents that limit the activity of NO-synthase of 
intracellular cGMP pathways (250,264).  The signifi-
cance of this contractile modality has yet to be identi-
fied and the extent to which it is persists in the bladder 

after term.  Electrically-induced relaxation was pre-
sent only in the foetal bladder and was suggested as 
a mechanism to protect the upper tract from exces-
sive increase of bladder pressure [265].  This pro-
gressive development, firstly of muscle intracellular 
signalling systems and then of functional innervation 
is consistent with the maturation of voiding responses 
from small, brief contractions in the second trimester 
to more maintained and effective voiding contractions 
in the third [266-269].  Radio-telemetry of cystometric 
recordings in foetal sheep bladders show that in the 
later stages of development low compliance filling is 
interspersed with voiding and non-voiding contrac-
tions occur [269]. 

 

 

 
 

Figure 15  Intracellular Ca2+ transients to contractile agonists in foetal sheep detrusor cells.  A: response to 
1 µM ABMA.  B: response to a high-K solution.  C; response to 1 µM carbachol.  D: comparison of change of 
intracellular [Ca2+] with carbachol in detrusor myocytes from; mid-second trimester (2), mid-third trimester 
(3), term (T) foetuses and adult bladders (A). 
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4. THE FUNCTIONAL PROPERTIES 
OF DETRUSOR FROM POSTNATAL 

DEVELOPING BLADDERS  

At birth the functional development of the bladder 
continues, until in humans a broadly adult phenotype 
is established at about 50 months.  Over this time-
scale the ratio of detrusor muscle to connective tissue 
increases [270,271], as does the density of functional 
innervation, the latter inferred from comparing the 
force developed by nerve-mediated and agonist-in-
duced contractions [271].  However, in postnatal de-
trusor from both humans and pigs the intracellular sig-
nalling pathways, surface membrane receptor ago-
nists and ion channels are similar to the adult pheno-
type [271,272] and is consistent with a similar picture 
in late-term foetal detrusor myocytes [262]. An excep-
tion is the low potency to muscarinic receptor ago-
nists, observed in foetal tissue and persisting in the 
postnatal human and pig detrusor bladder [271,272].  
Figure 16 shows a significant positive relationship be-
tween force generated by a contractile agonist (car-
bachol) and the smooth muscle:connective tissue ra-
tio from human detrusor samples collected from nor-
mal bladders of children with between 1 and 48 
months of age.  An interpretation of the data is that 
an increase of bladder contractile performance is due 
to the increase of smooth muscle in the detrusor layer 
and not due to a development of myocyte contractile 
function. 

 
The decrease of connective tissue content in post-na-
tal development is mirrored by a reduction of passive 

muscle stiffness [271]. This implies that bladder com-
pliance also increases during post-natal development 
and is consistent with an increase of maximum (ex-
pected) bladder capacity up to adolescence with no 
change of the increase of detrusor pressure during 
the filling period [273,274]. 

A further feature of human postnatal developing de-
trusor was significant atropine resistance of nerve-
mediated contractions in tissue from stable bladders, 
in contrast to the adult phenotype.  Although it dimin-
ished with time it still persisted up to postnatal 50 
months.  In adult tissue atropine resistance has been 
attributed to reduced breakdown of released ATP by 
ectoATPases in the neuromuscular junction [275], but 
it is not known if this is the case in the postnatal blad-
der.  Overall, the reduced potency of muscarinic re-
ceptor agonists and atropine resistance in postnatal 
human detrusor muscle may contribute to the varia-
ble effectiveness of anticholinergic agents to treat en-
uresis and overactive bladder in children [276,277]. 

An additional feature of postnatal bladders is the gen-
eration of large amplitude spontaneous contractions, 
in contrast to higher frequency, smaller contractions 
in adult bladder and also reminiscent of large sponta-
neous contractions in the overactive bladder [278].  
These large, neonatal contractions disappear with the 
development of supraspinal mechanisms to control 
bladder function [279].  These contractions are re-
sistant to neurotoxins, such as TTX and therefore are 
unlikely to be nerve-mediated, and originate from the 
sub-urothelium layer adjacent to detrusor.  A pro-
posed mechanism is that acetylcholine and ATP re-
leased from the urothelium by external forces such as 
mechanical stress either diffuse to the muscle layer 
or use interstitial cells to mediate the response.  The 
latter mechanism has credence as gap junction 
blockers inhibit neonatal spontaneous contractions, 
and it is observed that interstitial cells in the 
suburothelium form a functional electrical syncitium 
connected by gap junctions formed of connexin43 
proteins [280]. 

4.1. Collagen and its Contribution to 
Biomechanical Properties of the 
Bladder Wall  

Collagen is an important constituent of the extracellu-
lar matrix and its physical properties are important for 
two reasons.  Firstly it contributes to the passive 
stress-strain characteristics of tissues, including 
those of the lower urinary tract.  When the bladder 
wall is stretched during filling the increase of wall 
stress (tension), and hence intravesical pressure, will 
be greater if the tissue comprising the bladder wall is 
stiffer.  Secondly, force generated by actively con-
tracting muscles will be transmitted through the tissue 
mass by imparting strain on the extracellular matrix 
and hence the biomechanical properties of the latter 
will determine force transmission throughout the mus-
cle mass. Fibrillar collagen is a key component of ex-
tracellular matrix and provides structural integrity.  

 
Figure 16. The relationship between carbachol-in-
duced tension and the smooth muscle (SM): connec-
tive tissue (CT) ratio.  Tissue samples obtained from 
children with normal bladders aged between 1 and 
48 months. (Navroop Johal and Fry CH, unpublished 
data). 
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Collagen type-I and type-III are important constitu-
ents of lower urinary tract tissues and tissue are often 
composites of these types in varying proportions 
[281] - these will be considered here.  

Collagen molecule of types –I, -II, -III, -V and –XI form 
fibrils and is a triple helix protein with length and di-
ameter about 300 and 1.6 nm respectively.  These 
molecules complex to form a fibril with diameter about 
100 nm, which themselves coalesce to form fibres 
with diameters in the micron range [282-284].  Type-
I collagen is a trimer of two a1- and one a2-chains, 
whilst type-III is composed of three a1-chains. Gen-
erally type-I collagen is more non-elastic than type-III: 
it imparts resistance to tensile forces, whilst type-III 
collagen provides more flexibility [285,286].  Values 
of the elastic modulus of type-1 collagen varies widely 
in the literature typically between 1 and 10 GPa 
[287,288], but sometimes lower [289]. However, 
these values are several orders of magnitude greater 
than shear forces [288] and emphasises the load-
bearing properties that it has.  Type-III collagen lacks 
3-hydroxproline in its molecular structure and may be 
a reason why it cannot form thick fibrils as can type-I 
[290]. There are less reliable measurements for the 
elastic modulus of type-III collagen but from measure-
ments in mixed type–I/-III strands it may be estimated 
that the elastic modulus is about one-half of type-I col-
lagen [291]. 

For completeness, collagen type-IV is the key struc-
tural protein on basement membranes that act as a 
substrate for other protein, such as integrins, to form 
a stable supporting structure.  However, they do not 
impact on the overall stress-strain properties of lower 
urinary tract tissues. 

5. LOWER URINARY TRACT 
CONGENITAL ANOMALIES  

At about the time of completion of organogenesis 
many congenital problems of the urinary tract and 
genitalia will start to become manifest.  This section 
will deal with anomalies that generate bladder dys-
functions that occur not just during foetal develop-
ment but persist throughout childhood and into adult 
life, and which may cause co-morbid conditions such 
as renal failure [292].  Whilst the detection of such 
anomalies and surgical management has greatly im-
proved, their consequences on lower urinary tract 
function are poorly understood.  Several conditions 
will be described, those that have a more direct influ-
ence on bladder function considered in greater detail.  
Further clinical information on the pathogenesis 

• Posterior urethral valves occurs only in boys but 
is the commonest congenital anomaly occurring 
in as many as 1:5000 live births [293].  It causes 
bladder outflow obstruction and up to one third of 
patients will develop end stage renal failure 
[294].  Similar, but less common, conditions that 

also cause bladder outlet obstruction are anterior 
urtheral valves and syringocoele. 

• The bladder exstrophy-epispadias-cloacal ex-
strophy complex.  Separation of the cloaca into 
the urogenital sinus (US) and hindgut occurs at 
a time when the anterior abdominal wall devel-
ops.  Rupture of the cloacal membrane before its 
caudal descent (above) causes several external-
isation of organs in the umbilical wall: bladder ex-
strophy if US and hindgut have separated, or if 
not cloacal exstrophy if not to expose bladder 
and hindgut.  There is poor bladder contractile 
function as it does not develop in a closed space 
to allow intravesical pressures to fully develop 
[295,296].  Epispadas is incomplete urethral tu-
bularisaton but allows the bladder to form nor-
mally. Epispadias is common, but the exstro-
phies are less common than PUV (1 in several 
tens of thousands [297]). 

• Prune belly syndrome: characterised by poor de-
velopment of the abdominal muscle, undes-
cended testicles and urinary tract problems, such 
as dilatation of the ureters and hydronephrosis 
[298].  It is rare, occurring in about 1:40 000 live 
births 

• Relatively unusual conditions such as foetal 
megacystis - an unusally large bladder for the ap-
propriate trimester [299] – and bladder diverticu-
lum - often presenting as bladder outflow ob-
struction [300]. 

• Spina bifida occurs in which vertebral arches of 
the spinal columns are incomplete or absent. A 
meningocoele is a cyst formed of dura and 
arachnoid membranes protruding through the 
defect and of ten externalising.  The cyst is called 
a myelominingocoele if it contains cord tissue.  
Neurological damage often results in a neuro-
genic bladder (and bowel) with poor bladder wall 
compliance and high bladder pressures from in-
creased outflow resistance [301]. 

5.1. Pathophysiology of Detrusor Function 
with Foetal Bladder Outflow Obstruction 

Many of the above congenital lower urinary tract prob-
lems are associated with bladder outflow obstruction 
(BOO) and this has been attributed as a key aetiolog-
ical factor in life-long poor urinary tract function in a 
very high proportion of these patients.  Because pos-
terior urethral valves (PUV) is the most common con-
genital cause of BOO much attention has been di-
rected to its long-term consequences.  Vesicoureteral 
reflux is extremely common at diagnosis of PUV  
[302], is often associated with hydronephrosis [303] 
and has a poor prognosis for renal failure that may 
develop at any stage in childhood or adult life 
[304,305], however further consideration is beyond 
the scope of this review.  Changes to bladder function 
are also common and urodynamic observations in-
clude: decreased bladder capacity, low compliance, 
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detrusor overactivity with a hypocontractile pheno-
type, a significant post-void residual, and day/night in-
continence [302].  The implied causal link between 
these bladder dysfunctions and upper tract problems 
motivate studies to understand their cellular and tis-
sue origins.  Moreover, the time of valve ablation may 
affect the extent of bladder dysfunction in later life 
[306], so that it is important to characterise the exact 
antenatal natural history of bladder dysfunction asso-
ciated with BOO.  The foetal sheep has proved to be 
a good model to study the effect of BOO [307-311] by 
partial occlusion of the urethra and complete occlu-
sion of the urachus (Figure 17).   Sheep have second 
and third trimesters between 45-90 and 90-143 days 
respectively and obstruction is generally undertaken 

at 45-75 days, with bladders retrieved for characteri-
sation between several days afterwards until full term. 

Obstruction early in the second trimester results in 
cystic renal lesions [307,312] and in one foetus the 
appearance of prune-belly syndrome [307].  Obstruc-
tion for periods between only five days in utero to term 
is associated with bladder hypertrophy - increased 
weight - and increased capacity - when compared to 
sham-operated controls [310,313-316].  With shorter 
periods of obstruction wall thickness also increases, 
but with longer periods this decreases along with a 
reduced detrusor/extracelluar matrix ratio [314,316]. 

 

 

 
A greater compliance during filling is also measured 
after 30 days obstruction [315,316], associated with 
reduced passive elasticity of isolated preparations 
[316]. These changes are accompanied by increased 
extracellular matrix and reduced matrix metallopro-
teinase (matrix collagenase) activity [317,318].  Of in-
terest, earlier studies with human bladder from ob-
structed foetuses showed increased elastin content, 
but no relative increase of collagen [319,320].  How-
ever, there is greatly increased cell turnover that ac-

companies bladder wall remodelling in foetal obstruc-
tion, as observed by greater labelling for proliferating 
cell nuclear antigen in the detrusor layer, if not in the 
urothelium or lamina propria (PCNA, [316]).  Apopto-
sis is increased, accompanied by increased caspase-
3 and BAX expression and decreased Bcl-2, the latter 
promoting cell survival [316]. 

A functionally decompensated contractile state of ob-
structed foetal bladders is indicated by reduced re-
sponses to contractile agonists, such as muscarinic 

 
Figure 17.  The effect of outflow tract obstruction on the foetal bladder.  Left: Dissected urinary tracts of foetal 
sheep (105 days gestation) after a sham-operation or partial outflow tract obstruction 15-days previously.  
Right: sections through the detrusor layer of the bladder wall of a sham-operated or obstructed foetal bladder 
– Masson’s Trichrome stain (light blue, extracellular matrix; purple, muscle).  The Table below lists changes 
to the bladder dimensions and ex vivo functional characteristics. (Figure with the courtesy of Peter Cuckow, 
Nikish Thiruchlevam and Christopher Fry) 

Obstructed 
foetal UT

Sham 
foetal UT

detrusor

50 µm

Sham-operated: 105 days

Obstructed: 105 days

detrusor

Mean±SD Sham-operated Obstructed

Bladder weight, g 1.14 ± 0.25 7.28 ± 4.41

Max capacity, ml 6.4 ± 2.6 52.0 ± 31.7

Peak fill pressure, cmH2O 10.6 ± 1.8 12.2 ± 5.0

Compliance, ml/cmH2O 0.64 ± 0.25 6.69 ± 5.47
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receptor agonists, and nerve-mediated stimulation 
[314,316].  Furthermore, nerve-mediated contrac-
tions are reduced to a greater extent than agonist-in-
duced responses [315,316] indicating a relative de-
nervation as well as a hypocontractile state of the de-
trusor.  This is corroborated by reduced expression in 
obstructed bladders of neuronal tissue-markers such 
as S100 protein and protein gene product-9.5 [315].  
Of interest is a nerve-mediated nitregic relaxation in 
foetal bladders that is absent in adult tissue.  Such a 
pathway is absent in detrusor from obstructed foetal 
bladders [314,316]; it remains to be ascertained if this 
contributes to the decreased filling compliance of 
these bladders.   

Two factors may thus contribute to the hypocontrac-
tile state of obstructed foetal bladders: replacement 
of detrusor muscle with extracellular matrix and re-
duction of postganglionic parasympathetic fibres to 
detrusor.  A final possibility is impairment of excita-
tion-contraction coupling in detrusor myocytes.  With 
isolated myocytes from obstructed or sham-operated 
bladders, intracellular Ca2+ transients to membrane 
depolarisation (raised KCl) or caffeine (release Ca2+ 
from intracellular stores) were similar, but those to 
muscarinic or purinergic agonists were diminished 
[321].  This suggests that the membrane and intracel-
lular machinery for Ca2+ is not significantly altered in 
obstructed bladders, but receptor coupling may be di-
minished.  

Thirty days of obstruction, i.e. from mid-2nd to early 
3rd trimesters is sufficient to produce a decompen-
sated, hypocontractile, low compliance bladder (Fig-
ure 17).  Of interest would be to know if a compen-
sated phenotype develops initially and when this 
changes to a decompensated state.  This was ad-
dressed by measuring morphological and functional 
changes after only nine days of obstruction [322,323] 
by either i) ligation only of the urachus or ii) urachus 
ligation and partial urethral obstruction.  Similar re-
sults in both intervention groups reinforced the im-
portance of the urachus in bladder drainage at mid-
gestation.  Overall, this period of obstruction repre-
sented a cusp from compensation to decompensa-
tion.  Compared to sham-operated controls, there 
was evidence of bladder remodelling, as evidenced 
by increased apoptosis (Figure 18), total bladder pro-
tein and DNA, but with preserved detrusor density.  
Hydronephrosis was present but with a lack of cystic 
lesions in the kidney and preservation of urine osmo-
lality.  Bladder compliance was greater in some foe-
tuses, but unchanged or even decreased in others.  
Agonist-induced contractile function was unaltered 
and there was no evidence of denervation. Implicit in 
these findings is that with correct timing reversal of 
obstruction may allow recovery of urinary tract func-
tion, but this would have to occur very early in devel-
opment. This has been demonstrated with respect to 
recovery of renal function after deobstruction 
[324,325], but has not been systematically addressed 
for bladder function. 

 
5.2. Animal Models of Bladder Exstrophy 

and Spina Bifida.  
Morphological investigations of bladder wall samples 
have been carried out from newborn humans with ex-
strophy and from sheep with an exstrophy phenotype 
surgically induced in 70-80 day old foetuses [326-
328].  In both cases a decrease of the collagen-to-
smooth muscle ratio was recorded: in human sam-
ples the increased collagen was due to an increase 
of type-III, whilst type-I and type-IV contents were un-
changed; in sheep samples the collagen I/III ratio was 
unchanged.  A reduction of myelinated and smaller 
nerve fibres has also been recorded in newborn hu-
man exstrophy samples [329]. The exstrophy-epi-
spadias complex results in part from several genetic 
changes that incudes altered expression of P63 pro-
tein that leads to poor development of the urothelium.  
Ulceration and inflammation of the mucosa also oc-
curs in the sheep exstrophy model [330].  However, 
in contrast to foetal bladder outflow models there has 
been little description of structural changes that occur 
and no systematic characterisation of the functional 
properties of bladder tissues. 

Different models of myelomeningocele (MMC) have 
been developed, including: in foetal sheep surgical 
exposure of the spinal cord to the amniotic space at 
75 days and animal examined at term [331]; oral ga-
vage of retinoic acid to pregnant rats (embryonic day 
12, term day 22 [332]).  With the surgical-intervention 
animals a typical neuropathic bladder phenotype pre-
sented, some with dilated, thin bladders and others 
with a contracted, thick-walled bladder.  At the micro-
scopic level this was mirrored in a narrow urothelium, 
and a thin muscle layer with fibrosis between muscle 
bundles, or a thickened urothelium and muscle layer 
with no excessive fibrosis.  Normal ganglion and 
nerve development was observed [331,333].  Retin-
oic acid-induced MMC was studied in days 16-20 foe-
tuses.  There was no increase of connective tissue 
between muscle bundles – in contrast to that seem in 

 
Figure 18.  The effect of brief (9-days) obstruction on 
the initiation of re-modelling in the foetal bladder.   
Left: sham-operation; right: obstruction. (Figure 
with the courtesy of Marie-Klaire Farrugia, Adrian 
Woolf and Christopher Fry) 
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human tissue [334] – and progressive denervation to 
the muscle bundles [332].  Functionally, nerve-medi-
ated responses were absent and contractures to 
raised-KCl solutions and to carbachol were attenu-
ated.  This model demonstrates a denervated and hy-
pocontractile phenotype. 

5.3. Postnatal Detrusor Function from 
Children with Congenital Abnormalities 

Very little work has been carried out on the morpho-
logical and functional characteristics of detrusor from 
children born with congenital anomalies.  Longitudinal 
urodynamic follow-up studies after valve ablation 
show detrusor overactivity, high compliance signifi-
cant residual volume and ‘myogenic failure’ in some 
patients [335-337].  However, it should be noted the 
term ‘myogenic failure’ refers to an overdistended 
bladder and does not imply any actual demonstration 
of reduced muscle contractile function.  

Measurements have been made of in vitro contractile 
function and morphology of detrusor samples from 
neonates and children up to 1-year old after surgical 
correction for congenital anomalies such as PUV, 
bladder exstrophy and MMC.  Compared to data from 
bladders of similarly aged children with no such 
anomalies and stable bladders, contractile responses 
to muscarinic agonists and nerve-mediated stimula-
tion were significantly lower in all groups with anom-
alies (Figure 19A).  However, the reduction of the re-
sponses by the two modes of stimulation were not 
significantly different. This suggests that there was no 
evidence for functional denervation in the detrusor of 
samples from congenital anomaly bladders.  This is 
consistent with observations of normal nerve profiles 
in exstrophy bladders after surgical reconstruction 
[338]. Of interest atropine resistance in these sam-
ples was also present, as observed with tissue from 
neonates with stable bladders. 

 
The reduction of contractile responses was mirrored 
by a greater proportion of extracellular matrix in the 

groups of anomalies, which suggests that the reduc-
tion of contractile responses was due, at least in part, 

 
Figure 19. Contractile and biomechanical properties of neonatal bladder with congenital anomalies.  A:  up-
per; contractile responses of detrusor to carbachol and the smooth muscle (SM)/connective tissue (CT) ratio 
in samples from children with normal bladders (control), exstrophy (exstr), posterior urethral valves (PUV) 
and myelomingocoele (neuropath).  Lower; cross-sections of the detrusor layer of samples from a normal 
bladder and one with bladder exstrophy – van Gieson stain; muscle, orange; connective tissue, red.  B:  pas-
sive tension response to a muscle sample during a rapid stretch for 60 seconds.  The steady-state tension, 
E, is plotted below for samples from control and exstrophy bladders.  Data are mean±SD, *p<0.05. (Figure by 
courtesy of Navroop Johal and Christopher Fry) 
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to replacement of muscle with connective tissue (Fig-
ure 19B).  A reduction of smooth content of tissue 
from human exstrophy bladders has been recorded 
previously [339] where it was also shown that the 
smooth muscle content increased after reconstruc-
tion along with improved bladder function. 

A remaining question is if loss of contractile function 
also results from failure of detrusor muscle itself to 
generate force.  This is not a likely contributor in iso-
lated detrusor myocytes intracellular Ca2+ responses 
to muscarinic agonists were similar in those from chil-
dren with stable bladders and congenital anomalies.  
This corroborated by finding similar densities of mus-
carinic receptors in detrusor from normal and exstro-
phy paediatric bladders [340] 

Overall, there is no evidence that contractile bladder 
dysfunction in neonates with congenital anomalies is 
caused by reduced contractility of the detrusor mus-
cle itself, or its excitatory innervation.  Of more signif-
icance is the loss of muscle tissue and its replace-
ment by connective tissue.  Strategies to improve 
bladder function after surgical correction of these dif-
ferent anomalies should concentrate on reversing the 
decline of the smooth muscle / connective tissue ra-
tio. 

 THE MUSCULATURE OF THE 
PELVIC FLOOR AND EXTERNAL 
URETHRAL RHABDOSPHINCTER 

Skeletal muscle components in the pelvic floor and 
around the urethra provide important roles in provid-
ing continence mechanisms as well as some visceral 
organ support.  The previous edition of the consulta-
tion [341] provided a detailed account of the neural 
control of these structures.  This report will concen-
trate on the properties of the muscles themselves with 
brief resumés of neural control including any ad-
vances that may have been made in the intervening 

period and where there is direct relevance to under-
standing the muscle physiology. 

1. THE PELVIC FLOOR MUSCLES 

The pelvic floor is situated at the base of the pelvis, 
supports pelvic visceral organs [342] and, as the ure-
thra and ano-rectum penetrate it, may provide a con-
tinence mechanism.  Furthermore, although not con-
sidered here, it is important to support movement and 
posture, in concert with the musculature of the abdo-
men and lower back; normal sexual function; and in 
reciprocal function with the diaphragm breathing.  
The innermost layer is comprised of the the coc-
cygeus muscles and the the levator ani. The levator 
ani itself has three components (Figure 20A): the 
puborectalis; pubococcygeus and iliococcygeus mus-
cles; the last two referred to also as the pubocaudalis 
and iliocaudalis muscles in many animals. 

The ventral portion of this structure has a superficial 
cover of deep and superficial perineal muscles, the 
latter fixed to the ischial tuberoscities and a midline 
tendinous perineal body that itself acts as an insertion 
point for several pelvic floor muscles.  Fibres in these 
muscles run at 90° to the ventral-dorsal orientation of 
the pelvic diaphragm and help support the pelvic floor 
and fix the perineal body in the centre.  Most superfi-
cial in the male are the bulbospongiosus and ischio-
cavernosus muscles to anchor and stabilise the pe-
nis, or the vestibular bulb in females, and the former 
also contributes to emptying the urethra at the end of 
micturition (Figure 20B).  In addition, skeletal muscle 
fibres also comprise the anal and urethral 
rhabdosphincters that play key roles in continence.  
To complete the pelvic floor the obturator internus 
and the piriformis muscles exit the bowl-shaped pel-
vic floor and attach to the top of the femur and con-
cerned with moving the hip. The previous edition of 
the consulation [341] discussed importantly the fe-
male pelvic floor [343] and here the male counterpart 
will also be described. 
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1.1. The Levator Ani Musculature   
It is well recognised that the levator ani are important 
for support of the pelvic organ. In women this is cor-
roborated by the orientation of muscle fibres, at least 
in the pubococcygeus and iliococcygeus muscles: an 
ability to close penetrating tubular structures such as 
the vagina, rectum and possibly urethra is also indi-
cated for the puborectalis muscle [344].  Much of the 
literature concerned with the function of the ‘levator 
ani’, in particular the role of androgens, also includes 
a consideration of the bulbospongiosus muscle.  For 
completeness both will be considered here, although 
extrapolation of data obtained from the superficial 
perineal muscles to the deeper layers requires full 
evaluation. 

The levator ani musculature has insertions to bone, 
as do most other skeletal muscles.  Forces from the 
contraction of muscle fibres and transmitted to a type-
IV collagen endomysium, which is turn connects to an 
epimysium rich in type-I collagen.  Leaflets of epimy-
sium aggregate to an intramuscular and extramuscu-
lar tendon.  Skeletal muscle tendons require some 
elastin to recover their original length after a contrac-
tion [345], aided somewhat by the elasticity of muscle 
fibres themselves and also the mesh-like structure of 
collagen fibres [346].  However, levator ani fasciae 

are relatively rich in elastin [347], common to other 
skeletal muscles that insert not just to bone but also 
to soft tissues.  In the case of levator ani this is with 
the urethral and anal rhabdosphincters and such an 
elastic junction may reduce damage after a strong 
muscular contraction of the levator ani.  Furthermore, 
elastin fibres coexist with smooth muscle cells in such 
skeletal muscle / soft tissue interface and is true of 
levator ani muscles [347].  These smooth muscle 
cells do not form muscle bundles but are randomly 
orientated and so are not likely to form a separate 
contractile element.  Rather they may form a viscous 
buffer in the connective tissue interface, as many 
smooth muscle cells in such an environment contract 
when passively stretched, as would happen in a skel-
etal muscle contraction [348]. Their individual electri-
cal and mechanical properties have not been charac-
terised. 

Muscle fibre types are characterised as (Figure 21):   

Type I:  Slow twitch, high oxidative capacity, non-fa-
tigable, moderate diameter, red 

Type IIA: Fast twitch, very high oxidative capacity, 
non-fatigable, small diameter, red 

Type IIB: Fast twitch, low oxidative capacity, fatiga-
ble, large diameter, white 

 
Figure 20.  Diagrams of the pelvic floor musculature from above (A) and below (B).  A: view from above to 
show the coccygeus (C), pubococcygeus (PC) and ileococcygeus (IC) muscles.  The piriformis (pir m) and 
obturator internus (ob m) muscles are also shown.  B: view from below with the levator ani muscles in the 
centre and overlain by the deep transverse perineal muscle.  The superficial transverse perineal muscle 
attaches to the perineal body.  p.i.t , pelvic iscial tuberosities.  Overlain (in orange) is the bulbospongiosus 
muscle. 
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The content of the O2 acceptor myoglobin is indicated 
by the red (high) or white (low) colour and further in-
dicates high oxidative capacity.   In rats the muscle 
fibre type is mainly Type-IIB, but small fibre diameter, 
and suggests that this would not provide much con-
tinuous pelvic floor support [349].  In dogs and sheep 
the majority of fibres were Type-II, but with no further 
histochemical differentiation, however the lack of fa-
tigue with tetanic stimulation would also suggest type-
IIA [350]. By contrast, in human muscle samples from 
women with or without genitourinary prolapse and/or 
urinary incontinence, about two-thirds of fibres were 
Type-I, with the remainder mainly Type-IIB [351]. 
There was no difference between samples from 
women with or without these pathologies, nor a de-
pendence on age or parity.  There was a similar ob-
servation in levator ani samples from men undergoing 

radical prostatectomy of cystectomy, with about 67% 
of Type-I fibres and the remainder now mainly Type-
IIA [352].  Of interest in squirrel monkeys the Type-I/-
II is somewhat intermediate with about 43% if Type-I 
fibres in the pubococcygeus muscle [353]. Thus, with 
quadrupeds the need for continuous support for vis-
ceral organs will be less, as would be the consequent 
requirement for maintained contraction of levator ani 
muscles.  With a bipedal stance humans will have a 
greater requirement for visceral organ support and so 
require a more non-fatigable muscle component to 
the pelvic floor. In the squirrel monkey study [353] 
changes to muscle histology that might be detri-
mental to function (e.g. fibrosis, increased muscle di-
ameter) were associated with ageing, but not with 
parity or the presence of pelvic organ prolapse.  

 
There is a paucity of work on the contractile or elec-
trophysiological properties of levator ani muscles.  
Thus, although the fundamental principles of skeletal 
muscle contraction may be carried over to under-
stand levator ani muscle function it should be remem-
bered that the muscle fibre type differences, outlined 
above, will impact on aspects such contractile speed 
and sustainability.  In vitro experiments with dog and 
sheep samples show fused, maintained and repeata-
ble tetanic contractions at 20 Hz stimulation [350] and 
not different from other type-IIA muscles.  In rat tissue 
resting and action potential characteristics [354] are 
also similar to those in other slow muscle types [355].  
However, the muscle mechanics, biomechanical and 
electrophysiological properties of these muscles have 
not been systematically characterised. Therefore, the 

factors that influence excitation-contraction coupling 
and how they may change in pathological conditions 
cannot be properly evaluated.  

In the absence of much direct physiological charac-
teristion of the contractile properties of levator ani 
muscles, anatomical studies of human cadaveric 
specimens give some pointers.  Comparative meas-
urement of pubococcygeus, illeococcygeus and coc-
cygeus of: muscle fibre length; sarcomere length; and 
cross-sectional area of muscle within a muscle bun-
dle after correction for collagen content have been 
made [356,357].  Data were interpreted as muscles 
with longer fibre length had a greater overall length of 
shortening, sarcomere length would indicate where 
on the length-tension curve the muscle was placed at 

 
Figure 21.  Skeletal muscle fibre types.  Left: Micrograph of a mixed muscle shows Type-I and Type-II differ-
entiated by different ATPase stains. Right: Table showing the structural, physiological and biochemical char-
acteristics of different type muscle fibres. 

Type I

Type 
IIa

Type 
IIb 50 µm

Characteristic Type-I,
slow 

oxidative

Type-Iia, 
fast 

oxidative

Type-Iib, 
fast 

glycolytic

Contraction rate Slow Fast Very fast

Force generation Low High Very high

Muscle fibre diameter Small Medium Large

Motoneuron diameter Small Medium Large

Motor unit size Small Medium Large

Contraction efficiency High Medium Low

Fatigue resistance High Medium Low

Mitochondria, capillary 
density

High Medium Low

Myoglobin content High Medium Low

Oxidative capacity High Medium Low

Glycolytic capacity Low High High

Myosin ATPase activity Low High High

Key facts:
The different colours of muscle fibres reflects labelling of 
different myosin ATPase isoforms
Motoneuron diameter.  Larger diameters reflects greater 
action potential conduction velocity and rate of muscle 
activation
Motor unit: the basic functional contractile unit of a skeletal 
muscle – a motoneurone and the individual muscle fibres it 
innervates.
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rest, muscle cross-sectional area an estimate of con-
tractile strength.  Fibre length was greatest in pubo-
coccygeus and least in coccygeus, whereas sarco-
mere length and cross-sectional area were similar.  
The greater length of pubococcygeus fibres was in-
terpreted as an ability of this muscle to contract de-
spite large changes of abdominal pressure.  Surpris-
ingly the sarcomere lengths were very short (about 2 
µm) compared to those of other skeletal muscles 
such as latissimus dorsi (mixed type-I/II [358,359]) or 
psoas (predominantly type-IIA fibres) muscle 
[360,361] and implies that the ability of the muscle to 
contract would not be impaired by considerable 
lengthening.  Estimates of absolute tension devel-
oped by these muscles was however, small com-
pared to those above and alone they could not con-
tract sufficiently to offer pelvic floor support with sub-
stantial changes of abdominal pressure. 

1.2. Innervation of Levator Ani Muscles in 
Females and Males   

In the females of humans, cats, dogs, monkeys and 
rats the muscles of the levator ani are innervated by 
the nerve of the same name (LA nerve) that emerges 
from S3-S5 segments: there is no evidence of a sig-
nificant contribution from the pudendal nerve 
[362,363].  The course of the nerve is differs between 
subjects; in slightly less than half of dissected cadav-
ers the nerve to the levator ani had an external posi-
tion along the inferior surface of the LA muscle after 
passing through the coccygeus muscle.  In the re-
mainder, the nerve passed over the superior surfaces 
of the coccygeus and iliococcygeus muscles [364].  It 
is important to appreciate the course of the LA nerve 
and its variability to: reduce damage during surgical 
procedures; to appreciate that the LA and pudendal 
nerves at the ischial spine are only about 0.5 cm from 
each other [365], so that pudendal nerve block would 
probably impact on the LA nerve as well.  Also it is 
important to understand that damage to the nerve in 
childbirth may predispose to a greater incidence of 
later pelvic organ prolapse (POP), due to the signifi-
cant relationships between levels of levator ani dam-
age, parity and POP [366,367]; although a small 
study of bilateral denervation of the levator ani in 
squirrel monkeys did not increase POP [368].   

Large and small diameter motor neurones are pre-
sent in the LA nerve that may correspond to α-motor 
neurones and γ-fibres that innervate muscle spindles 
that are observed in the levator ani [363,369].  This 
presumes that monosynaptic stretch reflexes can be 
evoked in these muscles.  Motor neurones processes 
also project to terminations of muscle spindle and 
Golgi tendon organs afferents [370], but also to 
Onuf’s nucleus and imply a coordination levator ani 
and urethral rhabdosphincter musculature.  As with 
motor neurones two populations of afferent nerves 
are identified, the larger ones possibly conveying pro-
prioreceptive information, whilst the smaller ones 
convey nociceptive sensations. 

Reflex control of pelvic floor musculature during mic-
turition is poorly studied.  In female rabbits the PC 
muscle is active during filling, whilst it is quiet during 
micturition [371]. In a study with male rats PC EMG 
activity increased during micturition [372].  It is note-
worthy that the rabbit, as in humans, exhibits a com-
plete inhibition of sphincter activity during micturition, 
whilst in the rat there are high frequency increases of 
sphincter activity that gives a more dyssynergic void-
ing pattern.  However, it highlights the potential diffi-
culty to inter-species comparisons and also that pub-
ococcygeus and iliococcygeus muscles have other 
functions also, such as controlling tail activity and in-
fluencing effectiveness of copulation in rats [373]. 

Less work is available in males.  The pubococcygeus 
muscle in male rats is innervated by the somato-mo-
tor branch of the pelvic nerve that carries both sen-
sory and motor nerves and with motor neurone cell 
bodies in the lumbrosacral boundary [372,373].  Mic-
turition and raised bladder pressure were associated 
with an increase of, and possibly activated, pubococ-
cygeus activity. Muscle activity produced reflex inhi-
bition of detrusor function so that voiding was inter-
mittent and oscillations of bladder pressure were su-
perimposed on the raised baseline.  The muscle is 
also attached to the urethral rhabdosphincter thus ex-
erting a control over sphincter competence. 

2. ANDROGENS AND ‘LEVATOR ANI’ 
FUNCTION.   

The contractile properties of levator ani/ bulbospongi-
osum muscles are susceptible to exposure to andro-
gens.  This is of interest to investigate potential ster-
oid hormone-muscle interactions and neuromuscular 
development, as well as gain insight into the potential 
side-effects on pelvic floor function of androgen ther-
apy for other conditions.  Castration of male rats had 
no effect on muscle action potentials; however, there 
was a loss of total muscle weight and prolongation of 
contraction time indicating a change to contractile 
machinery [354].  Moreover, castration is associated 
with a loss of muscle nicotinic receptors and acetyl-
cholinesterase activity, reversed by testosterone 
treatment [374,375]. Transmitter release from moto-
neurones to levator ani muscles is regulated by Ca2+ 
influx at the nerve terminal via P/Q-type (Cav2.1) as 
well as N-type (Cav2.2) Ca2+ channels. Castration in-
duced functional loss of Cav2.2 ameliorated by tes-
tosterone treatment [376]. However, the frequency 
and amplitude of miniature-end-plate potentials, rep-
resenting random transmitter release from the motor 
synapse are increased by castration and reversed by 
testosterone administration [375,377].  Thus andro-
gens could act to prevent quantal losses of transmit-
ter during an absence of motor nerve depolarisation, 
so that with large Ca2+ influxes through Cav2.2 chan-
nels on arrival of the action potential transmitter re-
lease is maintained [376]. 
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Androgens, but not estrogens, also affect levator ani 
function immediately post partum.  Innervation of in-
dividual motor units changes from a polyneuronal to 
a mononeuronal phenotype so that motor unit size 
and innervation reduces to an adult model, a process 
that is attenuated by androgens [378,379].  Androgen 
receptors are located on the muscle, motor nerves as 
well as spinal cord motor nuclei, although the cellular 
pathways for regulating developmental synapse elim-
ination are unclear [378-381].  How this may relate to 
reversing the effects of denervation of the pelvic floor 
during trauma should be investigated. 

3. THE EXTERNAL URETHRAL 
RHABDOSPHINCTER 

The skeletal muscle surrounding the urethra forms an 
incomplete ring in the middle to caudal third of the 
urethra [382,383]. The muscle is thicker on the ven-
tral and lateral sides of the urethra and on the dorsal 
surface insert on to the vagina or perineal body, in 
women or men.  It better defined in men, although in 
both there is a graded transition between smooth and 
skeletal muscle making a distinctive boundary not 
easy to identify. In men extension of the male urethral 
rhabdosphincter covers the distal part of the prostatic 
capsule by the prostatic apex [384] and here skeletal 
and smooth muscle fibres intermingle.  Various 
names have been coined for this physiological entity 
ranging from the external urethral sphincter, 
rhabdosphincter and urethral striated sphincter.  For 
consistency with the previous consultation it will be 
referred to here as the urethral rhabdosphincter. 

A detailed description of the efferent and afferent in-
nervation of the urethral rhabdosphincter was de-
scribed in the previous consultation [341] and ampli-
fied in a review [363].  The same review also consid-
ered in detail the supraspinal control of the urethral 
rhabdosphincter, including the neurochemistry of the 
motor neurones in Onuf’s nucleus.  This report will 
concentrate more on the physiology and pathophysi-
ology of the skeletal muscle fibres that comprise the 
urethral rhabdosphincter. 

3.1. Muscle Fibre Types of the External 
Urethral Rhabdosphincter 

The muscles fibres are unusual in that they do not at-
tach directly to a skeletal structure so that there is little 
active shortening on excitation.  However, there is at-
tachment to the levator ani muscles that will provide 
some rigid support as discussed above. The relation-
ship between the urethral rhabdosphincter and other 
structures in the pelvic floor demonstrates differences 
between men and women [344]. In females, the stri-
ated muscles are embedded in a matrix with many 
elastic fibrils [385] and is continuous with a perineal 
membrane to allow connection with the pelvic ischia.  
In males this attachment to the levator ani is provided 
by a fairly rigid fascia that contains many smooth 
muscle cells.   

The fibre type of the urethral rhabdosphincter has 
been determined in human and several animal spe-
cies.  With rabbit, dog and guinea-pig tissue there is 
a preponderance of fast twitch fibres [386-389].  With 
one of these studies using canine tissue the fast 
twitch subset represented about 65% of the total, of 
which in turn about 80% were type-2B, white, fatiga-
ble fibres [386].  This has led to the proposal that the 
type-I fibres maintain continence at rest, whilst type-
II fibres are further recruited when greater resistance 
is needed to overcome increases of abdominal pres-
sure, as in sneezing or coughing.  Most studies used 
male animals but in the one using males and female 
animals [387] no differences were seen.    With hu-
man tissue from males and females slow twitch fibres 
predominate [390], although in the extension of the 
urethral rhabdosphincter covering the prostatic cap-
sule and mixed fibre type is recorded similar to that in 
animal tissues [391]. 

Electron microscopy demonstrates typical striated 
muscle sarcomeres with variation of mitochondrial 
number indicative of oxidative or glycolytic muscle fi-
bres [384].  Classical motor endplates were present 
with a 40-80 nm neuromuscular cleft.   Of interest, 
less specialised nerve-muscle junctions were also 
observed, suggestive of autonomic endings with a 50 
-120 nm neuromuscular cleft, contact slow and fast 
muscle fibres.  From the appearance of vesicles in 
the nerve endings these were identified as choliner-
gic, adrenergic or peptidergic endings.  However, the 
concept of a dual somatic and autonomic innervation 
of the canine prostate was later questioned from an-
atomical studies that suggested that autonomic 
nerves merely passed through the skeletal muscle 
enroute to the urethral smooth muscle [392].  Overall 
the data are consistent with the urethral 
rhabdosphincter receiving a motor innervation from 
the pudendal nerve [382,383], that emerges at S2-4 
and runs along the internal obturator and coccygeus 
muscles and through the pudendal (Alcock’s) canal 
formed from obturator fascia.  The lack of muscle 
spindles, small unmyelinated (γ-afferents) and Golgi 
tendon organs, is also a feature of urethral 
rhabdosphincter [391,393], and implies that there are 
few spinal reflexes that optimise muscle function.  

3.2. Electromechanical Properties of 
External Urethral Rhabdosphincter 
Muscle 

Measurement of electrical activity of the urethral 
rhabdosphincter with extracellular electrodes is a val-
uable tool for evaluating normal and abnormal func-
tion of the external urethra [394,395].  However, there 
is very little information about the electrophysiological 
or contractile properties of urethral rhabdosphincter 
muscle to help interpret clinical extracellular record-
ing.  Isolated canine circular strips of membranous 
urethra responded to stimuli designed to excite em-
bedded nerves [392].  At low frequencies (5 Hz) twitch 
contractions were generated and at 20 Hz fused te-
tanic contractions developed.  Twitch rise-time (about 
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50 ms) was slow for a skeletal muscle contraction, in-
dicative of slow twitch fibres.  Responses were unaf-
fected by atropine or phentolamine, consistent with 
somatic nerve stimulation.  With guinea-pig prepara-
tions twitch characteristics (twitch duration, twitch-tet-
anus ratio) were similar to those from a fast twitch 
muscle such as externum digitorum longus (EDL) ra-
ther than the slow twitch soleus muscle. No equiva-
lent investigations have been made in human sam-
ples.  A human urethral rhabdosphincter cell culture 
model was generated that retained a skeletal cell 
phenotype; some cells developed spontaneous con-
tractions and more in the presence of acetylcholine 
[396].  It has not been ascertained if they represent a 
model of differentiated urethral rhabdosphincter myo-
cytes. Their use as a cell replacement therapy for 
sphincter incompetence or stress urinary inconti-
nence can add to the range of other cell types for this 
purpose, including muscle-derived and adipose-de-
rived stem cells [397-399]. 

Ionic currents have been recorded from human and 
pig myoblasts after four days of culture.  Cells were 
prepared from biopsies of urethral rhabdosphincter, 
as well as pig adductor muscles as a comparator 
[400].  Recording micropipettes contained CsCl, to 
block outward (K+) current leaving inward currents for 
analysis.  Inward Na+ current was measured in both 
types of pig muscle cells and was of a magnitude that 
would support an action potential.  In pig myocytes an 
inward Ca2+ (in fact a Ba2+ current, as Ba2+ travel 
through Ca2+ channels) was also recorded with the 
characteristics of flux through an L-type Ca2+ channel.  
Of interest, with human cells the Ba2+ current had 
characteristics of flux through an L-type and also a T-
type channel.  The significance of a T-type Ca2+ chan-
nel in urethral rhabdosphincter skeletal muscle is not 
known but have been proposed to aid the formation 
of myotubes [401]. However, because T-type chan-
nels are activated at membrane potentials near the 
resting value they have been proposed to enhance 
the ability of an excitable cell to generate an action 
potential. 

3.3. Electromyography (EMG) and the 
External Urethral Rhabdosphincter.   

The electromyogram is an extracellular recording and 
as such gives no information about the electrical 
properties of individual skeletal muscle cells.  Rather, 
it is a measure of total electrical activity of the muscle 
fibres and allows the investigator to determine if the 
muscle mass is electrically active or not.  The magni-
tude of the EMG is a function of the number of muscle 
fibres contributing electrical signals, but per se does 
not inform about the magnitude of the muscular con-
traction.  Concentric needle EMG recording [402] is 
generally undertaken and allows measurement of 
several descriptors of the signals, including ampli-
tude, duration, area, mean firing frequency that may 
be compared in normal and pathological conditions. 
In some circumstances single fibre EMG recordings 
[403,404] are possible to record electrical signals 
from a single muscle fibre, or a few muscle often from 

the same motor unit, that allows more detailed exam-
ination of the gross electrical properties of the muscle 
fibre or the excitability of the motor unit.  The pattern 
of EMG during the micturition cycle can be very dif-
ferent in humans and animals which in part can reflect 
the various purposes of voiding, such as to com-
pletely empty the bladder or intermittent voiding for 
marking territory.  Thus, in humans, during filling a 
guarding reflex ensures increased EMG activity in hu-
mans, decreasing during voiding, whilst in rats there 
are characteristic bursts of EMG discharge during 
voiding [405-407].  Bladder outflow obstruction from 
detrusor-sphincter dyssynergia is associated with in-
creased EMG activity during voiding [408] and could 
be alleviated by injection of the botulinum toxin into 
the sphincter [409]. A recent Cochrane review gave a 
guarded response indicating some improvements of 
urodynamic parameters with a single injection of bot-
ulinum toxin-A [410]. 

EMG recordings of complex repetitive discharges 
(myotonia-like activity) have been made from the ure-
thral rhabdosphincter of pre-menopausal women with 
urinary retention (Fowler’s syndrome, [411,412]).  
This enhanced discharge is reflective of greater con-
tractile activation of the skeletal muscle to generate 
an increased urethral resistance.  The aetiology of the 
condition is not known but it was reported to be asso-
ciated in some patients with the presence of polycys-
tic ovaries and more recently it was noted that asymp-
tomatic women with such an EMG activity were in the 
luteal phase of the menstrual cycle [413] when pro-
gesterone levels are highest.  Muscle biopsies of 
women in retention did not show hyperplasia or hy-
pertrophy [414] suggesting that an increase of muscle 
mass did not account for the larger EMG signal.  The 
authors of the original papers [411,412] tentatively 
proposed that great EMG may be due to ephaptic 
transmission of electrical signals between muscle 
cells so produce large and repetitive responses.  
However, despite there being no experimental evi-
dence of this unusual phenomenon the idea has 
gained some traction.   

Ephaptic transmission is the direct electrical coupling 
of excitable cells without synaptic transmission (as in 
nerves) or through low resistance intercellular junc-
tion (as in myocardium).  It usually occurs in condi-
tions when the extracellular resistance is high so that 
local electrical fields in one cell generate a change of 
membrane potential in another.  This is generally in 
unphysiological conditions but can occur between 
nerve axons [415,416] and the electrical conditions 
under which it occurs have been summarised [417].  
It has been suggested that abnormal ion channel ac-
tivity, in particular the Cl- channel CIC-1, in skeletal 
muscle fibres might modulate muscle fibre excitability 
and create the appropriate conditions for myotonia 
[418,419].  Progesterone reduces Cl- currents 
through a non-genomic pathway in isolated muscle fi-
bres [420], but it remains to be shown how such chan-
nel modulation influences muscle activity.
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3.4. Ageing, Lower Urinary Tract Pathology 

& the External Urethral 
Rhabdosphincter 

Because of the central role of the urethral 
rhabdosphincter in continence there is interest in 
changes that occur to its structure and function with 
ageing and also its relation to urinary incontinence, 
especially stress incontinence.  There is considerable 
evidence that in humans and in animals there is a re-
duction of muscle mass with age.  Dissection of fe-
male cadavers showed there is a linear reduction of 
the volume of tissue occupied by skeletal muscle fi-
bres as well as the total number of cells [421-423].  In 
one study the volume occupied by muscle fibres 
ranged from nearly 90% in a neonate to less than 
35% at age 90 [423]. Moreover, the loss was uniform 
along the length of the urethral rhabdosphincter [424].  
Transurethral sonography showed an age-dependent 
decline of muscle thickness with age, as well as a 
negative correlation between urethral closure pres-
sure and age [425]. A change of fibre-type has also 
been reported in rabbits with a decline of fast (type-II) 
fibres declines at the expense of slow (type-I) fibres 
[426].  

Compared to women with normal continence, reduc-
tion of urethral rhabdosphincter function is associated 
with stress incontinence, but not urge incontinence 
[427].  A decrease of urethral rhabdosphincter vol-
ume is also associated with stress incontinence and 
well as overall poorer pelvic floor function [428]. Tran-
surethral sonography has also revealed defects to the 
urethral rhabdosphincter in women with stress incon-
tinence that included reduced contractile function, 
scarring of the tissue, as well as overall thinning [429].  
In men, damage to the urethral rhabdosphincter is 
also associated with incontinence following prosta-
tectomy [430].  Reduction of the membranous urethra 
length, and an increase of fibrosis were associated 
with greater incontinence and a longer post-operative 
recovery time [431]. 

 
Figure 22.  Electromyography (emg) and the external urethral sphincter.  A: the diagram shows a concentric 
needle electrode with a central electrode shielded from a reference casing electrode.  Signals from the two 
electrodes pass to a differential amplifier and the output is a record of extracellular signals generated by 
action potentials in adjacent muscle cells.  The superimposition on the end of the electrode shows the dis-
position of muscle fibres from which recordings may be made.  B: A diagram of the urethra at the level of the 
external urethral sphincter to show an outer layer of skeletal muscle from which needle electrode recordings 
of emg activity may be made.  Below is a schematic of an emg recorded from a normal subject and one with 
detrusor sphincter dyssynergia (DSD).  Tracings of subtracted detrusor pressure, Pdet, are also shown.  In 
the normal subject there is an increase of emg activity at the beginning of contraction (guarding reflex) fol-
lowed by a period of quiescence to allow voiding.  In the DSD patient emg activity is present through out and 
no voiding here is observed. 
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 INTEGRATED PHYSIOLOGY 
OF THE URINARY TRACT - NEW 
THERAPEUTIC APPROACHES 

AND CONCEPTS 

1. RELAXIN: TREATMENTS FOR 
RADIATION CYSTITIS AND THE 

UNDERACTIVE BLADDER 

Relaxin is a 6-kDa hormone, first described in 1926 
[432], that is produced mainly by the ovarian corpus 
luteum to relax the uterus and soften the pubic sym-
physis during pregnancy [433].  In addition, it is pro-
duced in the prostate and testes to enhance sperm 
motility [434].  It belongs to the insulin superfamily, 
with seven members exhibiting high structural but low 
sequence homology; relaxin-1 to -3 and insulin-like 
peptide-3 to -6 [435].  It is formed as a three-chain 
pro-hormone, cleaving off one of the chains to form 

the active heterodimer with 24 and 29 amino acids 
linked by disulphide bridges.  Relaxin receptors are 
7-transmembrane G-protein coupled receptors that 
activate adenylate cyclase.  There are four receptors 
for relaxins (RXFP1-4), with RXFP1 being the most 
studied in humans and rodents and for which relaxin-
2 has the highest affinity.  These receptors have a 
broad distribution [432]; including smooth muscle, 
connective tissue, the nervous system, heart and as 
described here the urinary bladder.  

Canonical Wnt signaling is believed to stimulate 
members of the fizzled receptor family to initiate the 
translocation of β-catenin from the cell membrane to 
the nucleus to initiate collagen deposition, remodeling 
and fibrosis [436].  This can be opposed by relaxin-2 
binding to one of its four receptors.  Relaxin-2 binding 
increases PKA which inhibits β-catenin.  Further-
more, it can also stimulate pathway leadings to gene 
transcription and increased expression of extracellu-
lar matrix (ECM) metalloproteinases [437], augmen-
tation of voltage-gated Ca2+ channel current [438], 
along with decreased collagen synthesis [439] 

 (Figure 23).

 

 

 
Figure 23. Pathways for relaxin and Wnt signalling regulating bladder wall fibrosis. Activation of the relaxin 
receptor pathway can increase extracellular matrix (ECM) metalloproteinase expression, to decrease colla-
gen synthesis and elicit an anti-fibrotic effect, as well as increase expression of voltage gated Ca2+ channel 
proteins in muscle cells. Wnt protein, acting through frizzled receptors, activates β-catenin to allow its trans-
location to the nucleus where it acts as a transcription factor. β-catenin may regulate gene expression that 
leads to proliferation of fibroblasts, collagen deposition and increased tissue fibrosis. Protein kinase-A (PKA) 
activation via the relaxin receptor may prevent β-catenin activity, but this interaction has yet to be described 
in the bladder. 
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1.1. Radiation Cystitis  
This condition can result from irradiation therapy of 
pelvic organ tumors in men and women that are esti-
mated to account for 36% and 18%, respectively, of 
new malignancies diagnosed in the United States in 
2016 according to the American Cancer Society 
[440].  While irradiation is a key therapy for treating 
these malignancies, the radiation dose is limited by 
the potential for developing radiation cystitis.  Accord-
ingly, irradiation therapy is typically fractionated into 
daily 0.5-2 Gray (1 Gy = 100 Rads) increments until 
the desired dose is achieved (e.g., 20-60 Gy) [441]. 

The acute symptoms of radiation cystitis can occur 
within days and include bladder inflammation, ur-
gency, frequency, dysuria and incontinence [442].  In-
itiation factors are disruption of the urothelial cell per-
meability barrier and sensitization of afferent nerves 
[443].  In addition to DNA damage, irradiation induces 
Ca2+ influx and intracellular release in urothelial cells 

that activates nitric oxide synthases.  Nitric oxide 
(NO), in turn, binds to cytochrome oxidase which 
can inhibit the mitochondrial respiratory chain.  This 
results in the production of superoxide (O2

-) which 
reacts with NO to form peroxynitrite (ONO2

-) which 
further inhibits respiration and damages proteins, 
leading to swelling and rupture of the mitochondria, 
cytochrome c release and urothelial cell apoptosis 
[444].  The leading candidates responsible for this 
Ca2+ influx are transient receptor potential ankyrin-1 
and vanilloid-1 (TRPA1 and TRPV1) channels that are 
highly expressed in urothelial cells [445,446].  TRPA1 
is activated by acrolein, a by-product of fatty acid lipid 
peroxidation generated in cells by ionising irradiation 
[447]. Activation of TRPA1 by acrolein in urothelial 
cells (and TRPV1 by capsaicin) results in chemical 
cystitis with symptomology similar to radiation cystitis 
[448], as shown in schematic form in (figure 24). 

 

 
Figure 24. Mechanisms for development of acute and chronic radiation cystitis following exposure to ionizing 
irradiation.  Top left:  Urothelial cells are one of the most susceptible to irradiation damage.  Oxidative by-
products activate TRPA1 and TRPV1 channels to cause a sustained intracellular Ca2+ rise, activation of nitric 
oxide synthase (NOS), inhibition of the mitochondrial respiratory chain and, as a consequence, generation 
of nitrogen and oxygen free radicals from L-arginine (l-Arg).  This sequence of events leads to the initiation 
of apoptotic pathways, disruption of the urothelial barrier and further inflammation in the bladder wall.  Top 
right:  TRPA/V1 channels are present on sensory neurons innervating the bladder and these, on activation, 
cause neuropeptide release and afferent sensitisation, as observed acutely in radiation cystitis. Mast cell 
TRPA1 channel activation also induces degranulation and release of inflammatory mediators.  Bottom:  Self-
perpetuating inflammation initiated by ionising irradiation leads to collagen deposition throughout the lamina 
propria and between muscle cells in the detrusor layer. 
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Moreover, these channels are highly expressed in 
mast cells and in sensory nerves innervating the blad-
der, colon and other pelvic organs, and suggests that 
irradiation may sensitise afferent nerves.  The most 
radiosensitive cells in the body include lymphocytes 
and hematopoietic cells of the immune system, the 
capillary endothelial cells of the gastrointestinal (GI) 
tract and the urothelial cells of the urinary bladder 
[444].  Therefore, whole body irradiation >10 Gy can 
induce considerable morbidities due to a breakdown 
of the GI tract and urinary bladder barriers in the pres-
ence of a compromised immune response. 

Chronic radiation cystitis can develop within 6-12 
months, with its prevalence reaching ~7% [442].  The 
consequences include vascular endothelial cell dam-
age, ischemia, collagen deposition and decreased 
bladder compliance. The main presenting feature for 
the chronic phase is haematuria which can range 
from mild to life-threatening and may include urinary 
retention, secondary to clots obstructing the urethra.  
It can also greatly reduce bladder compliance and 
bladder contractile function, due to collagen deposi-
tion [442].  Therapy includes transurethral catheteri-
sation with bladder washout and irrigation, laser ful-
guration, electrocoagulation, pentosan polysulphate 
and hyperbaric oxygen therapy [449].  These ap-
proaches are invasive or time-consuming and often 
fail to demonstrate optimal efficacy and do not im-
prove bladder compliance for which a new potential 
treatment is relaxin therapy.  Relaxin has undergone 
phase I clinical trials for treating acute heart failure 
and scleroderma, validating its safety for use in hu-
mans. 

A mouse model has been developed to mimic chronic 
radiation cystitis, whereby a laparotomy is performed 
so that the bladder may be briefly withdrawn for se-
lective high dose (10 Gy) irradiation (Figure 25A – AJ 
Kanai unpublished).  Delivered to the intact pelvic re-
gion such a dose could be lethal (LD50 ≅ 8 Gy).  Nine 
weeks after selective bladder irradiation animals were 
unable to void and exhibited overflow incontinence, 
despite a decrease of intercontraction interval. Figure 
25B shows cystometry (red traces) of control animals 
(upper panel) and irradiated mice (middle panels). 
The inability of irradiated bladders to empty normally 
is asociated with decreased compliance due to 
chronic fibrosis (see also Figure 26, below).  The cor-
responding external urethral sphincter (EUS) electro-
myogram (green traces) shows in normal animals an 
increase of activity (a guarding reflex) at the initiation 
of contraction, but then ‘bursting’ activity that allows 
voiding – this pattern is characterisitc of these ro-
dents.  The period around bladder contraction is 
shown on an extended time-base to the right of each 
panel. EMG activity in the irradaited animals showed 
a loss of the guarding reflex and a maintained guard-
ing reflex activity later in the bladder contraction, ra-
ther than the bursting activity.  However, relaxin ad-
ministration for two weeks starting at week-7 post-ir-
radiation (400 μg/kg/day infused subcutaneously with 
implantable ALZET mini-pumps), the cystometro-
grams and electromyograms (Figure 25B, lower 
panel)  were similar to those seen in non-irradiated 
mice, with the return of a normal guarding reflex and 
bursting activity which permitted voiding.  It is im-
portant to note that while human and rodent sphinc-
ters exhibit a guarding reflex as bladder pressures ap-
proach threshold, the sphincter in humans completely 
relaxes during detrusor contraction. 
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In vitro studies of detrusor muscle samples from irra-
diated mouse bladders with and without relaxin treat-
ment showed large effects on passive and active iso-
metric tension over a range of resting lengths.  An in-
crease of passive stiffness with irradiation was re-
versed by relaxin (Figure 26A).  Moreover the reduc-
tion of active force after irradiation was reversed by 
relaxin treatment to the extent that force exceeded 
that measured in control animals.  This additonal re-
covery was observed not only in nerve-mediated 
(electrical field-stimulated, EFS) contractions but also 
with the a muscarinic receptor agonist, oxotremorine-
M (Figure 26B).  Recovery was also observesd with 
contractions elicited by muscle depolarisation, with 

high-K solution, or purinergic receptor activation, with 
α,β methylene-ATP (ABMA), but in these cases 
revcovery was to the control level. Therefore the re-
covery of function with relaxin is greater for choliner-
gic pathways compared to other routes of contractile 
activation. These beneficial effects of relaxin were 
mirrored by a reduction of the collagen:tissue ratio 
(Figure 26C) and an increased expression of α1C 
subunit protein of the L-type Ca2+ (CaV1.2) channel 
(Figure 26D).  This is the first use of relaxin to treat 
bladder dysfunction due to irradiation damage and 
thus represents a potentially effective treatment for 
radiation cystitis. 

 
Figure 25. Cystometry and electromyography (EMG) of the external urethral sphincter in irradiated mice with 
and without relaxin treatment. A. Selective bladder irradiation model.  B: Cystometry (upper traces) and EMG 
(lower traces) in control mice (upper panels), nine weeks following bladder irradiation (middle panels) and 
nine weeks after irradiation and relaxin treatment (lower panels).  An expansion of the time-base is shown in 
the panels on the right side to show more clearly the EMG activity during the voiding contraction. 
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1.2. Underactive Bladder (UAB) Syndrome 

and Relaxin Therapy 
In addition to radiation cystitis, collagen deposition 
and decreased bladder compliance can occur with 
ageing leading to bladder underactivity/UAB syn-
drome. A majority of the elderly may initially exhibit 
bladder overactivity/overactive bladder (OAB) syn-
drome who may be managed by current therapies. 
However, over time, overactivity may likely revert to 
underactivity for which there are currently no effective 
therapeutic agents. 

Bladder underactivity, according to the International 
Continence Society, is a contraction of reduced 
strength and/or duration, resulting in prolonged void-
ing and/or failure to achieve complete bladder empty-
ing within a normal time span based on a urodynamic 
diagnosis.  On the other hand, UAB syndrome covers 
a general condition irrespective of whether the cause 
is afferent dysfunction, lack of CNS control, or myo-
pathy of the detrusor itself [450,451].  There are sev-
eral animal models for studying bladder underactiv-
ity/UAB [452], including: type I and II diabetic mice 

and rats; partial bladder outlet obstruction (pBOO) 
and bladder overdistension; ischaemia/reperfusion 
and oxidative stress (due to H2O2 instillation); pelvic 
nerve cut and crush; and ageing typically using 18-24 
month old rats.  Whilst ageing is perhaps the most 
physiologically relevant of these models, it is also one 
of the most difficult to study because of survival, var-
iability and cost issues.  Accordingly, in the United 
States, rats for these studies are typically obtained by 
qualified investigators through the National Institute 
on Aging (NIA) of the National Institutes of Health.  

In studies using NIA rats, 24 month-old aged animals 
exhibited a substantial increase of passive tension at 
a range of lengths over that measured in 9 month-old 
adults.  Active tension was comparable between the 
two age groups.  However, after two weeks of treat-
ment with relaxin (400 µg/kg/day infused subcutane-
ously), there was a significant reduction of passive 
tension (stiffness) in the aged animals and increase 
of active force increase in both compliance and force 
generation to a value greater than that in younger an-
imals.  These observations are similar to those seen 

 
Figure 26. Relaxin treatment for chronic stage radiation cystitis: detrusor contractility and bladder fibrosis in 
mouse bladders. A: Length-tension curves for passive and active tension from irradiated (9-weeks post ex-
posure) mouse bladders with and without relaxin treatment in comparison to control tissue. B: Contractile 
responses of isolated detrusor preparations to electrical field stimulation (EFS), the muscarinic receptor ag-
onist oxotremorine-M, the P2X agonist α,β methylene-ATP (ABMA) and depolarisation with 120 mM KCl.  Data 
are shown for irradiated mice - with or without relaxin treatment – as well as a control group (non-irradiated) 
C: The extracelluar matrix (ECM):smooth muscle (SM) ratio of detrusor from irradiated bladders, with saline 
or relaxin treatment.  Mean data±SD, *p<0.05.  D: Immunohistochemistry of Cav1.2 labelling (green fluores-
cence, blue; DAPI nuclear stain) in the detrusor from irradiated bladders, with (right) or without (left) relaxin 
treatment.  (Figure with the courtesy of Youko Ikeda and Anthony Kanai). 
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with irradiated animals and relaxin treatment.  How-
ever, in this case relaxin treatment did not improve 
force mediated by cholinergic, purinergic or depolar-
ising pathways (data not shown) but did decrease the 
collagen:smooth muscle ratio in aged animals.  Thus, 
with aged animals the decrease of collagen content 
was solely responsible for recovery of muscle perfor-
mance with relaxin.  However, although there was no 
evidence for upregulation of cellular pathways for 
force generation by relaxin in aged animals the im-
munohistochemical expression of the L-type Ca2+ 
channel α1C subunit, CaV1.2, in detrusor smooth 
muscle was changed from a patchy to a more homo-
geneous pattern after relaxin treatment of aged ani-
mals.  This also suggests the potental value of relaxin 
to increase bladder performance due to ageing espe-
cially in those with bladder underactivity/UAB syn-
drome.  

2. LM11A-31—SELECTIVE 
BLOCKADE OF P75 NEUROTROPHIN 

RECEPTORS.  

2.1. Prevention Urothelial Loss, Spinal Cord 
Atrophy and Detrusor-sphincter-
dyssynergia Following Spinal Cord 
Injury 

p75 is a neurotrophin receptor (p75NTR) and a mem-
ber of the tumor necrosis factor receptor superfamily.  
Its intrinsic catalytic activity is very low, but partnering 
with other neurotrophin (TrkA, TrkB and TrkC) and 
non-neurotrophin receptors (sortilin and Nogo) they 
produce high-affinity binding sites for neurotrophins 
and their precursors [453].  When complexed with Trk 
receptors, p75NTR promotes survival and differentia-
tion increasing the affinity to mature neurotrophins. 
However, when linked with sortilin, the complex binds 
pro-neurotrophins activating apoptotic pathways pro-
moting cell death (Figure 27, [454]). 

Neurotrophins are a family of proteins, including 
nerve growth factor (NGF), brain-derived neu-
rotrophic factor (BDNF) and neurotrophins 3 and 4, 

which promote neuronal survival and differentiation, 
modulate synaptic plasticity and play important roles 
in both developing and mature nervous systems 
[455].  They are initially synthesized as precursors or 
pro-neurotrophins consisting of two domains (N-ter-
minal pro- and C-terminal mature) which can be 
cleaved by intracellular proteases to generate func-
tional forms.  They can also be released from cells 
intact and selectively activate p75NTR at subnanomo-
lar concentrations to induce apoptosis [456].  

In the urinary bladder, neurotrophins are released by 
mast cells, urothelial cells and smooth muscle cells 
and are believed to contribute to lower urinary tract 
dysfunctions including overactive bladder and inter-
stitial cystitis/painful bladder syndrome [457-459].  It 
has been shown that levels of both neurotrophins and 
their receptors increase dramatically following patho-
logical conditions including spinal cord injury (SCI) 
[460,461].  This has made neurotrophins a potential 
therapeutic target for a number of years, but with mar-
ginal success possibly due to the indiscriminate inhi-
bition of both the pro (apoptotic) and mature (benefi-
cial) forms by antibodies, antisense approaches or 
drugs.   

Little is known about the time course of the neurotro-
phin, pro-neurotrophin and their receptor level 
changes in disease.  Investigations using rat urinary 
bladders revealed increased levels of NGF mRNA in 
acute (4 days) and chronic (5-6 weeks) SCI, however, 
the levels of NGF protein were significantly de-
creased acutely after injury and correlated with 
mRNA levels only with the reemergence of spinal re-
flexes [462].  A few studies suggest that pro-neurotro-
phins may be produced shortly after SCI, with a time 
course from several hours to14 days, with a peak 
around 3 days [463,464].  P75NTR is also upregulated 
in SCI, unlike Trk receptors that are poorly expressed 
[464].  Both NGF and p75NTR are decreased nine 
weeks after induction of diabetes in streptozocin rat 
bladders [461]. 
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LM11A-31 is a small molecule first reported in 1985 
as an antihypertensive agent by a group at Ciba-
Geigy followed by a group at Roche in 1990 for the 
treatment of infections caused by HIV and other ret-
roviruses [465].  Subsequently, it was demonstrated 
to interfere with proneurotrophin binding to p75NTR, ef-
ficiently crossing the blood-brain barrier and improve 
motor coordination after spinal cord contusion in 
mice, partially by increasing myelin sparing [466].  Ad-
ministered orally, it exhibited no toxicity and did not 
exacerbate any injury-associated pain.  The dose of 
100 mg/kg twice daily has been shown to be maxi-
mally effective in a variety of endpoints [466].   

In separate experiments described here, mice were 
given 100 mg/kg of LM11A-31 as a single dose daily 
and the treatment was shown to be significantly ben-
eficial.  Although little is known about the metabolism 
of this drug, only very low plasma concentrations 
were measured after seven oral doses over three 
days [466].  Very low oral bioavailability suggests that 
a significant portion of the drug may be excreted in 
the urine unchanged, which could result in peripheral 
effects due to higher drug levels in the bladder. 

SCI-induced bladder dysfunction includes two major 
components, detrusor-sphincter-dyssynergia (DSD) 
and detrusor overactivity (DO).  These are debilitating 

problems that carry the risk of complications including 
urolithiasis, vesicoureteral reflux, hydronephrosis, ob-
structive uropathy and renal failure.  The mainstay 
treatments are antimuscarinic agents, clean intermit-
tent catheterization and external sphincterotomy 
which are associated with significant risks of un-
wanted side effects, infections, haemorrhage and 
erectile dysfunction.  It was proposed that the in-
crease in pro-neurotrophins and activation of 
p75NTR/sortilin complex in the spinal cord and the 
bladder following SCI lead to neuronal and urothelial 
apoptosis that contribute to DO and DSD, respec-
tively (Figure 27B). Therefore, blockade of this path-
way should improve bladder function following SCI.    

One of the earliest consequences of SCI to the uri-
nary bladder is loss of the urothelial lining which can 
occur within hours of injury [467].  To determine if pro-
neurotrophins are involved in this process, bladders 
were isolated from mice, one and ten days after SCI 
for histological examination, with or without pre-
treatement with LM11A-31 (100 mg/kg, one day prior 
SCI).  At day-1 post-SCI there was significant loss of 
the urothelial layer. At day-10 post-SCI urothelial hy-
perplasia and detrusor hypertrophy were observed, 
probably as a consequence of bladder overdistension 
and outflow tract obstruction (Figure 28A).  These 

 
Figure 27. Schematic of p75NTR signaling pathways and their involvement in bladder dysfunction following 
SCI.  A: p75NTR signals through dimerisation with sortilin or TrkA receptors.  p75-sortilin complexes prefer-
entially bind proNGF/proBDNF that activate apoptotic signaling cascades. Conversely, p75-TrkA binds to 
mature neurotrophins to activate cell survival pathways. B: Increased activation of p75NTR by proneurotro-
phins following SCI causes neuronal and urothelial apoptosis in spinal cord and bladder, respectively, lead-
ing to detrusor sphincter dyssynergia (DSD) or detrusor overactivity (DO). LM11A-31 inhibits these pathways. 
(Figure with the courtesy of Youko Ikeda, Irina Zabbarova and Anthony Kanai) 
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morphological changes were much reduced by pre-
treatment with LM11A-31 and daily treatement after 
injury for the day-10 group.  This loss of urothelial in-
tegrity at day-1 was confirmed by measurement of 
transepithelial resistance (TER) using an Ussing 
chamber system.  TER was significantly decreased in 
bladders of SCI mice day-1 after injury compared to 
uninjured controls (700±200 Ω•cm2 vs 2500±1000 

Ω•cm2, respectively, n≥4).  LM11A-31 treatment pre-
served barrier function in tissue from day-1 post-SCI 
animals (2000±700 Ω•cm2, n=4).  This data suggest 
that proneurotrophins may be involved in urothelial 
damage and initiating bladder wall remodeling follow-
ing SCI.  

 
SCI in mice causes bladder outlet obstruction due to 
the loss of supraspinal connections that initiate and 
coordinate urethral relaxation and detrusor contrac-
tion.  Following a recovery period, a spino-somato 
loop develops that initiates reflex bladder contrac-
tions in response to perigenital stimulation to help 
empty the bladder.  However, the development of de-
trusor sphincter dyssynergia (DSD) limits urine expul-
sion and leads to further retention and  damage as in 
the case of radiation cystitis (see section VII.1, 
above).  Characteristic changes to the external ure-
thral sphincter electromyogram of a loss of guarding 
response and replacement of later bursting activity 
with continous increased activity are similar to that 
observed with damage through radiation cystitis.  

These chages were accompanied by non-voiding 
contractions and eventually overflow incontinence.  
Accordingly, cystometric measurements from SCI 
mice at two, four and six weeks post-injury demon-
strated a significant increase in baseline pressure 
and non-voiding contractions and a decrease of blad-
der compliance (see Figure 28B, left panels).  Daily 
treatment of mice with LM11A-31 by oral gavage pre-
SCI and then post SCI was carried out until cystome-
try was performed (Figure 28B, right panels). Treated 
mice exhibited more efficient voiding, longer intercon-
tractile intervals, higher bladder compliance and 
smaller numbers of non-voiding contractions. 

LM11A-31 has also been demonstrated to improve 
functional recovery following spinal cord contusion by 

 
Figure 28.  Effect of L11A-31 treatment on bladder wall structure and cystometry after spinal cord injury (SCI). 
A: Effect of L11A-31 on bladder wall structure day-1 and day-10 post-SCI.  Haematoxylin and eosin staining.  
B: Cystometry of mouse bladders from 2-week, 4-week and 6-week post-SCI animals with or without treatment 
with L11A-31.  Cystometry from a normal animal is shown above the SCI traces. (Figure with the courtesy of 
Irina Zabbarova and Anthony Kanai) 
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increasing the number of myelinated axons through 
preventing oligodendrocyte loss [466].  The effect of 
LM11A-31 (100 mg/kg/day, starting 1-day prior to 
SCI) on the spinal cord following T8-T9 transection 
was examined.  There was a significant degree of at-
rophy at 8-week post SCI.  However, the spinal cord 
of SCI mice treated daily with LM11A-31 (100 
mg/kg/day, starting 1-day prior to SCI) had signifi-
cantly less atrophy and demonstrates a long-term 
protective effect of p75NTR inhibition in the central 
nervous system following SCI. 

Inhibition of proneurotrophin-p75NTR interaction has 
been demonstrated to improve functional recovery 
following spinal cord contusion injury.  We have 
demonstrated that it prevents spinal cord atrophy fol-
lowing transection.  This suggests it may prevent neu-
ral degeneration centrally to improve motor function 
as well as reduce DSD which hinders bladder empty-
ing and urine storage.  There is also inflammation of 
the bladder wall following SCI which is believed to 
arise from a compromised urothelial barrier causing 
urine infiltration, and does not disappear in chronic 
patients.  Both SCI [468] and inflammation [469] are 
associated with the increased expression of proneu-
rotrophins and p75NTR in the bladder wall.  We have 
demonstrated that LM11A-31 is effective in maintain-
ing structural integrity of the bladder wall preventing 
urothelial apoptosis soon after SCI and chronically 
urothelial proliferation and smooth muscle hypertro-
phy.  This suggests proneurotrophins may be in-
volved in urothelial damage and initiation of bladder 
wall remodeling following supralumbar SCI. 

2.2. Urothelial Cell-afferent Nerve 
Bidirectional Communication: 
Feedback Modulation of Bladder 
Sensory Functions 

The urothelial lining of the bladder not only acts as a 
barrier but has been demonstrated to have a sensory 
function to detect alterations within the lumen that can 
be relayed to innervating afferent neurons.  Urothelial 
cells can respond to mechanical distention, as well as 
changes to osmolality and pH and release a number 
of signaling molecules including ATP, acetylcholine, 
NO and prostaglandins [470].  It is believed that the 
primary role of urothelially-released factors is to act 
upon sensory neurons innervating the suburothelium 
in order to modify afferent outflow.  This modulatory 
effect occurs in the bladders of various species and 
ATP is the best characterized of the urothelial trans-
mitters.  Mice with gene deletions for P2X2/3 puriner-
gic receptors subtypes had reduced pelvic nerve ac-
tivity in response to bladder distention and purinergic 
agonists [226,471,472], suggesting ATP released by 

bladder distention stimulates the sensory outflow re-
sponsible for signaling the need to void.  The release 
of urothelial ATP also increases in pathologies such 
as SCI [473], as well as chemical [474] and interstitial 
cystitis [475,476]. Thus, direct activation and sensiti-
zation of sensory nerves by urothelial ATP may be an 
underlying cause of the bladder overactivity in these 
conditions.  

The communication between the urothelium and af-
ferent nerves is not unidirectional as afferent nerves 
are capable of releasing a number of neuropeptides 
and their respective receptors are also localized on 
the urothelium [477].  It has been demonstrated that 
urothelial ATP release can be triggered by pituitary 
adenylate cyclase activating peptide (PACAP) 
through a PAC1 receptor [478] or by bradykinin 
through B2 receptors [479].  Additionally, substance 
P can induce urothelial NO release [480]. The physi-
ological role of neuropeptides on the urothelium is not 
entirely clear but they have been implicated to have a 
major role in lower urinary tract (LUT) pathologies 
[477].  The balance of neuropeptide immuno-reactiv-
ity can alter in animal models of cyclophosphamide-
induced cystitis [478] and SCI [481].  An increase of 
excitatory versus inhibitory neuropeptides could be 
responsible for a range of LUT symptoms from blad-
der overactivity, inflammation or bladder pain (e.g. in-
terstitial cystitis).  

There is significant evidence that the urothelium and 
afferent neurons form an intimate connection to reg-
ulate LUT function.  However, the mechanisms by 
which communication between the urothelium and af-
ferents occurs has not been defined nor has their con-
tribution to normal LUT function.  To address this, re-
combinant pseudorabies viruses (PRV) were used to 
examine the sensory nerve connections to the 
urothelium.  PRV is part of the alpha-herpes virus 
family and is capable of crossing between synapses 
and infecting epithelial cells [482].  PRV express flu-
orescent markers to trace the afferent nerves inner-
vating the bladder wall from L6-S1 dorsal root ganglia 
(DRG).  The L6 and S1 DRG of C57Bl/6 female mice 
were exposed, each ganglion microinjected with PRV 
(106 plaque-forming units/ml, 1 µl per ganglion), ex-
pressing a Ca2+-sensitive green fluorescent protein 
(GCaMP), and the bladders isolated three-days later 
for examination by fluorescence microscopy. GCaMP 
becomes locked in the fluorescent-state following fix-
ation and can be visualised in bladder sections. Ac-
cordingly, GCaMP fluorescence was found within 
nerve fibres throughout the bladder wall and concen-
trated within the urothelium (Figure 29 A) following 
DRG injections.   
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When PRV-GCaMP was injected into the descending 
colon or abductor caudalis dorsalis (tail) muscle, 
which share sensory innervation with the bladder, a 
similar pattern of GCaMP fluorescence was observed 
within the bladder and there was also robust GCaMP 
expression in L6 and S1 DRG (Figure 29 B,C).  These 
data suggest that PRV preferentially targets the 
urothelium, no matter the initial route of infection. The 
clinical implications is that neurotropic viruses can in-
fect the colon and urinary bladder (e.g. polyomavirus) 
through co-innervating afferent nerves and become 
dormant in the DRG or urothelium due to suppression 
by the immune system. An example of such a virus is 
the Polyomaviridae family associated with human dis-
ease, such as nephropathy, particularly in immuno-
compromised individuals. There are indeed case re-
ports where increased polyomavirus activity has been 
attributed to worsening of symptoms of interstitial cys-
titis patients [483,484].  It may be proposed that 
stressors can reduce immune suppression of the pol-
yomavirus resulting in symptom “flares” characteristic 
to interstitial cystitis.   

One observation following PRV-GCaMP injections 
was that fluorescence in the urothelium appeared 
punctate or localised within vesicles. This raises the 
possibility of endocytic uptake of GCaMP protein re-
leased from afferent nerves by urothelial cells.  As a 
wildtype Becker strain of PRV was used, capable of 
traveling antero- and retrogradely from the cell body 
[485], it was not possible to determine if there is truly 

an anterograde release mechanism.  Therefore, in-
jections into L6-S1 DRG with fluorescent microbeads 
(0.02-0.04 µm diameter) were carried out which 
should not cross synapses or enter urothelial cells, 
unless there is release from afferents in the periphery 
and uptake by surrounding cells.  Surprisingly, mi-
crobead injections resulted in fluorescence in nerve 
processes throughout the detrusor and robust accu-
mulation of fluorescent vesicular structures within the 
urothelium (Figure 30 A,B). Whether afferent antero-
grade transport to the urothelium is present under 
normal conditions in the LUT is still uncertain, as this 
mechanism could be in response to the presence of 
microbeads and activated as a means to eliminate 
them from the DRG.  Further investigation is neces-
sary to understand the significance of afferent-to-
urothelium transport in both normal and pathological 
situations. 

Furthermore, following DRG injections, there were 
large autofluorescent vesicles present in the urothe-
lium that fluoresced through multiple excitation wave-
lengths.  These were most likely lipofuscin vesicles 
which have been described in the urothelium of aged 
animals and humans [486,487]. Lipofuscins are 
thought to be lysosomal vesicles that act as a repos-
itory for oxidatively damaged proteins and organelles 
that cannot be degraded by proteasomes.  This may 
demonstrate injury or stress to sensory nerves that 
can in turn induce oxidative damage to the urothe-

 
Figure 29. Fluorescent labelling of the urothelium and afferent neurons innervating the mouse urinary blad-
der.   Images were obtained following injection of recombinant PRV-GCaMP (pseudorabies virus with Ca2+ 
indicator) into L6-S1 dorsal root ganglia, descending colon and tail muscle.  A. Intense GCaMP fluorescence 
in the urothelium and nerve axons/varicosities throughout the detrusor.  B: Injection of PRV-GCaMP into the 
descending colon resulted in a similar pattern of fluorescence in the bladder. GCaMP fluorescence was also 
found in L6 and S1 DRG following colon injections suggesting cross-infection of the organs occurred via the 
afferents.  C: Tail muscle injections also resulted in accumulation of GCaMP in the urothelium and L6/S1 
DRG. (Figure with the courtesy of Youko Ikeda, Irina Zabbarova and Anthony Kanai) 
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lium.  Lipofuscins are referred to as the “ageing pig-
ment” and can be identified by the various autofluo-
rescent molecules that accumulate within them [488]. 

 
 

It may be proposed that damage to afferent neurons 
during the microinjection surgery could cause neuro-
peptide release and oxidative stress in the urothelium 
resulting in lipofuscin accumulation. Large numbers 
of lipofuscins do indeed accumulate in the urothelium 
following the selective exposure of the bladder or de-
scending colon to ionising radiation (data not shown) 
and thus these structures may be identified with some 
confidence.  Therefore, it is important to distinguish 
between the fluorescent protein/marker of interest 
and any intrinsic fluorescence that may be present 
within the urothelium, especially if the bladder may be 
subject to a high degree of oxidative stress. 

Thus, there is sufficient evidence that the urothelium 
and afferent nerves regulate each other’s activity by 
release of signaling molecules. The significance of 
urothelial-to-afferent signaling in normal bladder func-
tion has been well established but the role for signal-
ing in the afferent-to-urothelial direction requires fur-
ther investigation. Afferent nerves do innervate the 

urothelium (Figure 31A) and could release an array of 
molecules that appear to be taken up by apical cells.  
This could be a mechanism by which afferents can 
remove unwanted proteins. When afferents are dam-
aged or sensitized there may be increased transport 
of damaged proteins, which cannot be removed/de-
graded by the urothelium and accumulate in 
lipofuscins.   For exmaple, following oxidative dam-
age to L6/S1 DRG (by surgery or colon irradiation), 
there is a significant accumulation of autofluorescent 
lipofuscin vesicles in the apical urothelium, suggest-
ing that oxidative stress in sensory nerves spreads to 
urothelial cells.  The mechanism for this is unclear but 
could involve localised release of excitatory neuro-
peptides or increased uptake of oxidatively damaged 
proteins transported from the DRG (figure 31B).  This 
could in turn increase urothelial signaling to promote 
afferent sensitization.  Accordingly, dysregulation of 
afferent-urothelial communication may underlie a 
number of LUT pathologies. 

 
Figure 30. Urothelial uptake of fluorescent microbeads from afferent nerves following L6/S1 dorsal root ganglia 
(DRG) injection. Demonstration of the release of factors from afferent nerves that make contact with the urothe-
lium. Fluorescent microbeads (0.02-0.04 µm diameter) were injected into the dorsal root ganglia (DRG, L6-S1) 
and allowed to recover for a minimum of seven days.  A: Fluorescence in afferent nerves throughout the bladder 
wall. B: Fluorescence in vesicle-like structures in the urothelium (uro). (Figure with the courtesy of Youko Ikeda 
and Anthony Kanai) 
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MOLECULAR TARGETS FOR 
MANAGING LOWER URINARY 

TRACT FUNCTION

1. INTRODUCTION 

Recent advances in our understanding of the basic 
science of lower urinary tract function, make it clear 
that control of bladder function is far more complex 
than previously believed. As reviewed above, promi-
nent roles have emerged for the urothelium and the 
underlying suburothelium of the urinary bladder in 
mechanosensory control and their relationship with, 
afferent pathways in the pathophysiology of lower uri-
nary tract dysfunction (LUTD) including overactive 
bladder (OAB) and urinary incontinence (UI) [489-
491]. 

According to the most recent classification [492,493], 
these signal transduction mechanisms have been 

subclassified into seven different categories (G-pro-
tein coupled receptors, Ligand-gated ion channels, 
Ion channels, Nuclear Receptors, Catalytic Recep-
tors, Transporters, and Enzymes). Among these 
seven categories, we will especially focus on Ion 
Channels as sources of novel targets for the treat-
ments of overactive bladder and urinary incontinence 
in this chapter.  

OAB could be a disorder of urothelial dysfunction or 
sensory dysfunction that causes the occurrence of ur-
gency sensation or urgency UI (UUI). Furthermore, 
the causes and the natural history of OAB and UI 
have not been clearly defined, nor do we have any 
objective tools to help us understand the progression 
or remission of OAB after treatment. Interest has fo-
cused on urinary factors (e.g. cytokines, prostaglan-
din E2 and nerve growth factor), imaging (video uro-
dynamics, estimation of bladder wall thickness) and 
genetic (e.g. functional polymorphisms of the cyto-
chrome P450).  Here, we focus on novel molecular 
targets for managing lower urinary tract function and 
LUTD including OAB and UI. 

 
Figure 31. Proposed physiological role of afferent-urothelial communication. A: Transmission electron mi-
crograph of the human bladder urothelial layer.  Regions which showed characteristic clustering of dark core 
and clear vesicular structures near the apical and basal urothelium are highlighted with a red box and ex-
panded.  B: A schematic of afferent-urothelial communication. (Figure with the courtesy of Lori Birder, Youko 
Ikeda and Anthony Kanai)
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2. G PROTEIN-COUPLED 
RECEPTORS (GPCR)S 

GPCRs are subclassified into 74 subfamilies includ-
ing orphan receptors, and acetylcholine-muscarinic 
receptors are the most important for not only urinary 
bladder contraction, but also treatment for OAB. In 
this chapter.  The most important nine receptor sub-
families are discussed. 

2.1. Orphan GPCRs [494] 
The nociceptin/orphanin FQ peptide (N/OFQ) 
(495,496) is involved in a wide range of physiological 
responses with effects in the central and peripheral 
nervous system, the cardiovascular system, the air-
ways, the gastrointestinal tract, the urogenital tract 
and the immune system [497,498]. The N/OFQ re-
ceptor (NOP; also known as ORL1, OP4 or LC132) is 
a deorphanised member of the G-protein coupled re-
ceptor (GPCR) superfamily. NOP is currently classi-
fied as a non-opioid member of the opioid receptor 
family. Although NOP shares considerable structural 
and localization features with classical opioid recep-
tors, NOP activity is insensitive to the opioid antago-
nist naloxone.  

In the rat, NOP located on capsaicin-sensitive blad-
der primary afferent fibres inhibit the volume-evoked 
micturition reflex [499-502].  There are no studies de-
tailing NOP expression in bladder tissue of human 
origin. However, based on animal data there has 
been a series of clinical studies using intravesical 
N/OFQ by Lazzeri. In a pilot study of 14 patients, five 
normal controls and nine with detrusor overactivity, 
intravesical instillation of 1 µM N/OFQ increased 
bladder capacity and volume required to initiate de-
trusor overactivity; the effect lasted 24–48 hours. Of 
interest, the effects of N/OFQ were minimal with one 
patient who had previously received intravesical cap-
saicin, indicating a capsaicin-sensitive target [503]. In 
a follow-up study, N/OFQ was compared with the 
structurally similar but inactive [desPhe1]N/OFQ (a 
major metabolite of N/OFQ which does not bind to 
NOP) in 14 patients with detrusor overactivity due to 
spinal-cord damage. Intravesical administration of 1 
µM N/OFQ but not [desPhe1]N/OFQ increased blad-
der capacity and volume required for detrusor hyper-
reflexia [504]. A further study used 18 patients with 
incontinence and neurogenic DO, who were capable 
of self-catheterisation: half were group instilled 1 mg 
of N/OFQ and the remainder with saline for 10 days 
at the first catheterisation of the morning.  Again blad-
der capacity increased following N/OFQ treatment 
and the number of daily urine leakage episodes were 
reduced only in the N/OFQ group. There were no ap-
parent major practical problems and the effects of this 
single instillation appeared to last the whole day 
[505].  

Collectively, these patient studies broadly agree with 
those in rats that NOP is probably expressed on cap-
saicin-sensitive primary afferents and their activation 

inhibits the micturition reflex. However, basic work 
has only been done in normal rats, and N/OFQ is only 
effective in spinally injured patients [506,507]. How-
ever, N/OFQ and N/OFQ mimetics have a potential 
role in the treatment of overactive bladder and their 
use is not limited to specialist centres capable of in-
travesical administration. At present any potential de-
velopment will be for patients resistant to conven-
tional use of anticholinergics [508]. 

2.2. Acetylcholine-Muscarinic Receptors 
The urinary bladder is profusely supplied with auto-
nomic nerve fibers, which form a dense plexus among 
detrusor smooth muscle cells, although some muscle 
bundles appear to be more richly innervated than oth-
ers.  The majority of nerves contain acetyl cholines-
terase and thus are considered to be excitatory cho-
linergic [509].  Contraction of normal human detrusor 
is mediated almost exclusively through muscarinic re-
ceptor stimulation by acetylcholine (Ach) and can be 
completely abolished by atropine [510].  Molecular 
cloning studies have revealed five distinct genes for 
muscarinic Ach receptors in  rats  and humans and 
five receptor subtypes correspond to these gene 
products [511].   Muscarinic receptors are coupled to 
G-proteins; M2, M4 are inhibitory (Gi), whilst M1, M3, 
M5 are facilitatory (Gq).   The signal transduction sys-
tems of M1, M3, and M5 preferentially couple to phos-
phoinositide hydrolysis leading to mobilisation of in-
tracellular Ca2+, whereas activation of muscarinic M2 
and M4 receptors inhibit adenylate cyclase activity 
(but see also section II.3 above).  Detrusor expresses 
both M2 and M3 cholinoreceptors and activation of 
both can elicit bladder contraction [512,513].   Alt-
hough M2 receptors predominate in receptor binding 
studies, it is the M3 receptor that is thought to mediate 
contraction.  Desensitisation of muscarinic acetylcho-
line receptors is one mechanism that reduces detru-
sor muscle contractile response to incoming stimuli. 
It is mediated by phosphorylation of M2 and M3 re-
ceptors by guanosine phosphate binding (G) protein 
coupled receptor kinase (GRK) [514-516].  Protein 
expression of GRK2 is significantly lower in detrusor 
from bladders obstructed by BPH compared to that 
from normal bladders [516].    

In addition to Ach released from peripheral nerve 
ending, non-neuronal Ach can be released from blad-
der urothelium or suburothelial region, although its 
function in unknown.   The non-neuronal Ach release 
is increased by stretch itself augmented by age [517].  

The principal treatment for overactive bladder (OAB) 
is with anticholinergic drugs, initially believed to inhibit 
the effect of Ach on detrusor, released from parasym-
pathetic efferents.  However, there is now evidence 
to suggest that anticholinergic drugs could interact 
with sensory pathways. Stimulation of muscarinic re-
ceptor pathways can depress sensory transduction 
by a mechanism independent of changes in bladder 
tone, suggesting that muscarinic receptor pathways 
and ACh could contribute to normal or pathological 
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bladder sensation [518]; however, there is no appar-
ent evidence in the clinical setting.  Recent studies 
have described muscarinic receptors on the mucosa 
as well as the detrusor of the human urinary bladder. 
The density and binding affinity profile of the musca-
rinic receptor population in the human bladder mu-
cosa was shown to be similar to that of the detrusor 
muscle by radioligand binding assay.  Moreover, 
commonly used and clinically effective muscarinic re-
ceptor antagonists bind to receptors located on the 
bladder mucosa as well as detrusor, providing sup-
port for the hypothesis that muscarinic receptors in 
the mucosa may represent an important site of action 
for these agents in OAB [519]. 

2.3. Adrenergic β-receptors 
During the urine storage phase, sympathetic nerve 
activity is dominant and there is both indirect relaxa-
tion of detrusor muscle by adrenergic β-receptors and 
contraction of urethral smooth muscle by adrenergic 
α1-receptors [520]. There are three β-adrenoceptor 
(β-AR) subtypes (β1, β2, β3). The β-AR is a G(s)-
protein-coupled receptor and its activation elevates 
smooth muscle cAMP, which is a key trigger to elicit 
smooth muscle relaxation. Downstream effectors ac-
tivated via cAMP-dependent mechanism(s) include 
K+ channels, including large-conductance, Ca2+-acti-
vated K+ (BK) channels (see section II.1.6).  β-AR-
mediated relaxant mechanisms also include cAMP-
independent pathways, supported by pharmacologi-
cal and electrophysiological evidence. In airway 
smooth muscle, stimulation of β2-ARs relaxes it by 
direct activation of the BK channels by G(s) α [521].  

β3-receptors were thought to be related only to fat 
metabolism. However, human detrusor relaxes by a 
β3-receptor pathway, and its gene expression in the 
same tissue makes this a significant pathway [522-
525]. Several β3-agonistsKUC-7483, YM-178, FK-
175) have been developed in Japan, and YM-178 has 
been launched in September 2011 in Japan, and then 
USA and European Countries.  Although β3-ARs are 
an attractive target for drug discovery, activation of β
1- or β2-ARs can cause undesirable side-effects 
such as tachycardia or muscle tremors. Conse-
quently, attention has been directed towards the de-
sign of more selective β3-AR agonists [526] .  
GW427353, another novel β3-AR agonist, relaxes 
the bladder and facilitates storage in dogs [527].  In 
addition, the β3-AR agonist CL-316243 increases 
urine storage in spontaneoulsy hypertensive rats 
[528].   

β3-AR agonists can mediate reduced detrusor con-
tractions via the urothelium in pig bladder dome [529], 
which might underly reduced afferent nerve activity 
and in addition β3-AR mRNA is present in the 
urothelium.  In chronically ischaemic rat bladders, 
treatment with mirabegron protects bladder function 
and morphology, resulting in reduced bladder hyper-
activity [530].  These data suggest multiple site of ac-
tions for β3-AR agonists, including the urothelium.   

2.4. Cannabinoids, GPR18, GPR55, GPR119 
Cannabinoids, the active components of Cannabis 
sativa linnaeus (marijuana) and their derivatives are 
drawing renewed attention due to their diverse phar-
macological activities such as cell growth inhibition, 
anti-inflammatory effects, and tumour regression 
[531-536]. 

The cannabinoid receptor has two subtypes, CB1 and 
CB2, which are both guanine-nucleotide-binding pro-
tein (G-protein)-coupled receptors [537]. Canna-
binoid receptors are activated by endogenous ligands 
that include N-arachidonoylethanolamine (anan-
damide), N-homo-g-linolenoylethanolamine, N-do-
cosatetra-7,10,13,16-enoylethanolamine and 2-ara-
chidonoylglycerol [493]. CB1 was initially character-
ized in rat brains [538], and later cloned from rat cer-
ebral cortex [539] and human testis [540].  CB1 dis-
tributed mainly throughout the central nervous sys-
tem, in the cerebellum, hippocampus, and cerebral 
cortex [541], and is present on peripheral neurons.  
However, it also found in tissues including pituitary 
gland, adrenal gland, lung, testis, ovary, uterus, pros-
tate, eye, vascular tissue and  peripheral immune sys-
tem tissues [541-546]. 

Increased cannabinoid receptor-1 (CB1) expression 
in human urinary bladder hyper-sensitivity and over-
activity disorders is correlated with changes with 
lower urinary tract symptoms and pain scores [547]. 
Their findings supported clinical trials of CB1 agonists 
in bladder disorders. A Cannabis sativa extract en-
riched in cannabidiol (CBD) botanic drug substance 
(BDS) and pure CBD reduceed cholinergic-mediated 
contractility and this effect was modulated by TRPV1 
in rats but not in humans. CBD is the chemical ingre-
dient of CBD BDS responsible for such activity. If con-
firmed in vivo, such results could provide a pharma-
cologic basis to explain, at least in part, the efficacy 
of Cannabis medicines to reduce incontinence epi-
sodes in multiple sclerosis patients  [548,549].  

GPR18, GPR55 and GPR119 (provisional nomencla-
ture) respond to agents analogous to endogenous 
cannabinoid ligands, as well as some natural/syn-
thetic cannabinoid receptor ligands, although they 
show little structural similarity to CB1 and CB2 recep-
tors [493]. The expression of the endocannabinoid-
degrading enzyme fatty acid amide hydrolase (FAAH) 
was measured in human, rat and mouse bladders. 
The effects of FAAH inhibition during urodynamics 
were studied in awake rats using a FAAH inhibitor 
oleoyl ethyl amide (OEtA), as well as, rimonabant 
(CB1 antagonist) and SR144528 (CB2 antagonist). 
Bladder mucosa of all species expressed FAAH. Rat 
and human urothelium coexpressed FAAH and CB2. 
The FAAH inhibitor OEtA altered urodynamic param-
eters that reflect sensory functions of micturition in 
rats, uggesting a role for the endocannabinoid system 
in bladder mechanoafferent functions of rats [550] . 

FAAH inhibition in the sacral spinal cord by OEtA re-
sulted in urodynamic effects in normal rats and rats 
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with bladder overactivity induced by pBOO. The spi-
nal endocannabinoid system may be involved in nor-
mal micturition control and altered with bladder over-
activity [551]. Inhibiting peripheral FAAH depressed 
Aδ- and C-fibre activity of primary bladder afferents 
via CB1 and CB2 receptors. CB antagonists alone ex-
erted facilitatory effects on single unit afferent activity 
during bladder filling in rats. Thus, the endocanna-
binoid system may be involved in the physiological 
control of micturition by regulating bladder afferents 
[552].  CP55,940 is a synthetic analogue of tetrahy-
drocannabidiol, a psychoactive ingredient of the Can-
nabis plant.  CP55,940 decreases normal rat bladder 
activity and urinary frequency induced by nociceptive 
stimuli, probably by suppression of bladder afferent 
activity. Th effects of CP55,940 were abolished by 
both CBR antagonists. These data implicate a role for 
the endocannabinoid system in bladder mechanoaf-
ferent function, and CP55,940 be an effective treat-
ment for patients with lower urinary tract symptoms.  

However, the role of CBR subtypes in micturition has 
yet to be evaluated  [553].  Parts of the endocanna-
binoid system may be involved in regulation of blad-
der function, possibly at several levels of the micturi-
tion pathway.  However, It is unclear if either CB re-
ceptor has a dominant role in modification of sensory 
signals or if differences exist at peripheral and central 
nervous sites.  Amplification of endocannabinoid ac-
tivity by FAAH inhibitors may be an attractive drug tar-
get in specific pathways involved in LUTS [554].  
Overall the endocannabinoid system is a a potential 
drug target for pharmacological management of 
LUTS, with a more favourable side-effect profile than 
antimuscarinic agents [555]. 

2.5. GABAB Receptors 
Functional GABAB receptors are formed from the het-
erodimerisation of two similar subunits termed 
GABAB1 ENSG00000168760 and GABAB2 
ENSG00000136928. Stimulation of spinal GABAer-
gic mechanisms by intrathecal application of GABAA 
and GABAA B receptor agonists have been used to 
treat detrusor overactivity in spinal cord injured rats 
[556]. Detrusor overactivity can be controlled by mod-
ulating the afferent input from the bladder and the ex-
citability of the sacral reflex centre to suggest a novel 
method to treat overactive bladder patients with oral 
gabapentin [557]. Fourteen of 31 patients with refrac-
tory (OAB) and nocturia improved with oral gabapen-
tin, and it was well-tolerated.  It may be considered in 
selective patients when conventional modalities have 
failed. Gabapentin also revealed efficacy in treatment 
of neurogenic DO.  There were significant modifica-
tions of urodynamic indexes, whereas symptomatic 
score evaluation and voiding diary data demonstrated 
a significant lowering of the irritative symptoms [557].  

2.6. Glutamate Metabotropic Receptors. 
There are two major classes of glutamate receptors: 
ionotropic receptors which form ligand-gated cation 
channels and metabotropic receptors (mGluRs) 
which are a family of G-protein coupled receptors 

[558,559].  The former include N-methyl-D-aspartate 
(NMDA), α-amino-3-hydroxy-5-methyl-lisoxazole-4-
propionic acid (AMPA), and kainite receptors, which 
play essential roles in the control of micturition re-
flexes [560,561]. mGluRs have eight subtypes 
(mGluR1 to mGluR8) arranged in three groups (I - III) 
based on sequence homology, transduction mecha-
nism and agonist pharmacology. Less is known about 
their functional roles in the lower urinary tract. Gluta-
mate is involved in many CNS functions, and thus 
drugs acting on different glutamate receptors may af-
fect not only micturition.   

A selective mGluR5 antagonist, 6-methyl-2- (phe-
nylethynyl)pyridine (MPEP) was used with both wild-
type and mGluR1 knock-out mice.  The study sug-
gested both mGluR1 and mGluR5 were involved in 
modulating bladder afferent signalling and bladder 
capacity.  Thus, an antagonist, which blocks both 
mGluR1 and mGluR5, would exert a more beneficial 
effect on storage dysfunctions, including overactive 
bladder and urgency urinary incontinence [562].  Sim-
ilar data from other groups indicate that glutamic acid 
has a transmitter function in bladder and somato-
bladder reflex mechanisms [563,564]. 

2.7. Prostanoid Receptors. 
Prostanoid receptors are activated by the endoge-
nous ligands prostaglandin (PG) D2 (D), PGE2 (E), 
PGF2α (F), PGH2 (H), prostacyclin [PGI2 (I)] and 
thromboxane A2 (T). Prostanoid actions are mediated 
by specific receptors on cell membranes, including 
the DP, EP, FP, IP, and TP receptors that preferen-
tially respond to PGD2, PGE2, PGF2, PGI2, and TXA2, 
respectively. Furthermore, EP is subdivided into four 
subtypes: EP1, EP2, EP3 and EP4 (Table 1, [565,566].  
EP1 signal via IP3 generation and increase cell Ca2+, 
activation of EP2 and EP4 leads to an increase in 
cAMP, and EP3 activation inhibits cAMP generation 
via a pertussis toxin-sensitive Gi-coupled mechanism 
and may also signal via the small G-protein Rho. TP 
signal via the Gq G protein, activating Ca2+/diacylglyc-
erol pathways, but other G-proteins may also be in-
volved.  Prostanoids affect excitation-contraction cou-
pling in detrusor muscle directly by effects on the 
smooth muscle itself, and/or indirectly via effects on 
neurotransmission, but the prostanoid receptor most 
important for detrusor function has not been estab-
lished.  

Bladder outlet obstruction of EP1-receptor knockout 
mice did not prevent the resulting increase in bladder 
weight but prevented the increase in spontaneous 
contractile activity (nonvoiding contractions) seen in 
the wild-type controls [567]. PGE2 enhances the mic-
turition reflex through C-fibre afferents via EP1, 
thereby EP1-selective antagonists may improve blad-
der storage function [568]. However, the prostaglan-
din EP1 receptor antagonist ONO-8359 failed to dis-
tinguish itself from placebo and was inferior to tolter-
odine [569].  The urodynamic effects of an EP4 antag-
onist (AH23848) in cyclophosphamide (CYP)-
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induced overactive bladder (OAB) generated favour-
able results [570] and may also be a. new target for 
treatment of patients with OAB.  The change in ex-
pression of each EP receptor subtype associated with 

bladder outlet obstruction has been examined, as 
well as the functional role of EP4 using ONO-AE1-329 
(a selective antagonist for EP4). 

Nomenclature EP1 EP2 EP3 EP4 

Ensembl ID  ENSG00000160951  ENSG00000125384  ENSG00000050628  ENSG00000171522 

Principal 
transduction 

 Gq/11  Gs  Gi/o  Gs  

Rank order of 
potency 

E > F,I > D,T  E > F,I > D,T  E > F,I > D,T  E > F,I > D 

Selective 
agonists  

17-Phenyl-PGE2,    
ONO-DI-004 

Butaprost-free acid, 
CP533536,  
ONO-AE1–259 

Sulprostone, 
SC46275,  
ONO-AE-248  

ONO-AE1–329, 
L902688, 
CP734432  

Selective 
antagonists  

ONO8711 (9.2), 
GW848687X, 
SC51322 

 L798106, 
ONO-AE3-240  

GW627368, 
ONO-AE3–208, 
L161982, 
BGC201531, 
CJ042794, 
ER819762, 
MK2894  

Probes 3H-PGE2 (1–25 nM)  3H-PGE2 (5–22 nM) 3H-PGE2 (0.3–7 nM)  3H-PGE2 (0.6–24 nM)  

Table 1. Classification of prostanoid receptors:EP
1
-EP

4

EP4 receptor mRNA and protein were clearly de-
tected in detrusor and urothelium from obstructed 
bladders.  ONO-AE1-329 significantly relaxed KCl-in-
duced contractions of bladder strips from rats with 
bladder outlet obstruction with a significant correla-
tion between the relaxant effect and whole bladder 
weight [571]. Activation of EP4 in bladder outlet ob-
struction (BOO) may suppress detrusor muscle con-
traction and afferent activity and represent a compen-
satory mechanism to counteract the deterioration of 
storage function in BOO. EP2 and EP4 mRNA are also 
over-expressed in urothelium of obstructed human 
urinary bladder compared to normal bladders, which 
was significantly correlated with IPSS, especially 
storage IPSS. Hence, in contrast to previous mouse 
data, EP2 and EP4 also are potential targets for OAB 
treatment [572].  

EP3 and microsomal PG synthase type-1 decrease 
collecting duct water permeability, so increasing wa-
ter excretion, whereas EP2 and EP4 bypass vaso-
pressin signaling and increase water reabsorption 
through different intracellular signaling pathways. 
PGE2 has an intricate role in urinary concentration 
and targeting specific prostanoid receptor signaling 
pathways could also be exploited for the treatment of 
disorders such as nocturia or nocturnal polyuria [573].  

The role of prostanoids in the pathophysiology of un-
deractive bladder is also under investigation.  The 
roles of nerve growth factor (NGF) and PGE2 were 
studied in bladder and urine in STZ-induced diabetic 
rats. Diabetes mellitus induced hyposensitive under-
active bladder which is characterised by an increased 

inflammatory reaction, apoptosis and urine NGF lev-
els, as well as upregulation of EP1 and EP3 receptors 
and decreased bladder NGF and urine PGE2 [574]. 

Potent agonists for EP2 and EP3 have been devel-
oped. The cyclic carbamate derivatives, 2-melatonin-
2-oxo-1,3-oxazo lidin-3-yl)ethyl]sulfanyl}-1,3-thia-
zole-4-carboxylic acid and 2-2-oxo-1,3-oxazolidin-3-
yl)ethyl]sulfanyl}-1,3-thiazole-4-carboxylic acid have 
been identified as the first potent dual EP2 and EP3 
agonists, with EC50 values of 10 nM or less and se-
lectivity against the EP1 and EP4 subtypes [575].  

ONO-8055 is also a highly potent and selective ago-
nist for EP2 and EP3 on CHO (Chinese hamster 
ovary) cells, using an increase of intracellular [Ca2+] 
and intracellular cAMP production as indicators of re-
ceptor activation.  While this compound contracted 
bladder strips, it relaxed urethral muscle. Awake cys-
tometry showed that ONO-8055 significantly de-
creased bladder capacity, post-void residual urine 
and voiding pressure. Compared with vehicle, 
tamsulosin and ONO-8055 significantly decreased 
urethral pressure.  In vivo, ONO-8055 decreased 
post-void residual urine, probably by decreasing blad-
der capacity. A reduction of voiding pressure proba-
bly resulted from lowered urethral pressure due to re-
laxation of the urethra [576].  

2.8. Tachykinins 
Tachykinin receptors are activated by the endoge-
nous peptides substance-P (SP), neurokinin-A (NKA; 
previously known as substance-K, neurokinin-A or 
neuromedin L), neurokinin-B (NKB; previously known 
as neurokinin-B or neuromedin-K), neuropeptide-K 
and neuropeptide-G (N-terminally extended forms of 



 

 
206  COMMITTEE 2. CELL BIOLOGY 
 

neurokinin A). Neurokinins-A and -B are mammalian 
members of a tachykinin family, which includes pep-
tides containing the consensus sequence: Phe-x-Gly-
Leu-Met. Marked species differences in pharmacol-
ogy. 

Clinical trials showed Aprepitant, a neurokinin-1 re-
ceptor antagonist, is efficacious to treat OAB [577].  
However, the effect was small but demonstrated a 
proof of concept.  Cizolirtine citrate (cizolirtine) exerts 
an inhibitory influence on calcitonin gene-related pep-
tide (CGRP) and substance-P release by primary af-
ferent fibres and/or dorsal horn interneurons, medi-
ated through presynaptic serotonin and α2-adreno-
ceptors that are partly related to an increase of the 
descending noradrenaline pain inhibitory system 
[576-580].  A dose-finding study was performed as 
the first step in the clinical development of cizolirtine 
citrate. The therapeutic potential of cizolirtine citrate 
400mg b.i.d. in overactive bladder was demonstrated 
[581]. 

2.9. Taste Receptors 
The expression of a functional sweet taste receptor 
has been reported in numerous extragustatory tis-
sues, including the gut, pancreas, bladder, brain and, 
more recently, bone and adipose tissues [582].  
T1R2/3 sweet taste receptors are expressed in human 
and rat bladder urothelium. Their activation by artifi-
cial sweeteners has been proposed to augment blad-
der contractions, resulting in urinary frequency or 
OAB [583]. 

The presence of a previously unidentified cholinergic, 
polymodal chemosensory cell in the mammalian ure-
thra, but not in bladder, ureter or renal pelvis has 
been reported  It represents a potential portal of entry 
for bacteria and harmful substances into the urogeni-
tal system.  Urethral brush cells express bitter and 
umami taste receptors and downstream components 
of the taste transduction cascade; respond to stimu-
lation with bitter (denatonium), umami (monosodium 
glutamate) and uropathogenic Escherichia coli. They 
also release Ach to communicate with other cells and 
intraurethral application of denatonium reflexively in-
creases activity of the bladder detrusor muscle in 
anesthetized rats. Urinary bladder may be controlled 
via a previously unidentified cholinergic chemosen-
sory cell monitoring the chemical composition of the 
urethral luminal microenvironment for potential haz-
ardous content [584]. 

The bitter taste receptor (TAS2Rs) family perform 
non-gustatory functions outside the mouth in addition 
to taste. mRNA for various TAS2R subtypes is also 
expressed in both human and mouse detrusor 
smooth muscle. Chloroquine (CLQ), an agonist for 
TAS2Rs, concentration-dependently relaxed car-
bachol- and KCl-induced contractions of human DSM 
strips.  Furthermore, CLQ treatment significantly sup-
pressed OAB symptoms of mice with pBOO [585]. 

3. ION CHANNELS 

3.1. Ligand-gated Ion Channels  
Ligand-gated ion channels are integral membrane 
proteins that contain a pore to allow the regulated flow 
of selected ions across the plasma membrane.  They 
are relatively voltage-insensitive and are gated by 
second messengers and other intracellular and/or ex-
tracellular mediators.  The channels are opened, or 
gated, by the binding of a neurotransmitter to an or-
thosteric site(s) that triggers a conformational change 
that results in the conducting state. Of the eight lig-
and-gated ion channel families (5-HT3, nicotinic-ace-
tylcholine, GABAA, glutamate-ionotropic, glycine, 
P2X, and zinc-activated channels), only P2X will be 
discussed here.  

Purinergic mechanosensory transduction occurs 
where ATP, released from urothelial cells during dis-
tension of bladder and ureter, acts on P2X3 and 
P2X2/3 receptors on suburothelial sensory nerves to 
initiate the voiding reflex via low threshold fibres, as 
well as nociception via high threshold fibres.  In hu-
man bladder the purinergic component of parasym-
pathetic excitatory cotransmission is small.  However, 
in pathological conditions, such as interstitial cystitis, 
obstructed and neuropathic bladder, the purinergic 
component is increased to as much as 40 %. Other 
pathological conditions of the bladder have been 
shown to involve purinoceptor-mediated activities, in-
cluding multiple sclerosis, ischaemia, diabetes, can-
cer and bacterial infections. Purinergic therapeutic 
strategies are being explored that hopefully will be 
developed and bring benefit and relief to many pa-
tients with urinary tract disorders [586]. 

Functional P2X receptors exist as polymeric transmit-
ter-gated channels.  The native receptors may occur 
as homopolymers (e.g. P2X1 in smooth muscle) or 
heteropolymers (e.g. P2X2:P2X3 in the nodose gan-
glion and P2X1:P2X5 in mouse cortical astrocytes). 
P2X2, P2X4 and P2X7 receptors form functional ho-
mopolymers which, in turn, activate pores permeable 
to low molecular weight solutes. The hemi-channel 
pannexin-1 has been implicated in pore formation in-
duced by P2X7, but not P2X2 receptor activation 
[493]. 

Afferent signals originating from the bladder are reg-
ulated by P2X3 and P2X2/3 receptors in the urothelium 
and afferent nerves and antagonists to these recep-
tors are promising agents to treat conditions such as 
OAB and other sensory disorders including chronic 
pain states.  AF-792 [5-(5-ethynyl-2-isopropyl-4-
methoxy-phenoxy)-pyrimidine-2,4-diamine]) is a se-
lective P2X3 and P2X2/3 antagonist that inhibits the 
micturition reflex significantly at 300 nM and in-
creases inter-contraction intervals [587]. After BOO, 
with bladder overactivity, the expression of M2, M3 
and P2X3 receptors is increased in rat urothelium, 
suggesting that changes in urothelium P2X3 receptor 
expression can mediate afferent sensory responses 
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in the urinary bladder [588].  The P2X3 and P2X2/3 re-
ceptor antagonist A-317491 is effective at improving 
the symptoms of CYP-induced cystitis in the rat, sug-
gesting that these receptors are involved in bladder 
overactivity observed during CYP-induced cystitis 
[589].  

The precise mechanisms that underline mecha-
nosensory transduction in the bladder remain ambig-
uous.  However, a wide range of ion channels (e.g. 
TTX-resistant Na+ channels, Kv channels and HCN 
channels) and receptor-channels (e.g. TRPV1, 
TRPM8, TRPA1, P2X2/3) have been identified at blad-
der afferent terminals and implicated in the genera-
tion and modulation of afferent signals. The expres-
sion and/or the function of these ion channels and re-
ceptors may be altered in animal models and patients 
with overactive and painful bladder disordersand may 
be potential therapeutic targets for bladder diseases 
[590].  Another report showed also that detrusor from 
patients with idiopathic detrusor overactivity showed 
a selective absence of P2X3 and P2X5 that may im-
pair control of detrusor contractility [591]. 

3.2. Acid-sensing (Proton-gated) Ion 
Channels (ASIC) 

Acid-sensing ion channels (ASICs) are members of a 
Na+ channel superfamily that includes the epithelial 
Na+ channel (ENaC), the FMRF-amide activated 
channel (FaNaC) of invertebrates, the degenerins 
(DEG) of Caenorhabitis elegans, channels in Dro-
sophila melanogaster and ‘orphan’ channels. ASIC 
subunits contain two transmembrane domains and 
assemble as homo- or hetero-trimers to form proton-

gated, voltage-insensitive, Na+ permeable, channels 
(Table 2). 

ASIC1 is the dominant ASIC subunit expressed in 
bladder urothelium, whereas both ASIC1 and ASIC2 
are expressed in bladder smooth muscle. ASIC3 ex-
pression is much less abundant, but localised in the 
suburotthelial region. In the mucosa, the ASIC1 gene 
is more highly expressed in male than in female mice, 
whereas the expression level of ASIC2 in the bladder 
muscle is higher in female than in male mice.  Thus, 
ASICs might be involved in observed sex differences 
in the bladder response to irritation with acetic acid 
[592]. Capsaicin, acting at TRPV1 receptors, and 
acid, acting at both TRPV1 and ASIC, induce ATP re-
lease from the rat bladder mucosa and highlights the 
importance of ATP and acid as signalling molecules 
in modulating bladder function [593]. Urothelial cells 
express multiple TRP (see also below) and ASIC 
channels, whose activation elicits ionic currents and 
Ca2+ influx. These "neuron-like" properties might be 
involved in release of transmitters such as ATP that 
act on afferent nerves or smooth muscle to modulate 
their responses to different stimuli [594]. Urinary blad-
der inflammation induced by cyclophosphamide al-
ters ASIC2a and ASIC3 expression in the rat bladder, 
although ASIC1 expression is unaffected, and again 
highlight the potential involvement of ASICs in its de-
velopment [595].  Up-regulation of ASIC2a and ASIC3 
in patients with bladder pain syndrome suggests in-
volvement in increased pain and hyperalgesia. Down-
regulation of transient receptor potential vanilloid 1 
mRNA might indicate that a different regulatory 
mechanism controls its expression in the human 
bladder [596]. 

Table 2. Classification of ASICs 

Nomenclature  ASIC1 ASIC2 ASIC3 

Other names  ASIC; BNaC2  BNC1; BNaC1; MDEG  DRASIC, TNaC1  

Ensembl ID ENSG00000110881  ENSG00000108684  ENSG00000213199  

Endogenous 
activators  

Extracellular H+,  
ASIC1a, pEC50 ~6.2- 
6.8 
ASIC1b, pEC50 ~5.1- 
6.2  

Extracellular H+, 
pEC50 ~4.1- 5.0 

Extracellular H+, 
transient component pEC50 ~6.2-6.7  
sustained component  pEC50 ~3.5-4.3 
agmatine (EC50 ~ 9.8 mM @ pH 7.4, 
aracaine (EC50  ~1.2 mM @ pH 7.4,  
GMQ (largely non-desensitising; pEC50 3.0 (pH 
7.4) 
transient component:  APETx2 (63 nM), 
nafamostat ~2.5 mM), amiloride (16-63 mM)  
sustained component: amiloride (pH 4, 200 
mM, A-317567 (~10 mM); aspirin/diclofenac (92 
mM), salicylic acid (260 mM), Gd3+  (40 mM), 
Zn2+  (61 mM). 

 

3.3. Epithelial Sodium Channels (ENaC) 
Epithelial Na+ channels (ENaCs) are responsible for 
Na+ reabsorption by epithelia lining the distal part of 
the kidney tubule, and fulfil similar functional roles in 
some other tissues such as the alveolar epithelium 

and the distal colon. This reabsorption of Na+ is reg-
ulated by aldosterone, vasopressin and glucocorti-
coids, and is one of the essential mechanisms in the 
regulation of sodium balance, blood volume and 
blood pressure. Furthermore, cAMP stimulates the in-
sertion of new ENaC into the apical membrane [597]. 
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The degenerin-epithelial Na+ channel (ENaC) family 
has been proposed as a transducer of sensory stimuli 
in several species [598-600] and these channels 
seem to be mechanosensitive.   In the rabbit urinary 
bladder ENaC can change their Na+ transporting 
properties after changes in hydrostatic pressure 
[598]. ENaCs in the renal pelvic epithelium of rats par-
ticipates in activation of afferent renal mechanosensi-
tive neurons by increased renal pelvic pressure [601].  
ENaCs are expressed in the mammalian urinary blad-
der and suggests that amiloride-sensitive Na+ 
transport across the apical membrane of the 
urothelim is mediated significantly by ENaC [602]. 
Thus, ENaCs could be involved in mechanosensitive 
transduction in the bladder and their upregulation 
could contribute to the pathophysiology of changes to 
sensory nerve function. 

ENaC in human urinary bladder:  The a−, β−, and 
γ−ENaC proteins and mRNA are clearly expressed in 
human bladder epithelium with and without BOO and 
ENaC mRNA expression correlates significantly with 
the storage symptom score [603]. A study with sam-
ples from bladders of control and neuropathic DO pa-
tients showed greater expression of γ−ENaC and 
ASIC1 was associated with decreased compliance of 
the donor bladders [604]. The authors proposed that 
whilst changes to γ−ENaC might impair the mecha-
nosensory function of the urothelium, the increase of 
ASIC1 might compensate for the excess in local sen-
sitivity. 

ENaC in rat urinary bladder: Intravesical infusion of 
the ENaC blocker amiloride significantly reduced the 
frequency of reflex voiding during bladder filling, in-
creased bladder capacity, both without effect on the 
amplitude of micturition pressure. Stretch-induced 
significant increase in the ATP release from whole 
layer bladder strips and this was greatly reduced by 
amiloride [603,605].  

3.4. Potassium Channels 
K+ channels are fundamental regulators of cell excit-
ability (see also sections II.1.6 and III.4.1). They con-
trol the frequency and the shape of action potential 
waveform, the secretion of hormones and neuro-
transmitters and cell membrane potential. Their activ-
ity may be regulated by voltage, Ca2+ and neurotrans-
mitters (and the signalling pathways they stimulate). 
They consist of a primary pore-forming subunit of-
ten associated with auxiliary regulatory subunits. The 
three main groups are the 2-TM (two transmembrane 
domain), 4-TM and 6-TM families – the latter are con-
sidered here [493]. 

The 6TM family of K+ channels. These comprise the 
voltage-gated KV subfamilies, the KCNQ subfamily 
the EAG subfamily (which includes herg channels), 
the Ca2+-activated Slo subfamily (actually with 7TM) 
and the Ca2+-activated SK subfamily. The pore-form-
ing α-subunits form tetramers and heteromeric chan-
nels may be formed within subfamilies (e.g. KV1.1 
with KV1.2; KCNQ2 with KCNQ3).  

Large-conductance, voltage- and Ca2+-activated K+ 

(BK) channels regulate the resting potential and re-
polarisation of the action potential, and play a critical 
role in modulating contractile tone of smooth muscle, 
and neuronal processes.  BK channels play an im-
portant role in controlling membrane potential and 
contractility of urinary bladder smooth muscle 
[606,607]. In addition, small-conductance (SK) chan-
nels, are regulators of excitability in detrusor smooth 
muscle. The role of SK channels in guinea-pig detru-
sor was examined using the SK channel blocker 
apamin. Ca2+ entry through voltage-dependent Ca2+ 
channels activates both BK and SK channels, but 
Ca2+ release (Ca2+ sparks) through ryanodine recep-
tors activates only BKCa channels [50,55].  BK chan-
nels are activated strongly to counteract enhanced 
spontaneous mechanical activity with detrusor mus-
cle stretch.  The role of different K+ channels in regu-
lating spontaneous contractile activity varies between 
pathologies.  K(ATP) and SK channels regulate de-
trusor spontaneous contractions from NDO patients 
and BK channels are not involved. By contrast, BK 
have a role in tissue from normal bladders [608].  

The effects of NS-8, a selective antagonist for BK 
channels on the micturition reflex in rats has been in-
vestigated. During bladder filling, NS-8 decreased the 
discharge rate of the afferent pelvic nerve and could 
be used to manage symptoms of urinary frequency 

and incontinence [608].  The importance of the BKCa
 

channel was shown in that local hSlo cDNA (i.e., the 
BKCa channel) injection ameliorated detrusor overac-
tivity in a rat model of partial urinary outlet obstruction 
[609]. It was suggested that expression of hSlo in the 
bladder functionally antagonised the increased con-
tractility normally observed in obstructed animals and 
thereby improved detrusor overactivity. Consistent 
with increased urinary bladder contractility caused by 
the absence of BK currents, Slo knock-out mice 
demonstrated a marked elevation in urination fre-
quency [51].  BK channel activation also has a signif-
icant role in reducing both cholinergic- and purinergic-
induced contractions [610].  Thus, alterations to BK 
channel expression or function, along with changes 
to SK and KATP channels, could contribute to pathol-
ogies such as overactive detrusor and, represent 
pharmacologial targets for decreasing phasic OAB 
contractions of detrusor. A novel BK channel blocker, 
A-272651, represents one of the first small molecule 
channel blocker and could serve as a tool to charac-
terise the role of BK channels in physiological and 
pathological states [611].  

However, no K+ channel opener has passed the proof 
of concept stage, and there is at present no convinc-
ing evidence showing that K+ channel opening is a 

useful principle for treatment of detrusor overactivity 
[612]. The safety and tolerability of escalating doses 
of hMaxi-K, a gene transfer product of human BK ion 
channel, were confirmed by clinical evaluation and la-
boratory tests in 11 patients with moderate to severe 
erectile dysfunction and hMaxi-K gene transfer is a 
viable approach to treat erectile dysfunction and other 
smooth muscle diseases with targeted access [613]. 
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The identification of novel BK has been attempted by 
screening a library of 794 natural compounds using a 
cell-based fluorescence assay. Kurarinone, a fla-
vanone from Sophora flavescens, was identified as a 
strong potentiator of BK channels and directly poten-
tiates BK channels [614]. Finally an interaction be-
tween phosphodiesterases and BK channels has 
been identified. Phosphodiesterase type 4 (PDE4) is 
present in the pig and human bladder neck smooth 
muscle, where the PDE4 inhibitor rolipram exerts a 
much more potent relaxation than that elicited by 
PDE5 inhibitors. In pig tissue the rolipram-induced re-
sponse is produced through a PKA pathway involving 
BK channel activation and [Ca2+]i desensitisation-de-
pendent mechanisms [615]. 

3.5. Transient Receptor Potential (TRP) 
Cation Channels – Distribution and 
Function 

The TRP family of channels has been considered in 
terms of their physiological functions above with re-
spect to detrusor muscle (section II.1.5) and also in 
the following chapter regarding the urothelium and 
neural sites.  Here their significance as drug targets 
will be considered.  The TRP superfamily of cation 
channels, whose founder member is the Drosophila 
Trp channel. Mammalian TRP channels are activated 
and regulated by a wide variety of stimuli so TRPs 
can act as sensors of osmotic pressure, volume, 
stretch or vibration.  Many post-transcriptional mech-
anisms are also possible, that include phosphoryla-
tion, G-protein receptor coupling, ligand-gating and 
ubiquitination.  

 

 

Table 3. Potential mechanosensing and thermosensing TRP channels (expression and function in urogenital 
organs)  

Subtype Activator Blocker Function in urino-genitary 
system 

Location 

TRPV1 Heat (43°C), low pH, 
voltage, anandamide 
vanilloids, OEA, 
eicosanoids, AA  

Capsazepin, 
BCTC 

Detection of chemical irritants, 
intravesical pressure sensor, 
diuresis, natriuresis 

Urothelium, nerve, 
DRG, prostate, 
seminiferous 
tubules, corpus 
cavernosum  

TRPV2 Noxious heat (53°C), 
mechanical, growth 
factors 

 Intravesical pressure sensor Urothelium, nerve 
endings, 
myofibroblasts 

TRPV4 Moderate heat (24°C), 
cell swelling, mechanical 
(shear stress), 
anandamide, 4α-PDD, 
52,62EET, AA  

 Urethrovesical reflex Urothelium, DRG, 
prostate, testicles 

TRPA1 Mechanical, noxious 
cold (17°C), 
cinnamaldehyde, 
isothiocyanate, garlic, 
marijuana, bradykinin  

 Bladder contractions urothelium, nerve 
endings, detrusor 

TRPM8 Cold (8-28°C), icilin  Reflex micturition, normal 
prostate secretion, sperm motility, 
testicular temperature 
homeostasis 

Prostate, urothelium, 
nerve endings, 
detrusor 

Key: AA, arachidonic acid; OEA, oleoylethanolamide; 4α-PDD, 4α-phorbol 12,13-didecanoate; 52,62EET, 
52,62-epoxyeicosatrienoic acid; BCTC, N-(4- tertiary butylphenyl)-4-(3-chloropyridin-2-yl) tetrahydropyrazine-
1(2H)-2-carboxamide; DRG, dorsal root ganglion. 

 

In mammals TRPs can be divided into six families; 
TRPC, TRPM, TRPV, TRPA, TRPP and TRPML 
based on amino acid homologies. TRP subunits con-
tain six putative transmembrane domains and assem-
ble as homo- or hetero-tetramers to form cation se-
lective channels with varied permeation properties. 

The TRPC ('Canonical') and TRPM ('Melastatin') sub-
families consist of seven and eight different channels, 
respectively (i.e., TRPC1-TRPC7 and TRPM1-
TRPM8). The TRPV ('Vanilloid') subfamily comprises 
six members (TRPV1-TRPV6) whereas the TRPA 
(Ankyrin) subfamily has only one mammalian mem-
ber (TRPA1). Established, or potential, physiological 
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pathological functions of the individual members of 
the TRP families are discussed in detail in the recom-
mended reviews and are only briefly mentioned here 
[616,617]. 

Thus far, expression of TRPV1, TRPV2, TRPV4, 
TRPA1, and TRPM8 has been reported in different 
regions of the urogenital tracts and on sensory nerve 
endings (Table 3, [618-622]). TRP channels have 
been significantly linked to mechanosensory trans-
duction and the release of ATP from the urothelium to 
excite sensory afferents [623]. Candidate mechno-
sensitive molecules in urothelial cells underlying ATP 
release may be ENaCs or TRPs.  In addition to mech-
ano-transduction, many TRP molecules are thermo-
sensitive (Table 3). Specific mention will be masde 
here of four thermosensitive TRP channels – TRPV1, 
TRPV4, TRPA1 and TRPM8. 

3.6. TRPV1 Channels 
TRPV1 is an ion channel activated by capsaicin, heat, 
protons and endogenous ligands such as anan-
damide and largely expressed in the urinary tract of 
mammals.  Receptor expression is firmly established 
in sensory fibers and urothelial cells, and reported in 
other cell types.  Pain perception was the first role at-
tributed to TRPV1 in the urinary tract. However, it is 
clear that TRPV1 also regulates the frequency of blad-
der reflex contractions, either through direct excita-
tion of sensory fibers or through urothelial-sensory fi-
bre interaction involving the release of neuromedia-
tors from the urothelial cells.  Capsaisin and resinifer-
atoxin are agonists for TRPV1, and desensitisation of 
the receptor by them has been investigated for thera-
peutic purposes to manage bladder pain syndrome 
and OAB of neurogenic and non-neurogenic origin. 
However, desensitisation may become obsolete 
when non-toxic, potent TRPV1 antagonists become 
available [624]. TRPV1 channel blockers are used to 
ameliorate chronic pain, whereas TRPV1 agonists 
that induce desensitisation are used to treat condi-
tions in which channel overexpression occurs [625]. 
A splice variant of TRPV1, TRPV1b, in which 60 amino 
acids are deleted in the intracellular N-terminal re-
gion, forms capsaicin-insensitive and stretch-inhib-
ited cation channels [626]. The channel is activated 
by changes to extracellular tonicity and mediates os-
mosensitivity changes in the supraoptic nucleus 
[627]. Such TRPV1 variants might explain partly why 
some reports have suggested the mechanosensory 
function of TRPV1 in the bladder [627,628], although 
the expressions of variants in the bladder or DRG 
have not been studied. With bladder strips excised 
from mice lacking TRPV1 hypoosmolality-evoked 
ATP and NO releases are diminished [628].  

TRPV1 is expressed in the urothelium, interstitial cells 
and sensory nerve terminals.  TRPV1-deficient mice 
displayed a higher frequency of low-amplitude non-
voiding bladder contractions in comparison with wild-
type mice [627], suggesting that TRPV1 is required for 
detection of bladder stretch.  The release of both ATP 
and NO upon stretch was reduced in the bladders of 

TRPV1-deficient mice.  In a clinical setting, capsaicin 
or resiniferatoxin reduces bladder overactivity 
through desensitisation of bladder afferents by acting 
on TRPV1 [624].  Patients with neurogenic detrusor 
overactivity (NDO) have an increased immunoreac-
tivity of PGP 9.5 and TRPV1 in the suburothelium and 
an increased TRPV1 reactivity in the basal layers of 
the urothelium compared to control patients. In addi-
tion, patients with NDO clinically responding to in-
travesical instillations of resiniferatoxin show a 
significant decrease of this TRPV1 immunoreactivity 
in both the suburothelium and the basal urothelial lay-
ers compared to non-responders, suggesting a role 
for TRPV1 in the pathophysiology of NDO [491,629].  
The effect on urinary urgency of bladder desensitisa-
tion by RTX instillation into the bladder of OAB pa-
tients with refractory urgency were investigated and 
RTX showed significantly greater efficacy than pla-
cebo.  The specific effect of RTX on TRPV1 receptors 
suggests that urothelium and sub-urothelial C-fibres 
play an important role to the generation of urgency 
sensation [630]. 

The effects of GRC-6211, an orally active TRPV1 an-
tagonist, were tested on the function of control and 
inflamed rat bladders. GRC-6211 counteracted blad-
der hyperactivity induced by cystitis and at high doses 
it suppressed normal bladder activity by a TRPV1 de-
pendent mechanism [631].  XEN-D0501, a TRPV1 an-
tagonist, is being developed to treat overactive blad-
der. It is safe and well-tolerated at doses up to 5 mg 
twice daily for 14 days in healthy subjects and being 
evaluated for use in management of OAB. Further 
study is needed for the development of OAB therapy 
[632]. 

Botulinum toxin A (BoNT/A) injection into the bladder 
wall is in widespread use to manage persistent OAB.  
The effects of BoNT/A on the expression of nerve 
growth factor (NGF) and TRPV1 in the urothelium and 
detrusor of rats with pBOO-induced detrusor overac-
tivity has been studied.  Although BoNT/A reduced 
raised NGF levels found in BOO, TRPV1 expression, 
particularly in the urothelium, was unchanged [633]. 

3.7. TRPV4 Channels 
TRPV4 was originally postulated to serve as a mech-
ano- or osmosensor [634]. Recent studies using mice 
lacking TRPV4 revealed its involvement of TRPV4 in 
sensing additionally warmth in vivo [635,636]. TRPV4 
is abundantly expressed in rodent urothelium [637] 
and knockout mice show an incontinence phenotype 
of spontaneous voiding pattern, but lower frequency 
of voiding contractions and increased bladder volume 
in continuous filling cystometry [638].  In cultured rat 
urothelial cells, a TRPV4 agonist promoted Ca2+  in-
flux and enhanced ATP release [637].  These findings 
indicate a critical role of TRPV4 in physiological blad-
der function. A study investigated their role in a 
stretch-sensing mechanism, using mouse primary 
urothelial cell cultures from wild-type and TRPV4-
deficient mice.  The results suggested that TRPV4 
senses distension of the bladder urothelium, which is 
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converted to an ATP release signal during filling 
[639].   

If TRPV4 channels are candidates as mechanosen-
sors in the bladder, their inhibition could represent a 
novel therapy for overactive bladder and storage dys-
function [640].  Recent work showed that the devel-
opment of cystitis-induced bladder dysfunction is 
strongly impaired in TRPV4 knock-out mice, and that 
HC-067047, a previously uncharacterised, potent, 
and selective TRPV4 antagonist increased functional 
bladder capacity and reduced micturition frequency in 
normal mice and rats with cystitis. HC-067047 did not 
affect bladder function in TRPV4 knock-out mice 
[641]. 

TRPV4 and TRPV1 are present in different bladder af-
ferent populations. The synergistic activity of antago-
nists for these receptors in very low doses may offer 
the opportunity to treat lower urinary tract symptoms 
while minimising the potential side-effects of each 
drug, in bladder hyperactivity and pain induced by 
cystitis [642].  A dual analysis of voiding behaviour 
and reflex micturition was performed to examine 
lower urinary tract function in TRPV1 knockout mice 
and TRPV4 knockout mice. In reflex micturition, a lack 

of either channel was involved in non-voiding contrac-
tions during bladder filling [643].    

3.8. TRPA1 Channels 
TRPA1 is the only mammalian member of the Ankyrin 
TRP (Figure 32) subfamily and is a potential candi-
date for mechanosensor and/or nociceptor respond-
ing to chemicals such as (allyl isothiocyanate (the 
pungent compound in mustard oil), allicin (garlic) and 
cinnamaldehyde (in cinnamon) [644,645] as well as 
cold stimuli <17C [635,646]. TRPA1 is expressed in 
rodent and human bladders and sensory C-fibres 
[637,647] and activation induces bladder contrac-
tions, mediated by sensory afferent stimulation and 
release of tachykinins and prostanoids.  In diabetic 
rats, functional coupling between the tachykinin and 
prostanoid systems is enhanced, and their impact on 
DSM contractility in response to TRPA1 activation is 
increased [648]. The expression levels of TRPA1 
mRNA is much greater in mucosa compared to detru-
sor or prostate tissue and further upregulated in ob-
structed bladders [619]. 

 

 
The relevance of TRPA1 in OAB induced by spinal 
cord injury was evaluated in rats using HC-030031 (a 
TRPA1 antagonist) and the TRPA1 antisense oligode-
oxynucleotide (AS-ODN). TRPA1 activity and upreg-
ulation exerts an important role in developing OAB 
following SCI [649].  TRPA1 distribution and the ef-
fects of hydrogen sulphide, H2S, as a TRPA1 activator 
on micturition in conscious rats were examined. The 
expression of TRPA1 on C-fibre bladder afferents and 

urothelial cells together with the observation that in-
travesical H2S initiated detrusor overactivity showed 
that TRPA1 has a role in sensory. H2S as a TRPA1 
activator isalso potentially involved in inflammatory 
bladder disease [650].  Cyclophosphamide (CPS)-
induced bladder hyperalgesia can be induced without 
robust inflammation or changes to primary afferent 
TRPV1. However, significant changes were observed 

 
Figure 32. Structure of TRP channels. Most TRP channels are composed of 6 membrane-spanning helices 
with intracellular N- and C-termini. As part of the C-terminal region, ankyrin-repeat domain (ADR)s are present 
as a sensor. 
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in TRPA1 expression, and blockade of TRPA1 allevi-
ated CPS-induced bladder hyperalgesia [651]. 

The effects of blocking TRPA1 by intrathecal admin-
istration of antagonists (HC-030031 and A-967079) 
on the afferent pathways of micturition in rats with 
CPS-induced cystitis found a pronounced TRPA1 up-
regulation in dorsal root ganglia but less so in the mu-
cosa. Blockade of neuronal activation of TRPA1 by in-
trathecal administration of antagonists could de-
crease afferent nerve activity and attenuate detrusor 
overactivity induced by inflammation [652]. 

3.9. TRPM8 Channels 
TRPM8 are both mechanosensitive and cold-sensi-
tive. A bladder cooling reflex is observed in guinea 
pigs if pretreated with menthol, a TRPM8 agonist. This 
reflex is sensitive to ganglion blockade or capsaicin-
sensitive C-fibre deafferentation and might be medi-
ated by through TRPM8 [622].  TRPM8 may play a role 
in the pathophysiology of overactive and painful blad-
ders and provide an additional target for future phar-
macotherapy [623].  

The TRPM8 channel blocker, N-(3-aminopropyl)-2-N-
(2-thienylmethyl)benzamide hydrochloride (AMTB) 
acts on the bladder afferent pathway to attenuate the 
micturition reflex and nociceptive reflex responses in 
the rat [653].  Intravesical infusion of menthol facili-
tated the micturition reflex, and capsaicin pretreat-
ment had no effect on this response [654].  Bladder 
afferents expressing TRPM8 in rats are mainly A-δ alt-
hough some C-fibres will be involved in nociceptive 
sensations [655]. 

Brief cold stimuli applied to the skin can evoke a sud-
den desire to urinate, which can be highly bother-
some in patients with overactive bladder. There is no 
adequate explanation for the mechanism of acute 
cold-induced urinary urgency (ACUU). Cold and men-
thol stimuli to the skin generate bladder nerve re-
sponses conducted through dichotomising axons, 
and these significantly decreased in the presence of 
the TRPM8 blocker BCTC. This suggests TRPM8-
expressing sensory neurons with dichotomizing ax-
ons projecting to the skin and bladder may be respon-
sible for the urinary urgency evoked by cold sensation 
[656]. A novel TRPM8-selective antagonist 
(DFL23448[5-(2-ethyl-2H-tetrazol-5-yl)-2-(3-
fluorophenyl)-1,3-thiazol-4-ol]) has been tested in 
cold-induced behavioral tests on overactive bladder 
function in rats and suggested a role TRPM8-

mediated signals in cold-induced bladder overactivity 
[657,658]. 

3.10. Piezo1 Channels 
Piezo1 is a mechanosensitive ion channel protein 
that in humans is encoded by the gene PIEZO1. Pi-
ezo1 and its close homolog piezo2 were cloned in 
2010, using an siRNA-based screen for mechano-
sensitive ion channels [659].  PIEZO1 and PIEZO2 
share 47% identity with each other and they have no 
similarity to any other protein and contain no known 
protein domains. They are predicted to have 24-36 
transmembrane domains, depending on the predic-
tion algorithm used. In the original publication the au-
thors were careful not to call the piezo proteins ion 
channels, but a more recent study by the same lab 
convincingly demonstrated that indeed piezo1 is the 
pore forming subunit of a mechanosensitive channel  
[660]. 

Piezo1 is expressed in the lungs, bladder and skin, 
where mechanosensation has important biological 
roles. Unlike Piezo2, which is highly expressed in 
sensory dorsal root ganglia, Piezo1 is not expressed 
in sensory neurons [660]. Piezo1 channels are pivotal 
integrators in vascular biology [661] and is also found 
in red blood cells, and gain of function mutations in 
the channels are associated with hereditary xerocyto-
sis or stomatocytosis [662-664]. 

With respect to the urinary tract, mouse urothelial 
cells label for Piezo1 and TRPV4 (Figure 33).  More-
over these cells exhibit a Piezo1-dependent increase 
of intracelluar [Ca2+] in response to mechanical 
stretch stimuli, leading to ATP release. However, Pi-
ezo1 and TRPV4 respond to different intensities of 
mechanical stimulus. Moreover, GsMTx4, an inhibitor 
of such channels, attenuated Ca2+ influx into urothe-
lial cells and decreased ATP release upon stretch. 
The consequence of Piezo1 inhibition by GsMTx4 on 
urinary tract function is seen in Figure 34.  Experi-
ments with a new metabolic cahe design show that 
GsMTx4 did not affect toral water intake and urinary 
loss throughout a dark-light cycle.  However, Poezo1 
inhibition reduced the number of voids and hence the 
voided amount per micturition.  Hence, Piezo1, pos-
sibly acting through sensation of bladder (urothelial) 
stretch and ATP release, influences initiation of the 
micturition reflex.  Thus, inhibition of Piezo1 might 
provide a promising means of treating bladder dys-
function [665].  
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Figure 33  Piezo1 protein and mRNA expression in human bladder urothelium.  A: immuno-histochemistry of 
Piezo1 (left) and a urothelial label CK7 (right).  The merged image is shown below.  L: lumen-facing side.  SM: 
smooth muscle-facing side. B: quantitative RT-PCR of human Piezo1 and TRPV4 transcripts, normalised to 
β-actin.  *p<0.05 vs Piezo1. 
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Figure 34  Metabolic cage system to study the effects of test agents on urinary function  A:  Schematic drawing 
and photographs (ii-iv) of a metabolic cage system for mice.  The system is housed in a sound-proof room at 
25°C away from air-flow fluctuations (ii). The special mesh (middle photograph, patent licence no. 2009-187420, 
Mitsubishi Kumamoto, Japan) allows passage of urine but catches faeces and/or food (right photograph). 
Each mouse is provided with free access to food and water and housed at a 12/12 h dark/light period.  Water 
intake volume is measured by a drink sensor.  B:  Protocol for a study of a drug on urinary function.  After an 
acclimatisation period three dark/light periods are followed: a drug administration period, preceded and fol-
lowed by control periods.  C:  Effect of the Piezo1 inhibitor GsMTx4 on urinary function.  Left:  Urine production 
and drinking times in the three dark-periods of the above protocol.  Right: values of total urine production, 
water intake, voided volume and voiding episodes in the three periods indicated in the protocol of part B.  
Mean data ± SD: *p<0.05, **p<0.01. 
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4. TRANSPORTERS 

Membrane transporters carry solutes across cell 
membranes ultimately against energy gradients that 
require ATP. Transporters can be divided into three 
major classes: P-type ATPases; F-type or V-type 
ATPases and ATP-binding cassette transporters. The 
first of these are multimeric proteins which primarily 
transport inorganic cations. The F-type or V-type 
ATPases are proton-coupled transporters or as mo-
tors and the ATP-binding cassette transporters are in-
volved in drug disposition and transporting endoge-
nous solutes. This solute carrier (SLC) family there-
fore transports a great variety of solutes includes 52 
separate groups with almost 400 members. The SLC 
transporters include members which function as anti-
ports, symports or equilibrative transporters – the lat-
ter allow solutes to travel across membranes down 
their concentration gradients. Many transporters also 
express electrogenic properties [492,494].  

The vesicular nucleotide transporter (VNUT), 
SLC17A9, is the most recent member of the SLC17 
family to have an assigned function. Uptake of ATP is 
independent of pH, but dependent on Cl- and mem-
brane potential. Endogenous substrates are guano-
sine 5'-diphosphate, guanosine-5'-triphosphate, and 
ATP. VNUT can be inhibited by DIDS and Evans blue 
dye [666].  The release of ATP from urothelium when 
stretched may occur through multiple pathways.  
VNUT is abundantly expressed in the urothelium, and 
VNUT-deficient mice show reduced bladder compli-
ance and frequent urination and this transporter has 
been implicated in this pathology [667]  

5. CLOCK GENES 

Clock genes exist in most cells and organs, and their 
products regulate oscillations in the sleep-awake 
rhythm and gene expression rhythms of various met-
abolic enzymes, channels, and receptors. Of more 
than ten types of clock genes that have been identi-
fied, period protein (Per), cryptochrome protein (Cry), 
brain and muscle ARNT-like 1 (Bmal1), and clock lo-
comotor output cycles kaput (Clock) play the most im-
portant role in regulating cellular master and periph-
eral circadian rhythms. Such circadian rhythms are 
driven by several complex feedback loops some of 
which are under the control of the master clock in the 
suprachiasmatic nucleus (SCN, Figure 35) [668]. 

The pathophysiology of nocturia (NOC) and nocturnal 
polyuria (NP) appear to be multifactorial and complex 
and their etiologies remain unclear in a large number 
of patients. There is currently no ideal animal model 
for NOC and/or NP which in turn hinder any scientific 
or clinical approaches for examining and evaluating 
the efficacy of therapeutic modalities for NOC and 
NP. Recent studies reported that renal and lower uri-
nary tract functions are regulated by clock genes 
[669,670].  Moreover, melatonin secretion exhibits a 
circadian rhythm that is regulated by SCN clock 
genes. The rhythmicity of melatonin secretion regu-
lates circadian rhythms in peripheral tissues mainly 
by controlling tissues’ hormonal activities. It has also 
been shown to influence the onset of NOC in patients 
[671,672].  Based on these findings, a novel hypoth-
esis has been proposed regarding the relationship 
between abnormalities in clock genes and lower uri-
nary tract functions (Figure 36). 
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Figure 35.  Mechanisms of circadian rhythm formation by oscillation of clock genes.  More than ten types of 
clock genes that have been identified. Per, Cry, Bmal and Clock play the most important role in regulation of 
circadian rhythms. Particular circadian rhythms are driven by the formation of a large number of complex 
feedback loops under the control of a master clock in the suprachiasmatic nucleus (SCN). In the core loop, 
transcriptional factors, Clock and Bmal can activate Per and Cry genes by attaching to an E-box. 
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Figure 36   Water intake and voiding patterns in a clock mutant mouse model.  Upper and middle panels.  
Comparison between wild type (WT) and Clock mutant (∆19/∆19) mice in micturition patterns.  Plots and bar 
charts show: water intake over two 12hr/12hr light-dark cycles and over one light-dark cycle: average voiding 
episodes; volume per void; and total voided volume. *p<0.05, **p<0.01 light vs dark for each group: ## p<0.01 
WT vs Clock∆19/∆19 for dark cycles: §§ p<0.01 WT vs Clock∆19/∆19 for light cycles.  Lower panels. Actograms 
of WT and Clock∆19/∆19 mice for a two-day period; there is no overall difference. 
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To investigate the effect of clock genes on lower uri-
nary tract function the voiding behaviour of the 
ClockD19/D19 mutant mouse, Clock∆19/∆19, was rec-
orded for 24hr using metabolic cages and compared 
with wild-type (WT) mice. No significant differences 
were observed in behaviour patterns between 
Clock∆19/∆19 and WT mice. However, Clock∆19/∆19 mice 
showed greater voiding frequencies and urine vol-
umes during the sleep phase when compared to WT 
mice. Moreover, the diurnal change (between the 
dark and light periods) in voiding frequency as well as 
urine volume observed in WT mice was absent in 
Clock∆19/∆19 mice. Additionally, functional bladder ca-
pacity was significantly lower in Clock∆19/∆19 mice 
when compared to WT mice. Overall, the clock gene 
mutant mice, Clock∆19/∆19 mice, exhibit several abnor-
malities that are the main characteristics of the noc-
turia/nocturnal polyuria phenotype and hence may be 
used as an animal model for these conditions [673]. 

 PHYSIOLOGY OF THE ANO-
RECTUM 

1. FUNCTIONS OF THE ANO-
RECTUM 

The functions of the anorectum are: the storage of 
stools and their evacuation at convenient times. The 
rectum acts as a store for stools and as a conduit to 
the anus, while the sphincters that develop spontane-
ous contractile tone, are critical for faecal continence 
but also allow control of defecation. Sphincter defects 
are associated with faecal incontinence, but the 
sphincters are not alone responsible for maintaining 
faecal continence [674]. 

Defecation: The presence of stools in the rectum 
causes rectal distension and the activation of stretch 
receptors that initiate viscero-visceral reflexes and 
the recto-anal inhibitory reflex (RAIR) [675]. The for-
mer inhibits colonic activity, while the latter causes 
anal sphincter relaxation.  Once defecation is initi-
ated, the rectal angle straightens, the pelvic floor de-
scends and the tonic activity of the sphincters is in-
hibited simultaneously with contraction of the rectum. 
Together, these responses result in the evacuation of 
the rectal contents [675,676] and a sensory input 
from the anus maintains this activity until the rectum 
is fully evacuated [677].  

2. STRUCTURE OF THE ANO-
RECTUM 

The rectum is a muscular channel that stores stools 
until convenient to defecate and terminates with the 

anus which offers control over the passage of stools 
[678]. The anal sphincter itself consists of the internal 
anal sphincter (IAS), the external anal sphincter 
(EAS), and the anal mucosal folds and vascular cush-
ion, all of which contribute to the tight seal of the anus 
and maintenance of continence [678].  A number of 
key feature contribute to the maintenance of conti-
nence (Figure 37). 

2.1. External Anal Sphincter (EAS) 
The external anal sphincter (EAS) is a ring of striated 
muscle that contributes to the maintenance of anal lu-
minal pressure and provides some voluntary control 
of the anorectum [676]. It is an extension of the leva-
tor ani muscle and morphologically separated from 
the IAS. It is innervated by the pudendal nerve which 
is a mixed nerve carrying both somatic motor fibres 
and sensory nerve fibres.  During sudden increases 
of intra-abdominal pressure, spinal reflexes cause the 
EAS to contract thereby maintaining continence dur-
ing coughs and sneezes etc [676].  

2.2. The Puborectalis Muscle 
The puborectalis muscle is also a striated muscle and 
wraps around the rectum creating the anorectal angle 
(normally about 90°) which acts to prevent the move-
ment of faeces from the rectum to the anal canal be-
tween defecations. Like the EAS, the puborectalis de-
velops tonic contractions and is under voluntary con-
trol [679].  

2.3. The Internal Anal Sphincter (IAS) 
The internal anal sphincter (IAS) is a ring of predom-
inantly slow-twitch, fatigue-resistant smooth muscle 
that encircles the anus and normally prevents the 
passage of faecal material, thus maintaining conti-
nence [680,681]. The smooth muscle differs from that 
of the rectum and the rest of the non-sphincter mus-
cle of the gastrointestinal tract by developing sponta-
neous tone that is not dependent on nervous innerva-
tion or hormonal influences [682].  This intrinsic mus-
cle tone accounts for up to 85% of anal luminal resting 
pressure and is essential for the maintenance of con-
tinence [676].  However, IAS muscle tone is influ-
enced by the autonomic innervation and some hor-
mones (eg. angiotensin II).  Importantly, a non-cholin-
ergic, non-adrenergic (NANC) innervation relaxes the 
IAS transiently during defaecation.   The loss of IAS 
intrinsic tone can lead to the development of faecal 
incontinence, whilst chronically elevated IAS tone 
may hinder healing of anal fissures by reducing blood 
flow in the sphincter region [683].  It is thus a tissue 
of interest when considering drug development for 
these conditions.
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3. INNERVATION OF THE ANO-
RECTUM 

The enteric nervous system (ENS) consists of a net-
work of ganglia (myenteric plexus and submucous 
plexus) that is present throughout the gastrointestinal 
tract and regulates gastrointestinal secretion, motility 
and blood flow [684,685]. In the myenteric plexus of 
the intestine, multifunctional rapidly adapting mecha-
nosensitive enteric neurones (RAMEN) have been 
identified that can trigger reflexes [686,687].  

The anorectum as part of the gastrointestinal tract is 
innervated by the ENS, but the region also receives 
parasympathetic, sympathetic and somatic innerva-
tion. These modulate peristalsis and are involved in 
the defecation reflex. The parasympathetic efferent 
innervation to the distal colon and anorectum arise 
from spinal segments S2–S4 and increase rectal mus-
cle tone in humans. In contrast, the sympathetic in-
nervation to this region is carried in the hypogastric 
nerve which originates in spinal segments T5–L2 .  
These sympathetic fibres contribute to continence by 
inhibiting rectal tone and by increasing contractile 
tone of the IAS [688-690]. Some voluntary control of 
defecation is provided by the pudendal nerve, this 
arises in the sacral (S2-S4) spinal cord and innervates 
the pelvic floor and puborectalis muscles as well as 
the EAS [690].  

3.1. Sensory Innervation 
The sensory innervation of the anorectum has two 
main functions: firstly, to sample rectal contents and 
rectal distention, which can lead to initiation of the 
RAIR or postponement of defecation with voluntary 
external sphincter contractions if required; and sec-
ondly, to provide anal sensitivity [691].  Both unmye-
linated and myelinated sensory nerve fibres are pre-
sent in the anorectum [688].  The nerves mediate a 
number of distention-induced reflexes including the 
RAIR with afferent nerve fibres running in the puden-
dal nerves [692]. The sensory nerves are also a com-
ponent of the rectal sampling reflex, which involves 
short-lasting rectal contraction and relaxation of the 
upper part of the anal canal that allows a sampling of 
the content of the rectum. Intra-ganglionic laminar 
nerve endings that are sensitive to mechanical dis-
tension have been identified in the rectal myenteric 
plexus of the rat [693]. 

3.2. Innervation of the Internal Anal 
Sphincter 

The IAS receives both an excitatory and an inhibitory 
innervation: the former necessary for the mainte-
nance of sphincter tone and continence; the latter for 
sphincter relaxation during defecation.  As in other 
parts of the gastrointestinal tract, contraction and re-
laxation of the IAS smooth muscle are regulated by 
enteric and autonomic neurones and by the actions 
of other cell types, including interstitial cells of Cajal 

 
Figure 37 Water intake and voiding patterns in a clock mutant mouse model.  Upper and middle panels.  Com-
parison between wild type (WT) and Clock mutant (∆19/∆19) mice in micturition patterns.  Plots and bar charts 
show: water intake over two 12hr/12hr light-dark cycles and over one light-dark cycle: average voiding epi-
sodes; volume per void; and total voided volume. *p<0.05, **p<0.01 light vs dark for each group: ## p<0.01 
WT vs Clock∆19/∆19 for dark cycles: §§ p<0.01 WT vs Clock∆19/∆19 for light cycles.  Lower panels. Actograms 
of WT and Clock∆19/∆19 mice for a two-day period; there is no overall difference. 
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[694]. The IAS is innervated by both sympathetic and 
parasympathetic fibres [695,696], but excitatory mo-
tor innervation to the IAS is almost exclusively sym-
pathetic and abolished by guanethidine, a drug that 
inhibits transmitter release from adrenergic nerves 
[682,697,698]. However, when purinergic neuro-
transmission is blocked by desensitising muscle pu-
rinergic P2X receptors with α,β methylene-ATP 
(ABMA), this also inhibits (about 30%) contractions of 
the IAS smooth muscle induced by electrical field 
stimulation (EFS), suggesting ATP is acting as an ex-
citatory neurotransmitter [698]. Since ATP contrib-
utes to the response, but guanethidine abolishes con-
tractions, it appears that both noradrenaline and ATP 
are co-released from adrenergic nerves in the IAS to 
mediate excitatory neurotransmission.  In contrast to 
the IAS, motor innervation to the rectum also appears 
to involve co-transmission, but in this case mainly 
cholinergic and tachykinergic mechanisms are in-
volved [699].   

The predominant influence of the sympathetic system 
has been confirmed with neurogenic responses being 
inhibited in the presence of α1-adrenoceptor antago-
nists such as prazosin [697,699-701].  However, in-
travenous infusions of α-and β-adrenoceptor agonists 
in cats [702] suggest that inhibitory effects via β-adre-
noceptor may also be present but masked by the 
larger responses mediated via α1-adrenoceptors.  

4. EXCITATORY 
NEUROTRANSMISSION 

4.1. Sympathetic Innervation 

α1-adrenoceptors: Sympathetic nerve stimulation 
causes IAS contraction [703] and the main body of 
evidence indicates that these responses are medi-
ated via α1-adrenoceptors. Thus, autoradiographic 
studies with 3Hprazosin have identified α1-adreno-
ceptors on the smooth muscle fibres of sheep and hu-
man IAS [704]. Furthermore, It has now been shown 
in many studies with different species, including man, 
that the sympathetic neurotransmitter noradrenaline 
and synthetic α1-adrenoceptor agonists cause large 
contractions of IAS smooth muscle that are blocked 
by α-adrenoceptor antagonists [704,705-707].  Also, 
it was demonstrated that stimulation of α1-adrenocep-
tors increases resting luminal pressure developed by 
the sphincter without affecting the anal pressure re-
sponse to rectal distension [708].  In sheep, mice and 
human IAS, electrical field stimulation of tissues pro-
duces contractions that are blocked by α-adrenocep-
tor antagonists [697,709-711].   

Activation of α1-adrenoceptors mediates contraction 
of IAS smooth muscle of pig [706], sheep [704] and 
human [707] and the receptor subtype has been iden-
tified as the α1A-adrenoceptor subtype. Unlike all the 
cloned α1-adrenoceptor subtypes the IAS receptor 
has a low affinity for prazosin [706]. This characteris-
tic is found with a number of functional α1A-adreno-
ceptor receptors in various tissues and the receptors 

are thought to represent a pharmacologically distinct 
form of the α1A-adrenoceptor and termed α1L-adreno-
ceptors [712]. This conclusion is supported by the 
finding that deletion of the α1A-adrenoceptor gene in 
knock-out mice, results in the absence of the α1L-
adrenoceptor subtype in tissues [713].  

α2-adrenoceptors:  α2-adrenoceptors are present 
throughout the gastrointestinal tract and in the rectum 
activation causes relaxation [714,715]. Functionally 
α2-adrenoceptors appear to play a dual role, with 
small direct contractile effects on muscle and an indi-
rect pre-junctional regulation of transmitter release. 
Thus, α2-agonists have been shown to induce direct 
contraction of the IAS in sheep and pig [714,716], but 
inhibit the recto-anal inhibitory reflex (RAIR)-induced 
relaxation of opossum IAS [708]. Physiologically the 
latter effect dominates and for the endogenous ago-
nist noradrenaline, the direct contractile effect on the 
IAS is only observed at high concentrations [706].   

β-adrenoceptors: There is little information available 
in the literature concerning the β-adrenoceptors of the 
IAS. β-adrenoceptor agonists relax the opossum IAS, 
but the receptor subtype was not examined [717].  It 
has been reported that all three β-adrenoceptor sub-
types are present in the rat IAS, but that the β1- and 
β3-adrenoceptors elicit responses via cGMP, whilst 
the population of β2-adrenoceptors induce IAS relax-
ation via both cAMP and cGMP second messenger 
pathways [718]. The human IAS also possesses a 
population of β3-adrenoceptors which induce direct 
smooth muscle relaxation [719].  However the re-
sponses to selective β3-agonists were only one third 
the magnitude of those to non-selective β-agonists 
and this may reflect the receptor population identified 
using Western blotting in human IAS (β2≥ β1≥ β3). 

4.2. Parasympathetic InnervationI 
Cholinergic transmission: Cholinergic neurones me-
diate the contraction of gastrointestinal smooth mus-
cle [720] with acetylcholine (Ach) activating M2 and M3 
muscarinic receptors to induce increases in cytosolic 
Ca2+ and contraction [79,721].  The situation is less 
clear in the IAS where Ach has both excitatory and 
inhibitory effects on the smooth muscle. Activation of 
muscarinic receptors of the human IAS induces con-
traction that is mediated via the M3 receptor subtype 
[722,723]. However, several reports have suggested 
that muscarinic receptor stimulation can cause relax-
ation of the IAS.  These have been reported for IAS 
from cats, opossum and human [724-726]. This inhib-
itory response to muscarinic agonists appears to be 
due to the release of nitric oxide since inhibitors of NO 
synthase have been shown to block the relaxations 
[724,725,727].  To complete the picture it should be 
noted that in the pig IAS, carbachol fails to elicit con-
traction and atropine has no effect on neurogenic re-
sponses to EFS [698].  Thus the role of muscarinic 
receptors and Ach as a neurotransmitter appears to 
be species dependent.  

Purinergic transmission:  The role of ATP and puriner-
gic receptors in the IAS is controversial with some 



 

 
PHYSIOLOGY OF THE ANO-RECTUM  219 

 

studies finding excitatory effects and other inhibitory 
effects.  In the porcine IAS desensitisation of smooth 
muscle P2X receptors with ABMA significantly re-
duces neurogenic (EFS) contractions.  Furthermore, 
this effect is greater at 5 Hz than at 10 Hz stimulation 
suggesting that ATP provides a greater contribution 
to contractions at lower frequencies of stimulation. A 
similar frequency dependent effect has been ob-
served in visceral and vascular smooth muscle, 
where the inhibition of ATP breakdown has a greater 
potentiating effect on neurogenic responses at low 
frequencies compared to higher frequencies [728]. 

In contrast, many studies have suggested that ATP is 
an inhibitory neurotransmitter in the IAS 
[682,729,730]. ATP has been shown to mediate in-
hibitory junction potentials and relaxations in guinea-
pig and human IAS [726,730], while both ATP and 
adenosine have been shown to produce concentra-
tion-dependent relaxations of the guinea pig [730], 
rabbit [731], rat [729,732], mouse [733] and sheep 
[709] IAS smooth muscle. The inhibitory junction po-
tentials induced by ATP were mediated via P2Y1 re-

ceptors [709,729,733]. Thus, P2X receptors may me-
diate contractile responses of the IAS, whilst P2Y re-
ceptors may mediate the inhibitory junction potentials 
and relaxations.  In other tissues such as the bladder, 
ATP can induce a number of smooth muscle re-
sponses via different mechanisms including (1) direct 
actions via P2Y receptors (2) indirect actions by in-
ducing NO release from epithelial cells and (3) indi-
rect actions via P1 receptors after being broken down 
to adenosine [586].  

5. INHIBITORY 
NEUROTRANSMISSION 

NANC neurotransmitters such as NO, play a major 
role in the inhibitory neurotransmission of the IAS and 
are essential for transient anal relaxation during def-
ecation However, inhibitory neurotransmission in the 
IAS involves a number of neurotransmitters or modu-
lators that may be co-released to cause relaxation 
(Figure 38).  

5.1. Nitric oxide (NO)  
Nitric oxide is predominantly an inhibitory neurotrans-
mitter causing relaxation of the IAS in all species so 
far examined.  Thus inhibitors of NO synthase (NOS) 
reduce neurogenic relaxations of the IAS in animals 
and human [698,709,729,734-738]. NO stimulates 
guanylate cyclase resulting in the activation of cGMP-
dependent protein kinase I (cGKI) and the opening of 
potassium channels to produce inhibitory junctional 
potentials and relaxation [729,737,738]. The cGMP 
pathway has been demonstrated in human IAS [739] 

(Lies et al., 2014). In cGKI-knockout mice NO induced 
relaxations can still be observed suggesting that a 
cGKI-independent pathways may also exist in the IAS 
[735].  The inhibitory actions of NO are exerted di-
rectly on the IAS smooth muscle since relaxation re-
mains in the presence of the neurotoxin tetrodotoxin 
[738]. In the human IAS, NO donors relax tissues and 
in the presence of atropine and guanethidine, EFS 
produces tetrodotoxin-sensitive relaxations, which 
are inhibited by inhibitors of NO synthase [736].  

 
Figure 38: NANC relaxation responses to electric field stimulation.  Stimulation at 10Hz was carried out in the 
presence or absence of inhibitors of the synthesis of: NO (L-NNA), cGMP (ODQ), CO (ZnPPIX) or H2S 
(PAG+AOAA), either alone or in combination.  *p<0.05, ** p<0.01, and *** p<0.001 compared to control values 
in the absence of inhibitors. 
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Both neuronal (nNOS) and endothelial (eNOS) 
isoforms of NOS have been identified in the anorec-
tum: nNOS in the gastrointestinal neurones of the 
myenteric plexus [740] and eNOS and nNOS in the 
IAS circular smooth muscle [694,741,742].  nNOS 
has also been identified in the human IAS using im-
munohistchemistry [703] and it has been suggested 
that inhibition of nNOS by reactive oxygen species 
(ROS) may contribute to pathological conditions of 
the IAS [743]. Thus, it is clear that NO is the major 
NANC neurotransmitter mediating neurogenic relax-
ation of the IAS in animals and human [730,736,744].   

5.2. Carbon Monoxide (CO)  
Carbon monoxide is another gaseous neurotransmit-
ter that plays a significant role in the gastrointestinal 
tract and NANC neurotransmission. Direct relaxation 
of the mouse and opossum IAS has been reported 
[745,746], while NANC neurotransmission is mark-
edly reduced in knockout mice incapable of generat-
ing CO, and restored with the addition of exogenous 
CO [747].  The synthesis of CO is catalysed by heme 
oxygenase (HO), which is the rate-limiting enzyme in 
the catabolism of heme [748].  There are two isoforms 
of heme oxygenase; the induced exzyme (HO1) and 
the constitutively expressed isoform (HO2).  The 
mechanism of IAS smooth muscle relaxation for CO 
is similar to that of NO, with activation of guanylate 
cyclase, production of cGMP resulting in hyperpolari-
sation and smooth muscle relaxation [745,746].  
However NO is about 80-fold more potent at activat-
ing guanylate cyclase than CO [749].  As with NO, 
relaxation of IAS smooth muscle has been reported 
that can occur independently of the cGMP pathway, 
a process by which CO opens potassium channels 
directly to cause hyperpolarization and smooth mus-
cle relaxation [750].  

5.3. Hydrogen Sulphide (H2S)  
H2S is the third gaseous transmitter found in the 
NANC nerves of the IAS. It is produced from L-cyste-
ine by two enzymes; cystathionine-β-synthethase 
and cystathionine-γ-lyase, although, a third enzyme 
(3-mercaptosulphurtransferase) also has been asso-
ciated with H2S synthesis in mammals [751].  Expres-
sion of these enzymes is widespread throughout the 
body, but particularly in nervous tissue [752].  H2S 
has been implicated in K+ channel opening and hy-
perpolarisation although H2S-induced relaxations 
have been observed that do not involve K+ channels 
[753].  

H2S production has been demonstrated in the gastro-
intestinal tract, and both cystathionine-β-synthethase 
and cystathionine-γ-lyase are expressed along the rat 
and mouse intestine [754,755]. Cystathionine-β-syn-
thethase and cystathionine-γ-lyase have been de-
tected immunohistochemically and at the mRNA level 
in rat colonic smooth muscle cells [756,757].  H₂S is 
endogenously produced in the rat colon and it regu-
lates colonic motility  [754].  It has been reported that 
NaHS, a H2S donor, relaxes a number of gastrointes-
tinal tissues and inhibits smooth muscle contractile 

responses to nerve stimulation [758].  There have 
been few studies of the role of H2S in the IAS, but it 
was recently shown that H2S contributes to inhibitory 
neurotransmission in the pig IAS  [698].  However, 
NO remains the main mediator of relaxation in this 
tissue. 

5.4. Vasoactive Intestinal Polypeptide (VIP)  
Vasoactive intestinal polypeptide originally isolated 
from pig intestinal extracts [759] (Said & Mutt, 1970), 
also participates in NANC relaxation throughout the 
intestine, including the IAS of many species including 
man [731,733].  In particular in mice, electrical stimu-
lation, particularly with longer stimulation trains of 
pulses, induces a slowly developing and long lasting 
NANC relaxation and hyperpolarisation, which is 
abolished in the presence of a VIP receptor antago-
nists and is absent in VIP-knockout mice [733].  It was 
proposed by these authors that the VIP pathway may 
be activated with greater rectal distensions, leading 
to a more prolonged period of anal relaxation. 

Using genetic knockout of the biosynthetic enzymes 
for CO and NO, it has been shown at least in the 
mouse that the effects of exogenous and endoge-
nous VIP in the IAS are mediated by heme oxygen-
ase HO2-synthesized CO [760].  At the postsynaptic 
level, many studies support the concept that VIP and 
NO are parallel co-transmitters, acting via the adenyl-
ate cyclase and guanylate cyclase pathways respec-
tively. Based on results from gastrointestinal tract 
smooth muscle cells, VIP is thought to be the princi-
pal neurotransmitter, acting partly via a VPAC recep-
tor, the cAMP pathway and by NO production [761].  
In addition, the capacity of VIP to release NO from 
isolated smooth muscle cells is associated with the 
induction of iNOS in these cells [761].  Thus, VIP may 
mediate relaxation of the IAS by a direct effect and 
also modulation of other neurotransmitters (NO and 
CO). 

In a comprehensive study of inhibitory neurotransmis-
sion in the pig IAS, the role of NO, CO and H2S were 
examined after removing contractile responses with 
guanethidine (Figure 38). Inhibiting NO synthase re-
duced relaxations to EFS by about 50%.  However 
after removing NO effects with a NOS inhibitor, the 
non-nitrergic relaxation of the pig IAS to field stimula-
tion were further reduced by ODQ which suggests the 
involvement of CO in the relaxation of this tissue. This 
was confirmed using ZnPPIX an inhibitor of heme ox-
ygenase which is responsible for the synthesis of CO. 
This inhibitor reduced IAS relaxation responses by 
about 20% and this effect was not additive with ODQ. 
These data suggest that the ODQ sensitive compo-
nent of the relaxation is composed of predominantly 
NO (50%) but with a smaller contribution from CO 
(20%). 

In the presence of ODQ, the remaining small, non-
NO, non-CO relaxation must be mediated via a neu-
rotransmitter that is cGMP-independent. It has been 
shown that the enzymes responsible for the produc-
tion of H2S are present in the enteric nerves and the 
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myenteric interstitial cells of Cajal [762], both of which 
can be found in the IAS [708,763].  Inhibition of H2S 
synthesis with PAG and AOAA depressed relaxation 
responses to EFS and the depression was additive to 
that of ODQ and therefore independent of cGMP in-
dicating a small role for H2S in relaxation of the IAS 
to EFS.  Thus inhibitory neurotransmission in the pig 
IAS involved all three gaseous neurotransmitters 
(NO>>CO=H2S), illustrating the complex mecha-
nisms involved in the transient relaxation of the IAS 
during defecation. 

6. MYOGENIC ACTIVITY IN THE IAS 
AND RECTUM 

6.1. Spontaneous Contractions 
The spontaneous development of tone in IAS smooth 
muscle is an intrinsic property of the sphincter smooth 
muscle itself and develops independently of neuronal 
and hormonal influences [682].  Basal tone develops 
gradually (see Figure 39) and is associated with an 
elevation of intracellular calcium that involves 
ryanodine receptors, L-type Ca2+ channels and Ca2+-
activated Cl- channels [764]. The elevated intracellu-
lar calcium, via calmodulin, activates myosin light 
chain kinase (MLCK) and triggers an increase in ba-
sal tone.  

 
Two intracellular mechanisms result in the develop-
ment of smooth muscle contraction and spontaneous 
tone.  The first is a direct contractile mechanism in-
volving increases in intracellular calcium which acti-
vate calmodulin thereby activating myosin light chain 
(MLC) kinase and phosphorylation of MLC to induce 
contraction.  Stimulation of G-protein linked recep-
tors, eg muscarinic receptors in the rectum or α1-
adrenoceptors in the IAS, increases intracellular cal-
cium and induces contraction via this mechanism. 
Ca2+ release from the sarcoplasmic reticulum of IAS 
is the initial signal for the generation of IAS smooth 

muscle basal tone and maintenance, and this in-
creased Ca2+ then activates Ca2+-activated Cl- chan-
nels which activated the L-type Ca2+ channels [764].  
Also, extracellular Ca2+ influx via L-type Ca2+ chan-
nels and contribute to the maintenance of IAS basal 
tone in many species including man [737,765].  

The second mechanism for muscle tone development 
occurs simultaneously to elevation of intracellular 
Ca2+, and is known as Ca2+-sensitisation. This mech-
anism involves an inhibition of the dephosphorylation 
of MLC by MLC-phosphatase via the Rho/ROCK 
pathway [766,767].  Rho is a small GTP binding pro-
tein which can interact with a serine/threonine kinase 
known as ROCK (Rho activated, coiled coil contain-
ing protein kinase 2). Rho when bound to GTP, acti-
vates ROCK which can phosphorylate and inhibit 
MLC-phosphatase. There are two isoforms of ROCK 
(I and II) and although both forms are found in smooth 
muscle it is ROCKII that is expressed in visceral 
smooth muscle [768].  The inhibition of MLC-
phosphatase results in reduced de-phosphorylation 
of MLC and more contractile force development for a 
given calcium concentration.  Hence the pathway is 
also known as the Ca2+-sensitisation pathway and 
leads to tonic myogenic force development. 

In tissues that have significant myogenic tone such 
as the IAS, the Rho/ROCK pathway is active even in 
unstimulated muscle cells and can result in the devel-
opment of spontaneous basal contraction.  Thus 
Rho/ROCK levels are greater in IAS smooth muscle 
than rectal smooth muscle [769,770].  Moreover, Rho 
kinase (ROCK) is also important in the maintenance 
of IAS smooth muscle basal tone [771-773].  The mo-
lecular basis for the basal myogenic tone in the IAS 
was examined and compared to rectal smooth mus-
cle (a mixture of phasic and tonic), and anococcygeus 
smooth muscle (phasic muscle) in the rat [769].  The 
levels of Rho/ROCK were higher at the cell mem-
brane in the IAS compared with those from the rectal 
and anococcygeus smooth muscle. Also, a RhoA in-
hibitor (C3 exoenzyme) and a ROCK inhibitor 
(Y27632) caused relaxations of the IAS illustrating a 
basal level of pathway activation.   

For the rectum, the literature on the characterisation 
of spontaneous phasic activity is quite limited. How-
ever the role of this system has been investigated in 
the rat rectum where both PKC and Rho/ROCK ap-
pear to play a significant role in slow-rate high-ampli-
tude spontaneous phasic activity.  However, only the 
RhoA/ROCK pathway mediated fast-rate low-ampli-
tude phasic activity [774].  Extracellular signals for 
Rho/ROCK activation system in human IAS and rec-
tum have been sought and and the renin-angiotensin 
and arachidonic acid pathways provide such a link by 
activating RhoA/ROCK for the maintenance of basal 
tone [773].   

The IAS had higher levels of expression of the bio-
synthetic machinery for the renin-angiotensin system 
(RAS) and the cyclooxygenase (COX) system than 
the rectum.  Furthermore, inhibitors of the RAS and 

 
Figure 39.  Noradrenaline and basal tension in IAS. 
Isolated IAS preparation showing a spontaneous 
rise in basal tension over 60min before the addition 
of noradrenaline (NAdr:   10-7.5 to 10-4 M) to gener-
ate tonic contractions. 
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COX pathways depressed IAS basal tone by 80% 
and 20% respectively, while the end products of 
these pathways angiotensin II (ANG II), thromboxane 
A2 (TxA2) and prostaglandin F2α (PGF2α) increased 
IAS tone [773].   

Following receptor stimulation, two pathways may re-
sult in Rho activation. One involves activation of 
Rho/ROCK after receptor coupling with G12/13 G-pro-
teins [775].  The other involves protein kinase C 
(PKC) inhibition of MLCP via phosphorylation of PKC-
potentiated inhibitor (CPI-17), the endogenous inhib-
itory protein of MLCP [776].  In human IAS smooth 
muscle, phorbol esters which activate PKC and the 
Rho/ROCK pathway cause contraction [777].  Since 
this pathway controls IAS myogenic tone, drugs that 
modulate the Rho/ROCK pathway may offer new op-
portunities for drug development in the treatment of 
faecal incontinence. 

6.2. Smooth Muscle Relaxation 
Reduction of intracellular Ca2+ ([Ca2+]i) induces 
smooth muscle relaxation; although Ca2+-independ-
ent smooth muscle relaxation can occur, a phenome-
non known as Ca2+ desensitisation [778].  Smooth 
muscle relaxation ([Ca2+]i dependent or independent 
of reduced [Ca2+]i) has been associated with activa-
tion of cGMP-dependent protein kinase (PKG) and 
cAMP-dependent protein kinase (PKA). These ki-
nases are induced by gaseous transmitters such as 
NO, carbon monoxide (CO) and GPCR activation re-
spectively [779-781].  PKG and PKA-induce smooth 
muscle relaxation even when [Ca2+]i is unchanged 
(Ca2+-desensitisation), because activation of PKG in-
hibits Rho, thereby reducing the sensitivity of the con-
traction process to calcium [782,783].  Furthermore, 
PKG can induce calcium desensitisation by phos-
phorylating CPI-17 [784].  

In the sheep IAS, endogenous angiotensin II (Ang II) 
is another agent involved in maintaining basal tone 
and contraction of the IAS smooth muscle 
[773,785,786].  The biosynthetic machinery for Ang II 
is present in the IAS of rat, and the agent may be syn-
thesised locally [785].  Early studies in the IAS 
smooth muscle of rat demonstrated the presence of 
ANG II and also AT1 receptors [785].  AT1 and AT2 
receptors are expressed in the IAS smooth muscle of 
rat [787].   However, ANG II causes contraction of rat 
IAS smooth muscle by the activation of AT1 receptors 
at the smooth muscle cell and involves multiple intra-
cellular pathways including influx of Ca2+, and activa-
tion of protein kinase C and ROCK [787].  It is con-
cluded that basal IAS tone is partially under the auto-
crine control of the cellular renin-angiotensin system 
and is evident in the expression of angiotensinogen, 
renin, and angiotensin-converting enzyme in the IAS 
smooth muscle cells [786].  Also, Ang II causes an 
increase in the IAS smooth muscle tone via activation 
of RhoA/ROCK in the human [773].   Thus the renin-
angiotensin system may mediate IAS basal tone and 
contractile responses. 

7. INTERSTITIAL CELLS OF CAJAL 
(ICC) AND SPONTANEOUS 
CONTRACTILE ACTIVITY 

Interstitial cells of Cajal (ICC) are specialised cells 
distributed throughout the gastrointestinal tract in-
cluding the rectum and IAS [788].  Various popula-
tions of ICC exist which have different functions 
(pacemaker vs neurotransmission) and also morphol-
ogy.  One population makes synaptic connections 
with efferent parasympathetic nerves and via gap 
junctions with smooth muscle fibres.  The other pop-
ulation of ICC are located in the myenteric/submuco-
sal plexuses, where they are thought to act as pace-
makers of contractile activity.  In these cells sponta-
neous phasic slow wave activity passes between ICC 
and muscle fibres via gap junction and these can 
summate and initiate phasic contractile activity 
[15,789].  The contractile functions of the rectum and 
anus differ (phasic vs tonic) and these differences in 
function are reflected in the characteristics of their re-
spective ICC.  Rectal ICC more closely resemble the 
spindle-shaped, intramuscular ICC found throughout 
the rest of the gastrointestinal tract and their density 
is greater than that in the IAS [694,790].  

The function of the anal sphincter is to develop tone 
rather than phasic contractile activity and the IAS dif-
fers from the rectum in having a predominantly sym-
pathetic excitatory input and also a different distribu-
tion of ICC.   In this tissue, the sympathetic motor fi-
bres do not appear to be associated with intramuscu-
lar ICC.  Thus sympathetic nerves are likely to inner-
vate directly the smooth muscle of the IAS and may 
contribute to myogenic tone [694,791].  

As in the rectum the IAS has a nitrergic innervation, 
but unlike the rectum, this does not seem to innervate 
the ICCs.  The role of ICCs has been investigated in 
mice deficient in these cells (W/Wv mice) and these 
studies have identified a dense network of ICCs in the 
IAS of normal but not mutated mice, but relaxation re-
sponses to EFS were normal suggesting only a minor 
role for ICC in the sphincter [792].  It is also unclear 
whether ICCs are essential for the RAIR, with conflict-
ing reports concerning the effect deletions in mutant 
mice [793,794].  Thus in the sphincter, ICC may have 
a role in regulating muscle tone, and basal myogenic 
tone is lower in ICC deficient mice compared with 
controls. The intramuscular ICC contribute to the 
electrical events underlying nitrergic neuromuscular 
transmission in the mouse IAS [792] and the enzyme 
heme oxygenase, which produces CO, has been 
found to be present in the myenteric and submucosal 
neurones of the IAS as well as in the ICCs found in 
this tissue [795]. 

Thus ICC in the rectum and anus differ, reflecting the 
different functions of these two tissues.  There is also 
growing evidence that ICC play a role in sensory 
mechanisms in the gastrointestinal tract.  Vagal affer-
ent nerve endings are found in close proximity to ICC 



 

 
PHYSIOLOGY OF THE ANO-RECTUM  223 

 

and may be involved in stretch perception since in the 
bladder, they release ATP when stretched, a chemi-
cal known to sensitise afferent nerves [796].  

8. MUCOSAL INFLUENCES ON THE 
ANAL SPHINCTER 

In the lower urinary tract, the lining of the bladder, the 
urothelium/lamina propria, releases a number of fac-
tors thought to be involved in bladder control (Figure 

40). Specifically of interest, the urothelium/lamina 
propria releases a factor which inhibits contraction of 
the smooth muscle [797,798].  A similar mechanism 
was recently shown to inhibit contractility of the 
smooth muscle of the internal anal sphincter.  This 
inhibition does not involve ATP acting via purinergic 
P2 receptors and is not NO, CO or H2S [799]. Whilst 
the precise mechanism of mucosal inhibition remains 
to be elucidated, it may provide a novel target for de-
velopment of drugs to increase tone in the internal 
anal sphincter and thus treat faecal incontinence. 

 
  

 
Figure 40.  Inhibition of porcine IAS responses to phenylephrine in the presence of an intact mucosa.  De-
nuded tissue strips have mucosa removed.  Dose responses to phenylephrine (range10-7.5 to 10-4 M) in 
control conditions or in the presence of suramin of ZnPPIX.  *p<0.05, ***p<0.001 compared to response of 
denuded tissues. 
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 RECOMMENDATIONS FOR 
FUTURE RESEARCH 

It is not the purpose to list a number of research pro-
jects but to highlight those areas that are move novel 
and/or under-investigated.  Implicit is the appreciation 
that an understanding of changes to LUT and lower 
gastro-intestinal tract function associated with clinical 
conditions can only be achieved by a detailed char-
acterisation of normal function. A description of par-
ticular pathways and processes in these tissues will 
not necessarily lead to targetted drug models but will 
provide avenues for exploration. Therefore, no partic-
ular potential targets amenable to treatment by par-
ticular drugs or other external drivers will be identified 
here. However, potential research areas of interest 
include: 
Understand the basis of spontaneous contractile ac-
tivity in the bladder, especially the role of any inter-
relationship between mucosa and detrusor layers. 

1. Characterise the basis of contraction in the 
trigone. 

2. Describe the contractile properties of the muscu-
laris mucosae and other non-detrusor muscles in 
the bladder wall. 

3. Identify the role of interstitial cells in regulating 
the functional characteristics of tissue in which 
they are embedded in normal and pathological 
conditions. 

4. Characterise the control of water and electrolyte 
transport by the urothelium and its physiological 
role in salt and water balance. 

5. Determine the functional development of the nor-
mal lower urinary tract and the lower gastro-in-
testinal tract during embryonic development and 
further changes in childhood. 

6. Characterise the changes to lower urinary tract 
function, at cellular, tissue and system levels in 
children with congenital anomalies of the tract. 

7. Investigate electromechanical coupling of the 
pelvic floor musculature. 

8. Characterise the cellular and tissue physiology of 
external urethral sphincter skeletal muscle as a 
prelude to pathological changes to sphincter 
function. 

9. Describe the functional inter-relationship be-
tween changes to the lower urinary tract and 
other visceral organs and tissues. 

10. Characterise the role of clock genes to determine 
diurnal variability in lower urinary tract and lower-
gastrointestinal tract contractile and transport 
functions. 

11. Investigate the inter-relationship between excita-
tory and inhibitory control over ano-rectal func-
tion. 

12. Describe the underlying mechanisms underlying 
filling sensations in the lower-gastrointestinal 
tract 

13. Determine how ageing per se affects lower uri-
nary tract and lower-gastrointestinal tract func-
tions. 
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 THE UROTHELIUM 

The urothelium can be thought of as a first responder 
to various types of stress that can include physiologi-
cal, psychological and disease-related factors. The 
urothelium is an interface between the urinary space 
and underlying tissues (Figure 1) and as such, forms 
a high resistance barrier.  Beside this necessary func-
tion, the urothelium can modulate the volume and 
composition of urine (1) and actively participates as 
an integral part of what has been termed a ‘sensory 
web’ where it receives, integrates, amplifies and 
transmits information about the external environment 
to underlying nervous and muscular systems. Altera-
tions of bladder urothelium at the molecular and struc-
tural levels have been reported in both patients and 
animals modeled for various bladder disorders.  It is 
likely that many therapies currently used in the treat-
ment of bladder disease may target urothelial recep-
tors and/or their release mechanisms. 

1. ANATOMY AND BARRIER 
FUNCTION. 

The urothelium is the epithelial lining of the lower uri-
nary tract between the renal pelvis and the urinary 
bladder.  Adult urothelium is composed of at least 
three layers with distinct cell types (the exact number 

 
Figure 2: (A, B) Illustration of three cell types of the 
urothelium distinguished by expression of keratin-5, 
p63 and uroplakin.  Basal cells (green arrow) express 
keratin-5 and p63, but do not express uroplakin.  In-
termediate cells (purple arrow) express p63 and uro-
plakin, but not keratin-5.  Superficial cells (yellow ar-
row) express uroplakin, but not p63 or keratin-5. 
(from Yamany et al., 2014). 

 

 

 
Figure 1: Urinary wall (bladder) 

 

 
Figure 3: Ultrastructural features of umbrella cell ap-
ical membrane. Left: Scanning electron micrograph 
(high magnification) of apical surface of rabbit um-
brella cell layer (hinges “H” marked with arrows). 
Right, high power view of tight junctions. (from Apo-
daca, 2004; Truschel et al., 1999). 
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of layers is species dependent) and can be distin-
guished by expression of keratin-5, p63 and uroplakin 
(Figure 2A,B). These consist of a basal cell layer at-
tached to a basement membrane, an intermediate 
layer, and a superficial or apical layer that is in contact 
with urine and microorganisms and composed of 
large hexagonal cells (diameters of 25-250 µm) 
known as ‘umbrella cells’. (2-5) These umbrella cells 
exhibit a distinctive plasma membrane that contains 
both ‘hinge’ and ‘plaque’ regions (Figure 3).  The um-
brella cells (which are also termed facet or superficial 
cells) are interconnected by tight junctions (com-
posed of multiple proteins such as the claudins). An-
other characteristic of the apical or umbrella cells is 
the expression of discoidal fusion vesicles or DFVs 
(Figure 4). In response to bladder filling, these DFVs 
fuse with the apical membrane releasing crystalline 
proteins termed uroplakins to the cell surface that as-
sembles into hexagonal plaques. (5-8) The attach-
ment of Escherichia coli type I fimbriae to uroplakins 
also initiates the host-pathogen response, described 
more fully in later sections. It has been suggested that 
‘non-plaque’ proteins that include receptors and ion 
channels, may be located to the hinge areas of these 
cells.  

Uroplakins and other urothelial cellular differentiation 
markers, such as cytokeratin 20, are not expressed 
in the stratified epithelium of the urethra.  There have 
been suggestions in early studies in some species, 
that umbrella cells and perhaps also the intermediate 
cells may have projections to the basement mem-
brane.(4) The ability of the bladder to maintain a 
highly effective barrier, despite large alterations in 
urine volume and increases in pressure during blad-

der filling and emptying, is dependent on several fea-
tures of the umbrella cell layer.  These features in-
clude specialized lipid molecules and tight-junction 
proteins (such as zona occludens-1, occludins, clau-
dins) that reduce the movement of ions and solutes 
between cells.(4, 9) These proteins can adapt to me-
chanical stretching of the urothelium during filling and 
emptying.  For example, the claudins are a family of 
integral membrane proteins (at least 24 members 
identified in mice and humans) and can be classified 
as either pore forming (makes the epithelium leakier) 
or barrier-forming. The importance of claudin-based 
tight junctions in vivo has been studied in a number 
of tissues under various conditions. For example, 
claudins (in particular claudin 4) may play a role in 
regulation of urothelial proliferation.  There is evi-
dence that attachment of uropathogenic Escherichia 
coli (UPEC) to urothelial superficial cells triggers the 
rapid induction of claudin-4 within the intermediate 
cells of the urothelium (Figure 5). (10) 

 This increase in claudin-4 may explain how the 
urothelium is able to maintain the integrity of the 
urothelial barrier following infection and exfoliation of 
the apical urothelium.  In another study, overexpres-
sion of the pore-forming claudin-2 in rat urothelium 
resulted in increased urothelial permeability that 
seemed to trigger inflammation and altered bladder 
function.(11) It has not been established whether dis-
ruption of the urothelial barrier alone is sufficient to 
trigger inflammation and altered bladder reflexes or 
whether association with other factors (such as urine) 
may be needed to facilitate this response.(12) 

In addition, there is evidence in many types of epithe-
lium (including uro-epithelium) that adhesion mole-
cules such as members of the cadherin family play 

 
Figure 4: Ultrastructure of the bladder uroepithe-
lium. Transmission electron micrograph of the api-
cal pole of a rat umbrella cell.  Examples of dis-
coidal/fusiform-shaped vesicles (DFV) are marked 
with arrows and hinges with arrowheads.  Plaques 
are located in the intervening membrane between 
hinges.  Apical cytoplasm of rat umbrella cells has 
disc-shaped (*) and fusiform-shaped vesicles.  (from 
Khandelwal et al., 2009) 

 

 

 
Figure 5: FimH+ UPEC infection leads to increased 
expression of the tight junction protein claudin-4 in 
intermediate cells.  Multilabel immunohistochemical 
study showing that levels of claudin-4 (red) are in-
creased in intermediate cells 3.5 hr after FimH+ 
UPEC infection.  Cytokeratins 5/6 have been used to 
mark basal cells (green).  Nuclei are stained blue 
with bis-benzimide. Note claudin-4 is absent in su-
perficial facet cells (arrows).  Bars, 50 mm. (from My-
sorekar et al., 2002) 
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important roles in estab-
lishing and maintaining ep-
ithelial-cell contacts.(13) 
Altered urothelial-cadherin 
expression has been re-
ported in IC/BPS patient 
bladder urothelium.  

The lipid composition of 
the apical membrane is un-
usual in composition and is 
rich in cholesterol, phos-
phatidylcholine, phosphati-
dylethanolamine and cere-
broside.(4) Recent studies 
suggest that liposomes, 
consisting of an aqueous 
core enclosed in one or 
more phospholipid bi-
layers, may help to restore 
urothelial-barrier function. 
Liposomes have typically 
been used to transport 
drug molecules in a variety 
of cells. Urothelial cells ap-
pear to take up liposomes 
via an endocytotic pro-
cess, providing evidence 
for a possible mechanism 
by which liposomes act as 
a drug delivery system(14-
16). In addition, empty liposomes have shown prom-
ise to repair and enhance the barrier function of a dys-
functional urothelium (Figure 6).(17-19)   

The apical surface of the urothelium is also covered 
with a sulfated polysaccharide glycosaminoglycan 
(GAG) or mucin layer that is thought to act as a non-
specific anti-adherence factor and as a defense 
mechanism against infection.(20-22) In addition, dur-
ing bladder filling the umbrella cells become flat and 
squamous and this shape change is accompanied by 
vesicular traffic (i.e. exocytosis/endocytosis), adding 
membrane to the apical surface thereby increasing 
overall urinary bladder surface area.(5, 23, 24)  This 
process of ongoing replacement of apical membrane 
by newly fused discoid vesicles also serves to main-
tain the urothelial barrier.(25) There is evidence that 
this stretch-induced exocytosis is dependent on acti-
vation of epidermal growth factor receptor 
(EGFR).(26, 27) These processes allow the bladder 
to accommodate increasing volumes of urine during 
filling without compromising the barrier function. 
There is some evidence that superficial urothelial 
cells exhibit a lower level of endocytotic activity, which 
may be a protective mechanism against internaliza-
tion of toxic substances excreted in the urine.(28) Ex-
ocytosis/endocytosis (vesicular recycling) may also 
play an important role in modulating the release of a 
number of neurotransmitters/mediators as well as 
regulation of the function of many receptors and ion 
channels in urothelial cells.(29, 30) 

2. REPAIR AND REGENERATION 

Epithelial integrity is maintained through a complex 
process of migration and proliferation (to restore cell 
numbers) and differentiation (to restore function).(31) 
Basal cells normally exhibit a low (3-6 month) turno-
ver rate, in fact the slowest turnover of any mamma-
lian epithelial cells.(23, 32)   

It has been suggested that neither urine-derived fac-
tors nor cyclic mechanical changes contribute to 
urothelial proliferation and differentiation. However 
differentiation of urothelial cells in culture can be stim-
ulated by prostaglandin (which is abundant in the 
urine)(1, 33) and accelerated proliferation and regen-
eration of the urothelium can occur in various bladder 
pathologies. For example, using agents (protamine 
sulfate; cyclophosphamide) that damage the um-
brella cell layer, it has been shown that the urothelium 
rapidly undergoes both functional and structural 
changes in order to restore the barrier in response to 
injury. (28, 34) Following disruption of the barrier, in 
the early stages of regeneration the superficial cells 
may appear smaller in size and often covered with 
microvilli. (35) In some pathologies, a deficiency or 
defect in maturation or terminal differentiation of su-
perficial umbrella cells have been reported, though 
the factors which may be involved are not yet 
known.(36) Recent evidence has shown that follow-
ing cyclophosphamide treatment of rodent bladders, 

 
Figure 6: (A) EM picture of liposome, (B), liposomes (in green) attached to pri-
mary cultured urothelial cell membrane, In C, liposomes instilled in a rat blad-
der forming a coating (green) on urothelial surface and D, vesicle-like struc-
tures in urothelial cell endosomal compartment (marked as E) containing lipo-
some encapsulated gold marker. (from Hsu et al., 2013, Nirmal et al., 2014 and 
Rajaganapathy et al., 2015). 
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there is a rapid desquamation, proliferation and re-
generation of the urothelium.  In this study, the inter-
mediate cells (and not the basal cells) seem to be the 
adult progenitor cells for superficial cells and they are 
self-renewing. (Figure 7)(37)  

The processes underlying urothelial repair is complex 
involving several structural elements, signaling path-
ways, trophic factors and the cellular environment. 
Furthermore, the interaction between these biochem-
ical signals and mechanical forces in the bladder dur-
ing the course of urothelial repair is not well under-
stood. For example, the initiation of urothelial prolifer-
ation or differentiation of intermediate cells is thought 
to involve up-regulation of growth factors such as fi-
broblast growth factor and nerve growth factor 
(NGF).(38, 39) In addition, members of the PPARγ 
and EGFR signaling pathways may contribute to 
urothelial ‘re-epithelialization’ in wound repair.(33) 
There is also evidence that Hedgehog/Wnt signaling 
acting across the basal urothelial cell-stromal cell 
boundary contributes to increases in urothelial prolif-

eration in response to injury.(40) Retinoic acid (syn-
thesized from underlying stroma) has been shown to 
be important for urothelial differentiation.(41) 

Though the urothelium maintains a tight barrier to ion 
and solute flux, a number of factors or stressors such 
as tissue pH, mechanical or chemical trauma, hormo-
nal changes or bacterial infection and even changes 
in blood flow can modulate the barrier function of the 
urothelium.(29, 42) It has been shown that ischemia 
can augment release of inflammatory mediators such 
as reactive oxygen species or eicosanoids from 
urothelial and suburothelial tissues, altering bladder 
tone and contractility.(43) Stress-mediated activation 
of the hypothalamic-pituitary-adrenal axis can result 
in increased production of corticotrophin releasing 
factor, which can regulate neuroendocrine and auto-
nomic responses to stress.  The net effect can include 
disruption of the epithelial barrier and increased prev-
alence of infection.  In addition, altered levels of cir-
culating estrogens have been associated with 
changes to the urothelial structure including epithelial 

 
Figure 7: Intermediate cells are the progenitors for superficial cells in adult urothelium.  Uroplakin-expressing 
cells are labeled using Upk2CreKERT2;mtmg line (a) and basal cells labeled using Krt5CreERT2;mtmg line 
(b).  Following cyclophosphamide administration, urothelial regeneration occurs. a- shows intermediate cells 
are progenitors for superficial cells and b- show basal cells proliferate but do not differentiate into interme-
diate or superficial cells based on lineage-tracing studies. In the adult- following injury, intermediate cells 
function as progenitors for superficial cells and are self-renewing. (From Yamany et al., 2014). Panel C- long 
and thin intermediate cells regenerate the outer protective layer- intermediate cells and progeny (white ar-
rows) appear green (C. Mendelsohn). 

 

 

 
Figure 8: Structure of aging and young mice urothelium. A- ultrathin section of aging urothelium-depicting 
superficial cell filled with vesicles and numerous osmiophilic lipofuscin granules. B- ultrathin section of 
young urothelium depicting typical superficial cell with large amounts of fusiform vesicles in cytoplasm but 
no lipofuscin granules.  SC-superficial cells, IC-intermediate cells, BC- basal cells, L-bladder lumen.  (from 
Perse et al., 2013). 
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shedding or mucosal atrophy.(44, 45) Other condi-
tions such as bladder pain syndrome/interstitial cysti-
tis (BPS/IC), senescence, diabetes or spinal cord in-
jury are also associated with changes in the urothelial 
barrier.(34, 46) Studies utilizing aged animals have 
demonstrated significant alterations to the bladder 
mucosa including areas of mucosal denudation.(47, 
48)  

A number of bladder disorders can increase suscep-
tibility to injury and apoptosis through pathways in-
cluding oxidative stress. Oxidative stress, character-
ized in part by an increase in the level of proinflam-
matory mediators and reactive oxygen species or 
ROS, can lead to disruption of various cellular com-
ponents.(49, 50) Oxidative stress can be produced by 
bladder pathologies including ischemia or repeated 
ischemia/reperfusion during a micturition cycle.(51, 
52)  Indeed, the bladder mucosa exhibits a higher 
metabolic rate as compared to other regions in the 
bladder wall and the urothelium is highly vulnerable 
to any changes in blood flow.  Both acute and chronic 
reduction in blood flow has revealed significant de-
fects in the mucosal barrier with disruption of urothe-
lial tight junctions. Within the urethra and urinary blad-
der, age-related changes include a thinning of the ep-
ithelium and deceased vascularity. Findings from 
aged animals reveal that urothelial cells show a de-
creased antioxidant capacity with increased levels of 
markers for oxidative stress. Further, this is associ-
ated with alterations in mitochondria and increased 
accumulation of an aging pigment termed lipofuscin 
(Figure 8).(53) The decline in these various epithelial 
elements may lead to a decrease in both regenerative 
ability and also immunological defense mechanisms 
that are critical for maintaining epithelial integrity. 

Mitochondria, considered the powerhouse organelles 
in a cell, play a key role in cellular homeostasis, in-
cluding generation of ROS, apoptosis, and production 
of ATP via oxidative phosphorylation.(54) Indeed, the 
study of bioenergetics and the influence of mitochon-
drial functions on cell signaling and disease is an 
emerging and exciting area of research. Mitochon-
drial dysfunction has been implicated in a number of 
disorders. These structures are highly sensitive to 
changes in their cellular environment and can be eas-
ily affected by a number of conditions.  For example, 
these is ample evidence that ischemia leads to cellu-
lar damage by overproduction of superoxide by the 
mitochondrial electron chain (Figure 9).  Studies have 
shown that mitochondrial abnormalities (such as in-
creased ROS) can lead to changes in mucosal barrier 
function in a number of tissues including the urinary 
bladder. Further, recent studies have shown some 
evidence demonstrating mitochondrial dysfunction 
and oxidative stress (elevated ROS) may play a role 
in urothelial barrier (and sensory) abnormalities ob-
served in the urinary bladder in a number of condi-
tions such as ketamine-induced ulcerative cysti-
tis.(55, 56)  

3. ROLE OF THE UROTHELIUM IN 
IMMUNE AND INFLAMMATORY 

RESPONSES 

There is new evidence that the human urinary tract 
contains a diverse microbiota that is likely to play an 
important role in bladder health and dis-
ease.(57)Evidence in the GI tract supports a role for 
gut microbiota on intestinal barrier function that can 
be altered by psychological and physical stress-
ors.(58) In terms of the urinary tract, the urothelium is 
truly the first line of defense against pathogens and 
irritative substances with a number of mechanisms in 
place to limit inflammatory responses (Figure 10).(59) 
Some examples include uromodulin (also known as 
Tamm-Horsfall urinary glycoprotein), which acts to 
prevent bacteria from interacting with the epithelial 
cell surface.(60) Other factors such as β-defensin 1 
are secreted from epithelial cells into the urine and 
restrict bacterial growth.(61) 

Both physiological and psychological stress can re-
sult in a failure of urothelial and suburothelial ‘defen-
sive’ systems and thereby promote changes in both 
urothelial barrier and signaling function.  For exam-
ple, alterations in proteins including proteoglycans 
and bacterial defense molecules may lead to distinc-
tive changes in urothelial structure and play a role in 
bacteria adherence. (62) In this regard, urinary tract 
infections produced by uropathogenic Escherichia 
coli (UPEC) are initiated by bacterial adherence to 
uroplakin proteins on the apical surface of umbrella 

 
Figure 9: Causes and consequences of mitochon-
drial dysfunction.  Respiratory chain malfunction 
can lead to elevation in levels of reactive oxygen 
species (ROS), decrease in ATP and the electro-
chemical potential of the inner mitochondrial mem-
brane and imbalance in calcium homeostasis. Se-
vere mitochondrial dysfunction targets the organelle 
for mitophagy or eventual cell death.  TOM, trans-
locase of the outer membrane; TIM, translocase of 
the inner membrane.  (from Topf et al., 2016) 
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cells. (42, 63) The UPEC express filamentous adhe-
sive organelles (type 1 pili) that mediate bacterial at-
tachment, invasion and apoptosis of the urothelial 
cells. It has been suggested that urothelial differenti-
ation (and increased uroplakin III expression) plays a 
pivotal role in sensitizing urothelial cells to UPEC-
induced infection and possible cell death.(64) Even 
acute contact (within hours) of the mucosal surface 

by bacteria may result in altered urothelial barrier 
function.(65) UPEC can also internalize within um-
brella cells forming intracellular colonies (biofilm-like 
pods) of UPEC that has been implicated in the mech-
anism of chronic urinary tract infections. UPEC are 
able to commandeer the endocytic/exocytic machin-
ery of urothelial cells, residing inside fusiform vesi-
cles.(66)This permits the bacteria to escape elimina-

 
Figure 10: The human urinary tract contains a diverse microbiota.  Right- overview of mechanisms that may 
be employed to curtail inflammatory responses in the bladder following infection. These can include exfolia-
tion of bladder epithelial cells, increased proliferation to regenerate the barrier; mast cell secretion of inter-
leukins (to aid in tissue regeneration); release of chemokines and other factors from macrophages (from 
Abraham and Miao, 2015). 

 

 

 
Figure 11: Following UPEC infection of urothelial 
cells- activation of the mucolipin TRP channel 3 
(TRPML3) spontaneously initiates lysosomal exocy-
tosis- leading to an expulsion of exosome-encased 
bacteria. (from Miao et al., 2015). 

 
Figure 12: UPEC induces pain separable from other 
facets of UTI pathogenesis.  FimH acts as a tethered 
toxin that mediates urothelial apoptosis and conse-
quent bladder-barrier dysfunction.  LPS plays dual 
roles through its interactions with TLR4.  In addition 
to triggering inflammation, LPS mediates pelvic-pain 
responses. (from Rosen and Klumpp, 2014 and 
Klumpp and Birder, 2016). 
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tion during voiding and re-emerge into the urine dur-
ing distension.  When expelled into the urine during 
the storage phase, the urine may provide a nutrient-
rich environment optimizing bacterial survival. In-
fected urothelial cells have also been shown to use 
their export machinery to reduce bacterial loads.  For 
example, UPEC found in epithelial ‘lysosomes’ are 
sensed by a transient receptor potential (TRP) muco-
lipin 3 (TRPML3). This is a cation channel expressed 
on lysosomes, and this sensing leads to a spontane-
ous exocytosis of the lysosome expelling the bacteria 
(Figure 11).(67) 

UPEC can trigger an inflammatory response within 
the urothelium with release of multiple mediators 
(such as interleukins and cytokines)(68) and the end 
result of this immune response is structural damage 
to the urothelial barrier. Recent evidence has shown 
that hypoxia inducible factor 1-alpha (HIF-1a) can 
play a role in modulating the innate immune cell func-
tion.(69, 70) Human urothelial cells treated with a 
HIF-1a stabilizing agent exhibited less cell death 
when exposed to UPEC supporting a role for HIF-1a 
in defense against UPEC infection.(71) There is also 
evidence for a role of endotoxin (lipopolysaccharide, 
LPS) on the bacterial cell wall in mediating the pain 
associated with UPEC infection.(72) This seems to 
function independent of urothelial damage, as ero-
sion of the urothelial surface with protamine sulfate in 
mice failed to elicit bladder pain when instilled with 
UPEC strain of bacteria. In addition, bacteria can pos-
sess a wide range of pain phenotypes, largely de-
pendent upon Toll-like receptors (Figure 12).(73, 74) 

Taken together, these findings support the view that 
UPEC-induced urothelial dysfunction is the trans-
ducer of the UTI pain signal. 

Disruption of urothelial function can also be induced 
by more remote pathological conditions that influence 
neural or hormonal mechanisms. For example, spinal 
cord transection in rats leads to a rapid alteration in 
the urothelial barrier including ultrastructural changes 
and increased permeability.(75) The changes are 
blocked by pretreatment with a ganglionic blocking 
agent, suggesting an involvement of efferent auto-
nomic pathways in the acute effects of spinal cord in-
jury on bladder urothelium. Other types of urothelial-
neural interactions are also likely, based on the re-
cent reports that various stimuli induce urothelial cells 
to release chemical mediators that can in turn modu-
late the activity of afferent nerves.(4, 29) This has 
raised the possibility that the urothelium may have a 
role in sensory mechanisms in the urinary tract.    

In summary, modification of the urothelium and/or 
loss of epithelial integrity in a number of pathological 
conditions can result in passage of toxic/irritating uri-
nary constituents through the urothelium or release of 
neuroactive substances from the urothelium.  This 
may lead to changes in the properties of sensory 
nerves and in turn sensory symptoms such as urinary 
frequency and urgency.  Thus chemical communica-
tion between the nervous system and the urothelial 
cells may play an important role in the generation of 
urinary bladder dysfunction. 

 
Figure 13: Images depicts ‘open type’ paraneurons 
in the dog urethra. A, paraneuron reaching the lu-
men; B-D, Scanning EM identifies (arrows) microvil-
lous cells among the epithelial cells. A: x14,000; b: 
x4600, c: x12,000, d: x16,000. (from Hashimoto et al., 
1999). 

 
Figure 14: Cholinergic eGFP-expressing epithelial 
cells are restricted to the urethra in the urinary tract. 
In all other parts of the urinary system, cholinergic 
nerve fibers (arrows) were visualized, but not ChAT-
eGFP-expressing epithelial cells. (from Deckmann, 
2014). 
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4. EPITHELIAL HETEROGENEITY IN 
THE LOWER URINARY TRACT  

Studies (comparing a number of species) have 
shown that the major part of the urinary tract is lined 
with a fully differentiated urothelium.(1) Findings in 
cultured cells reveal a distinct difference in morphol-
ogy of ureteral and bladder urothelial cells, supporting 
a difference in cell lineage. Present evidence sug-
gests at least 3 urothelial lineages: 1) those of the 
ureter/renal pelvis, 2) detrusor/trigone and 3) bladder 
neck/proximal urethra.(76)  

There seems to be no apparent difference between 
the urothelium of the trigone compared to the detru-
sor, in contrast to cells from the proximal urethra. (1, 
77) In this region, there is a transition from urothelium 
to a stratified or columnar epithelium accompanied by 
a lack of urothelial-specific differentiation markers. In 
addition, specialized chemosensory neuroendocrine 
cells are distributed within the urethral epithelia.  
These cells are often exposed to the lumen and may 
share similarities to GI enterochromaffin cells or 
chemosensory cells of the trachea or respiratory tract 

(often termed ‘brush cells),(78) including expression 
of microvilli (Figure 13; 14).  These urethral special-
ized chemosensory cells are able to respond to de-
tect potential noxious stimuli (using the classic taste 
transduction pathway) by releasing mediators such 
as acetylcholine.(78, 79) Similar to urothelial cells in 
the bladder wall, these urethral chemosensory cells 
are also in close proximity to sensory nerve fibers 
whereby intraurethral stimulation can lead to activa-
tion of underlying cells including bladder smooth mus-
cle.  In addition, there are also reports that have iden-
tified functional properties of sacral afferents that are 
able to respond to changes in fluid flow through the 
urethra.(80) While the functional significance of these 
findings may not yet be fully appreciated, it is clear 
that such ‘sentinel’ type cells are able to recognize 
potentially harmful stimuli (including bacteria) in the 
urethral lumen and in turn, alter bladder function. 

5. ROLE FOR UROTHELIAL CELLS IN 
VISCERAL SENSATION   

While urothelial cells are often viewed as bystanders 
in the process of visceral sensation, recent evidence 

 
Figure 15: Hypothetical model depicting possible interactions between bladder nerves, urothelial cells, 
smooth muscle, interstitial cells and blood vessels. Urothelial cells can also be targets for transmitters re-
leased from nerves or other cell types. Urothelial cells can be activated by either autocrine (i.e. auto regula-
tion) or paracrine (release from nearby nerves or other cells) mechanisms. 
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has supported the view that these cells function as 
primary transducers of some physical and chemical 
stimuli and are able to communicate with underlying 
cells including bladder nerves, smooth muscle and in-
flammatory cells. (Figure 15) 

5.1. Influence of the Extracellular Matrix 
The urothelium is able to respond to a wide variety of 
mechanical stresses during bladder filling and empty-
ing by activating a number of possible transducer pro-
teins.  Possibilities of mechanical signals include 
bladder pressure, tension in the urothelium or bladder 
wall, torsion, geometrical tension, movement of vis-
ceral organs and even urine tonicity and pH.(81) Al-
terations in the composition of urine are a type of 
stress whose contents can vary in both their rate of 
delivery as well as the particular constituents. Addi-
tionally, dynamic reciprocal interactions of the urothe-
lium with underlying extracellular matrix (ECM) not 
only aid in maintaining normal bladder structure but 
also play an important role in generating signaling re-
sponses.  The urothelium is highly sensitive to the 
mechanics of the underlying ECM, thus understand-
ing the complexity and relationship between mechan-
ics and biological activities of cells throughout the 
bladder wall is important. In this regard, studies using 
multiphoton imaging have revealed differences in col-
lagen fiber structure and recruitment throughout the 
bladder wall (Figure 16).(82) It is likely that pathology-
induced changes in fiber architecture could alter neu-
ral-epithelial interactions including the response to 
mechanical strain that can influence bladder compli-
ance and sensation. 

Additional lines of evidence suggest that urothelial 
cells participate in the detection of both physical and 
chemical stimuli.  Bladder nerves (afferent and effer-
ent) are localized in close proximity, and some within, 
the urothelium.(83-86) In addition, urothelial cells ex-
press numerous receptors/ion channels similar to that 
found in both nociceptors and mechanoreceptors.  

And finally, these cells secrete a number of transmit-
ters or mediators capable of modulating, activating or 
inhibiting sensory neurons. 

5.2. Urothelial-Neuronal Signaling 
Recent studies have shown that both afferent and au-
tonomic efferent nerves are located in close proximity 
to the urothelium.  Peptidergic, P2X- and TRPV1- im-
munoreactive nerve fibers presumed to arise from af-
ferent neurons in the lumbosacral dorsal root ganglia 
are distributed throughout the urinary bladder muscu-
lature as well as in a plexus beneath and extending 
into the urothelium.(29, 85) In humans with neuro-
genic detrusor overactivity intravesical administration 
of resiniferatoxin, a C-fiber afferent neurotoxin, re-
duces the density of TRPV1 and P2X3 immunoreac-
tive suburothelial nerves, indicating that these are 
sensory nerves.(87, 88) In addition, immunohisto-
chemical studies have also revealed both adrenergic 
(tyrosine hydroxylase) positive as well as cholinergic 
(choline acetyltransferase, ChAT) positive nerves in 
close proximity to the urothelium.(84)  

A network of cells with morphologic characteristics 
similar to those of myofibroblasts or interstitial cells is 
also detected in the suburothelial space of the blad-
der in both humans and animals.(89-92) These cells, 
which are extensively linked by gap junctions and 
have close contacts with nerves, can respond to neu-
rotransmitters, such as ATP released from nerves or 
urothelial cells, suggesting that they could act as in-
termediaries in urothelial-nerve interactions.(89, 91, 
93) Thus the anatomic substrates for bidirectional 
urothelial-neural communication exist within the uri-
nary bladder. 

5.3. Involvement of the Urothelium in 
“Sensing” Chemical and Mechanical 
Stimuli 

The involvement of urothelial function in sensory sig-
naling is suggested by the finding that urothelial cells 
express various receptors that are linked to mech-
ano- or nociceptive sensations.  Examples of neu-
ronal “sensor molecules” (receptors / ion channels) 
that have been identified in urothelium include recep-
tors for purines (P2X1-7 and P2Y1,2,4) adenosine (A1, 
A2a, A2b and A3), norepinephrine (α and β), acetylcho-
line (muscarinic and nicotinic), protease-activated re-
ceptors (PARs), amiloride- and mechanosensitive 
epithelial sodium channels (ENaC), bradykinin (B1 
and B2), neurotrophins (p75, trkA, EGF family 
ERbB1-3), corticotrophin releasing factor (CRF1 and 
CRF2), estrogens (ERα and ERβ), endothelins and 
various TRP channels (TRPV1, TRPV2, TRPV4, 
TRPM8 and TRPA1).(94-105) The expression of 
these various receptors enable the urothelium to re-
spond to a number of “sensory inputs” from a variety 
of sources.  These inputs include increased stretch 
during bladder filling, soluble factors (many found in 
the urine) such as epidermal growth factor (EGF), or 
chemical mediators/peptides/transmitters such as 
substance P, calcitonin gene-related peptide 

 
Figure 16: Cross-section of rat bladder depicting col-
lagen fiber (green) orientation throughout the blad-
der wall using multi-photon microscopy (original im-
age- Hornsby et al., 2016). 
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(CGRP), corticotrophin releasing factor (CRF), ace-
tylcholine, adenosine or norepinephrine released 
from nerves, inflammatory cells and even blood ves-
sels.(29, 30, 106, 107)   

Various stimuli can lead to secretion of numerous 
chemical substances such as neurotrophins, pep-
tides, ATP, acetylcholine, prostaglandins, prostacy-
clin, nitric oxide (NO) and cytokines that are capable 
of modulating the activity of underlying smooth mus-
cle(93, 108) as well as nearby sensory neurons.(29, 
30) For example, urothelial-specific overexpression 
of NGF results in increased bladder nerve ‘sprouting’ 
and increased voiding frequency.(109, 110) It has 
been shown that urothelial-derived NO can be re-
leased in response to mechanical as well as chemical 
stimulation and may either facilitate or inhibit the ac-
tivity of bladder afferent nerves conveying bladder 
sensation.(111) In this regard, activation of urothelial-
receptors and release of inhibitory mediators may ex-
plain in part, the mechanism of action for therapies 
(e.g. β3-adrenergic receptor agonists) in treatment of 
bladder disorders such as OAB.(112-114) 

The mechanism underlying release of chemical me-
diators from the urothelium, including whether all sen-
sory “inputs” stimulate membrane turnover (i.e. vesic-
ular exocytosis) is not well understood.  What little is 
known about the roles and dynamics of membrane-
bound cytoplasmic vesicles in urothelial cell physiol-
ogy is derived from measurements of membrane ca-
pacitance and microscopy of fixed tissues and cells.  
For example, there is evidence that once released, 
ATP can enhance both stretch induced exocytosis 
and endocytosis.(115) Alterations in membrane turn-
over can not only increase apical surface area (as de-
scribed above) but also regulate the number and 
function of receptors and channels at the cell surface. 

There is evidence that epithelial cells in different or-
gan systems may express similar receptor sub-
types.(116-118) Accordingly, epithelial cells could 
use multiple signaling pathways, whose intracellular 
mechanisms differ according to location and environ-
mental stimuli.  This would permit a greater flexibility 
for the cell to regulate function and respond to com-
plex changes in their surrounding microenvironment.  
Whether urothelial-sensor molecules all feed into a 
diverse array of signaling pathways or share similari-
ties with systems such as olfaction, whereby hun-
dreds of receptors share identical transduction cas-
cades,(119) is yet to be uncovered. 

5.3.1 Purinergic Receptors    
Since the first report of distension-evoked ATP re-
lease from the urothelium there is now abundant evi-
dence supporting a role for urothelially-derived re-
lease of ATP in autocrine and paracrine signaling 
within the lower urinary tract.(120) ATP is abundant 
in the cell cytoplasm and can be released extracellu-
larly by several mechanisms including vesicular exo-
cytosis, transporters such as a member of the ATP-
binding cassette (ABC) transporter superfamily, or 
anion-selective channels such as the maxi-anion 

channel.(99) ATP is released from both the apical and 
basolateral urothelial surfaces in response to bladder 
stretch and can act on P2X2 and P2X3 urothelial re-
ceptors to stimulate stretch-induced exocytosis.(115) 
(Figure 17A) There is also evidence that pannexin 
channels, which are expressed throughout the 
urothelium (Figure 17B and 18), may be involved in 
modulating voiding reflexes via urothelial release of 
ATP.(101, 121)  

The expression of both P2X and P2Y receptors in 
nerve fibers and myofibroblasts in close proximity to 
the bladder lumen and the sensitivity of these cells to 
ATP suggests that basolateral ATP release from the 
urothelium may also influence function of myofibro-
blasts and bladder nerves.(90, 122) Also, since the 
P2X3 null mice have a lower frequency of voiding 
contractions during bladder filling, suggests that P2X 
antagonists could play a role in treatment of OAB. 
The amiloride-sensitive apical sodium channel, 
ENaC, may be involved in mechanotransduction by 
controlling basolateral release of ATP.(123, 124) In 
addition, intercellular communication mediated by 
gap junctions in myofibroblasts could provide a mech-
anism for long-distance spread of signals from the 
urothelium to the detrusor muscle.(93) Interestingly, 
this type of nucleotide-mediated wave of cell-cell 
communication may also play a role in the response 
to injury.(124) While evidence supports a role for ATP 
and purinergic receptors in modulating symptoms in 

 
Figure 17: A- Image is a 3-dimensional reconstruc-
tion (taken with a confocal microscope) depicting lo-
calization of P2X3 (green; nuclei blue) in the urothe-
lium (from Wang et al., 2005). 

B- Rat urothelium expresses pannexin 1 channels. 
Shown is a 4X digital zoom image where the white 
line denotes boundary of the umbrella cells as deter-
mined by cytokeratin staining. Note pannexin 1 is ex-
pressed in the umbrella cell layer (white arrow), as 
well as underlying intermediate and basal cell layers 
(arrowheads). (from Beckel et al., 2015). 

 



 

 
272  COMMITTEE 3. NEURAL CONTROL 
 

several urologic diseases, the mechanisms underly-
ing activation of the micturition pathway at lower blad-
der volumes (during urgency) and mediators 
(amount; type) involved are not understood.  In addi-
tion, the directionality of transmitter release, the mix-
ture of receptor subtypes in the apical and basolateral 
domains and interactions between multiple-transmit-
ters is likely to affect the nature of the output in both 
health and disease. 

5.3.2 TRP Channels  
The ability of capsaicin to evoke NO release from rat 
urothelium, reported in 1998, provided the first, albeit 
indirect, demonstration that TRPV1 channels are ex-
pressed in urothelial cells and that urothelial cells and 
afferent nerves, which also express these channels, 
share a number of common properties.(125) This ion-
channel protein is activated by capsaicin, as well as 
to moderate heat, protons, nitro-fatty acids and lipid 
metabolites such as anandamide (an endogenous lig-
and of both cannabinoid and vanilloids recep-
tors).(126, 127) TRPV1-positive nerves are in close 
contact with urothelial cells.(128, 129) Activation of 
urothelial cells with capsaicin or resiniferatoxin can in-
crease intracellular calcium, evoke transmitter (nitric 
oxide, NO or ATP) release, and elicit transient cur-
rents.(85, 130) Similar to that in sensory neurons, 
urothelial-response to vanilloids are enhanced by low 
pH, blocked by TRPV1 antagonists and eliminated in 
TRPV1 null mice.(85) In afferent neurons, TRPV1 is 
thought to integrate/amplify the response to various 
stimuli and to play an essential role in the develop-
ment of inflammation-induced hyperalgesia.  It seems 
likely that urothelial-TRPV1 might participate in a sim-
ilar manner, in the detection of irritant stimuli following 
bladder inflammation or infection.  

Additional TRP channels 

Much less is known about the involvement of other 
TRPs in bladder function or disease.  TRPV4 which 
is a nonselective cation channel activated by a num-
ber of stimuli including heat, shear stress, changes in 
osmolarity and lipid ligands is expressed mainly 
within the epithelium of the urinary bladder.(131) 
While a definitive role for TRPV4 in bladder function 
has not been established, there is evidence that null 
mice exhibit impaired voiding responses and, in-
travesical instillation of a TRPV4 agonist in the rat 
triggers a novel voiding reflex which could regulate 
the late phase of micturition.(86, 132) Additional stud-
ies suggest activation of urothelial-TRPV4 facilitates 
bladder reflexes via activation of mechanosensitive, 
capsaicin- (insensitive) C fibers.(133) In addition, in 
the awake ewe, TRPV4 may also be involved in a ure-
thra to bladder reflex, proposed to facilitate bladder 
emptying.(134) Another member of the TRP family, 
TRPA1 (characterized as a thermoreceptor activated 
by noxious cold), is expressed in C-fiber afferents as 
well as urothelium and agonists to this channel in-
duce bladder hyperreflexia.(135) Of interest is the 
finding that hydrogen sulfide, which may be formed 

during infection/inflammation, is an activator of 
TRPA1.  

5.3.3 Acetylcholine  
There is evidence that the urothelium expresses the 
full complement of muscarinic receptors as well as 
enzymes necessary for the synthesis and release of 
acetylcholine.(106, 136) Further, the urothelium is 
able to release acetylcholine following both chemical 
and mechanical stimulation.(106) The mechanism 
underlying acetylcholine release from urothelium may 
be through organic cationic transporters (OCTs) ra-
ther than vesicular exocytosis, differing from that of 
bladder nerves.(137) Once released, urothelial-de-
rived acetylcholine is likely to exert effects via a num-
ber of sites including smooth muscle, nerves as well 
as urothelial associated-muscarinic or nicotinic re-
ceptors, the latter that could contribute to feedback 
mechanisms modifying urothelial function.(138) In 
addition, stimulation of urothelial-cholinergic recep-
tors elicits release of mediators such as nitric oxide, 
prostaglandin as well as ATP, which could alter blad-
der sensation by stimulating nearby sensory afferent 
nerves. (139-141) 

Thus, targeting muscarinic receptors and/or urothelial 
synthesis or release mechanisms may play an im-
portant role in the treatment for a number of bladder 
disorders.  By inhibiting SNARE-dependent exocy-
totic processes, botulinum toxin A (BTX-A) can pre-
vent the release of transmitters from bladder nerves 
as well as translocation of various receptors and 
channels to the plasma membrane.(142) Urothelial-
derived acetylcholine may not be sensitive to BTX-A, 
however studies have shown that other transmitters 
(such as ATP) released by the urothelium can be 
blocked by this treatment in addition to normalizing 
the expression of urothelial-receptors (TRPV1; mus-
carinic) and trophic factors.(143, 144) These and 

other studies suggest that the urothelium may be a 

 
Figure 18: Activation of urothelial P2Y6 receptors 
can modulate urodynamic responses in the anesthe-
tized rat.  The increase in voiding frequency is medi-
ated by increased ATP release from the urothelium 
via pannexin-1 hemi channels.  (from Timoteo et al., 
2014).   
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target for this treatment and that urothelial-released 
mediators may contribute to sensory urgency.  

6. CLINICAL SIGNIFICANCE OF THE 
SENSORY WEB  

Defects in urothelial sensor molecules and urothelial-
cell signaling are likely to contribute to the pathophys-
iology of bladder diseases. For example, a number of 
bladder conditions (BPS/IC, spinal cord injury (SCI), 
chemically-induced cystitis) are associated with aug-
mented release of urothelial-derived ATP, which is 
likely to result in altered sensations or changes in 
bladder reflexes induced by excitation of purinergic 
receptors on nearby sensory fibers.(98, 145) ATP can 
also act in an autocrine manner that would act to fa-
cilitate its own release from urothelial cells. Aug-
mented expression/release of urothelial-derived 
chemical mediators is likely to reduce the threshold 
for activation of nearby bladder afferents. Thus, the 
urothelium has the potential for amplifying signals, 
both within the urothelium and the bladder wall and 
contributing to a gain of function in sensory pro-
cessing. Stressors that can impact on this ‘gain of 
function’ include alterations in levels of trophic factors 
as well as stress and steroid hormones. For example, 
altered levels of circulating estrogens may play a role 

in urinary bladder dysfunction, including urgency and 
frequency.(44, 146) The resulting structural and func-
tional abnormalities may lead to enhanced signaling 
between the urothelium and underlying cells. 

Changes in epithelial signaling/barrier function would 
not be unique to the urinary bladder. Activation of 
keratinocytes alone in mice expressing a light-acti-
vated channel can result in nociceptive responses 
demonstrating signaling between epithelial and neu-
ral tissues. (147) (figure 19) In addition, airway epi-
thelia in asthmatic patients as well as keratinocytes in 
certain types of skin diseases also exhibit a number 
of similar abnormalities and compromised repair pro-
cesses.(116, 148, 149) This is particularly relevant 
given the high incidence of associated diseases that 
can include both visceral and somatic conditions, 
many of which exhibit a shared loss of epithelial bar-
rier function. Further, many of these systems do 
share a number of commonalities that include in-
creased afferent activation of supraspinal centers in 
order to effectively coordinate efferent outflow as well 
as dependence on similar types of neurotransmitters 
(such as ATP) to mediate sensory responses. A re-
cent example is the use of P2X3 antagonists in the 
treatment of both respiratory and urological disor-
ders.(150) Taken together, epithelial cells can re-
spond to a number of challenges (including environ-
mental pollutants and mediators released from 
nerves or nearby inflammatory cells) resulting in al-
tered expression and/or sensitivity of various recep-
tor/channels as well as changes in release of media-
tors, all of which could impact function.  

 AFFERENT PATHWAYS 

1. OVERVIEW:  PROPERTIES OF 
AFFERENT PATHWAYS 

The bladder and lower urinary tract serves to store 
and evacuate urine and is controlled by a complex hi-
erarchy of neural mechanisms organized by local, 
spinal and brain circuits. Most of the time is spent in 
storage mode during which the bladder accommo-
dates urine and maintains continence via reflexes 
that prevent contraction of bladder smooth muscle 
and contract the urethral sphincter. This switches dur-
ing micturition when the bladder contracts and the 
sphincter opens to facilitate voiding. This switch relies 
on sensory signals, which provide the input to the re-
flex circuits that control bladder filling and emptying 
and are also the source of both non-painful sensa-
tions of fullness and pain. Dysfunction leads to a num-
ber of distressing disorders such as overactive blad-
der syndrome (OAB) and Bladder Pain Syndrome/In-
terstitial Cystitis (BPS/IC) with symptoms including 
urgency, pain and urinary incontinence. Currently 
available therapeutic approaches are aimed primarily 
at reducing bladder contraction in order to relieve in-
travesical pressure and maintain continence. Interest 
in bladder afferent signalling has been fuelled by the 

 
Figure 19: Blue light stimulates multiple types of af-
ferents in KRT-ChR2 transgenic mice.  Top- ChR2-
YFP expression in glabrous skin of KRT-ChR2 
mouse.  PGP9.5 positive nerve fibers (red) are in der-
mis and epidermis (arrows); Bottom- example show-
ing activation of a cutaneous fiber in response to 
blue laser applied to KRT-ChR2 skin in an ex vivo 
preparation.  (from Baumbauer et al., 2015). 
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recent realization that symptoms are a feature of 
dysregulated storage rather than exaggerated con-
tractile responses and therefore targeting afferent 
mechanisms may be a rational approach to treat-
ment. 

Our understanding of bladder afferent signalling has 
been advanced by studies that are designed to reveal 
firstly, the morphological features of the afferent ter-
minations in both the periphery and spinal cord; sec-
ondly, identify the receptors and ion channels present 
on these terminations that determine afferent excita-
bility and, thirdly, by recording electrophysiologically 
the action potentials in afferent fibres it has been pos-
sible to characterize the stimulus-response functions 
of the various populations of afferents conveying sen-
sory information towards the CNS. Such afferent re-
cordings have been performed in vivo in anaesthe-
tized animals and in vitro using isolated tissue prepa-
rations. In vivo studies have the advantage that reflex 
function remains intact although they may be influ-
enced by the use of anaesthetics. Also, by maintain-
ing vascular perfusion, tissue oxygenation will be bet-
ter maintained, and blood borne factors, including 
leukocytes, important for neuro-immune functions, 
can be recruited to the bladder milieu. Similarly, any 
biochemical factors released into the tissue will be 
rapidly eliminated into the blood stream. However, an 
intact vascular supply may also offer a number of dis-
advantages. Reflex changes in blood flow may lead 
to secondary alterations in afferent firing, while in the 
absence of blood flow there is the potential for surgi-
cal and pharmacological interventions to probe stim-
ulus-response function. For example, flat-sheet prep-
arations with the urothelium uppermost in a tissue 
bath allow the pinpoint mapping of receptive fields 
and the localized application of stimuli directly to the 
surface of the urothelium.  In contrast, surgical re-
moval of the urothelium and sub-urothelial tissue has 
been used to determine the source of afferent signals 
from different layers of the bladder wall and the role 
of urothelial factors in afferent activation. The perfu-
sion medium can incorporate drugs to target specific 
ion channels and receptors that would be lethal to the 
whole animal or can be manipulated (calcium-free 
conditions) to attenuate processes that require cal-
cium entry for downstream signalling. The combina-
tion of these different approaches has been essential 
in understanding the nature of sensory signalling from 
the lower urinary tract. 

2. PATHWAYS TO THE SPINAL 
CORD 

Afferent fibres reach the lower urinary tract via pelvic, 
hypogastric (lumber splanchnic) and pudendal 
nerves. These nerves are mixed nerves that also con-
tain the efferent parasympathetic, sympathetic and 
motor fibres supplying the bladder, urethra and 
sphincters.  Axonally transported dyes applied to 
these nerves are taken up and transported to the cell 
bodies in the lumbosacral dorsal root ganglia and the 

terminations in the spinal cord. Mapping the distribu-
tion of these dorsal root ganglia (DRG) allows the pat-
tern of innervation to be determined in detail and 
when used in combination with immunocytochemistry 
provide information on the neuronal phenotype. 
Moreover, these neurones can be isolated and main-
tained in cell culture and the labelling using to identify 
specific functional properties of bladder projecting 
sensory neurones. 

Only a small proportion of DRG neurones supply the 
viscera with majority supplying somatic targets in the 
skin and skeletal muscles. Those supplying the blad-
der are pseudounipolar with a central projection into 
the dorsal horn of the spinal cord and a peripheral 
axon that terminates at different levels in the bladder 
wall. DRGs supplying pelvic and pudendal afferents 
originate in the thoracic, lumbar and sacral regions 
while hypogastric afferents arise mainly from the ros-
tral lumbar dorsal root ganglia. The central projec-
tions of these DRG neurons carry the sensory infor-
mation from the lower urinary tract to second order 
neurons in the spinal cord. These second order neu-
rons provide the basis for spinal reflexes and ascend-
ing pathways to higher brain regions involved in mic-
turition and in mediating sensation.  

The cell size of bladder DRGs is consistent with there 
being 2 populations of afferents with one connecting 
to small unmyelinated C-fibre afferents and the other 
to finely myelinated A-delta fibres. These cell bodies 
can be further classified according to the presence or 
absence of certain biochemical markers, namely pep-
tidergic and non-peptidergic. Many unmyelinated af-
ferents are peptidergic, containing calcitonin-gene re-
lated peptide (CGRP) and many of these also contain 
substance P as well as various other peptides. How-
ever, some small myelinated fibres also express 
CGRP. Non-peptidergic neurones can be identified 
by labelling for isolectin IB4, which recognizes termi-
nal sugar residues on the cell membrane. Both small 
and medium sized DRGs are labelled with IB4. This 
non-peptidergic subgroup also expresses P2X3 re-
ceptors, which is predominantly found in small unmy-
elinated fibres. TRPV1 and other sensory markers 
described below have been demonstrated mainly in 
peptidergic populations.(151)  

Staining for these sensory markers have also been 
used to identify the terminations of sensory afferents 
in the bladder wall. CGRP-containing afferent fibres 
are abundant in the bladder wall and distributed 
within 4 different layers distinct layers: within the 
urothelium, around the base of the urothelium within 
the lamina propria, in the muscle and associated with 
blood vessels in the serosa. These fibres have con-
spicuous varicosity, which are release sites for stored 
transmitter indicating a role for these afferents in so 
called “axon reflexes”. Upon activation the afferents 
convey information towards the CNS but also release 
mediators onto cells in their vicinity to mediate local-
ized responses. Targets for these mediators include 
vascular smooth muscle, detrusor muscle, urothe-
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lium, fibroblast-like cells, mast cells and other neu-
rons. In the human bladder, CGRP containing fibres 
occur only infrequently in nerves in the muscle but are 
moderately frequent in the suburothelial layer. Some 
of these fibres synapse on intramural ganglia within 
the bladder forming the basis for local neural re-
flexes.(152-155) Ultrastructural studies of human 
bladder have found only unmyelinated nerves in the 
urothelium and immediate suburothelial layer, small 
myelinated nerves being closely associated with the 

smooth muscle layers.(156) The plexus of afferent 
nerves in the lamina propria is thickest in the neck of 
the bladder and in the initial portion of the urethra, and 
becomes progressively less dense in the adjacent re-
gions such that cranial region of the bladder have no 
afferent axons. In contrast, the afferent innervation of 
the musculature is more uniform throughout the blad-
der.   

 
Figure 20: A. Experimental methods for performing patch-clamp recordings on bladder afferent neurons ob-
tained from rats with chronic cystitis. Chronic cystitis was induced by intraperitoneal injection of cyclophos-
phamide. Fluorescent dye (fast blue) injected into the bladder wall was transported via Aδ- and C-fiber blad-
der afferent axons to neurons in the dorsal root ganglia (DRG). L6 and S1 DRG were dissected and dissoci-
ated into single neurons by enzymatic methods. Whole cell patch-clamp recordings were performed on fast 
blue-labeled bladder afferent neurons identified with a fluorescence microscope. B. Characteristics of a blad-
der afferent neuron (24-µm diameter, C-fiber afferent neuron, top record) exhibiting tetrodotoxin (TTX)-
resistant action potentials and a bladder afferent neuron (33-µm diameter, Aδ-fiber afferent neuron, bottom 
record) exhibiting TTX-sensitive action potentials. The left panels are voltage responses and action potentials 
evoked by 30-ms depolarizing current pulses injected through the patch pipette in current-clamp conditions. 
Asterisks with dashed lines indicate the thresholds for spike activation. The second panel on the left side 
show the effects of TTX application (1 µM) on action potentials. The third panel from the left show firing 
patterns during membrane depolarization (700-ms duration). The panels on the right show the responses to 
extracellular application of capsaicin (1 µM) in voltage-clamp conditions. Note that the C-fiber afferent neuron 
exhibited TTX-resistant phasic firing (i.e., one to two spikes during prolonged membrane depolarization) and 
an inward current in response to capsaicin, while A-fiber afferent neuron exhibited TTX-sensitive tonic firing 
(i.e., repetitive firing during membrane depolarization) and no response to capsaicin. 
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3. FUNCTIONAL PROPERTIES OF 
BLADDER AFFERENTS 

3.1. Electrophysiological properties of 
afferent neurons 

Functional properties of dissociated bladder and ure-
thral afferent neurons identified by retrograde axonal 
transport of fluorescent dyes injected into the bladder 
or urethra have been investigated using patch clamp 
techniques (157-164). 

Based on electrical and chemical properties (Figure 
20), bladder afferent neurons are divided into two 
populations (163) in rats.  The most common popula-
tion of neurons (greater than 70%) are small in size, 
sensitive to capsaicin and exhibit high-threshold, 
long-duration action potentials resistant to tetro-
dotoxin (TTX), a Na+ channel blocker.  The other pop-
ulation of bladder afferent neurons which are larger in 
size and insensitive to capsaicin exhibit low-thresh-
old, short-duration action potentials, which are re-
versibly blocked by TTX.  Because the majority of 
bladder afferent neurons with TTX-resistant spikes 
are sensitive to capsaicin, these neurons are likely to 
be the origin of C-fiber afferent axons (165).  In rat 
models of cystitis or spinal cord injury, which exhibit 
C-fiber-dependent bladder overactivity, it has been 
shown that capsaicin-sensitive bladder afferent neu-
rons increase their excitability due to decreased den-
sity of A-type K+ (KA) currents, associated with the de-
creased expression of the Kv1.4 α-subunit, which can 
form the KA channel(166). Thus, the reduction in KA 
current size could be a key mechanism inducing C-
fiber afferent hyperexcitability in bladder overactivity 
conditions in the bladder. 

3.2. Functional properties of afferent nerves  
Recording from bladder afferents has confirmed the 
diversity of afferent populations described above 
based on morphology.(167) Conduction velocity 
measurements confirm the predominance of fibres 
conducting action potentials in the A-delta and C-fibre 
range (Table 1 and Figure 21). The majority of these 

are mechanosensitive, responding to bladder filling 
with a range of thresholds from volumes that would 
be encountered under normal bladder filling to ex-
treme levels of distension that would be considered 
noxious and give rise to pain. Those with lower 
thresholds have small myelinated axons while unmy-
elinated fibres have generally higher thresholds for 
activation. Other afferents do not respond to bladder 
filling.  Some can be activated by intraluminal chemi-
cals such as hypertonic saline, capsaicin or ATP, sug-
gesting they may function as chemoreceptors. Others 
may be so called “silent afferents” that have been de-
scribed elsewhere including the gastrointestinal tract. 
These afferents can be recruited or sensitized in con-
ditions (neuropathic; inflammatory) resulting in ur-
gency, incontinence and even pain. (Figure 22)   

A series of studies have used open-sheet prepara-
tions of guinea-pig bladder to examine the diversity of 

 
Figure 21: Illustration depicting predominant Ad af-
ferent contribution to normal micturition reflex. C fi-
bers (dotted line) are normally silent unless acti-
vated with pathology. 

Table 1: Bladder Afferent Properties 

Fiber Type Location Normal Function Inflammation Effect 

Ad (finely myelinated 
axons) 

Smooth Muscle Sense bladder fullness 
(wall tension) 

Increase discharge at 
lower pressure threshold 

C fiber (unmyelinated 
axons) 

Mucosa Respond to stretch 
(bladder volume sensors) 

Increase discharge at 
lower threshold 

C fiber (unmyelinated 
axons) 

Mucosa muscle Nociception to 
overdistention; Silent 
afferent 

Sensitive to irritants; 
Becomes 
mechanosensitive and 
unmasks new afferent 
pathway during 
inflammation 
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bladder afferents and to attempt to correlate structure 
with function. Low threshold afferents have terminals 
in the muscle where they have been described as 
having “antenna-like endings” and are referred to as 
stretch sensitive muscular mechanoreceptors.(168, 
169)  Since these afferents also respond to contrac-
tion of the detrusor muscle there are also called ten-
sion receptors since they respond to tension gener-
ated by both elongation during stretch and shortening 
during contraction. High threshold afferents are also 
likely to terminate in the deeper muscle layers or in 
the serosa. These mechanosensitive endings have 
receptive fields (located by mechanical probing) as-
sociated with blood vessels. These likely respond to 
high levels of stretch that distort the bladder wall but 
may also become sensitized in response to inflamma-
tion. 

Another class of mechanoreceptor can be activated 
by stretch and by light stroking of the urothelium. 
These endings are referred to as muscular-mucosal 
by analogy to similar endings in the bowel wall but 
muscular-urothelial mechanoreceptor may be a more 
correct term. Their sensitivity could arise because the 
afferent terminal branches to supply the muscle and 
urothelium or a single ending in the lamina propria 
might detect changes in muscle tension and stimula-
tion of the urothelium.(170) Zagorodynuk et al sug-
gest that non-peptidergic “grape like” endings in the 
lamina propria may be the substrate for these end-
ings. Other urothelial endings respond to stroking but 
not stretch and some of these are stimulated by lu-
minal chemicals such as capsaicin, acid and are tem-
perature-sensitive. Peptidergic afferents identified by 

dye filling from the pelvic nerve may be the basis for 
these epithelial responses.  

Mechanosensitivity can arise either directly as a con-
sequence of mechanosensitive ion channels on the 
sensory nerve ending or secondary to chemicals re-
leased in response to stimulation, which in turn acti-
vate the ending secondary to stimulation of ligand-
gated ion channels. As outlined below there is con-
siderable debate as to the role of the urothelium in 
sensory signaling. One attempt to resolve this has 
been to dissect off the urothelium and lamina propria 
and determine the impact on mechanosensitivity. In 
the case of muscular and serosal mechanoreceptors 
removal of the urothelium has little impact on disten-
sion response, suggesting these endings may be di-
rectly responsive, although the nature of the mecha-
nosensitive ion channels has yet to be elucidated. In 
contrast the response of muscular-urothelial endings 
to distension is markedly attenuated following re-
moval of the surface layers of urothelium.(169) The 
same is true for the mucosal endings. This could im-
ply that the urothelium is involved in transducing stim-
uli. However, an alternative view might be that dissec-
tion causes damage to the underlying nerves that are 
no longer able to respond to any stimulus.  An alter-
native approach to determining the role of the urothe-
lium may rely on pharmacological manipulations that 
interfere with urothelial signaling. In this respect the 
response of low threshold mechanoreceptors was un-
changed in calcium-free buffer, which would be ex-
pected to prevent urothelial mediator release through 
exocytosis. 

More recent studies in the mouse identified similar 
populations of afferents and used a systematic clas-
sification system to establish the relative proportion of 
these different types of afferents in the pelvic and 
lumbar splanchnic nerve supply. The basis for classi-
fication and the relative distribution of the terminals 
and projecting pathway is shown in Figure 23. An-
other important observation in this study was the find-
ing that both low threshold and high threshold mecho-
sensitivity became heightened following exposure to 
inflammatory mediators which has implications for 
our understanding of how sensory signaling is altered 
in disease and a basis for altered micturition and sen-
sations such as pain.(171) There are also studies that 
identified and characterized sacral afferents respond-
ing to ‘flow’ through the urethra.(80) These are im-
portant observations whereby properties of these 
flow-responsive afferents seem to parallel that of cu-
taneous afferents.  This could be important in terms 
of restoration of bladder emptying following spinal 
cord injury. 

4. MODULATING AFFERENT 
SENSITIVITY 

The discussion above has emphasized how stimulus-
response function can be used to define the features 
of the various sub-populations of afferents that supply 

 
Figure 22: Illustration depicting switch in afferent 
contribution to the micturition reflex from Ad-fiber 
predominant to C-fiber predominance with neuro-
logic diseases, aging and possibly inflammatory dis-
eases.  Note capsaicin (and other vanilloids) can 
block the C-fiber contribution under these condi-
tions. 
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the lower urinary tract.  The relationship between 
stimulus and response is not fixed but can be 
changed according to the mechanical and chemical 
environment of the sensory ending. Contractions can 
distort the afferent ending while connective tissue el-
ements will transmit or dissipate stimulus energy 
within the tissue determining for example whether a 
response is rapidly or slowly adapting to maintained 
stretch. Similarly, chemicals released from a variety 
of cells within the bladder wall and particular the 
urothelium and lamina propria will influence afferent 
firing.  

Many mediators are released during inflammation, in-
jury and ischemia, from platelets, leukocytes, lympho-
cytes, macrophages, mast cells, glia, fibroblasts, 
blood vessels, muscle and neurons.  Each cell type 
may release several of these modulating agents. 
Some mediators act directly on sensory nerve termi-
nals, while others act indirectly, causing release of yet 
other agents from nearby cells.  This “inflammatory 
soup” acts on sensory nerve terminals to modify sig-
nalling (this is often referred to as “plasticity”). The in-
creased sensitivity to both mechanical and chemical 
stimuli may contribute to chronic pain states – a fea-
ture of clinical relevance. Moreover, since these affer-
ents also trigger reflexes that coordinate bladder 
function, sensitization can also cause detrusor over-
activity or dysreflexia. Various experimental models 
have been employed to examine changes in the blad-
der innervation in disease. These include spinal cord 

injury, bladder outlet obstruction, and various models 
of hyperactivity based upon chemical injury and auto-
immune reactions to name just a few. While these 
models have generated a wealth of information there 
is some concern about their translational value and 
as a consequence their predictive value when testing 
novel therapeutics.(172)  

Local mediators may include neurotrophins, amines, 
purines, prostanoids, proteases, and cytokines. They 
produce their effects on visceral afferent nerves by 
three distinct processes.  First, they can act directly, 
by opening ion channels on the nerve terminals.  Sec-
ondly, they can sensitize endings, without causing di-
rect stimulation, but causing hyperexcitability to other 
chemical and mechanical stimuli. This can occur 
when G-protein coupled receptors (GPCRs) are acti-
vated by mediators, which act via second messenger 
systems, to phosphorylate membrane receptors and 
ion channels that control excitability.  Thirdly, as is the 
case for neurotrophins, they can change the pheno-
type of the afferent nerve over long periods.  For ex-
ample, they may alter expression of channels, recep-
tors or mediators in the sensory neuron.(173) (Fig.24) 
They may also modulate ligand-binding characteris-
tics or coupling efficiency of receptors.  The result of 
sensitization is a leftward shift in the stimulus-re-
sponse function. This means that for any given level 
of stimulation a greater afferent barrage is generated. 
Peripheral sensitization normally develops rapidly 
and is relatively short-lived. However, in the presence 

 
Figure 23: LUT afferent nerve classes and distribution. A, fiber classes in bladder wall and urethra. B, in pelvic 
nerve 4 types of mechanosensitive fibers were identified by stretch, stroke and probe. C, proportion of affer-
ent fiber types recorded in pelvic nerve. D, low and high threshold receptive fields of pelvic nerve muscle 
fibers based on response to stretch. E, receptive fields of 4 pelvic nerve fiber classes (Kanai and Andersson, 
2009). 
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of maintained injury or inflammation, the sensitization 
can be prolonged by changes in gene expression. 
Genes influenced in this way include those that de-
termine the amount and pattern of neurotransmitters 
release by central nerve terminals in the brain and 
spinal cord.  This alters the way that sensory signals 
are processed within the CNS and contributes to 
“central sensitization”.(174) 

Role of the urothelium in sensory signal trans-
duction 

The urothelium can no longer be considered a pas-
sive barrier protecting against diffusion of urine con-
stituents.  Recent evidence suggests instead that the 
urothelium possesses sensory functions and may 

transduce mechanical and chemical stimuli to under-
lying structures including smooth muscle, fibroblast-
like cells, immune cells and bladder nerves including 
the terminals of afferents which are located in close 
proximity, or even within, the urothelium. The recent 
evidence supporting involvement of a number of 
these urothelially-derived factors in sensory signalling 
and the therapeutic potential of targeting these sig-
nalling pathways is considered below. 

4.1. Nitric oxide  
Enzymes responsible for the generation of nitric oxide 
(NO) are expressed in both the urothelium and in the 
adjacent nerve fibres. Knockout mice in which neu-
ronal NOS has been deleted do not have an obvious 

 
Figure 24: Peripheral mechanisms involved in neurotrophin-mediated development of bladder overactivity. 
In urinary bladder, NGF (shown in blue) is produced by several cell types—including urothelium, mast cells 
and detrusor smooth muscle cells—upon stretch or inflammation. The urothelium also produces BDNF (red). 
NGF binding to urothelial TrkA receptors might directly activate urothelial sensory ion channels, such as 
TRPV1 (purple), or increase expression of TRPV1 and mechanosensitive channels (MSC, pink). Increased 
TRPV1 and MSC activity stimulate the release of urothelial mediators, such as ATP, which sensitize the un-
derlying afferents. NGF activates TrkA receptors expressed on suburothelial afferent C-fiber terminals, di-
rectly sensitizing neuronal TRPV1, MSCs and voltage-gated ion channels (VGCs, orange). The TrkA-NGF 
complex is internalized (dashed lines) and retrogradely transported to cell bodies in lumbosacral DRG, where 
de novo transcription of TRPV1, VGCs, MSCs and additional sensory ion channels (including purinergic P2X3 
receptor for ATP; green) is initiated. These newly synthesized ion channels are anterogradely transported 
back to afferent terminals to contribute to peripheral hypersensitivity. Neurotrophin receptors TrkB (red) and 
p75NTR (black) are also expressed on both urothelium and afferent terminals, although their role has not yet 
been defined. Abbreviations: ATP, adenosine triphosphate; BDNF, brain-derived nerve factor; BOO, bladder 
outlet obstruction; BPS, bladder pain syndrome; DRG, dorsal root ganglia; MSC, mechanosensory channel; 
NGF, nerve growth factor; OAB, overactive bladder syndrome; P2X3, P2X purinoceptor 3; TrkA, tropomyosin-
related kinase A; TrkB, tropomyosin-related kinase B; TRPV1, transient receptor potential cation channel 
vanilloid subfamily member 1; VGC, voltage-gated ion channel. 
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bladder phenotype. The same is true when inducible 
NOS is knocked out. However, NO may be involved 
in bladder dysfunction since expression of NOS is el-
evated in neurogenic bladder and release of NO may 
be reduced in experimental interstitial cystitis. Munoz 
et al(175) recently found that while electrical stimula-
tion-evoked release of some urothelial mediators 
(ATP) was attenuated by disruption of the urothelium, 
release of NO was maintained which may suggest 
that under these conditions NO is derived from 
suburothelial structures. Interestingly, NO release 
triggered by cholinoreceptor stimulation was lost after 
urothelial disruption, consistent with NO derived from 
multiple sources including the urothelium. 

A previous study by Aizawa et al examined the effect 
of NO on sensory signalling by directly recording af-
ferent activity arising from the bladder in vivo.(176) 
Release of NO can be inhibited using non-metabolyz-
able analogues that compete with L-arginine as sub-
strate for NOS.  On such inhibitor, L-NAME, in-
creased the afferent response to bladder filling by 
about 50%, which was reversed by activation of NO 
pathways with L-arginine. This data suggests that NO 
is able to inhibit afferent activity, an observation con-
sistent with earlier cystometric analysis of the effect 
of activating the NO pathway.(177, 178) In addition to 
studying NO mechanisms in the normal bladder, Ai-
zawa and colleagues also showed that application of 
L-arginine significantly inhibited hypersensitivity in-

duced by the cyclophosphamide metabolite acrolein 
that is used experimentally as a model for 

BPS/IC.(176) The actions of NO are mediated 
through elevation of the intracellular second messen-
ger cGMP (Figure 25).(179) In contrast, phos-
phodiesterase (PDE) type 5 terminates the action of 
NO, and PDE inhibitors can be used therapeutically 
to prolong the action of NO. Behr-Roussel et al found 
that inhibition of PDE5 attenuated bladder afferent 
activity in a rat model of spinal cord injury,(180) an 
indication that this might represent a target for treat-
ment of hypersensitivity disorders of the bladder such 
as BPS and OAB. 

4.2. Purinergic Signalling 
ATP acting via purinergic receptors modulates blad-
der function mediated by both afferent and efferent 
pathways involved in urine storage and emptying. 
There is evidence that ATP is co-released with SP 
and calcitonin gene-related peptide from sensory 
nerves.(181, 182) Differences in sensitivity to puriner-
gic agonists in lumbo sacral and thoracolumbar DRG 
sensory neurons that innervate the bladder via hypo-
gastric and pelvic nerves were investigated.(157) The 
majority of lumbo sacral neurons (93%) were sensi-
tive to α,β-meATP compared to 50% of thoracolum-
bar neurons. It was concluded that bladder pelvic and 
hypogastric splanchnic afferents are functionally dis-
tinct and are likely to mediate different sensations 

 
Figure 25: Schematic diagram of the cyclic nucleotide signalling pathways (from Rahnama’I et al., 2013) 
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arising from the urinary bladder. The central projec-
tions of pelvic and pudendal afferents overlap within 
the spinal cord facilitating integration of somatic and 
parasympathetic motor activity. (183) 

Intravesical administration of ATP stimulated the mic-
turition reflex in awake freely moving rats, probably 
by stimulating suburothelial C-fibres, although other 
mediators might also be involved.(184) The activities 
of primary afferents by intravesical introduction of 
ATP are mediated largely through a subset of capsa-
icin-sensitive C-fibres.(185) Pretreatment of the 
anaesthetised guinea-pig with both atropine and α,β-
meATP or by ganglion blockers led to complete block-
ade of neurokinin NK2 receptor-induced contractions. 
These results suggest that stimulation of NK2 recep-
tors located on capsaicin-sensitive sensory nerves 
(where NK2 receptors have been demonstrated auto-
radiographically) leads to bladder contractions via 
both cholinergic and purinergic parasympathetic mo-
tor nerves. Taken together, studies have concluded 
that excitatory and inhibitory purinergic mechanisms 
are present not only in the peripheral nervous sys-
tem/smooth muscle of the lower urinary tract but also 
in reflex pathways in the spinal cord that control mic-
turition.  

It is well established that the urothelium releases ATP 
in response to stretch and that this acts in a paracrine 
fashion to influence the function of myofibroblasts 
and bladder afferent nerves. Prolonged exposure to 
a desensitizing concentration of α,β-meATP reduced 
the activity of mechanosensitive pelvic nerve affer-
ents in an in vitro model of rat urinary bladder.(186) 
P2X2 and P2X3 receptors (Figure 26; Figure 27A) are 

expressed on unmyelinated afferent fibres innervat-
ing the bladder, and thus the hypothesis has been put 
forward that mechanosensitivity, at least in those af-
ferents in proximity to the urothelium, involved ATP 
release by stretch and activation of P2X2 and P2X2/3 
receptors on the afferents.(96, 187) Mice lacking the 
P2X3 receptor showed reduced inflammatory pain 
and marked urinary bladder hyporeflexia with re-
duced voiding frequency and increased voiding vol-
ume.(188) This suggested that P2X3 receptors are 
involved in mechanosensory transduction underlying 
both inflammatory pain and hyperreflexia indicating a 
role in physiological voiding reflexes.(188) A later 
study using P2X2 KO mice and P2X2/P2X3 double 
KO mice showed a role for the P2X2 subtype too in 
mediating the sensory effect of ATP.(189) The in-
crease in pelvic sensory nerve activity was mimicked 
by ATP and α,β-meATP and attenuated by P2X3 an-
tagonists as well as in P2X3 KO mice and P2X3 re-
ceptors were shown to be localized on suburothelial 
sensory nerve fibres (Figure 27b).(187) In the mouse 
urinary bladder both low and high threshold fibres 
sensitive to ATP were shown to contribute to both 
physiological (non-nociceptive) and nociceptive 
mechanosensory transduction by single unit analysis 
of sensory fibres.(190) There are several functionally 
distinct populations of bladder sensory nerves, not all 
of which respond to ATP.(168) The excitability of af-
ferent fibres to distension is increased by purinergic 
agonists.(190) Sadananda et al (191) investigated 
whether other stimuli, besides bladder distension, 

 
Figure 26: ATP-gated ionotropic channels are formed by certain combinations of the 7 (P2X1-7) subunits 
(from A. Ford, 2016) 
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could stimulate urothelial ATP release. They com-
pared ATP release levels in rat bladder when sub-
jected to stretch, capsaicin and acid. Interestingly, the 
amiloride-sensitive apical sodium channel, ENaC, 
may be involved in mechanotransduction by control-
ling basolateral release of ATP.(123) Adenosine is 
also produced and released by the urothelium, and 
may play important roles in modulating sensory affer-
ent function and smooth muscle contraction.(192)  

P2X1 and P2X3 receptors play a pivotal role in the 
micturition reflex in female urethane-anaesthetized 
rats.(193) It was also shown that P2X3 receptor 
blockade by phenol red raised the pressure and vol-
ume thresholds for the reflex, while P2X1 receptor 
blockade diminished motor activity associated with 
voiding and also that P2Y1 receptor blockade may re-
move an accommodating inhibitory drive to rat detru-
sor muscle. In the normal bladder, it is believed that 
a balance between the excitatory effects of ATP and 
inhibitory effects of NO release may determine mictu-
rition thresholds and frequency and that this balance 
may be disturbed in bladder disorders. For example, 

muscarinic receptors localized near the luminal sur-
face of the bladder were stimulated and shown to af-
fect voiding functions via mechanisms involving ATP 
and NO release from the urothelium that in turn al-
tered the firing properties of afferent nerves.(194) 
This supported the view that urothelial-afferent nerve 
interactions can influence reflex voiding functions. In 
addition, elevated ATP levels have been demon-
strated in patients with detrusor overactivity and 
BPS(195), Munoz et al, using a rat model of detrusor 
overactivity (diabetic bladder), found increased levels 
of ATP but normal levels of NO.(175) Conversely in 
an underactive bladder model, induced by chronic 
sugar intake, NO levels were increased while ATP re-
mained normal. This suggests that the balance be-
tween ATP and NO is altered in bladder dysfunction. 
From the translational perspective, a P2X3 antago-
nist, AF-219, has been tested in a proof-of-concept 
trial in treating symptoms associated with BPS/IC.  In 
36 and 38 BPS/IC women treated with AF-219 and 
placebo, respectively, patients treated with AF-219 
had improvement in the key symptoms of IC/BPS: 
pain scores, urinary urgency and general improve-
ment in patient reported symptoms, suggesting the 

 
Figure 27: (a) Schematic of hypothesis for purinergic 
mechanosensory transduction in tubes (e.g. ureter, 
vagina, salivary and bile duct, gut) and sacs (e.g. uri-
nary and gall bladders, and lung). It is proposed that 
distension leads to release of ATP from epithelium 
lining the tube or sac, which then acts on P2X2/3 re-
ceptors on subepithelial sensory nerves to convey 
sensory/nociceptive signals to the CNS. (Repro-
duced from Burnstock, 1999)  

(b) P2X3 receptor immunoreactivity in the mouse 
bladder. Immunostaining is seen on small suburoep-
ithelial nerve fibres. Calibration bar = 50 μm. (Cock-
ayne et al., 2000) 

 

 
Figure 28: Sensory fibers in visceral organs, espe-
cially the urinary bladder, express high levels of 
P2X3 receptors that are elevated in pathological con-
ditions; unmasking segmental spinal reflexes that 
sense ATP content during filling and distension. 
P2X3 antagonists suppress afferent excitation and 
raise filling volume thresholds, especially in rodent 
models of cystitis. The distressing and largely un-
met painful and irritative symptoms of bladder pain 
syndrome/interstitial cystitis and chronic prostatitis 
as well as lower urinary tract symptoms (urgency, 
frequency, and nocturia) associated with overactive 
bladder and benign prostatic hyperplasia, represent 
important visceral indications for novel P2X3 antag-
onists.(From Ford AP, 2012) 
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potential efficacy of P2X3 receptor antagonists for the 
treatment of BPS/IC symptoms.(196) (Fig 28) 

4.3. Cholinergic Mechanisms 
The discovery that ACh can be released from the hu-
man bladder urothelium has led to the concept that 
cholinergic mechanisms could contribute to sensory 
signalling.(197) This concept has been reinforced by 
clinical findings showing that anticholinergic drugs, 
the current mainstay for the treatment of bladder 
overactivity, appear to exhibit efficacy during the 
bladder storage phase when parasympathetic cholin-
ergic activity is minimal.  

A number of studies have examined the effect of cho-
linoreceptors on bladder afferent firing. However, the 
data are conflicting and a consensus has yet to 
emerge. In vivo studies using clinical anticholinergic 
agents such as oxybutynin and darifenicin suggest 
that inhibiting muscarinic receptors, attenuates the af-
ferent response to bladder filling.(198, 199) However, 
due to the nature of in vivo studies it is unclear if these 
effects are direct, at the level of the sensory terminal, 
or secondary to altered muscle tone following either 
peripheral or central effects on parasympathetic 
transmission.  Similarly, Matsumoto et al found that 
stimulating muscarinic receptors induced bladder hy-
peractivity, and that this was blocked by inhibiting the 
M2 receptor, suggesting that M2 receptors play a role 
in cholinergic modulation of bladder afferent excitabil-
ity. However, it is important to note that in this study, 
excitability was inferred from cystometry and afferent 
activity was not measured directly.(200) In contrast, 

Masuda et al (2009) found that pharmacological acti-
vation of muscarinic receptors attenuated micturition 
reflexes in the rat suggesting that muscarinic receptor 
activation leads to attenuated afferent signal-
ling.(201) Such inhibition has been observed in affer-
ent recording studies using isolated bladder prepara-
tions in which any secondary effects on muscle tone 
could be controlled.(202) In these studies blocking 
cholinesterase activity to augment endogenous cho-
linergic activity lead to attenuated afferent signalling 
that could be reversed by antimuscarinics. Surpris-
ingly, antimuscarinics alone had no effect on bladder 
afferent responses to distension suggesting that ace-
tylcholine release during stretch was not part of the 
sensory transduction pathway but cholinergic influ-
ences become manifested only under circumstances 
in which acetylcholine release is increased.  

How ACh and muscarinic receptor pathways could 
modulate transmission is unclear. It is possible that 
there is a direct action and in this respect DRG neu-
rones retrogradely labelled from the bladder have 
been shown to express M2, M3 and M4 recep-
tors.(203) However, stimulation of muscarinic recep-
tors on the urothelium causes the release of other ex-
citatory and inhibitory mediators including ATP and 
NO.(106, 204) It is possible therefore that muscarinic 
receptors modulation of afferent activity is indirect via 
the release of a secondary mediator. Such a view is 
supported by the observation that bladder hypersen-
sitivity, triggered by cholinergic stimulation was abol-
ished by inhibition of P2X receptors, suggesting that 
muscarinic receptors and purinergic receptors may 

 
Figure 29: Hypotheses for the pathways mediating the effects of botulinum toxin in afferents  
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work in tandem to modulate afferent transmis-
sion.(205) These studies highlight the complex nature 
of cholinergic signalling in the bladder, and indicate 
that more research is necessary to fully understand 
whether muscarinic receptors on the afferent limb 
could become a therapeutic target for OAB.  

4.4. Botulinum Toxin 
Botulinum toxin A (BoNT/A) was shown in an early 
paper to inhibit the release of ATP as well as acetyl-
choline from parasympathetic nerves innervating the 
bladder.(206) The effects of purified botulinum neuro-
toxin type A on cholinergic, adrenergic and non-ad-
renergic, atropine-resistant autonomic neuromuscu-
lar transmission was subsequently confirmed.(207) 
Botulinum toxin A (BoNT/A) inhibits the vesicular re-
lease of acetylcholine and ATP following uptake into 
presynaptic nerve terminals (see Figure 29) and pro-
teolytic cleavage of the SNARE protein SNAP-25 that 
prevents docking and fusion of synaptic vesicles at 
the neuro-muscular junction. BoNT/A was first clini-
cally used in the bladder to treat neurogenic bladder 
overactivity caused by spinal cord injury.(208) Since 
then, intravesical injections of BoNT/A has proved a 
highly effective treatment for patients with detrusor 
overactivity, with numerous studies reporting im-
provements in the sensory symptoms of urgency and 
urinary frequency.(209) (210, 211)Since acetylcho-
line can be released from the urothelium it is possible 
that BoNT/A is acting at this level to modulate sensory 
signalling. In addition, there is recent evidence that 
SNAP-25, the intracellular target for proteolysis by 
BoNT/A, is expressed in the urothelium.(106) This is 
consistent with experimental data showing that 
BoNT/A inhibits the release of ATP and augments NO 
release from the urothelium in animal models of spi-
nal cord injury.(211) Others have shown that applica-
tion of BoNT/A directly attenuated afferent firing in ex 
vivo mouse models.(212-214) Other potential targets 
for BoNT/A include the suburothelial sensory nerve 
endings, and in this respect a decrease in suburothe-
lium immunoreactivity for P2X3 and TRPV1 has been 
reported in human bladders following treatment with 
BoNT/A.(215) 

4.5. Transient Receptor Potential (TRP) 
Cation Channels 

A number of different members of the transient recep-
tor potential (TRP) channel family are expressed in 
the bladder mostly in association with sensory nerve 
fibres involved in mechanotransduction and nocicep-
tion. TRPV1, TRPV2, TRPV4, TRPM8, and TRPA1 
have all been shown to be expressed in the bladder. 
TRPV1 has been shown to play an integral role in 
modulating the excitability of bladder afferents and 
the generation of hypersensitivity, induced by bladder 
inflammation.(85, 88) It is through desensitization of 
this receptor that agents like resiniferatoxin act to 
treat symptoms in OAB.(216) TRPV1 is predomi-
nantly expressed on sensory nerves and has been 
identified within nerve plexuses running in both the 

muscle layer and suburothelium. In addition some in-
vestigators have also demonstrated that TRPV1 is 
expressed within the urothelium, however the speci-
ficity of commercially available TRPV1 receptor anti-
bodies has been questioned.(132)   

TRPA1 is also expressed in the bladder and is partic-
ularly associated with C-fibre endings in the 
suburothelium that co-localize CGRP. Agonists act-
ing at the receptor cause bladder hyper-reflexia and 
is suggested to play a role in mechanotransduction 
and in signalling pain. TRPA1 has also been demon-
strated in the urothelium at both transcriptional and 
protein levels. Expression is increased in a spinal 
cord injury model and both pharmacological blockade 
and RNA knockdown of TRPA1 were effective in nor-
malizing bladder reflex function.(217)  Studies have 
shown that trophic factors (such as nerve growth fac-
tor-NGF or artemin) can regulate the sensitivity of 
sensory neurons via regulation of TRP (TRPV1; 
TRPA1) expression and/or sensitivity. Administration 
of antibodies against these trophic factors can block 
or reverse bladder hyperalgesia in rodent models for 
bladder pain.(218, 219) 

Interest in TRPV4 has been fuelled by the observa-
tion of impaired voiding behaviour in knockout 
mice.(220) This channel shows mechanosensitivity 
and is proposed to play a role in the micturition reflex 
by activating C-fibre afferents.(185) However, the site 
of action of TRPV4 agonists may in fact be the urothe-
lium which expresses the TRPV4 channel,(86) partic-
ularly in association with adherence junctions where 
they may be preferentially activated by stretch and 
lead to the release of ATP.(221) Inhibition of TRPV4 
has recently been shown to improve symptoms in a 
model of experimental cystitis.(222) Further, there is 
evidence that a co-administration of antagonists to 
both TRPV4 and TRPV1 can potentiate the effect of 
each drug and reduce bladder hyperactivity in a ro-
dent model for cystitis.(223) 

TRPM8 was first described as a cold receptor and in-
terest in its role in the bladder stems from the obser-
vation that instillation of cold saline into the bladder 
elicits a contractile response (at pressures or vol-
umes below the threshold for normal voiding). This 
response to a cooling stimulus (which has been re-
ferred to as the bladder cooling reflex) was originally 
thought to indicate a supraspinal neurological lesion 
and the test (termed the ‘ice water test’)(224) has 
been used in the diagnosis of bladder disorders such 
as detrusor overactivity. Expression of TRPM8 has 
been identified on bladder afferent fibers and on the 
cell bodies in the DRG where it co-localizes with no-
ciceptive markers such as CGRP and IB4.(225) Pre-
viously Lashinger et al (2008) showed that application 
of a TRPM8 channel blocker, decreased voiding fre-
quency and abdominal motor responses in the 
rat(226) suggesting that in addition to cold sensing 
TRPM8 may also be involved in the afferent control 
of micturition and nociception.  A recent study by Ito 
et al. also showed that TRPM8 have a role in activa-
tion of mechanosensitive C-fiber bladder afferent 
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pathways during bladder by using single-unit afferent 
activity recordings in the normal rat.(227)  

Until now the contribution of TRP receptors have 
been typically studied isolated.  However it is possible 
that in real life conditions several of these receptors 
are activated together, opening the possibility to the 
advantage of antagonizing more than one at the 
same time if a therapeutic objective is pursued.(223) 

4.6. Cannabinoids 
The multi-centre CAMS study (Cannabinoids in Mul-
tiple Sclerosis) reported that the use of cannabis 
based extracts significantly improved symptoms of 
urge incontinence and detrusor overactivity in pa-
tients with multiple sclerosis. This observation has 
provoked interest in the study of expression and func-
tion of cannabinoid receptors in the bladder. Endoge-
nous cannabinoids can potentially interact with 
TRPV1 but in addition can act on G-protein coupled 
cannabinoid receptors 1 and 2 (CB1, CB2). In the hu-
man bladder, both receptors could be identified in the 
urothelium and detrusor where CB1 receptors were 
more abundant than CB2.(228) In patients with blad-
der pain syndrome and idiopathic detrusor overactiv-
ity (IDO), a significant increase in nerve fibres ex-
pressing CB1 in the urothelium was observed, 
strongly suggesting a role for CB1 in overactive blad-
der.(229) In contrast, Gratzke and colleagues(230) 
found CB2 receptors predominated in the urothelium, 
suburothelium and on sensory nerve fibres and found 
that CB2 agonists inhibited nerve induced contrac-
tions of the bladder providing evidence that CB2 re-
ceptors are important in micturition.  

Expression of CB1 receptors were also identified in 
the urothelium and on nerve fibres in the detrusor of 
mouse bladder.(231) These receptors co-localized 
with P2X3 receptors, suggesting an interaction be-
tween cannabinoid and purinergic systems. In addi-
tion, a synthetic cannabinoid active at both CB1 and 
CB2 receptor was shown to inhibit the evoked release 
of CGRP from afferent nerve terminals.(232) Func-
tional experiments also found a reduction in disten-
sion evoked afferent firing in response to application 
of a CB1 agonist. In particular, high threshold affer-
ents typically associated with noxious stimuli were di-
rectly affected. A recent study by Aizawa et al. using 
a peripherally restricted inhibitor (URB937) of the en-
docannabinoid-degrading enzyme fatty acid amide 
hydrolase (FAAH), upregulation of the peripheral en-
docannabinoid system reduces bladder overactivity 
and C-fiber hyperexcitability in the rat bladder pro-
voked by PGE2, suggesting an important role of the 
peripheral endocannabinoid system in bladder over-
active conditions induced by afferent hypersensitiv-
ity.(233) There is also evidence that the fatty acid 
amid anandamide, which activates both CB1 as well 
as TRPV1 receptors on primary afferents, is upregu-
lated in a model for inflammatory pain and induces 
bladder hyperreflexia.(234) Taken together these 
studies suggest that CB receptors in the bladder may 
have a modulatory role in sensory afferent signalling 

and a greater understanding of which could lead to 
new therapeutic strategies for treatment of bladder 
disorders. Understanding the differential roles of CB1 
and CB2 receptors may add a new dimension to our 
ability to target these pathways. 

4.7. Adrenoreceptors  
Alpha-1-adrenoreceptor (α1-AR) antagonists are the 
current first line for treatment of lower urinary tract 
symptoms (LUTS) due to benign prostatic hyper-
plasia (BPH). A systemic review and meta-analysis 
showed that alpha blockers in general improve BOO 
as shown by a positive changes of bladder outlet ob-
struction index.(235) By inhibiting prostatic smooth 
muscle contraction, these agents reduce bladder out-
let obstruction (BOO). In addition, recent data report 
an improvement in other symptoms, such as fre-
quency suggesting that they may also act via the af-
ferent system to influence storage function.  Adreno-
receptors have been detected throughout the urothe-
lium and on the sensory neurones innervating the 
bladder.(236, 237) Bladder afferent responses to dis-
tension in vivo are inhibited following intravesical ap-
plication of the clinical α1-AR antagonist Tamulosin. 
Moreover, chronic systemic treatment with two differ-
ent α1-AR antagonists inhibited reflex voiding in a rat 
model of BOO.(238) A previous experimental study 
by Nagabukuro et al investigated changes in afferent 
firing following treatment with a number of commonly 
used clinical drugs. The study found that Tamulosin 
treatment significantly attenuated activation of the 
early gene c-fos in the spinal cord, used as a marker 
for sensory neuronal activation.(239)  A recent study 
also showed that α1A- or α1D- adrenoceptors in the rat 
bladder are involved in the activation of the bladder 
mechanosensory Aδ-fibres during bladder filling by 
directly recording afferent activity arising from the 

 
Figure 30: Representative photomicrographs of cho-
linergic fibers expressing both VAChT and b3AR-IR 
through the human bladder. Double labeling using 
immunocytochemistry revealed that virtually all neu-
ronal profiles expressing the cholinergic marker 
VAChT also express b3AR-IR throughout the 
suburothelial plexus, muscular layer and around 
blood vessels. VAChT-IR (red), b3AR-IR (green) and 
the nuclear marker DAPI (blue); U-urothelium and 
SU-suburothelium.  (from Coelho et al., 2015) 
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bladder in vivo.(240) In addition, interactions between 
sympathetic efferent and primary afferents can occur 
via a chemical cross-talk that can enhance the sensi-
tization of nociceptive afferents in both somatic and 
visceral pain conditions.  In support is evidence that 
prolonged activation of peripheral alpha adrenocep-
tors can augment bladder pain likely through sensiti-
zation of TRP (TRPV1) channels on nociceptive af-
ferents and increased release of algogenic sub-
stances such as ATP.(241) The increased bladder 
pain and hyperactivity was blocked by silodosin, im-
plicating a role for activation of peripheral alpha 1A 
adrenoceptors in visceral pain. 

In contrast to the α-adrenoreceptors, the beta adre-
noreceptors (βARs) mediate relaxation of the bladder 
smooth muscle in response to sympathetically re-
leased noradrenaline. The β3-AR subtype is the pre-
dominant isoform responsible for relaxation of the hu-
man detrusor and β3-AR agonists are now clinically 
available for the treatment of OAB.(242)  A previous 
study by Kullmann et al demonstrated the presence 
of the β3-AR in the urothelium and observed inhibition 
of voiding contractions in response to the β3-AR ag-
onists TAK-677 and BRL37344.  This effect was in-
dependent of any changes in smooth muscle tone 
suggesting that β3-AR could also participate in blad-
der afferent function.(243) A more recent study has 
shown that β3-AR is expressed in nerve fibers in both 
suburothelium as well as the detrusor layer in the hu-
man bladder (Figure 30).(244) In terms of the neuro-
chemical nature, while there was a modest expres-
sion of β3-AR in sensory fibers, the presence of β3-

AR in cholinergic fibers were the most abundant. 
While a number of possibilities exist, these findings 
suggest that β3-AR may modulate contractility of the 
smooth muscle and indirectly regulate bladder sen-
sory functions. 

5. CROSS TALK BETWEEN THE 
BLADDER AND BOWEL 

Patients with IBS often report bladder symptoms in-
cluding nocturia, frequent and urgent micturition, and 
incomplete emptying.(245) The counterpart is also 
true with patients with BPS complaining of gastroin-
testinal symptoms such as constipation.(246, 247) 
These observations are consistent with the concept 
of cross-organ sensitization which extends to differ-
ent abdominal and pelvic structures and contributes 
to a more generalized chronic pelvic pain syndrome 
reviewed by Brumovski et al.(248) In experimental 
models inflammation of the colon has been shown to 
lead to increased frequency of bladder contractions 
and altered micturition reflexes.(249) In contrast, ex-
perimental bladder inflammation has been reported to 
sensitize the bowel to distension.(250) Such cross-
organ sensitization has also been demonstrated be-
tween the uterus, pelvic urethra and vagina. In men 
there is the potential for cross-organ sensitization be-
tween the prostate and other pelvic organs. 

The mechanisms underlying cross-organ sensitiza-
tion have not been fully elucidated but there are po-

 
Figure 31: A-C: Dichotomizing afferents.  Panels depict retrogradely labeled cell bodies in rat DRG following 
urinary bladder and colon injections of Alexa Fluor 388 and 64-conjugated cholera toxin B (CTB). A, CTB-
positive bladder afferents, B, CTB-positive distal colon afferents and C-dual labeled cells (from Christianson 
et al., 2007). 

D- Schematic representation of convergent afferent pathways: (1) Convergence of sensory neural pathways 
within a DRG, (2) Convergence of afferent information in the spinal cord, (3) Convergence of afferent inputs 
from two different pelvic organs in the brain.  Anterograde AP propagation from the brain, spinal cord and 
DRG to the periphery is shown by dotted lines (from Malykhina 2007). 
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tentially several levels at which the sensory innerva-
tion to the different pelvic structures can interact. In 
terms of periphery mechanisms there is evidence that 
afferent fibres branch extensively to innervate multi-
ple target structures. Different retrograde tracer in-
jected into the bladder and bowel results in a number 
of DRG neurones carrying both labels although the 
numbers are low (Figure 31A-C).(251)  Similarly, di-
chotomizing afferents have been shown to innervate 
the colon and uterus with DRGs expressing TRPV1 
and P2X3 receptors implying a role in nocicep-
tion.(252) Sensitization of the endings in one organ 
by local inflammation, steroid hormone or via various 
neurotrophic factors would likely impact on overall 
sensitivity following upregulation in excitability in all 
terminal receptive fields.(253) A recent study also 
showed in rats that colonic inflammation induces up-
regulation of urothelial NGF expression in the bladder 
and that the reduction of overexpressed NGF in the 
mucosa is associated with the significant improve-
ment of bladder overactivity and pain behavior, sug-
gesting that the local NGF upregulation plays an im-
portant role in cross sensitization in pelvic or-
gans.(17)  There is also evidence that visceral organ 
cross talk may be due to a change in epithelial per-
meability in one target organ (i.e. urinary bladder) that 
may in turn, alter epithelial permeability in another 
structure.(254) Studies have utilized contrast-en-
hanced magnetic resonance imaging (CE-MRI) to 
quantitate changes in epithelial permeability in both 
IC patients and in animal models for cross-sensitiza-
tion.(Figure 32) (255, 256) Findings from these stud-
ies revealed that this method may provide a quantifi-
able method to assess epithelial permeability and 
could be used to study underlying mechanisms, strat-
ify patients and monitor therapy.  

Central sensitization may also contribute to cross-or-
gan sensitization (Figure 31D). Excitability of spinal 
neurons receiving afferent input from the bladder has 
been shown to respond to afferent input from other 
pelvic structures such as the colon.(257, 258) Second 
order neurones in the spinal cord therefore receive 
convergent input from various visceral structures (i.e. 
viscero-visceral convergence) as well as somatic in-
puts (visceral-somatic convergence). The later ex-

plains the phenomenon of referred pain where sen-

sations from the viscera are experienced in the asso-
ciated somatic sensory field, the classic example be-
ing angina. Such viscero-somatic convergence has 
been extensively investigated and only recently has 
viscero-visceral referral received attention. Neverthe-
less convergent inputs would explain the poor locali-
zation of pelvic pain and the difficulty in diagnosis and 
treatment. There is also recent evidence that desen-
sitization of TRPV1 receptors in the bladder reduces 
the excitability of bladder projecting neurons but has 
no effect on spinal cord neurons receiving convergent 
bladder/somatic input.(259) Taken together, these 
studies suggest that targeting additional levels of the 
pain-processing pathway (both centrally and in the 
periphery) may be required in order to provide better 
clinical outcomes for patients for chronic pelvic pain 
disorders.(260) 

Clemens recently coined a term “afferent neurourol-
ogy” to describe the study of sensory signaling related 
to the genitourinary tract, which encompasses other 
organs besides the bladder including the prostate, 
urethra, vagina, testicles and scrotum.(261) There-
fore, disorders in afferent neurology would include 
other urologic symptoms perceived by the patients 
outside of the bladder including disorders, for exam-
ple, such as chronic prostatitis/chronic pelvic pain 
syndrome (CP/CPPS), pelvic pain syndrome, vaginal 
pain syndrome, and urethral pain syndrome. Clem-
ens’ review suggests that many of these afferent neu-
rologic symptoms, including BPS/IC, may be due to 
systemic pathophysiology rather than localized to the 
organ of suspicion. 

 EFFERENT PATHWAYS TO THE 
BLADDER 

Three main neural pathways regulate lower urinary 
tract efferent activity: 1) sacral parasympathetic (pel-
vic) nerves provide excitatory input to the bladder; 2) 
thoracolumbar sympathetic nerves provide inhibitory 
input to the bladder and excitatory input to the bladder 
neck and urethra; and 3) sacral somatic (pudendal) 
nerves innervate the striated muscles of the sphinc-
ters and pelvic floor (262, 263) (Figure 33). This sec-
tion will describe the spinal and then peripheral path-
ways controlling efferent drive to the bladder.  

Parasympathetic and sympathetic pre-ganglionic 
neurons release acetylcholine, which acts on nicotinic 
receptors to activate post-ganglionic fibres. In some 
species they also release opioid peptide transmitters 
and express nitric oxide synthase(264); there is also 
evidence of involvement of pituitary adenylate 
cyclase activating peptide (PACAP), a peptide pre-
sent in visceral afferent neurones, and of prostaglan-
dins within the spinal cord.(265)  

 
Figure 32: Quantitative assessment of increased 
bladder permeability in protamine sulfate (PS) ex-
posed rats.  Regions assessed: peripheral bladder 
area (white arrowhead), medial thigh muscle (1) and 
adipose body (2). (From Towner et al., 2015). 
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Parasympathetic post-ganglionic fibres terminate 
predominately at the detrusor muscle and release ac-
etylcholine, resulting in detrusor contraction during 
voiding. Studies in animals have shown that sympa-
thetic post-ganglionic fibres predominately terminate 
at the mucosal and urothelial level, releasing nora-
drenaline (NA), contributing to bladder relaxation dur-
ing storage (via stimulation of beta-adrenergic recep-
tors expressed in detrusor).  

1. PREGANGLIONIC NEURONS 

Parasympathetic preganglionic neurons are located 
in the lateral part of the sacral intermediolateral gray 
matter in a region termed the sacral parasympathetic 
nucleus. The neurons are small, fusiform-shaped 
cells which send dendrites into lateral lamina I of the 
dorsal horn, the lateral funiculus and medially into the 

dorsal grey commissure (DGC). The bladder pre-gan-
glionic motor neurons are located in the S1-S3 seg-
ments in the cat,(266), dog(267) and monkey.(268) 
The rat is different, as preganglionic motor neurons 
are located at L6-S1;(269, 270) unilateral ventral root 
rhizotomy at the L5 level in the rat decreases peak 
cystometric pressures.(271) The parasympathetic 
preganglionic neurones project through the ventral 
spinal roots to the major pelvic ganglion.(272, 273)  

At spinal levels L1–L2, both the intermediolateral 
horn and the DGC contain sympathetic preganglionic 
neurones whose axons also project to the major pel-
vic ganglion. Electrical stimulation of the lumbar sym-
pathetic chain evokes firing in the pelvic nerve and in 
postganglionic nerves on the surface of the bladder 
and colon, at latencies of 60-150 ms.(274) With age-
ing, there is selective attrition of preganglionic sym-

 
Figure 33: Innervation of the lower urinary tract (LUT).  The LUT is comprised of the bladder, urethral sphinc-
ter and urethra.  The LUT receives the bulk of its innervation from three nerves.  The hypogastric nerve carries 
sympathetic innervation to the LUT; contributing spinal nerves exit the spinal cord (SC) between L1 and L2.  
Muscle activity for storage is mediated by –AR expressed in the trigone, bladder neck and urethra (excitatory) 
and by –AR expressed in the bladder dome (inhibitory).  The pelvic nerve contains parasympathetic input 
originating in the sacral cord and controls micturition via cholinergic muscarinic receptors (mAChR) ex-
pressed throughout the LUT.  The human pudendal nerve exits the sacral SC and provides somatic innerva-
tion to the striated muscle of the external urethral sphincter.  In addition to their efferent function, each of 
these nerves carriers afferent input from the LUT. Abbreviations:  AR, adrenergic receptors; DRG, dorsal root 
ganglion; EUS, external urinary sphincter; g, ganglion; IMG, inferior mesenteric ganglion; L, lumbar spinal 
cord; mAChR, muscarinic cholinergic receptors n, nerve; nAChR, nicotinic cholinergic receptors; NO, nitric 
oxide; P2X, purinergic receptor; S, sacral spinal cord; (+) denotes excitatory synapses; (-) denotes inhibitory 
synapses.  (from Inskip et al., 2009)  
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pathetic neurones in L1–L2, which project to the pel-
vic ganglion, with reductions in the extent of the den-
dritic arbors of remaining cells. (272, 273, 275) 

In spinal cord injured patients, where disruption to 
pathways at pre-ganglionic levels is observed, sev-
eral groups have used neural stimulation techniques 
to restore normal bladder function. Stimulating para-
sympathetic pre-ganglionic roots at S3 with implanted 
electrodes elicits two principal responses(276): at low 
levels of stimulation, the external urethral sphincter, 
external anal sphincter and pelvic floor muscles are 
contracted. At high levels of stimulation, parasympa-
thetic activation contracts the detrusor muscle, lead-
ing to efficient emptying of the bladder when the 
sphincter muscle relaxes(277)  

The recent increase in the use of sacral neuromodu-
lation for the treatment of detrusor overactivity has re-
sulted in numerous potential theories of its actions, 
including stimulation of efferents, direct effect on the 
muscle, stimulation of the afferents, induction of spi-
nal plasticity, and modifications of cortical activa-
tion.(278)  

The DGC also contains a group of interneurones, 
which have recently received more attention as main 
players in the guarding reflex (these are further dis-
cussed below in Bladder and Outlet.(279)  

2. GANGLIA 

The peripheral ganglia are the link in the relay of au-
tonomic innervation to the lower urinary tract and re-
productive organs, along with a substantial part of the 
extrinsic motor innervation of the lower bowel. There 
are species differences in organization and neuro-
chemistry of pelvic ganglion cells and their spinal in-
puts. Large mammals have a plexus of pelvic and in-
tramural ganglia, containing both sympathetic and 
parasympathetic neurons. The guinea pig is interme-
diate in complexity, with separate posterior and ante-
rior plexuses innervating different pelvic organs. In 
the rat and mouse, the pelvic plexus consists of the 
major pelvic ganglia (MPG) and a number of small 
accessory ganglia.  

Within the pelvic plexus there is topographical repre-
sentation of the pelvic organs. In the female dog, neu-
rons supplying different pelvic organs are located in 
separate ganglia, which possess a distinctive compo-
sition of neurone types and different preganglionic 
supply.(280) Neurons retrogradely labelled from the 
urinary bladder mainly occur in ganglia located at the 
vesico-ureteric junction. They comprise catechola-
minergic calbindin neurons and noncatecholaminer-
gic neurons containing calbindin or NOS, with rela-
tively sparse pericellular varicose nerve fibres. In 
male mice,(281) the major pelvic ganglia are close to 
the dorsal surface of the prostate gland. Their main 
inputs are the pelvic nerves, and the hypogastric 
nerve from the inferior mesenteric ganglion. The ma-
jor outputs are the penile (cavernous) nerve and the 
supply to the urogenital organs.  

Functionally, the preganglionic sympathetic and par-
asympathetic neurons synapse on post-ganglionic fi-
bres within the specific ganglia, releasing acetylcho-
line, which acts on nicotinic receptors. Patients with 
megacystis-microcolon-intestinal-hypoperistalsis 
syndrome (MMHIS)(282) have reduced or no alpha-3 
nicotinic receptor subunit.(283) Selective gene 
knockout mice lacking the alpha-3 nicotinic receptor 
subunit alone or the beta-2 and beta-4 subunits in 
combination,(284) develop severe bladder distension 
soon after birth, and later overflow incontinence. The 
detrusor muscle in these animals contracts in re-
sponse to field stimulation or muscarinic agonists, but 
not nicotinic agonists,(285) indicating the potential 
importance of alpha-3, beta-2, and beta-4 nicotinic re-
ceptor components in functional control of voiding, 
but not their location.  

About half of the cholinergic ganglion cells contain 
VIP, distributed throughout most of the ganglion, with 
a cluster near the origin of the penile nerve. Neurones 
with NPY are numerous and apparently randomly dis-
tributed throughout the ganglion, with marked varia-
tion between mouse strains. All noradrenergic neu-
rons contain NPY, but many NPY neurons are not 
noradrenergic. Many of the cholinergic NPY neurons 
also contain VIP. Neurons immunostained for choline 
acetyl transferase (ChAT) have a complementary dis-
tribution to noradrenenergic neurons. ChAT is seen in 
varicose axon terminals closely associated with gan-
glion neurons. Neither NPY nor VIP is present in pre-
ganglionic terminals, except for a small number of in-
dividual neurones. The latter may arise from vis-
cerofugal neurons in the myenteric plexus of the 
lower bowel.(286) Tyrosine hydroxylase (TH) is ex-
pressed by one-third of neurons, almost all co-ex-
pressing dopamine beta hydroxylase (DBH). Numer-
ous TH axons are present in the hypogastric nerve, 
but very few in the pelvic nerve, supporting a primarily 
sympathetic origin. Non-neuronal cells containing TH 
are also present, resembling small, intensely fluores-
cent cells observed in many other autonomic ganglia.  

Intramural Bladder Neurons and Pelvic Ganglia 

The bladder wall itself contains intramural ganglia, 
and small clusters of autonomic ganglion cells are 
present in the adventitial connective tissue and 
among the detrusor muscle bundles. Intramural gan-
glia have been observed in the bladder of mammalian 
species, including humans.(287-291) There is spe-
cies variation in the extent of intramural innervation of 
the bladder; ganglia are present in many species 
such as the cat and guinea pig, while the rat bladder 
contains the postsynaptic innervation alone.(292) 
The ganglia are found throughout the bladder wall 
and vary considerably in size.(293) Quinacrine, a flu-
orescent dye that selectively labels high levels of ATP 
bound to peptides in granular vesicles, positively 
stained a subpopulation of neurons in ganglia in the 
guinea-pig bladder (Figure 34 A).(294, 295) Subpop-
ulations of neurons in bladder ganglia also show im-
munoreactivity to vasoactive intestinal polypeptide 
(VIP), nitric oxide synthase (NOS), neuropeptide Y 
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(NPY), ChAT and galanin (Gal) in varying amounts 
(Figure 34B).(296) Thus, intramural ganglia, perhaps 
a subpopulation of largely parasympathetic postgan-
glionic neurons probably release ATP. Postganglionic 
sympathetic nerves, identified with antibodies to TH 
and NPY, also synapse on these neurones. Nicotinic 
receptors have been identified on intramural nerve 
cell bodies within the bladder.(285) 

Parasympathetic ganglia on the surface of the cat uri-
nary bladder contain several types of principal gan-
glion cells (coexpressing various neuropeptides, 
ACh, NA, ATP and nitric oxide (NO) as well as small 
intensely fluorescent cells. They are innervated by 
both parasympathetic and sympathetic preganglionic 
axons. Parasympathetic preganglionic axons, arising 
in the sacral segments of the spinal cord, travel in the 
pelvic nerve and represent the principal excitatory 
pathway to the cholinergic-purinergic ganglion 
cells.(297, 298) These in turn provide an excitatory 
input to the detrusor smooth muscle.  

Caffeine and theophylline block the inhibitory effects 
of purinergic agents on ganglionic transmission and 
on neurally-evoked bladder contractions. This indi-
cates that the inhibition is mediated by P1 receptors. 
The P1 receptors are located presynaptically as well 
as postsynaptically on the ganglion cells. Sympa-
thetic input has a modulatory effect on transmission 
in bladder ganglia,(274, 299, 300) and since ATP is 
released as a cotransmitter from sympathetic nerve 
terminals, sympathetic nerves may be a source of 
ATP in the bladder ganglion. However, the principal 
sympathetic modulatory mechanisms in the ganglia 
are mediated by NA acting on α-adrenoceptors.(301) 

The precise physiological roles of purinergic agents 
in the control of transmission in bladder ganglia are 
not clear. Purinergic slow hyperpolarising potentials 

following stimulation of preganglionic nerves indi-
cates that purinergic agents are released in ganglia 
during neural activity. Since ATP is present in bladder 
postganglionic neurons as well as in cholinergic and 
adrenergic nerve terminals, there are different possi-
ble sources of purinergic transmitter. Although aden-
osine has been proposed as the inhibitory transmit-
ter,(302) it is possible that the extracellular break-
down of ATP to adenosine could be important in the 
mediation of the slow hyperpolarising responses. It is 
also important to note that preganglionic nerves con-
tain both parasympathetic and sympathetic postgan-
glionic axons, so various neural pathways could be 
involved in eliciting the slow hyperpolarising potential. 
Adenosine deaminase is present in sacral pregangli-
onic neurons in the rat.(303) Therefore preganglionic 
pathways may be purinergic as well as cholinergic.  

3. TERMINAL NERVE FIBERS 

Smooth muscle cells in the bladder are grouped into 
fascicles, several of which make up a muscle bundle. 
They receive a dense innervation, which runs in line 
with the axis of the fascicle and is derived from coarse 
nerve trunks in the connective tissue around the fas-
cicles and bundles. This innervation mediates the 
widespread co-ordinated detrusor contraction accom-
panying voiding. The anatomical relationship be-
tween the preterminal innervation and the muscle fas-
cicles has been described in a serial sectioning study 
in the human bladder.(304) The nerve supply is dis-
tributed by a series of dichotomous branchings, illus-
trated schematically in Figure 35.(305) Adjacent to 
the muscle bundles, 1 or 2 primary nerve trunks run 
parallel to the long axis of the bundle. These give rise 
to circumferential peribundle branches. Both the lon-
gitudinal and circumferential trunks give off trans-
verse interfascicular branches, entering the bundle 
perpendicular to its long axis, approximately at the 
midpoint of the bundle. Within the bundle they give 
axial interfascicular branches running along the long 
axis within and closely adjacent to individual fasci-
cles, ending in the preterminal and terminal varicose 
intrafascicular axial innervation.  

The majority of nerves running in the detrusor stains 
positively for acetylcholinesterase and for vesicular 
acetylcholine transferase (VAChT)(293, 305, 306) 
and are thought to be parasympathetic. Electrical 
field stimulation studies have been used to elucidate 
the neurotransmitter content from muscle strips (with 
or without mucosa). Acetylcholine and ATP appear to 
provide the bulk of the excitatory input, since electri-
cal field stimulation responses are blocked by musca-
rinic receptor antagonists combined with purinergic 
antagonists. Both transmitters are released in the in-
nervated muscle layer and persist after removal of 
urothelium. By using high-frequency field stimulation, 
it is possible to delineate the cholinergic and puriner-
gic component.(207) Apart from acetylcholine and 
ATP, there are additional substances present in par-
asympathetic efferents (VIP, NOS, Gal), which allow 

 
Figure 34: (a) Fluorescent histochemical localization 
of quinacrine in whole-mount stretch preparation of 
adult rabbit urinary bladder showing a ganglion cell 
containing at least 6 fluorescent nerve cells. The nu-
clei (arrow) are non-fluorescent. Calibration bars = 
50 μm. (Crowe and Burnstock, 1985.)  

(b) Double staining to show colocalization (yel-
low/orange) of P2X3 receptor immunoreactivity (red) 
with NOS in intramural ganglia of the cat urinary 
bladder.  (from Ruan et al., 2006) 
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immunohistochemical subclassification of nerve fi-
bres, and raise the question as to whether additional 
transmitters (other than ACH/ATP) have a role in nor-
mal micturition function or disease pathophysiology. 

Cholinergic nerves are also present in the suburothe-
lium.  Although sparse in rodents in human bladder 
they form a dense plexus in the suburothelium.  
These cholinergic fibers are not sensory in nature and 
they do not stain for CGRP.(244) The final target for 
the ACh presumably released from these nerve end-
ings is not known but in the humans a relatively well 
organized muscularis mucosae exists and muscarinic 
receptors M2 and M3 have been identified.(143) In 
addition, the suburothelium contains terminal nerve 
fibers that contain NPY and TH and some contain 
NOS.  In the muscle of the trigone, the most common 
axons contain both VIP and NPY, with noradrenergic 

axons forming only a sparse supply. Indeed, nora-
drenergic neurons are rare in the detrusor and absent 
in mucosa.(281)  

4. TRANSMITTERS 

4.1. Glutamate  
Glutamate is present in the terminals of primary affer-
ent neurons in the spinal cord along with interneurons 
and fibres originating in the medulla oblongata. In 
general, glutamatergic neurons tend to be excitatory, 
contrasting with generally inhibitory effects of gly-
cinergic neurons; however, excitatory/ inhibitory ef-
fects of transmitters can be reversed by the nature of 
the post-synaptic neuron. Thus, glutamatergic neu-
rons can indirectly have an inhibitory effect if an inhib-
itory neuron is interposed before the ultimate tar-
get.(307) Glutamate acts on spinal neurons through 
a variety of receptor subtypes. These include NMDA 
receptors, which are important in controlling polysyn-
aptic reflex pathways at the lumbosacral levels. The 
NMDAR1 glutamatergic receptor sub-unit is present 
in the spinal cord of male rats, and is expressed in the 
SPN. Glutamate is present in the dorsal root ganglion 
cells supplying the bladder,(308) and the NMDAR1 
sub-unit is also present in L6 dorsal root ganglion 
cells of the rat.(309) In female rats intrathecal injec-
tion of an NMDA receptor antagonist decreases blad-
der contraction pressure.(310) With ageing, there is a 
decrease in the density of glutamatergic synaptic in-
puts, which may influence urinary tract function.(311)  

4.2. Glycine/ gamma amine butyric acid  
Glycinergic and GABAergic interneurones have a 
major role in neural control processes mediating blad-
der function.(312) Glycinergic/ GABAergic projec-
tions to the lumbosacral cord inhibit the micturition re-
flex and also inhibit glutamatergic neurons.(313) Rec-
tal distention prolongs the interval, decreases the am-
plitude and shortens the duration of bladder contrac-
tions in rats; this effect is not seen after simultaneous 
intrathecal injection of low dose strychnine (a selec-
tive glycine-receptor antagonist) and bicuculline 
(GABA-A receptor antagonist), suggesting that the in-
hibitory rectovesical reflex involves glycinergic and 
GABAergic mechanisms in the lumbosacral spinal 
cord, which may be synergistic.(314)  

Indeed, in the spinal cord, several transmitters syner-
gistically mediate the effects of modulatory pathways 
that influence the onward progression of efferent ac-
tivity. In a rat model of neurogenic bladder dysfunc-
tion (autoimmune encephalomyelitis), an exagger-
ated descending excitatory control arises at the spinal 
segmental level, which gives rise to detrusor overac-
tivity. Some animals with autoimmune encephalomy-
elitis develop detrusor areflexia rather than overactiv-
ity;(278) in these animals, the excitatory control is 
probably dominated by segmental inhibition, medi-
ated primarily by glycine receptor activation. A 
change in the ratio of excitation and inhibition was 
also observed in humans suffering from spasticity 

 
Figure 35: (a) Diagram of the pelvic autonomic 
nerves in radical hysterectomy. Top panel Trans-
verse section through the pelvis showing the blad-
der, cervix and rectum. Left side represents the con-
ventional technique, right side represents the nerve 
sparing technique. Scale bar 250 µm. a, Vesicouter-
ine ligament, conventional, b, vesicouterine liga-
ment, nerve sparing; c, Sacrouterine ligament, con-
ventional; d, Sacrouterine ligament, nerve sparing. 
Lower panel: Frontal sections through the uterus 
and cardinal ligament. UA, uterine artery, UV, uterine 
vein, SN, splanchnic nerves, HN, hypogastric nerve. 
Left side represents the conventional technique, 
right side represents the nerve sparing technique. 
Scale bar 250 µm. A, Posterior cardinal ligament, 
conventional; B, posterior cardinal ligament, nerve 
sparing. From (Maas, 2005). 
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and pain.(315) This balance of inputs, and the poten-
tial plasticity of neuronal circuits, is crucial in under-
standing pathophysiological processes. 

4.3. Serotonin  
Spinal reflex circuits involved in voiding function have 
a dense serotonergic innervation.(316) Immunocyto-
chemical studies in rats, cats and primates show that 
lumbo-sacral sympathetic and parasympathetic auto-
nomic nuclei receive serotonergic inputs from the ra-
phe nuclei.(317, 318) Activation of the central sero-
tonergic system can suppress voiding by inhibiting 
the parasympathetic excitatory input to the urinary 
bladder, and 5-HT elicits a prolonged activation of 
thoracic sympathetic preganglionic neurons. Stimula-
tion of the raphe nuclei in the cat inhibits reflex blad-
der activity.(319, 320) 5-HT1A and 5-HT2 receptors 
are present in the SPN. However, in different species 
serotonin (5-hydroxy tryptamine, 5-HT) may have 
varying functions in the central nervous control of 
bladder activity. For example, activation of 5-HT1A re-
ceptors facilitates reflex bladder activity in rats,(316, 
321) and has been used to reverse the effects of dia-
betes mellitus.(322)  

Inhibitory effects on bladder activity are most likely 
mediated primarily by 5-HT1A receptors. The transmit-
ter released by inhibitory interneurons has not been 
identified. Activation of 5-HT1A and 5-HT3 receptors 
also results in inhibition of afferent input passing from 
the bladder to the brain. Blockade of 5-HT1A receptors 
in raphe neurons would increase raphe neuron firing 
and enhance serotonergic control of spinal reflex 
mechanisms. This effect would promote urine storage 
by enhancing sphincter activity and depressing blad-
der activity.(323)  

4.4. Adrenergic 
 Descending catecholaminergic neurones are primar-
ily located in the upper medulla or pons(324). (In clin-
ical use, non-selective α1-adrenergic antagonists in-
fluence urine flow and storage phase lower urinary 
tract symptoms; the two effects probably occur by dif-
ferent mechanisms, and central or peripheral loca-
tions may be responsible.(325) Reflex bladder activity 
is modulated by at least two spinal α1-adrenergic 
mechanisms. Firstly, there is inhibitory control of re-
flex bladder contractions, probably by modulation of 
afferent processing. Secondly, there is excitatory 
modulation of the amplitude of bladder contractions 
due to regulation of the descending glutamatergic 
limb of the spinobulbospinal bladder reflex path-
way.(326, 327) α1A adrenoceptors comprise 70% and 
α1B-adrenoceptor 30% of the α-adrenergic receptors 
in the rat lumbar spinal cord,(328) while α1D adreno-
ceptors do not appear to have a significant role. 

Blood pressure, vascular resistance and tissue blood 
flow are also regulated by α-adrenergic receptors. 
Aging is thought to impact pelvic blood flow and thus, 
bladder function. Pharmacological blockade of the 
vascular α1B-adrenoceptor may increase pelvic blood 

flow and contribute to an improvement in bladder dys-
functions associated with aging and/or hyperten-
sion.(329) β3-adrenoceptors, although well docu-
mented peripherally, are also present in the rat sacral 
spinal cord. They are upregulated in rat models of 
partial urethral obstruction. 

4.5. Substance P  
Substance P-containing terminals are closely ap-
posed to both sympathetic and parasympathetic pre-
ganglionic neurons projecting to the major pelvic gan-
glion.(330) Substance P- containing afferents in the 
pelvic nerve terminate in the outer laminae of the dor-
sal horn and in the region of the SPN and DGC.(331) 
Substance P is also located in intraspinal neurons lo-
cated in the dorsal horn(332) or DGC.(333) In young 
adult rats, substance P in the ventral horn is almost 
exclusively co-localized with serotonin and derived 
from descending axons of medullary neurons(334) 
and is also often co-localized with serotonin in axon 
terminals in the lumbosacral spinal cord.(335) Func-
tionally, substance P affects micturition reflex activ-
ity;(336) intrathecal administration of Substance P at 
spinal levels L5–S1 induces bladder contrac-
tion.(337) Studies in the rat show that substance P 
levels decline with ageing in both the dorsal and ven-
tral regions of the lumbosacral cord.(338) Substance 
P-immunoreactive innervation of the dorsolateral nu-
cleus (supplying the EUS) is not obviously altered 
with ageing.(339)  

4.6. Purinergic  
ATP and Neuromodulation in the bladder 

ATP is released as a cotransmitter from sympathetic, 
parasympathetic, sensory and motor nerve terminals, 
at synapses in autonomic ganglia and in the central 
nervous system (CNS). It is broken down by ectonu-
cleotidases to adenosine that then acts on prejunc-
tional P1 receptors to modulate the release of neuro-
transmitters.(340-349) P1 (A1) receptors are ex-
pressed on the nerve terminals on the bladder, while 
postjunctional smooth muscle receptors are of the A2 
subtype.(345, 350) Where the junctional cleft is nar-
row, ATP itself acts on prejunctional P2 receptors to 
modulate transmitter release.(351-354)  

Identification of purinergic receptor subtypes me-
diating contraction and relaxation of bladder 

Although ATP undisputedly contracts the urinary 
bladder of most species(355-357) it can also cause 
relaxation, indicating that there are multiple purinergic 
receptors present in the bladder. Investigations of the 
excitatory actions of purine and pyrimidine nucleo-
tides on the guinea-pig bladder revealed the following 
order of potency: β,γ-meATP > ATP > GTP = CTP > 
ADP, while adenosine, AMP, GDP, GMP, guanosine, 
CDP, CMP and cytidine had no contractile activity up 
to 10-3 mol/l.(358) The response to ATP was biphasic 
in the rabbit urinary bladder, suggesting that more 
than one type of excitatory receptor to ATP was pre-
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sent.(359, 360) Contractile responses of the rat blad-
der induced by ATP and α,β-meATP, a selective ag-
onist to P2X1 and P2X3 receptors, were fast and tran-
sient, reaching a maximum in about 20s; in contrast, 
contractions in response to adenosine 5'-O-2-thi-
odiphphate and uridine 5’-triphosphate (UTP), which 
activates P2Y receptors, were slower and sustained 
and were barely affected by α,β-meATP desensitisa-
tion.(361)  

Immunohistochemical studies showed that P2X1 re-
ceptors are the dominant subtype in the membranes 
of the smooth muscle cells in the rat detrusor and also 
vascular smooth muscle in blood vessels in the blad-
der.(362) In another immunohistochemical study of 
the rat bladder, clusters of P2X1 receptors were de-
scribed on smooth muscle cells, some, but not all, of 
which were closely related to nerve varicosities.(363) 
It has been claimed that there is an interaction of 
P2X2 and nicotinic ACh receptors in smooth muscle 
cells from the base, but not the dome, of rat urinary 
bladder.(364) ATP, as well as adenosine, reduced 
pelvic nerve-evoked bladder contractions; however, 
since methylxanthines did not fully antagonise the re-
sponses, this suggested that P2Y receptors might 
also be involved in purine inhibition.(365) These P2Y 
receptors are located on nerve terminals in the blad-
der providing prejunctional inhibition of release of ex-
citatory neurotransmitters and both Reactive blue 2 
and Coomassie brilliant blue G antagonise the inhibi-
tory actions of ATP on nerve-mediated contrac-
tions.(359) Bladder contractions are mediated pre-
dominantly via P2X1 receptors, while P2Y2, P2Y4, 
P2Y6 and A2B receptors mediate relaxation.(366) ATP 
is released together with noradrenaline and neuro-
peptide Y from sympathetic nerves. It is also released 
as a cotransmitter with acetylcholine from parasym-
pathetic nerves supplying the bladder. Cotransmis-
sion likely offers subtle, local variations in neurotrans-
mission and neuromodulation mechanisms.(367)  

4.7. Parasympathetic Co-transmission 
In normal conditions, the human detrusor contraction 
is totally cholinergic.(368) NANC contractions can be 
seen in human bladders with IDO.(369) Atropine-re-
sistant responses of the urinary bladder to stimulation 
of parasympathetic nerves have been recognised for 
many years.(370-373) They were later shown to be 
due to non-cholinergic, non-adrenergic transmis-
sion.(374-376) In 1972 evidence was presented to 
support the view that the atropine-resistant compo-
nent in guinea-pig bladder was purinergic, i.e. due to 
adenosine 5'-triphosphate (ATP) released as a co-
transmitter with acetylcholine (ACh) from the puriner-
gic nerves supplying the bladder.(377) Supporting ev-
idence included: mimicry by ATP of the non-adrener-
gic, non-cholinergic (NANC) nerve-mediated excita-
tory responses (Figure 36a); block by quinidine of 
contractions both to NANC nerve stimulation and to 
exogenous application of ATP, but not to ACh; and 
depression during tachyphylaxis of NANC responses 
produced by high concentrations of ATP. Evidence 

for ATP release from NANC nerves came in later pa-
pers (Figure 36b).(378) There has been unequivocal 
support for this hypothesis(373) in guinea-pig blad-
der,(295, 379-382) but also in mouse,(383, 384) 
pig,(385) hamster,(386) marmoset and ferret,(387) 
dog,(388) monkey,(389) cat,(390) shrew,(391) 
sheep,(389, 392) rat,(393-397) rabbit(210, 398-402) 
and human.(403-407) Prejunctional inhibition of both 
cholinergic and purinergic components of the nerve-
mediated responses of the rat bladder by adenosine 
was taken as supporting evidence for cotransmis-
sion.(408, 409) 

After the early proposal that ATP contributed to the 
contractile responses of the urinary bladder to para-
sympathetic nerve stimulation,(377) much debate fol-
lowed. A paper entitled 'Evidence against purinergic 
motor transmission in guinea-pig bladder' was pub-
lished by Ambache (410) based mainly on the relative 
insensitivity of the bladder to ATP and the inability of 
ATP to match precisely the atropine-resistant neuro-
genic responses. Nevertheless, several other labora-
tories confirmed and extended the evidence in favour 
of purinergic transmission. Desensitisation with ATP 
selectively depressed responses to ATP and to field 
stimulation (particularly at low frequencies), but not 
those in response to carbachol.(398) Quinacrine, a 
fluorescent dye known to bind to high levels of ATP 
in granular vesicles, produced positive staining in 
neurons and nerve fibres in the bladder.(378) Re-
lease of ATP during stimulation of NANC excitatory 
nerves was demonstrated using the firefly luciferin-lu-
ciferase assay method,(295, 378) also 6-hydroxydo-
pamine-induced sympathectomy did not affect the re-
lease of ATP in response to intramural nerve stimula-
tion. One hundred-fold lower concentrations of the 
slowly degradable analogue β,γ-methylene ATP (β,γ-
meATP), compared to ATP, were shown to mimic 
contractions of the atropine-resistant responses of 
the rat bladder. This suggested that the relative in-
sensitivity of the bladder to ATP may be due to its 
rapid degradation to adenosine 5'-monophosphate 
(AMP) and adenosine, which cause relaxation of the 
bladder.(393)  

Evidence for purinergic and cholinergic components 
of parasympathetic nerve stimulation of the bladder in 
an in vivo preparation of urethane-anaesthetised 
guinea-pigs was presented.(411) Ganglion stimu-
lants, nicotine and dimethyl-phenylpiperazinium, in-
creased intravesicular pressure in anaesthetised cats 
by an atropine-resistant mechanism that was mim-
icked by ATP.(412) In vivo responses of the cat blad-
der to pelvic nerve stimulation suggested that puriner-
gic transmission plays a role in the initiation of bladder 
contraction and perhaps in the initiation of urine flow, 
while cholinergic transmission is involved in mainte-
nance of contractile activity and flow.(413) The pu-
rinergic component of parasympathetic cotransmis-
sion mediated Ca2+ signals that provide the initial 
Ca2+/calmodulin activation of myosin light chain ki-
nase in smooth muscle, while the muscarinic recep-
tors provide supporting sustained responses.(384)  
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The limited information about parasympathetic co-
transmission may be due to the fact that it is easier to 
eliminate surgically or chemically postganglionic sym-
pathetic nerves, where cotransmission in sympathetic 
nerves by noradrenaline and ATP is well established, 
than it is to disrupt surgically or chemically postgan-
glionic parasympathetic nerves. The first hint that 
ATP and ACh might be cotransmitters in parasympa-
thetic nerves supplying the bladder came from an ul-
trastructural study of vesicles.(414) Indirect evidence 
for purinergic cotransmission came from studies of 
botulinum neurotoxin (BTX) type A and neuromuscu-
lar transmission in the guinea-pig bladder where both 
cholinergic and purinergic components of the excita-

tory responses to nerve stimulation were significantly 
reduced by BTX.(206) A spectrum of nerves exists, 
utilizing different proportions of ATP and ACh, from 
predominantly ATP in cat and guinea pig through to 
roughly 50:50 in rat and dog to predominantly ACh in 
healthy human bladder. 

The M3 muscarinic receptor appears to be the sub-
type responsible for excitatory cholinergic transmis-
sion in the bladder, although M2 receptors are also 
involved in some species.(415) In M3 knockout (KO) 
mice functional impairments were milder than those 
elicited by active blockade of muscarinic receptors in 
wild type mice.(416) This suggested that non-cholin-
ergic (purinergic) transmission may compensate for 
the chronic loss of M3 receptors.(416) In an in vitro 
preparation of whole rabbit bladder, exogenous ATP 
and electrical field stimulation in the presence of atro-
pine produced a transient rapid rise in intravesical 
pressure.(417) Studies of whole rabbit bladders led to 
the conclusion that neurally released ATP is im-

portant in the initiation of micturition, but ACh is nec-
essary for bladder emptying.(400, 418)  

4.8. Sympathetic Co-transmission 
The sympathetic innervation of the bladder originates 
in the thoracolumbar spinal cord and reaches the 

 
Figure 36: (a) Contractile responses of the guinea-pig bladder strip to intramural nerve stimulation (NS; 2 Hz, 
0.2 ms pulse duration, supramaximal voltage for 20 s) and ATP (8.5 μM). Atropine (1.4 μM) and guanethidine 
(3.4 μM) were present throughout. (b) Effect of changing the Ca2+ concentration on the release of ATP from 
the guinea-pig isolated bladder strip during stimulation of intramural nerves. Upper trace: mechanical record-
ing of changes in tension (g) during intramural nerve stimulation (NS: 2 Hz, 0.2 ms pulse duration, supramax-
imal voltage for 20 s). Lower trace: concentration of ATP in consecutive 20-s fractions of the superfusate. 
The Ca2+ concentration in the superfusate varied as follows: i = 2.5 mM (normal Krebs); ii = 0.5 mM; iii = 0.25 
mM; iv = 2.5 mM. The successive contractions were separated by 60-min intervals as indicated by the breaks 
in the mechanical trace. Atropine (1.4 μM) and guanethidine (3.4 μM) were present throughout. The tempera-
ture of the superfusate was between 22°C and 23°C. (from Burnstock et al., 1978). 
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bladder via the hypogastric nerves and the sympa-
thetic chain. The sympathetic system provides inhibi-
tory control over activity of the detrusor muscle and 
excitatory input to the trigone and urethra. Sympa-
thetic innervation of the detrusor has been reported 
to be sparse, although the trigone region is relatively 
densely innervated by sympathetic nerves. (419, 420) 
Sympathetic nerve fibres supply the bladder largely in 
the hypogastric nerve. Stimulation of the hypogastric 
nerve has been reported to cause an increase or de-
crease in pressure in the urinary bladder, but always 
excites the urethra.(297, 421, 422) Inhibitory sympa-
thetic transmission in the detrusor is important during 
the filling phase of the voiding cycle.(423, 424) The 
transmitters released from sympathetic nerves act di-
rectly on smooth muscle, but they may also act 
prejunctionally on parasympathetic nerve terminals to 
inhibit both cholinergic and purinergic excitation, in-
volved in the voiding phase of the micturition cycle.  

ATP is well established as a cotransmitter with nora-
drenaline (NA) in sympathetic nerves.(349, 425) Alt-
hough purinergic transmission predominantly origi-
nates from postganglionic parasympathetic or intra-
mural nerves, in the cat at least, ATP is also released 
from the hypogastric nerve, which is predominantly 
sympathetic, although it may also contain parasym-
pathetic elements.(426) When the cat hypogastric 
nerve is stimulated it causes the bladder to contract. 
The contraction was reduced by ANAPP3,(427, 428) 
implying that ATP is being released. In addition, 6-
hydroxydopamine, which destroys sympathetic 
nerves, prevents this contractile response, indicating 
that the ATP is released from sympathetic 
nerves.(427) Guanethidine, in a dose that blocked the 
bladder relaxation induced by hypogastric nerve stim-
ulation and mediated by NA acting on β-adrenergic 
receptors,(429) did not affect hypogastric nerve-me-
diated excitation. However, in guanethidine-treated 
animals, ANAPP3 blocked the excitation. These find-
ings suggest that ATP is released from the hypogas-
tric nerve.  

One of the basic features of sympathetic neuromus-
cular cotransmission appears to be that the cotrans-
mitters released act synergistically.(430, 431) How-
ever, there do not appear to be any reports of syner-
gistic cotransmission in the urinary bladder involving 
either parasympathetic or sympathetic nerves. ATP is 
likely to be a cotransmitter with NA in perivascular 
sympathetic nerves supplying blood vessels in the 
bladder.(350) Experiments using a whole rabbit blad-
der preparation, showed that pre-treatment with iso-
prenaline, a β-adrenergic agonist, significantly inhib-
ited contractions to ACh or ATP.(432) Thus in patho-
logical conditions such as bladder-urethral dyssyner-
gia, involving simultaneous firing of sympathetic and 
parasympathetic nerves, both cholinergic and pu-
rinergic bladder contractions could be suppressed 
while the urethra was contracted. 

5. PELVIC ORGAN INTERACTIONS 
AT THE EFFERENT NEURAL LEVEL 

5.1. Bladder and Outlet 
Neural coordination of physiological and behavioral 
functions depends on convergence within the nerv-
ous system of information from relevant areas. There 
is extensive convergence of pelvic organ input (433, 
434) at the levels of the spinal cord, dorsal column 
nuclei, solitary nucleus, medullary reticular formation, 
and thalamus.(435) The fundamental role of spinal 
and supraspinal mechanisms in maintaining normal 
lower urinary tract synergy, between the bladder and 
sphincter, is well recognized.  

In this context, the role of spinal interneurons must be 
considered. Involuntary bladder emptying during 
urine storage is considered to involve somatic nerve 
activity originating from cells in the lateral ventral 
horn, in a region called Onuf's nucleus. Normally, 
cholinergic sphincter moto-neurons project to the ure-
thral striated muscle/rhabdosphincter via the puden-
dal nerve, resulting in its contraction. This contraction 
can be activated by bladder afferent activity conveyed 
through pelvic nerves, and is considered to be orga-
nized by interneuronal circuitry in the spinal cord. It is 
thought to come into play in response to sudden in-
creases in bladder pressure – for example, during a 
cough, sneeze, laugh. With aging, there is a loss of 
innervation at the terminal muscle level, which is dis-
played as a loss of striated muscle fibres in the 
sphincter and thus, a loss of urethral closing pres-
sure.(436)  
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Synergic lower urinary tract function may also be a 
feature of the peripheral innervation, independent of 
CNS co-ordination. In the female minipig, pre-gangli-
onic pelvic nerve stimulation evokes a pressure in-
crease in the bladder and a pressure decrease in the 
urethra.(437) It remains to be determined whether 
this observation suggests pre-determined, separate 
inputs to the bladder (excitatory to the bladder, inhib-
itory to the outlet), or whether the divergence occurs 
at postganglionic motorneuron level, which send 
branches supplying both bladder and urethra. In the 
latter arrangement, release of different neuromuscu-
lar transmitters from branches of the same motorneu-
rone, or interposition of an additional intermediary cell 
would be required. The former is circumstantially sup-
ported by the observed co-localization of acetylcho-
line- and nitric oxide-related enzymes.(438)  

5.2. Bladder and Bowel 
Clinicians are familiar with the detrimental effect of 
bowel disorders on lower urinary tract activity. Physi-
ologically, the efferent limb of the micturition reflex is 
inhibited by afferent input from the rectum;(439) thus, 

rectal distention inhibits bladder activity via glyciner-
gic and GABAergic mechanisms in rats. Dual labeling 
studies show that many neurones in Barrington’s nu-
cleus supply both colon and bladder, with smaller 
populations supplying the two organs separately (Fig-
ure 37) – with dorsal neurons being bladder-related 
and ventral neurons being colon-related.(440) At the 
level of the major pelvic ganglion, double-labeled 
cells are relatively infrequent, but processes of co-
lonic-retrograde-labeled cells often surround cell bod-
ies of equivalent cells for the bladder. Dual-labeled 
cells in the spinal cord are rare. 

5.3. Bladder and Prostate/Uterus 
Voiding dysfunction is commonly associated with 
symptoms of chronic prostatitis/chronic pelvic pain 
syndrome, suggesting a prostate-bladder neural re-

flex. Electrical stimulation of the prostate following 
transection of the prostate nerves or lidocaine injec-
tions into the prostate, evokes changes in bladder 
cystometry parameters.(441) Anatomically, voiding 
cannot be initiated unless the prostate first rotates 
around the symphysis.(442) This preceding action of 

 
Figure 37: A, Fluorescent micrographs of sections at the level of (A1) the major pelvic ganglion, (A2, B1, B2 
and C1) the lumbosacral spinal cord and (C2) Barrington’s nucleus of rats injected with PRV-Beta-GAL in the 
bladder and PRV-GFP in the colon and having different survival times. The viscera, tracer and survival time 
are indicated in each photomicrograph. BD, bladder. CO, colon. A1. Separate labeling from both viruses is 
apparent in the MPG at 48 hours. A2. In the same case, only occasional cells are labeled in the spinal cord. 
B1. Substantial labeling from both organs is visible in the preganglionic parasympathetic column of the spi-
nal cord and most cells are singly labeled from either the colon or the bladder. The arrow points to a rare 
double-labelled neuron. B2. Bladder- and colon-related neurons in close proximity. Processes from the colon-
related neuron (arrow heads) are apposed to the bladder-related neuron. C1. Increasing survival time results 
in greater number of double-labelled cells (arrows). In most double labeled cells PRV-Beta-GAL label from 
the bladder is surrounded by PRV-GFP label from the colon. C2. Section from Barrington’s nucleus from the 
same case as C1 indicating that only a few cells are transsynaptically labeled from the bladder and none from 
the colon at the survival time. Arrow heads point to the surface of the fourth ventricle and stars indicate the 
location of trigeminal mesencephalic neurons. Calibration bars: 50 µm A1 and A2, 30 µm B2 and C1, 50 µm 
B2, 50 µm C2.  From Rouzade-Dominquez et al., 2003. 
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the prostate is suggestive of a higher centre efferent 
coordination.  

Neurons labeled from the prostate are found mainly 
in L1-L2 whereas neurons labeled from the bladder 
are found mainly in L6-S1. Double-labeled neurons 
are located in L1-L2 mainly in the dorsal gray com-
missure. However, the number of bladder neurons 
are much greater than that of prostate, and both neu-
rons increase significantly at longer incubation 
times.(443) At the brainstem level, double-labeled 
neurons are more common (Figure 38). 

Inflammation of the uterine horn or colon gives rise to 
inflammation in the bladder, an effect that can be 
eliminated by sectioning the hypogastric nerve.(444) 
Similarly, inflammation of the bladder causes height-
ened sensitivity of uterine cannabinoid receptors, 
likely inhibiting its adrenergic input.(445) Bladder 

overactivity induced by inflammation is influenced by 
estradiol, probably mediated through effects on the 
sympathetic nervous control of the bladder.(446) 
There are several potential mechanisms by which 
neural input could contribute to emergence of inflam-
mation in neighboring organs  (Figure 39);  

1. A dorsal root reflex; hypogastric afferents from 
the inflamed organ could, via a spinal interneu-
ron, sensitize and antidromically activate other 
hypogastric afferents from a non-inflamed or-
gan.(447)  

2. Axon reflexes occurring in hypogastric sensory 
nerves that branch to supply more than one pel-
vic organ. Though such branching has not yet 
been specifically identified, a small proportion of 
single afferent fibres may branch to supply the 
colon and bladder.(447)  

 
Figure 38: Neurons in selected brain nuclei, arranged in caudal to rostral order labeled by virus from the 
bladder or from the prostate. A: Raphe and gigantocellular reticular nuclei. Double-labeled neurons are com-
mon. B: The A5 adrenergic nucleus. Note that there are numerous double-labeled neurons. C: The locus 
coeruleus. Several neurons are double-labeled. D: Barrington's nucleus (the pontine micturition center). Blad-
der virus labels the overwhelming number of neurons. Only a few neurons contain prostate virus. E: The 
paraventricular nucleus. Approximately equal numbers of bladder and prostate neurons. Some are double-
labeled. F: The medial preoptic nucleus. Only bladder neurons are found.  From Nadelhaft et al., 2002. 
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3. Input from the inflamed organ (via the hypogas-
tric nerve) activates neurons in the dorsal horn 
that activate postganglionic neurons in the pelvic 
ganglion via thoracolumbar preganglionic neu-
rons. 

4. A spinal mechanism could be mediated by in-
traspinal connections to lumbosacral pregangli-
onic neurons (as seen for gynaecological or-
gans).(448)  

5. A suprasacral mechanism could be mediated 
through the brain stem.(449, 450)  

6. EFFERENT INHIBITION 

The sympathetic pathway contributes to inhibition of 
parasympathetic efferent input to the detrusor smooth 
muscle. In isolated whole bladders, there is a high 
level of spontaneous contractile activity,(220, 451, 
452) suggesting active neural inhibition of the bladder 
during urine storage. In a novel perfused decerebrate 
preparation of the whole rat, ganglion blockade using 
hexamethonium also leads to an increase in sponta-
neous activity.(453) Rat brainstem/ spinal cord/ blad-
der preparations or neonatal spinal cord/ bladder 
preparations show tonic inhibition, arising at L6-S1 
and involving a peripheral ganglionic synapse.(453, 
454) Clearly, efferent inhibition of the bladder facili-
tates urine storage. 

In the neonatal rat, considerable activity arises in the 
bladder wall when inputs from the lumbosacral spinal 
cord are disrupted.(455) Selective spinal cord and 
root lesions indicate that intrinsic bladder activity of 
the neonatal rat is tonically inhibited by parasympa-
thetic efferent outflow. This path is additional to the 
predominant cholinergic preganglionic efferents me-
diating the main voiding reflexes. The functional dif-
ference in the two sets of cholinergic ventral root ef-
ferents may result from differing synaptic targets, 
since both are blocked by the nicotinic antagonist 
hexamethonium. Thus, inhibitory efferents must syn-
apse with noncholinergic inhibitory neurons in the 
major pelvic ganglia, in contrast to excitatory effer-
ents synapsing with the cholinergic detrusor innerva-
tion.  

In addition to efferent input, local reflexes may con-
tribute to the inhibition of detrusor activity, probably 
driven by interstitial cells,(456) so that peripheral au-
tonomous activity increases as a result of bladder dis-
tension.(457) This has been proposed to signify the 
presence of a regional regulatory influence (458) and 
a peripheral “pacemaker”(49) and various mecha-
nisms for the propagation of activity within the bladder 
wall.  

7. PERIPHERAL EXCITATORY 
MECHANISMS 

Agonist exposure appears to elicit contraction by two 
different mechanisms, comprising a component de-
rived from direct stimulation of the muscle cell (‘clas-
sical’ efferent), and a separate component that is 
more phasic, responsible for the obvious pressure 
fluctuations. The latter ‘intrinsic’ mechanism may in-
volve an intermediary cell type.(459) Optical imaging 
and calcium-/ voltage-sensitive dyes in whole rat 
bladder preparations have detected electrical activity 
moving in a coordinated manner from localized re-
gions over the entire bladder.(460) The isolated 
whole bladder shows regionalized responses when 
exposed to cholinergic/ muscarinic agonists.(461, 
462) Dynamic migrating localities of contraction and 

 
Figure 39: Five compatible mechanisms by which 
hypogastric nerve fibres can contribute to the pro-
cess of inflammatory induction between organs. A. 
Branching sensory afferents. B. Dorsal root reflex. 
C. Multisynaptic route involving sensory afferents 
from the inflamed organ to the T-13/L1 segment of 
the cord followed by output from preganglionic fi-
bres in the T13/L1 segment to postganglionic in the 
pelvic ganglion that innervate the uninflamed organ. 
D. Multisynaptic route involving sensory afferents 
from the inflamed organ to the T13/L1 segment of the 
cord followed by output from preganglionic fibres in 
the L6-S2 segments to postganglionic fibres in the 
pelvic ganglion that innervate the uninflamed organ. 
E. Multisynaptic route involving sensory afferents 
from the inflamed organ to the T-13/L1 segment of 
the cord followed by output from preganglionic fi-
bres in the L6-S2 segments to postganglionic fibres 
in the pelvic ganglion that innervate the uninflamed 
organ. In this case the multisynaptic route includes 
ascending connections from spinal cord to brain 
and descending connections from brain to L6-S2. 
From Winnard et al., 2006. 
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elongation, give rise to a complex mix of micromotion 
phenomena, including micro contractions, micro 
stretches and propagating waves.  

Several species show differences in contractile activ-
ity according to the region of the bladder from which 
a muscle strip is taken. Different effects are seen ac-
cording to stage of development- spontaneous activ-
ity is high in bladder strips from neonatal rats, but 
small or almost non-existent in adults and reemerges 
in older bladders.(463) The likely functional signifi-
cance of peripheral excitatory mechanisms is exem-
plified by the rodent neonate voiding reflex, which is 
induced by parental stimulation of the perineum, prior 
to establishment of mature control by the higher mic-
turition centres.(464) The physiological role of such 
activity in the older adult is not known, but could in-
clude; 1. Optimization of the bladder wall configura-
tion for volume contained, to ensure efficient voiding 
regardless of volume,(465) 2. Stimulation of ‘in series’ 
receptors for signaling bladder volume,(466) 3. A 
mechanistic component of accommodation during fill-
ing, a counterintuitive suggestion supported by the 
observation that accommodation in the colon involves 
synchronous contraction and relaxation,(467) 4. 
Maintaining the voiding contraction until complete 
evacuation is achieved.(468)  

7.1. Perinatal development and ageing of 
efferent nerve signalling in urinary 
bladder 

The main pathway in nerve activation of the urinary 
bladder of newborn mice is cholinergic with a rela-
tively low contribution of the purinergic component, 
compared to adult bladder, which is equally depend-
ent on cholinergic and purinergic activation.(469) At 
foetal day 26, large numbers of ganglia (25-38), each 
containing 30-40 quinacrine-positive neurons, were 
seen in the detrusor wall, while only 5-12 ganglia con-
tained 3-12 acetylcholinesterase-positive nerve cell 
bodies at the same foetal age.(470) Neurogenic con-
tractions of bladders from newborn rats were atro-
pine-sensitive. During the first 2 weeks, the atropine-
resistant component of these contractions increased 
progressively to reach adult-like conditions.(471) Re-
sponses to adenosine (inhibitory) and ATP (excita-
tory) mediated by P1 and P2X receptors, respec-
tively, were present as early as postnatal day 2.(472) 
Adenosine was more potent in the neonate than in 
the adult, while the potency of ATP initially increased 
with age, peaking between postnatal days 10 and 25, 
but then declined. Expression of P2X1 receptor tran-
scripts was much lower in foetal human bladder than 
in adult bladder, while P2X4 and P2X7 receptors 
were also present in the foetus.(473) The P2 receptor 
expression shifted from the dome to the body of the 
bladder with increasing gestation.  

There are few reports describing changes in puriner-
gic signalling in the ageing bladder. A comparison of 
contractions in detrusor muscle strips from unob-
structed bladders of young and aged rats showed 
that, with age, there is an increased sensitivity to ATP 

as well as NA, but with no change in response to ACh 
and KCl.(474) There is a reduction in acetylcholines-
terase-positive nerve fibres in the human bladder with 
increasing age(291) and decreased fluorescence in-
tensity for catecholamines in neurons in the hypogas-
tric ganglion, which supplies sympathetic fibres to the 
bladder. Ageing impairs neurogenic contractions me-
diated by ATP, but less so ACh, in guinea-pig urinary 
bladder(475). ATP released as a cotransmitter from 
parasympathetic nerves of rat bladder produces in-
creased contractile responses with age.(476) The pu-
rinergic component of nerve-mediated contractions of 
the human bladder was also increased with age, 
largely due to increased release of ATP(477) and the 
sensitivity of the bladder to α,β-meATP increased 
with age.(478) Purinergic transmission increases with 
age in the human bladder, but cholinergic transmis-
sion decreases. This appears to be due to increased 
release of ATP and decrease in ACh release.(477) 
The authors suggest that purinergic receptor antago-
nists may provide a useful addition to muscarinic re-
ceptor antagonists for the treatment of older patients 
with overactive bladder. Down-regulation of P2X1 
mRNA expression with age in the detrusor muscle of 
male patients has been reported with and without 
bladder outlet obstruction.(479)  

7.2. Plasticity of efferent nerve signalling in 
bladder in pregnancy and disease 

The first symptoms of urinary incontinence in adult 
women can arise after the first pregnancy and the risk 
of incontinence increases with multiple deliver-
ies.(480) The sensitivity of the rat detrusor muscle to 
ATP was not modified by multiple pregnancies, but 
there was increased sensitivity to adrenergic and 
cholinergic stimulation,(481) although other studies 
reported that the responses were reduced.(482, 483) 
The responses to ATP increased during pregnancy in 
both rat and rabbit bladders.(482, 483) Detrusor re-
sponses to purinergic stimuli are influenced by sex 
hormones.(484) Chronic treatment with oestrogen in-
duced an increase in the responses to purinergic (as 
well as muscarinic and α-adrenergic) agonists in the 
rabbit bladder body and mid-section, but not the blad-
der base.(485) Oestradiol and tamoxifen, the oestro-
gen receptor antagonist, inhibited contractions of rab-
bit detrusor strips produced by α,β-meATP.(486) 
There was an increase in P2X3 receptor mRNA ex-
pression in the bladder after ovariectomy.(487) Since 
ATP is a cotransmitter in sympathetic nerves, it would 
appear that less ATP as well as NA is available in 
pregnant compared to non-pregnant bladders.  

Valuable reviews concerning the roles of purinergic 
signalling in overactive bladder (OAB) syndrome are 
available.(488-494) Women with OAB have high uri-
nary levels of ATP compared to controls and the nu-
cleotide levels increase with water intake and it was 
suggested that higher urinary ATP may be a useful 
prognostic marker for detrusor overactivity.(495, 496) 
Transient receptor potential vanilloid (TRPV) 1 and 
P2X3 receptors are both present in the human blad-
der and they may become upregulated and contribute 



 

 
300  COMMITTEE 3. NEURAL CONTROL 
 

to OAB.(497) In OAB there was an increase in ex-
pression of P2X3 receptors in subepithelial sensory 
nerves leading to increased bladder activity.(498) 
OAB is common among patients with Parkinson’s dis-
ease and suppression of this overactivity by A2A re-
ceptor antagonists has been reported, which are 
probably acting in the CNS to regulate the micturition 
reflex.(499) Uridine diphosphate via P2Y6 receptors 
regulates abnormal bladder smooth muscle activity in 
OAB enhancing P2X1-mediated contractions.(500) 
Neurogenic bladders are hyper-responsive to 
ATP.(405) A purinergic component of 40% of para-
sympathetic nerve stimulation was identified in neu-
rogenic bladders.(501) 

In a mouse model of bladder overactivity, bradykinin 
facilitated the release of ATP from nerve terminals via 
prejunctional receptors.(502) In the P2X3 receptor 
mouse KO, the bladder is hyperactive.(187, 188) The 
P2X3 and P2X2/3 antagonist AF-219, which is orally 
bioavailable and metabolically stable,(493) is being 
explored as a therapeutic agent for urinary tract dys-
function. Mice treated with ketamine, a recreational 
drug, for 8 weeks showed side effects in the bladder 
and enhanced P2X1 receptor expression and non-
cholinergic nerve-mediated contractions were ob-
served.(503)  

The purinergic atropine-resistant contraction was 
prominent in human obstructed or unstable bladders 
but not those with neurogenic instability.(504) P2X re-
ceptor expression was increased in patients with idi-
opathic detrusor instability.(369) A further possible 
explanation for the increased potency of ATP in con-
tracting detrusor muscle from unstable bladders may 
be due to reduced extracellular ATP hydrolysis.(505) 
Reduction of P2X3 and P2X5 receptors in human de-
trusor from adults with urge incontinence has been 
reported.(506) The increase in purinergic transmis-
sion in unstable bladders may be due to a contribution 
of increased neural release of ATP, reduction in ecto-
ATPase activity or to changes in gap junctions be-
tween muscle cells.(507) Preparations obtained from 
hypertrophic human bladders were more sensitive to 
ATP than healthy preparations.(508) ATP is released 
during cystometry in women with detrusor overactivity 
and may contribute to urgency. (509) 

In detrusor strips taken from patients with interstitial 
cystitis (IC), the atropine-resistant contractile compo-
nent was increased to about 43% of the total re-
sponse.(404) The atropine-resistant component in 
the neurogenic bladder was abolished following de-
sensitisation with α,β-meATP and the detrusor mus-
cle showed increased sensitivity to the agonist ac-
tions of α,β-meATP, indicating that it is purinergic 
transmission via P2X1 receptors. P2X3 receptors 
were upregulated during stretch of cultured urothelial 
cells from patients with IC.(510) Detrusor overactivity 
was induced by intravesical application of ATP. The 
enhanced penetration of endogenous ATP may be 
due to urothelial damage contributing to urinary fre-
quency and bladder pain in hypersensitive bladder in 

bladder pain syndrome (BPS) and IC.(511) In cyclo-
phosphamide-induced cystitis in rats, there were sub-
stantial changes in both sympathetic and parasympa-
thetic efferent nerves, which alter the afferent nerv-
ous input from the bladder.(512) Changes in para-
sympathetic innervation occur prejunctionally, while 
changes in sympathetic innervation occur postjunc-
tionally.  

P2X1 receptor expression in bladder smooth muscle 
increased considerably in the symptomatically ob-
structed human bladder.(369, 513) Both cholinergic 
and purinergic transmission are important for pres-
sure generation and emptying of the bladder.(514) 
The force of contraction produced by ATP and α,β-
meATP on hypertrophied smooth muscle was signifi-
cantly lower than in controls, and the rate of contrac-
tion slower.(515) The sympathetic innervation of the 
bladder neck was diminished in patients with bladder 
outlet obstruction,(516) suggesting that there may be 
a reduced role for sympathetic nerve-released ATP 
as well as NA. 

Multiple sclerosis (MS) patients often have peripheral 
problems, including bladder dysfunction (517-519) 
and it has been claimed that peripheral nerve dam-
age occurs in the MS bladder.(153) A selective 
change in purinergic transmission occurred in mice 
infected with the Semliki Forest Virus, while choliner-
gic transmission remained unchanged.(520) There 
was an increase in the contractile responses to β,γ-
meATP and in the purinergic component of nerve-
mediated contractions.  

 NEURAL CONTROL OF 
PELVIC FLOOR MUSCLES AND 

RHABDOSPHINCTERS  

The urethral rhabdosphincter and pelvic floor mus-
cles are important in maintenance of urinary conti-
nence and in preventing descent of pelvic organs (i.e. 
pelvic organ prolapse, POP).  It is estimated that 11 
% of US women will undergo a surgical procedure for 
POP or urinary incontinence during their life-
time.(521) Because of the importance of understand-
ing pelvic floor function, recent clinical and preclinical 
studies have focused on this topic.  Reviews of func-
tional anatomy(522) and neural control(523) of the 
pelvic floor muscles and the urethral and anal 
rhabdosphincter have been published.(524)   

1. STRUCTURAL ELEMENTS OF THE 
PELVIC FLOOR (FIG. 40) 

The pelvic floor (522) in women is a bowl-shaped 
structure comprised of bone, muscle, and connective 
tissue.  The rim of the bowl is formed by the bones of 
the pelvic girdle (sacrum, ilium, ischium, and pubis).  
The “bottom” of the bowl is lined with striated muscle: 
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the iliococcygeus and pubococcygeus (which to-
gether comprise the levator ani - LA - muscle), the 
coccygeus, and puborectalis(522, 525, 526) muscles.  
The muscles are attached to the bone and to each 
other with various connective tissue supports.  These 
three components, bone, muscle, and connective tis-
sue provide support of the pelvic viscera (i.e. rectum, 
vagina, and bladder) but also allow for excretory and 
sexual function.   

The viscera, as well as striated muscles that serve as 
true sphincters - urethral and anal rhabdosphincters, 
attach to pelvic floor muscles and each other by con-
nective tissue but do not attach directly to bone.  The 
urethrovaginal sphincter, the compressor urethrae 
muscle, the ischiocavernosus, and bulbospongiosus 
muscles are additional striated perineal muscles that 
are intimately associated with the viscera(522, 525, 
526) During embryogenesis, the rhabdosphincter and 
perineal muscles develop from the cloaca with a two-
week delay in striated muscular differentiation com-
pared to the LA and other skeletal muscles.(527, 528) 
Furthermore, rhabdosphincters are completely sepa-
rated from the LA muscles by connective tissue.(525) 
Thus, the striated muscles associated with the vis-
cera (i.e. rhabdosphincters) are quite distinct from the 
striated skeletal muscle of the pelvic floor (e.g. LA).  
The urethral rhabdosphincter has been referred to by 
many names, including the external urethral sphinc-

ter, the striated urethral sphincter, the striated ure-
thralis muscle and other names.  The term “external 
urethral sphincter” is downplayed because the ure-
thral rhabdosphincter is not really external to the 
lower urinary tract; it surrounds the middle of the ure-
thra.  Therefore the term urethral rhabdosphincter is 
recommended. 

2. PERIPHERAL INNERVATION OF 
THE LEVATOR ANI (LA) MUSCLES 

The LA muscle of the pelvic floor is innervated by the 
LA nerve in human, (Figure 40A)(529, 530) squirrel 
monkey(531), dog(532) and rat.(533, 534) The LA 
nerve primarily arises from sacral spinal roots (e.g. 
S3-S5 in humans) and travels along the intrapelvic 
face of the LA muscle with a high degree of variability 
in branching patterns.(530) In humans, there is some 
controversy whether or not the pudendal nerve also 
innervates the LA muscle.(535) In human female fe-
tus samples, a contribution to LA innervation by the 
pudendal nerve was only seen in about half the sam-
ples.  A detailed study of women 45-55 years of age, 
using an elaborate Sihler’s stain to trace branches 
down to single fibers, did not describe any contribu-
tion of the LA muscle from the pudendal nerve.(529) 

 
Figure 40: A) Sagittal drawing of medial surface of a woman’s pelvic floor showing the course of the LA nerve 
(LAN) from the sacral roots (S3-S5) across the internal surface of coccyeus (Cm), iliococcygeus (ICm) 
puborectalis (PRm) and Pubococcygeus (PCm) muscles. S=sacrum; C=coccyx; IS=ischial spine; OIm=obtu-
rator internus muscle; ATLA=arcus tendineus LA; U=urethra; V=vagina; R=rectum.  B) Drawing of a posterior 
view of the hip muscles showing the course of the pudendal nerve (PN) from the S2-S4 roots across the 
lateral surface of the superior gemellus (SG) and obturator internus (OIm) muscles, through the pudendal 
canal (PC), and its branching into the inferior rectal nerve (IRN) and perineal nerve (PeN).  P=periformis mus-
cle; STL=sacroturberous ligament; C=coccyx; IS=ischial spine; SSL=sacrospinous ligament; S=sciatic nerve; 
EAS=external anal sphincter; IG=inferior gemellus muscle.  Adapted from Barber et al., 2002. 
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In animal studies, a number of findings refute an in-
nervation of the LA muscles by the pudendal nerve: 

1. a marked decrease in LA muscle mass and my-
ocyte diameter, as well as vacuolization of the 
muscle following transection of the LA nerve but 
not after pudendal neurectomy.(531) 

2. transection of the LA nerve abolished LA muscle 
EMG activity in rats,(533) while transection of the 
pudendal nerve had no effect on LA EMG activity 
but abolished rhabdosphincter activity. 

3. an absence of contractions of LA muscles upon 
electrical stimulation of pudendal nerve efferent 
fibers (Thor and Karicheti, unpublished observa-
tions in cats and rats).   

4. only a single motor endplate zone is found in the 
LA muscle, located at the point of LA nerve in-
sertion into the muscle.(531) 

5. large α motor neuron axons (i.e. 10 µm diame-
ter), which are a hallmark of skeletal muscle in-
nervation, are not found in the pudendal 
nerve.(534, 536)  

6. distinct populations of motor neurons, extremely 
unique in phenotype, are labeled following appli-
cation of tracers to the pudendal nerve versus 
the LA nerve(537-539).   

Thus, divergent techniques support the conclusion 
that only the LA nerve innervates the LA muscles with 
no significant contribution from the pudendal nerve in 
non-human species. These direct observations, cou-
pled with the distinct embryological origins of LA mus-
cles versus rhabdosphincter and perineal mus-
cles(527, 528), as well as a respective “compartmen-
talization” of the rhabdosphincter and perineal mus-
cles by connective tissue(525), are in line with distinct 
“special somatic” motor innervation of the 
rhabdosphincter by the pudendal nerve versus typical 
skeletal motor innervation of the LA muscle by the LA 
nerve.  The work in human female fetal samples(540, 
541) suggests that an innervation of the LA muscle 
by the pudendal nerve should be considered, espe-
cially during the perinatal period.  Whether these pu-
dendal branches to the LA muscle recede during mat-
uration or aging should also be considered in light of 
the difficulty identifying them in older women.(529)   

The complexity of the perineal region, which consists 
of various small muscles (puborectalis, compressor 
urethrae, urethrovaginal sphincter, urethral and anal 
rhabdosphincter, ischiocavernosus, and bulbocaver-
nosus), blood vessels, connective tissues, and 
nerves, makes dissection, identification, and nomen-
clature of specific nerve branches and muscles diffi-
cult in cadavers.  Indeed, even the nomenclature of 
the muscles themselves is uncertain.(525) A recent 
study has suggested more attention to detail and 
more rigorous adherence to “origin – insertion” no-
menclature standards are being adopted.(529)  

Detailed anatomical, histological, and physiological 
studies of the small, intricate muscles of the perineum 
coupled with studies of their afferent and efferent 
neurons in humans and larger laboratory species 
(where they can be readily visualized) is an important 
area for future research.  As a first step, agreements 
regarding muscle classification should be established 
in regard to which muscles actually comprise the LA 
or pelvic floor versus those that are more intimately 
associated with the viscera.  In other words, should 
“pelvic floor muscles” include only the skeletal stri-
ated muscles such as pubococcygeus, iliococcygeus, 
coccygeus, and puborectalis muscles, while non-
skeletal striated muscle such as urethralis, ure-
throvaginal sphincter, and compressor urethrae be 
distinguished from the pelvic floor?  Are these latter 
muscles similar to the urethral and anal 
rhabdosphincter?  Presumably, characteristics of 
their muscular function, their innervation, their phar-
macological responses, or physiological integration 
with visceral function may allow better understanding 
of their roles in excretion or sexual function.  

Clarity regarding pudendal versus LA nerve innerva-
tion is also important because attributes ascribed to 
pudendal nerve involvement may be more correctly 
ascribed to LA nerve involvement.  For example, the 
intrapelvic positioning of the LA nerve on the surface 
of the muscles may expose it to damage as the fetal 
head passes through the birth canal(530) and may 
contribute to the correlation between parity and 
POP.(522) This positioning also allows exposure to 
electrical current applied with a St. Mark’s electrode 
situated in the rectum with subsequent EMG activa-
tion of the LA muscle.  The LA nerve positioning, 
close to the ischial spine, also risks entrapment by 
sutures used for various POP suspension surgeries 
or may account for dyspareunia, pelvic pain, and/or 
recurrent prolapse(542) associated with such sur-
gery.  Finally, since the ischial spine is a landmark for 
transvaginal “pudendal nerve” block,(540) the possi-
bility that this procedure also anesthetizes the LA 
nerve should be considered. 

2.1. LA Motor Neurons 
Retrograde tracing studies in cats,(543) dogs,(532) 
and squirrel monkeys(531) identify LA motor neurons 
in a longitudinal column in the sacral ventral horn of 
the spinal cord, while in rats(544, 545)  they are in the 
L6-S1 ventral horn.  In contrast to dense packing of 
sphincter motor neurons in Onuf’s nucleus,(537, 538, 
546) the LA motor neurons are distributed more dif-
fusely.  Furthermore, LA motor neurons show a bi-
modal distribution of large neurons (presumably α 
motor neurons) and small neurons (presumably γ mo-
tor neurons) in contrast to the uniform intermediate 
size of pudendal motor neurons.  The two sizes of LA 
motor neurons are in keeping with the presence of 
muscle spindles (whose intrafusal muscle fibers are 
innervated by γ motor neurons) in LA muscle,(547, 
548) while muscle spindles are absent from the 
rhabdosphincter muscles;(547, 549-551) conse-
quently LA may exhibit Iα (muscle spindle) evoked 
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monosynaptic stretch reflexes, whereas the urethral 
rhabdosphincter does not.(552)  

LA motor neuron processes (dendrites or axon collat-
erals) project into two important areas in the sacral 
spinal cord.(553) One area, medial lamina VI, is 
where primary afferent fibers from muscle spindles 
and Golgi tendon organs terminate,(554, 555) again 
suggesting an important role for stretch-activated re-
flex contractions of LA muscles.  The second area is 
to Onuf’s nucleus that contains rhabdosphincter mo-
tor neurons.  These LA motor neuron processes form 
close appositions with sphincter motor neurons in 
both monkey(531) and rat.(544)  Presumably, these 
appositions reflect a neuroanatomical substrate for 
coordination of the rhabdosphincter and the pelvic 
floor muscles during micturition and defecation.  
These projections could be dendrites receiving com-
mon afferent input with rhabdosphincter motor neu-
rons or axon collaterals transmitting information to 
rhabdosphincter motor neurons, which might provide 
insight into functional coordination. 

Ovariectomy in rats reduced LA neuron dendritic ar-
bors, while estradiol and progesterone expanded 
them, indicating hormonal regulation.(556)  

2.2. LA Afferent Innervation 
Afferent LA fibers innervate muscle spindles(531, 
547) and Golgi tendon organs(557)  which are com-
mon in skeletal muscles but absent in the 
rhabdosphincters.(547, 549-551)  Cholera toxin B 
(CTB) injection into the LA muscle(553) of squirrel 
monkeys labels approximately 4 times as many affer-
ent neurons versus motor neurons.   About 25% of 
these primary afferent neurons are large, myelinated 
(i.e. RT-97 neurofilament positive) neurons and are 
negative for the peptide transmitter calcitonin-gene-
related peptide (CGRP), binding sites for isolectin-B4 
(IB-4), and the growth factor receptor, TrkA.  Of the 
remaining small, RT97 negative neurons, approxi-
mately 50% contain CGRP, IB-4 binding sites, and 
TrkA.  It is tempting to speculate that large, myelin-
ated afferent neurons signal proprioceptive infor-
mation from muscle spindles(531)  and Golgi tendon 
organs and in turn control reflex activity of the LA 
muscles, while the small peptidergic, IB-4, TrkA pos-
itive neurons transmit nociceptive information.   In ad-
dition, large sensory neurons may regulate bladder 
reflex pathways during LA motor activity; while the 
small peptidergic fibers might play a role in bladder 
hyperreflexia associated with pelvic floor trauma or 
nerve entrapment. 

CTB labeled afferent terminals were only seen in me-
dial lamina VI of the lumbosacral spinal cord,(553) an 
area for termination of large, myelinated propriocep-
tive terminals(554, 555).  The absence of CTB label-
ing in the superficial dorsal horn, which should con-
tain the central terminals of small peptidergic, IB-4, 
and TrkA positive afferent neurons, is likely due to an 
inability of small afferent neurons to transganglion-
ically transport CTB rather than a true absence of LA 
nociceptive terminals in the region.   

3. PERIPHERAL INNERVATION OF 
URETHRAL AND ANAL 
RHABDOSPHINCTERS 

The urethra and anal canal are surrounded by bands 
of striated muscle fibers; the urethral and anal 
rhabdosphincters, respectively as they pass through 
the pelvic diaphragm.  The muscles do not attach to 
skeletal structures and thus act as true sphincters 
(i.e. contraction produces virtually no movement ex-
cept constriction of the lumen).  In addition, there are 
small, thin bands of striated muscle (compressor ure-
thra, urethrovaginal sphincter, bulbocavernosus, and 
ischiocavernosus) that surround the urethra, vagina, 
and/or rectum and have connective tissue attach-
ments to the perineal body.(522)   

The urethral rhabdosphincter, anal rhabdosphincter, 
bulbocavernosus, and ischiocavernosus muscles are 
innervated by the pudendal nerve,(538, 539, 558, 
559) which originates from the S2-4 sacral roots and 
passes along the lateral surface of the internal obtu-
rator and coccygeus muscles and through Alcock’s 
canal (Figure 40B).  As the nerve passes through the 
canal, it branches into the inferior rectal nerve (which 
innervates the anal rhabdosphincter), the perineal 
nerve (which innervates the urethral rhabdosphincter, 
the bulbospongiosus muscle, the ischiocavernosus 
muscle, superficial transverse perineal muscle, and 
the labial skin), and the dorsal nerve of the clitoris.  
The branches of the perineal nerve are more superfi-
cial than the dorsal nerve of the clitoris and, in most 
cases, travel on the superior surface of the perineal 
musculature. The terminal branch of the perineal 
nerve to the striated urethral sphincter travels on the 
surface of the bulbocavernosus muscle then pene-
trates the urethra to innervate the sphincter from the 
lateral aspects (Figure 40B).  The specific innervation 
of the smaller bands of muscles attached to the peri-
neal body has not been characterized. 

Nerve fascicles(560), as well as the motor nerve ter-
minals and end plates(548) of the urethral 
rhabdosphincter, are preferentially located along the 
lateral aspects of the urethra in rat.  Overlap, or cross-
ing of the midline, between the left and right pudendal 
nerve terminal fields has been described in monkey 
anal rhabdosphincter(561).  The rhabdosphincter of 
both men and women contain neuronal nitric oxide 
synthase (nNOS), which is contained in a subpopula-
tion (43%) of the muscle fibers, as well as nerve fi-
bers, with concentration at the neuromuscular junc-
tion in humans and sheep.(562, 563)  Additionally, 
nNOS has been localized to pudendal motor neurons, 
which innervate the rhabdosphincter in rats, cats, 
monkeys, and humans.(564, 565)  nNOS is responsi-
ble for producing the transmitter nitric oxide (NO).   
While NO is known to increase cGMP levels in many 
types of smooth muscle; its role in control of striated 
muscle and in neuromuscular transmission is not well 
established.(566) An NO donor has been shown to 
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reduce urethral pressures at the level of the 
rhabdosphincter,(567) but it is difficult to determine if 
the effect is on smooth or striated muscle. 

The possibility that the urethral rhabdosphincter re-
ceives a “triple innervation” from somatic, parasym-
pathetic, and sympathetic nerves(568) as raised in 
early histological studies. However, this has been dis-
puted by subsequent studies(569) that showed no 
physiological effects of autonomic nerve stimulation 
on striated sphincter function and showed that the au-
tonomic fibers are only “passing through” the outer 
layer of striated muscle to reach the inner layers of 
smooth muscle. 

 
Figure 41: A-C. Composite drawings (A1-C1) and photomicrographs (A2-C2) of pudendal motor neurons in 
cat labeled by application of horseradish peroxidase (HRP) to the pudendal nerve as seen in transverse (A), 
horizontal (B), and sagittal (C) sections.  The photographs provide raw data from 1 of the single sections 
used to make the corresponding composite drawing.  Note that the dendrites of pudendal motor neurons 
project into the lateral funiculus (LF).  D=dorsal, V=ventral, M=medial, L=lateral, R=rostral, C=caudal.  
DDB=dorsal dendritic bundle, LDB=lateral dendritic bundle.  Primary afferent terminal labeling can also be 
seen in Lissauer’s tract (LT), the lateral pathway (LP), medial pathway (MP), and dorsal gray commissure 
(DGC) in panel A1.  (Primary afferents were not drawn in panel A1, only motor neurons). Adapted from Thor 
et al., 1989.  D. Composite drawing of a single pudendal motor neuron labeled by intracellular injection of 
HRP showing the transverse (D1) and sagittal (D2) distribution of dendrites (Designations, such as 1d/l, 2l, 
3l, 6 etc., indicate individual dendrites that are seen in both panels D1 and D2).  The arrow head in the insert 
of D1 indicates the cell’s axon.  The dashed line in D2 represents the border between the ventral horn and 
ventral funiculus.  Inset in D1 is a 3D rendition of the neuron.  Adapted from Sasaki et al 1994.  E. Diagrams 
comparing locations of urethral rhabdosphincter and ischiocavernosus (IC) versus anal rhabdosphincter and 
bulbospongiousus (BS) motor neurons in various species. 
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3.1. Urethral and Anal Rhabdosphincter 
Motor Neurons 

Pudendal motor neurons that innervate the urethral 
and anal rhabdosphincters (and bulbocavernosus 
and ischiocavernosus) muscles are situated along 
the lateral border of the sacral ventral horn in Onuf's 
nucleus in human(570) monkey,(571) dog, cat(572, 

573) and guinea pig.(574) Studies in cat,(539) mon-
key,(538) and human(570) show that urethral 
rhabdosphincter motor neurons occupy a ven-
trolateral position and anal rhabdosphincter motor 
neurons occupy a dorsomedial position within the 
confines of Onuf’s nucleus (Figure 41A).  However in 
other species, urethral and anal rhabdosphincter mo-
tor neurons are located in separate nuclei (Figure 

 
Figure 42: Membrane properties, responses to noradrenaline, and involvement of TASK and SKCa channels 
in retrogradely-labeled rhabdosphincter motor neurons recorded using patch clamp electrophysiology in 
L5/6 spinal cord slices from 6-14 day old female rats.  Comparison of resting membrane potential (RMP, A), 
input resistance (B), and rheobase (C) in urethral rhabdosphincter motor neurons (dorsolateral nucleus, 
DLN), axial motor neurons (Ventral nucleus, VN), and hindlimb motor neurons (retrodorsolateral nucleus, 
RDLN).  D) Noradrenaline (NA, 20 µM) depolarizes rhabdosphincter motor neurons and induces robust firing.  
E) NA and phenylephrine (PE), and alpha1 adrenoceptor agonist, increase input resistance, rheobase, and 
firing rate-current injection (F-I slope) relationship in a prazosin-sensitive (alpha1 adrenoceptor antagonist) 
manner in rhabdosphincter motor neurons. Significant and reversible, mean increases in RMP (F) and firing 
frequency (G) in rhabdosphincter motor neurons produced by NA (20 µM).  Doxapram (H), a TASK channel 
blocker, at 10 µM (D10) and 100 µM (D100), mimics NA’s ability to depolarize rhabdosphincter motor neurons.  
Decreasing extracellular pH to 6.5 (I), which closes TASK channels, mimics NA’s ability to depolarize these 
neurons. NA significantly reduces the afterhyperpolarization (AHP) in rhabdosphincter motor neurons (J) in 
a prazosin-resistant manner.  Apamin (A), an SKCa channel blocker, reduces AHP (K), increases the F-I slope 
(L) and occludes NA’s ability to reduce the AP and increase the F-I slope. Apamin does not influence the 
input resistance (M) or holding current (N), nor occludes NA’s ability to do so. From Yashiro et al., 2010. 
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41E).  In rat,(537) anal sphincter (and bulbospongio-
sus) motor neurons are located medially in the ventral 
horn, just ventrolateral to the central canal; while the 
urethral sphincter (and ischiocavernosus) motor neu-
rons are located in the same region as others spe-
cies, i.e. along the lateral edge of the ventral horn.   

Sphincter motor neurons are different from motor 
neurons that innervate skeletal muscles.  They are 
densely packed within the confines of Onuf’s nucleus 
and exhibit tightly bundled dendrites that run ros-
trocaudally within the confines of the nucleus.  Trans-
verse dendrites are particularly unique in bundling 
and projecting laterally into the lateral funiculus, dor-
sally towards the sacral parasympathetic nucleus, 
and dorsomedially towards the central canal (Figure 
41).(539, 573) This is similar to bladder preganglionic 
neurons,(575) suggesting that rhabdosphincter motor 
neurons and preganglionic neurons receive inputs 
from similar spinal regions. The dense packing and 
dendritic bundling of sphincter motor neurons may be 
related to their special sphincteric function and facili-
tate simultaneous activation of sphincter motor units.  
Recurrent axon collaterals (Figure 41D)(573) in the 
absence of recurrent inhibition(576) suggests a recur-
rent facilitation that may also reinforce simultaneous 
activation.  Finally, the arrangement of peripheral mo-
tor nerve terminals bilaterally at dorsolateral and ven-
trolateral positions in the urethra may also provide 
symmetrical force generation.(548) 

Rhabdosphincter motor neurons are also physiologi-
cally different from skeletal muscle motor neurons in 
that they do not exhibit significant monosynaptic in-
puts,(552) Renshaw cell inhibition(552), nor crossed 
disynaptic inhibition(576).   Patch clamp recordings 
from urethral rhabdosphincter motor neurons in spi-
nal slices(577) demonstrate higher resting membrane 
potentials, higher membrane resistance, and a lower 
rheobase compared to other motor neurons in the 
slice (Figure 42A-C).  These in vitro results are similar 
to in vivo results that also showed unique passive 
membrane properties (e.g. high input resistance, low 
rheobase, short after-hyperpolarization, membrane 
bistability, and non-linear responses to depolarizing 
current injection, which was recently reviewed.(578) 
This combination of biophysical properties is uniquely 
conducive to simultaneous, prolonged, tonic activity, 
in keeping with the anatomical and functional proper-
ties described above.  

3.2.  Afferent Innervation of the Urethral and 
Anal Rhabdosphincters 

Various studies have characterized primary afferent 
neurons sending axons into the pudendal nerve.(537, 
539) However this nerve carries the innervation to 
many visceral structures (e.g. urethra, genitalia, rec-
tum, vagina) in addition to skin and rhabdosphincters, 
thus it is difficult to specifically characterize the sen-
sory innervation of the sphincters per se.  Neverthe-
less, the paucity of large sensory neurons in sacral 
dorsal root ganglia following application of tracers to 

the pudendal nerve suggests that the sensory inner-
vation of the rhabdosphincters does not contain large 
myelinated fibers (i.e. Type Ia and Ib) that innervate 
these sensory organs(549-551, 579) that typically in-
nervate muscle spindles, Golgi tendon organs, or Pa-
cinian corpuscles.  Indeed, multiple investigators us-
ing various techniques have not found muscle spin-
dles or Golgi tendon organs in the rhabdosphincters.  
This is consistent with the finding that the pudendal 
nerves lack small g motor neuron axons (which inner-
vate muscle spindles)(579) and the absence of 
rhabdosphincter connections to bone by tendons.  On 
the other hand, Pacinian corpuscle-like structures 
have been found in the urethra of cat(551) and may 
play a role in sensing urine flow during micturition to 
inhibit sphincter activity and/or reinforce detrusor con-
tractions. 

The spinal terminals of pudendal primary afferent fi-
bers are distributed throughout laminae I, V, VII, and 
the dorsal gray commissure (Figure 41A2), while la-
beling in laminae III and IV is well-defined and re-
stricted to the medial third of the dorsal horn.(539) 
This restricted pattern in laminae III and IV is con-
sistent with the somatotopic organization expected 
for cutaneous mechanoreceptors originating in the 
perineal skin(580). Local injection of tracers targeted 
to the urethral and anal rhabdosphincters(539) only 
produced labeling of the spinal terminals of primary 
afferent neurons in lateral and medial lamina I, the in-
termediate gray matter, and the dorsal commissure 
gray matter, not in laminae III or IV.  Since the HRP 
likely spread into the urethra and rectum, it is possible 
that this labeling occurred in visceral as well as 
rhabdosphincter afferent pathways.  However, since 
no labeling was seen in large diameter primary affer-
ent neurons nor in terminals in medial laminae III and 
IV (cutaneous fields) nor medial lamina VI, an area 
where large diameter myelinated fibers of muscle 
spindle and Golgi tendon organs nerves termi-
nate(554, 555) it is reasonable to conclude that the 
rhabdosphincters are not significantly innervated by 
large myelinated nerve fibers typically associated 
with other striated muscle. 

4. REFLEX ACTIVATION OF 
URETHRAL AND ANAL 
RHABDOSPHINCTERS 

Rhabdosphincter motor neurons can be activated via 
segmental (536, 581, 582) and descending pathways 
(Figure 43).(523, 583) The segmental inputs can be 
activated by stretch receptors and nociceptors in the 
bladder or urethra or genitalia.(584) Electrophysiolog-
ical studies in cats(539, 581, 582, 585) show that 
stimulation of either pelvic nerve or pudendal nerve 
afferent fibers can activate polysynaptic spinal seg-
mental reflexes that can be recorded at central delays 
of 1.5 msec with intracellular electrodes in sphincter 
motor neurons(586, 587) and at a latency of about 10 
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msec from electrodes placed on pudendal nerve ef-
ferent fibers or inserted directly into the urethral or 
anal rhabdosphincter muscles.(585, 588, 589)  The 
segmental reflex is considered polysynaptic based on 
the latency(586, 587) and retrograde transynaptic la-
beling of interneurons in laminae I and V of the dorsal 

horn and in the dorsal gray commissure by pseudora-
bies virus (PRV) injected into the urethral 
rhabdosphincter(590). The dorsal horn interneurons 
are likely those that participate in the segmental reflex 
activation of sphincter motor neurons while the dorsal 
gray commissure interneurons are likely inhibitory 
(see below).  Studies in rats also show that electrical 

 
Figure 43: Drawing of proposed model for spinal and supraspinal excitation and inhibition of rhabdosphincter 
pudendal motor neurons. Example depicts evoked potential recorded by an electrode on the pudendal nerve 
in response to electrical stimulation of pelvic nerve (0.5 Hz; table showing the predominant effects of various 
receptor subtypes on evoked potentials recorded from the pudendal nerve or urethral rhabdosphincter).  Red 
stellate shapes and lines represent excitatory neurons and their axonal pathways, respectively; black oval 
shape and line represent an inhibitory interneuron and its axonal pathway.  Simulation of the pelvic nerve 
activates a polysynaptic spinal reflex arc that produces an evoked potential recorded from axons of sphincter 
motor neurons in Onuf’s nucleus at a latency of about 10 msec.  This stimulation also activates inhibitory 
interneurons that, after 50 msec delay, produce inhibition of sphincter motor neurons for about 1,000 msec.  
Presumably this arrangement allows low frequency pelvic afferent activity (1 Hz) to increase sphincter activity 
during urine storage and to inhibit sphincter activity when the pelvic afferent activity markedly increases (> 
5 Hz) as might occur with very large bladder volumes or during a micturition contraction.  The model includes 
GABAergic, glycinergic, or enkephalinergic inhibitory neurons located in the dorsal gray commissure. Su-
praspinal pathways originating in the medullary nucleus retroambiguus (NRA) and the pontine “L region” 
can activate sphincter motor neurons during Valsalva maneuvers and during urine storage, respectively.  
When micturition occurs, neurons in the pontine micturition center (PMC) provide descending activation of 
the GABAergic, glycinergic, or enkephalinergic neurons in the dorsal gray commissure to inhibit sphincter 
motor neurons and allow voiding to begin.  Various other areas of the brain (e.g. medullary raphe serotonergic 
pathways, pontine locus coeruleus noradrenergic pathways, etc) provide “modulation” of the reflexes. Those 
excitatory and inhibitory modulatory pathways that have been explored pharmacologically are also listed in 
the table.   

Abbreviations: IC=inferior colliculus; NG=nucleus gracilis; NC=nucleus cuneatus; TrigN=spinal nucleus of 
the trigeminal nerve; LRN=lateral reticular nucleus; pyr=pyramidal tract; mlf=medial longitudinal fasciculus; 
ll=lateral lemniscus; bc=brachium conjunctivum; bp=brachium pontis; GABA=gamma amino butyric acid; 
GLY=glycine; ENK=enkephalin; TRH=thyrotropin releasing hormone; NMDA=N=methyl D=aspartate; 
AMPA=a-amino=3=hydroxy=5-methyl=4=isoxazoleproprionic acid; 5-HT=5-dihydroxytryptamine (from Thor 
2010). 
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stimulation of afferent axons in the pelvic nerve elicits 
reflexes in pudendal nerve efferent fibers or the ure-
thral rhabdosphincter(591, 592) similar to the cat.  
Also similar to the cat, PRV injected into the urethral 
rhabdosphincter(593)  labels interneurons in laminae 
I and V of the dorsal horn and in the dorsal gray com-
missure. 

Previously, the afferent inputs from the urinary blad-
der have been emphasized as being of primary im-
portance for activation of the segmental reflex by pel-
vic nerve stimulation because bladder distension will 
activate the urethral rhabdosphincter(594).  This re-
flex activation is often referred to as the “guarding re-
flex” or “continence reflex”.  However, recent studies 
are placing greater emphasis on urethral afferent fi-
bers.(595, 596) It is tempting to speculate that the 
guarding reflex is actually activated more vigorously 
by urethral afferent fibers if urine inadvertently begins 
to pass through the bladder neck and into the proxi-
mal urethra, with a requirement for a rapid closure of 
the more distal urethral sphincter (i.e. guarding 
against urine loss) compared to simple bladder dis-
tension or increases in intravesical pressure. 

The greater importance of urethral afferent fibers is 
also suggested by experiments where bladder affer-
ent fibers are electrically stimulated.  For example, in 
studies by McMahon et al(581), electrical stimulation 
of pelvic nerve fibers close to the bladder was not 
able to evoke pudendal nerve firing in a large propor-
tion of cats but placement of electrodes more cen-
trally on the pelvic nerve was able to evoke firing.  Ka-
richeti and Thor (unpublished observations) also 
found that stimulating nerve bundles close to the 
bladder is often ineffective in producing a spinal reflex 
to the urethral rhabdosphincter, but in the same ani-
mals it evokes reflex activity on the hypogastric nerve 
(indicating that the electrical stimulation is activating 
bladder afferent fibers).  Furthermore, it was possible 
to consistently evoke a reflex when the stimulus was 
applied more centrally on the pelvic nerve, which 
would include fibers from the urethra.  Since the more 
central electrode placement would also activate co-
lonic and genital afferent fibers, additional experi-
ments are needed to specifically compare urethral 
versus bladder versus colonic afferent fibers in evok-
ing the “guarding reflex”.  

Electrical stimulation of pudendal afferent fibers also 
evokes a spinal reflex to activate the rhabdosphincter 
in cat(597, 598) and rat.(592) Since some urethral af-
ferent fibers (as well as rectal, genital, and cutaneous 
afferent fibers) travel in the pudendal nerve, it is pos-
sible that the spinal urethral rhabdosphincter activa-
tion by pudendal afferent stimulation is also a mani-
festation of the “guarding reflex”.  

Sphincter reflexes in the cat also exhibit prolonged 
changes in excitability following short trains (5-10 
second) of electrical stimulation of afferent axons in 
the pudendal nerves.(597) Recordings from sphincter 
motor neurons in the sacral spinal cord and from 
rhabdosphincter peripheral motor axons revealed 

that stimulation of pudendal afferent axons elicited 
not only short latency transient responses but also 
sustained activity persisting for 3-30 seconds after 
the end of the stimulus train.(597) The persistent ac-
tivity was associated with a small membrane depolar-
ization and was terminated by small hyperpolarizing 
currents.  Similar persistent activity has been ob-
served in hindlimb motor neurons with slow axonal 
conduction velocities similar to those of sphincter mo-
tor neurons. (599)  

5. INHIBITION OF URETHRAL 
RHABDOSPHINCTER (URS) 

REFLEXES DURING VOIDING 

Voiding is induced voluntarily or reflexively by neural 
circuitry in the brain.(600) For voiding to occur, there 
must be contraction of the bladder and simultaneous 
relaxation of the urethral rhabdosphincter. These re-
sponses are mediated by descending projections 
from neurons in the pontine micturition center (PMC) 
that excite the sacral autonomic outflow to the blad-
der and inhibit the motor outflow to the sphincter (Fig-
ure 43).  This coordination is lost following spinal cord 
injury.(600) Electrical or chemical stimulation in the 
PMC in cats excites the bladder and inhibits sphincter 
EMG activity(590, 601, 602) and hyperpolarizes 
sphincter motor neurons.(597) The descending inhib-
itory pathway from the PMC to sphincter motor neu-
rons is thought to involve spinal GABAergic inhibitory 
neurons in the dorsal commissure of the sacral spinal 
cord (Figure 43).(603, 604)  A role for glycinergic and 
enkephalinergic interneurons in the dorsal commis-
sure has also been proposed(590, 604-606) in medi-
ating inhibition of the sphincter during voiding (Figure 
43). 

In addition to supraspinal inhibitory mechanisms, a 
“spinal, urine storage reflex, inhibitory center” 
(SUSRIC) was found that inhibited both the somatic 
and the sympathetic urine storage reflexes controlling 
the urethral rhabdosphincter and smooth muscle, re-
spectively, in the cat. (588) Activation of this inhibitory 
center by electrical stimulation of the pelvic nerve af-
ferent fibers occurs simultaneously with the activation 
of the URS reflex itself.  The latency of the inhibition 
was < 50 msec and had a duration of 500-1,000 
msec.  Activation of this inhibitory center explains the 
diminished capacity of the URS evoked reflex to fol-
low frequencies of pelvic afferent stimulation greater 
than 5 Hz. Physiological stimulation of the pelvic 
nerve afferent fibers, which occurs with distension of 
the bladder, has also been reported to inhibit 
rhabdosphincter EMG activity in both spinal in-
tact(582) and spinalized cats in the absence of a blad-
der contraction and its associated inhibitory mecha-
nisms.  Possibly the inhibition of rhabdosphincter ac-
tivity by distension of the bladder represents a physi-
ological corollary for the inhibition of rhabdosphincter 
activity by high frequency electrical stimulation of pel-
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vic nerve afferent fibers.  Although the inhibitory ef-
fects are localized to the spinal cord caudal to the T12 
level, they are regulated by supraspinal systems that 
respond to 5-HT1A receptor activation and enhance 
sphincter activity through disinhibition.(607, 608) A 
possible clinical correlation of SUSRIC activation may 
be the elegant demonstration in men that conditioning 
stimuli applied to the dorsal nerve of the penis (i.e. 
pudendal nerve afferent fibers) inhibited urethral 
rhabdosphincter contractions reflexively evoked by 
magnetic stimulation of the spinal cord applied at in-
tervals of 20 - 100 msec after the conditioning stim-
uli.(609)  

6. SUPRASPINAL ACTIVATION OF 
RHABDOSPHINCTERS AND PELVIC 

FLOOR MUSCLES 

Supraspinal activation of urethral and anal 
rhabdosphincter motor neurons can be mediated in 
response to voluntary (i.e. corticospinal(571)), as well 
as involuntary reflexic inputs (e.g. during coughing, 
sneezing, vomiting) presumably from nucleus retro-
ambiguus in the caudal medulla (Figure 43)(610-
613).  Nucleus retroambiguus also innervates the pel-
vic floor muscles(614), as well as abdominal muscles, 
consistent with a role in raising intra-abdominal pres-
sure during Valsalva maneuvers.  Generally, the pel-
vic floor and rhabdosphincter muscles are activated 
as a functional unit when voluntarily contracted.  How-
ever, differential activation of the rhabdosphincter 
and the pelvic floor muscles has been demon-
strated,(615) indicating distinct CNS control systems 
and innervation. 

Rhabdosphincter motor neurons are unique among 
somatic motor neurons in receiving input from the 
paraventricular hypothalamus,(583) although the 
function of this input has not been determined.  In ad-
dition, their input from brainstem serotonergic and 
noradrenergic neurons is among the densest in the 
spinal cord.(616, 617)      

7. NEUROCHEMICAL ANATOMY OF 
RHABDOSPHINCTER MOTOR 

NEURONS  

In addition to their unique morphology, neurophysiol-
ogy, and supraspinal inputs, rhabdosphincter motor 
neurons in Onuf’s nucleus also exhibit a plethora of 
unique and highly diverse neurotransmitters, recep-
tors, ion channels, and growth factors (Figure 43) and 
indicate a role in continence and/or sexual function. 

7.1. Pharmacology of Urethral and Anal 
Rhabdosphincters (Figure 43) 

The excitatory amino acid neurotransmitter, gluta-
mate, mediates initiation of action potentials in 
rhabdosphincter motor neurons (and subsequent 

rapid contraction of the muscle) by binding to NMDA 
and AMPA receptors.(618-623) Thus it is useful to 
think of these transmitters as part of the “hardwired” 
reflex circuitry that is involved in all or none activation 
of consistent and reliable storage reflexes, as com-
pared to monoamines and peptide transmitters. 

The inhibitory amino acids glycine, acting through 
strychnine-sensitive ionotropic receptors,(624) and 
GABA, acting through both GABA-A (ionotropic) and 
GABA-B (metabotropic) receptors(625-627) are 
thought to be major inhibitory transmitters regulating 
rhabdosphincter activity.  Clinical studies indicate that 
systemic(324) or intrathecal(627) administration of 
the GABA-B agonist, baclofen, may reduce bladder-
sphincter dyssynergia in some patients with neuro-
genic bladder. 

In addition to amino acid transmitters, the monoamine 
transmitters (norepinephrine and serotonin) are also 
important in modulating rhabdosphincter motor neu-
ron activity. (628) It was the preferential distribution of 
norepinephrine and serotonin terminals in Onuf’s nu-
cleus(616, 617) that led to extensive animal studies 
of noradrenergic and serotonergic control of 
rhabdosphincter function and eventual clinical studies 
of duloxetine, a norepinephrine and serotonin 
reuptake inhibitor, as a treatment for stress urinary in-
continence.(584, 613, 629-631)   Elegant studies in 
humans using magnetic stimulation of brain and sa-
cral nerve roots(632) have indicated that duloxetine 
increases the excitability of rhabdosphincter motor 
neurons to both supraspinal and segmental inputs to 
increase urethral pressures.  Importantly, duloxe-
tine’s ability to increase urethral rhabdosphincter ac-
tivity did not interfere with the inhibition of sphincter 
activity during voiding (i.e. bladder-sphincter synergy 
was well-maintained).(584)  Similar clinical results oc-
curred after administration of S,S-reboxetine, a selec-
tive norepinephrine reuptake inhibitor.(633, 634) This 
approach of increasing synaptic levels of serotonin 
and/or norepinephrine is logical, since it has been 
shown that noradrenergic and serotonergic terminals 
associated with rhabdosphincter motor neurons show 
an age-dependent decrease in density in rats(324) 
that might explain the increased incidence of stress 
incontinence with aging.   

Multiple adrenergic receptor subtypes play a role in 
control of rhabdosphincter motor neurons, and the re-
sults with norepinephrine reuptake inhibitors indicate 
that these receptors can be activated by endogenous 
norepinephrine.(585) Strong evidence exists that a1 
adrenoceptors excite rhabdosphincter motor neu-
rons.(585, 635) Patch clamp studies(577) have 
shown that norepinephrine produces a direct depolar-
izing effect, accompanied by an increase in input re-
sistance and decreased rheobase (Figure 42D-G).  
These excitatory effects are largely mimicked by the 
α1 adrenoceptor agonist, phenylephrine, blocked by 
the α1 adrenoceptor antagonist, prazosin, but were 
resistant to apamin (Figure 42M-N), a small conduct-
ance Ca+2 activated K+ (SKCa) channel blocker. Excit-
atory effects of α1 adrenoceptor stimulation on 
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rhabdosphincter neurons are supported by clinical 
studies(635) where decreases in rhabdosphincter ac-
tivity were seen after administration of prazosin to hu-
man subjects.  On the other hand, strong evidence 
exists that α2 adrenoceptor stimulation has the oppo-
site effect, i.e. inhibition, of rhabdosphincter activ-
ity.(585, 615, 636) Importantly, reflex activity in the 
sympathetic pathway to the urethral and anal smooth 
muscle (i.e. the hypogastric nerve) shows similar ad-
renergic pharmacology-an enhancement of activity 
by α1 adrenoceptors(585) and inhibition of activity by 
α2 adrenoceptors.(585, 637)    

Multiple subtypes of serotonin (5-hydroxytrptamine, 
5-HT) receptors are also involved in modulating 
rhabdosphincter motor neuron excitability.  Strong ev-
idence exists that 5-HT2 receptors can excite sphinc-
ter motor neurons.(598) Indeed duloxetine’s facilita-
tory effects on rhabdosphincter activity in anesthe-
tized cats are mediated in part through activation of 
5-HT2 receptors.(584) Both 5-HT2A and 5-HT2C recep-
tor agonists increase rhabdosphincter EMG activity in 
dogs, guinea pigs, and rats.(586, 638, 639) Recent in 
vitro rat spinal cord slice patch clamp studies show 
that part of this effect may be directly on 
rhabdosphincter motor neurons, as opposed to inter-
neurons,(640) since 5-HT induces a direct depolari-
zation of rhabdosphincter motor neurons.  The effect 
of 5-HT to enhance the bistable behavior, plateau po-
tentials and persistent firing of motor neurons(641) 
very likely contributes to its facilitatory effect on 
sphincter reflexes and sphincter motor neuron fir-
ing.(597) Interestingly, substance P, a peptide trans-
mitter that is co-localized with 5-HT in raphespinal 
nerve terminals, also produces direct depolarization 
of rhabdosphincter motor neurons in rat spinal cord 
slices,(642) and thyrotropin releasing hormone 
(TRH), another peptide transmitter co-localized with 
5-HT in nerve terminals, induces excitation of rat 
sphincter activity(643) in vivo.   

Immunohistochemical and molecular studies in hu-
mans and dogs have shown that 5-HT2A, 5-HT2B, and 
5-HT2C receptor subtypes are associated with Onuf’s 
nucleus motor neurons.  In addition, 5-HT2C receptor 
mRNA has been localized to anal sphincter motor 
neurons in the rat.(644)  On the other hand, another 
immunohistochemistry study with retrograde labeling 
of urethral rhabdosphincter motor neurons and ischi-
ocavernosus motor neurons in male rats indicates 
that the 5-HT5A receptor is associated with the 
rhabdosphincter motor neurons, while the 5-HT2A re-
ceptor is preferentially associated with the ischio-
cavernosus motor neurons(171) and thus may be 
preferentially involved in sexual function.   

As described above, supraspinal 5-HT1A receptor 
stimulation also enhances rhabdosphincter activity in 
cats.(607, 608)  Importantly, the excitatory effects of 
5-HT1A receptor agonists on the rhabdosphincter can 
still be “over ridden” by inhibitory mechanisms during 
voiding, i.e. bladder-sphincter synergy remains de-
spite 8-OH-DPAT induced enhancement of 

rhabdosphincter activity.(607, 608, 645)   The en-
hancement of sphincter activity by 8-OH-DPAT in 
cats is not seen following acute(645) or chronic(607) 
spinal cord transection, indicating the 5-HT1A recep-
tors mediating these effects are located su-
praspinally.  5-HT1A receptor activation may inhibit 
supraspinal neurons that facilitate SUSRIC-mediated 
inhibition of sphincter reflexes and thereby facilitate 
URS activity through disinhibition. 

In addition to amino acid and monoamine control of 
the rhabdosphincter motor neurons, peptides have 
also been shown to influence their activity.  Onuf’s 
nucleus is densely innervated by the opioid peptides 
encephalin and dynorphin.(646, 647)  In cats, the k 
opioid receptor agonist, ethylketocyclazocine, selec-
tively inhibits spinal rhabdosphincter reflexes.(589)  
However, attempts to block sphincter inhibition during 
voiding with high doses of the opioid receptor antag-
onist, naloxone, were unsuccessful, indicating the 
enkephalins are not mediating physiological inhibi-
tion.  In spinal intact rats, it was found that a k2 opioid 
receptor agonist inhibits the rhabdosphincter bursting 
pattern associated with micturition, leading to de-
creased voiding efficiency.(607)   In these studies, k 
opioid receptor stimulation had no influence on the 
asynchronous rhabdosphincter activity that precedes 
and follows micturition-associated bursting, only on 
the bursting itself.  Onuf’s nucleus is abundantly in-
vested with other peptidergic terminals.  Excitatory ef-
fects of peptides; vasopressin, thyrotropin-releasing 
hormone (TRH) and substance P (SP), on 
rhabdosphincter motor neurons have been demon-
strated.(642) 

8. LA AND RHABDOSPHINCTER 
NEUROPATHY 

Childbirth is a risk factor for development of pelvic or-
gan prolapse (POP).(648)  Furthermore, various 
studies have indicated damage to the innervation of 
the pelvic floor muscles, which might be expected to 
initiate pelvic descent and prolapse.(649) Early stud-
ies using pudendal nerve terminal latency as a meas-
ure of nerve damage(650) were met with skepticism 
for many reasons, however with more sophisticated 
analyses using EMG interference patterns a more re-
cent series of elegant studies(649, 651) have pro-
vided evidence that LA nerve damage accompanies 
parturition in about 25% of women with approximately 
1/3 of those continuing to show evidence of nerve 
damage at 6 months after parturition.(651, 652)  Im-
portantly, women undergoing elective Caesarian sec-
tion (i.e. without preceding labor) showed no signs of 
LA nerve damage.(649) Furthermore, changes in 
function of the urethral rhabdosphincter were also as-
sociated with pregnancy (i.e. before labor), and these 
remained evident at 6 months postpartum.(649, 652)  
In rabbits,(653) it has also been shown that multipa-
rous females have thinner, longer, and weaker pubo-
coccygeus muscles than nulliparous females, which 
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may indicate nerve damage also occurs in this spe-
cies.  A recent study comparing continent and incon-
tinent women(654) also demonstrated that inconti-
nent women showed evidence of poor neuromuscular 
function of the rhabdosphincter, and the authors indi-
cated that there was a correlation with age. 

Studies have indicated that neurotrophins such as 
brain derived neurotrophic factor or BDNF plays an 
important role in neural control of bladder storage and 
emptying.  In addition, BDNF also is involved in neu-
ral regeneration after an injury. Recent evidence us-
ing a childbirth simulated injury model in rodents has 
revealed that electrical stimulation of the pudendal 
nerve significantly augments BDNF expression in in-
jured motoneurons (Figure 44).  This increase in 
trophic factors such as BDNF at the spinal cord level 
can accelerate axonal regeneration and improves 
continence.(655) While underlying mechanism has 
not been established, electrical stimulation of a cut or 
damaged peripheral nerve is likely independent of 

production of trophic factors by surrounding cells 
though is dependent upon stimulation of factors in the 
regenerating axons themselves (Figure 45).(656) 
Other studies have used administration of insulin like 
growth factor-1 to activate satellite cells in the 
rhabdosphincter, which, in turn induces regeneration 
and improves continence.(657) Thus, future research 
might focus on the changes in administration of 
trophic factors or extracellular matrix that occur with 
pregnancy, childbirth, and aging.   

LA and pudendal nerves contribute to continence 
mechanisms during sneezing in rats and cats 

Analysis of the urethral closure mechanisms during 
sneeze-induced stress conditions in anesthetized fe-
male rats and cats has revealed that pressure in-
creases in the middle portion of the urethra are medi-
ated by reflex contractions of the rhabdosphincter as 
well as the pelvic floor muscles.(594, 658) Transec-
tion of the pudendal nerves reduced sneeze-induced 
urethral reflex responses by 67% and transecting the 

 
Figure 44: Relative expression of BDNF and βII-tubulin mRNA in Onuf’s nucleus. A: Images of Onuf’s nucleus 
from a laser dissection microscope. Purple coloration is from thoinin staining of neuronal cell bodies. The 
circled group indicates Onuf’s nucleus, which was cut and collected using laser microdissection, and sub-
sequently used for quantitative RT-PCR. Bar = 100µm. B: Relative expression of BDNF and βII-tubulin mRNA 
in Onuf’s nucleus after sham or simulated childbirth injury and pudendal nerve stimulation or sham stimula-
tion. Each bar represents mean +/- standard error of the mean of data from 10 animals. The mean RQ in Onuf’s 
nucleus of the pudendal nerve receiving sham stimulation were normalized to 1. * indicates a significant 
difference compared to sham stimulation (p<0.05) in the same animals. (From Jiang et al., 2013) 
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nerves to the iliococcygeus and pubococcygeus mus-
cles reduced urethral reflex responses by an addi-
tional 25%. Transecting the hypogastric nerves and 
visceral branches of the pelvic nerves did not affect 
the urethral reflexes indicating that sneeze-evoked 

urethral reflexes in normal rats were not mediated by 
these autonomic pathways. However, hypogastric 
nerve transection in conscious, chronic spinal cord in-
jured, female rats reduced urethral baseline pressure, 
reduced post-void residual urine volumes, reduced 
maximal voiding pressure, and increased voiding ef-
ficiency.  This indicates that sympathetic pathways to 
the bladder neck and proximal urethra contribute to 
urethral pressure and functional outlet obstruction 
and voiding dysfunction after spinal cord injury in un-
anesthetized animals, but not during sneezing.(659) 

9. SUMMARY 

Neural control of the pelvic floor (LA and coccygeus) 
is provided by the LA nerve, while the urethral and 
anal rhabdosphincters are controlled by the pudendal 
nerve.  LA motor neurons are similar in morphology 
to other skeletal motor neurons, showing large α and 
small γ neuronal populations diffusely distributed in 
the sacral ventral horn.  One distinguishing feature, 
however, is projections from LA motor neurons into 
Onuf’s nucleus, the location of rhabdosphincter motor 
neurons.  Presumably these projections coordinate 
pelvic floor and rhabdosphincter function.  This pro-
posed coordination of visceral and rhabdosphincter 
activity with pelvic floor muscle activity is one im-
portant area for future research.  Rhabdosphincter 
muscles and their innervation are remarkably differ-
ent from skeletal muscles.  The rhabdosphincter stri-
ated muscles do not have Golgi tendon organs and 
muscle spindles, which are common in skeletal mus-
cles.  In addition, the rhabdosphincters are intimately 
associated with the urethra and anal canal and par-
ticipate extensively in voiding and sexual function.  
Thus it should not be surprising that rhabdosphincter 
motor neurons are quite distinctive from skeletal mus-
cle motor neurons.  In contrast to the diffuse distribu-
tion of LA motor neurons in the sacral ventral horn, 
the rhabdosphincter motor neurons are densely 
packed within Onuf’s nucleus (and homologous nu-
clei in other species).  Finally, rhabdosphincter neu-
rons exhibit a number of unique membrane properties 
that may contribute to simultaneous activation and 
which are distinctive from skeletal muscle motor neu-
rons.  Important species differences exist in the spinal 
localization of anal sphincter neurons.  Other distin-
guishing characteristics of rhabdosphincter motor 
neurons are their unique morphology, their associa-
tion with abundant neurotransmitters and receptors, 
a diverse physiology, and a rich pharmacology.  
These differences presumably reflect their integral 
role in coordinating somatic and visceral function dur-
ing micturition, defecation, and copulation.  Denerva-
tion of both the pelvic floor and the rhabdosphincters 
has been associated with childbirth and aging. 

 
Figure 45: Low magnification images of two com-
mon fibular nerves are used to show the effects of 
electrical stimulation on regeneration of cut axons. 
Each nerve had been cut and surgically repaired 2 
weeks earlier using a ca. 2 mm long graft from a wild 
type donor mouse.  The boundaries of each graft are 
indicated by arrows.  The overall image of each 
nerve is a montage, constructed from images from 
several microscope fields, each taken at the same 
confocal plane through whole mounts of the nerve.  
They represent a single optical section through the 
nerve from proximal to the lesion site to its muscle 
entry point.  By 2 weeks after nerve repair, any resid-
ual fluorescence in the original distal stump (distal 
to the graft) due to degeneration of the host axons 
has disappeared. Fluoresence found in this region 
represents profiles of regenerating axons that have 
grown entirely through the grafts.  The nerve on right 
(ES) was stimulated for 1 hr at the time of the nerve 
repair.  The nerve on the left (US) was from a mouse 
that was unstimulated.  Note that in US nerve, build-
up and recurrent loopings of regenerating axons are 
found near the proximal and distal attachments of 
the host nerve to the graft (open arrows).  No such 
effects were noted in electrically stimulated nerve 
and larger numbers of regenerating axon profiles are 
present. (From English et al., 2007) 
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 FOREBRAIN CONTROL OF 
BLADDER FUNCTION 

1. BACKGROUND 

This contribution to the International Consultation on 
Incontinence should be read in conjunction with the 
companion section on midbrain control of bladder 
function.  Its aim is to present the clinical and experi-
mental evidence for the role of the forebrain in blad-
der control, and to summarize our understanding, not 
just of the individual brain regions mediating specific 
aspects of bladder behaviour, but of how they work 
together to evoke bladder sensations and appropriate 
motor activity. An important goal will be to understand 
how lack of control (urgency incontinence) can arise 
and be treated. 

The importance of the frontal cortex and brainstem in 
the control of voiding has long been recognized, but 
only in the past 2 or 3 decades has functional brain 
imaging come to dominate bladder control research. 
Most studies have been carried out using either pos-
itron emission tomography (PET) or functional mag-
netic resonance imaging (fMRI). A few have utilized 
single-photon emission computed tomography 
(SPECT) or near-infrared spectroscopy (NIRS). All 
these methods provide indirect measures of regional 
blood flow and assumed to be related to local neu-
ronal activity. Each has advantages and disad-
vantages: PET is good for measuring long-lasting 
states of a system; fMRI is better for following rela-
tively fast events, although resting-state fMRI 
measures long-lasting states; SPECT has rather poor 
temporal and spatial resolution; NIRS(660) requires 
no scanner but has limited penetration through the 
skull (10 mm) and modest spatial resolution: it has not 
become popular. 

2. ROLE AND IMPORTANCE OF 
CEREBRAL CONTROL OF VOIDING  

Normal human micturition is organized in 2 phases, 
storage and voiding, governed by reflexes involving 
the midbrain, brainstem and spinal cord. During stor-
age (99.8% of the time in health) the urethral sphinc-
ter mechanism contracts tonically, preventing urine 
leakage, while the detrusor remains relaxed, so as to 
avoid developing a pressure that would expel urine.  

During voluntary voiding, the urethral sphincter re-
laxes, facilitating urine flow, and the detrusor con-
tracts so as to expel urine. This coordinated relaxa-
tion and contraction is driven by a long-loop, spino-
bulbospinal, voiding reflex.(600) As the bladder fills, 
increasingly strong bladder afferents travel via the sa-
cral cord to the brainstem and midbrain. If a certain 

trigger level is exceeded in the midbrain periaqueduc-
tal grey (PAG), a pontine nucleus (the pontine mictu-
rition centre, PMC) is excited, the voiding reflex is trig-
gered and voiding occurs. Thus this spinobulbospinal 
voiding-reflex pathway functions like a switch, either 
“off” (for storage) or “on” (for voiding). (661) 

In the absence of higher control, such switching be-
haviour would lead to involuntary bladder emptying 
(i.e. incontinence) whenever the bladder volume 
reached the critical level sufficient to trigger the brain-
stem switch. However underlying this apparently sim-
ple mode of behaviour are complex networks of cer-
ebral neurons (Figure 46). During storage of urine the 
ascending afferent signals received by the midbrain 
periaqueductal grey (PAG) are relayed to higher re-
gions of the brain, generating unconscious changes 
(for example, changes in connectivity)(662-664) as 
well as conscious bladder sensations which are fac-
tored into the assessment of whether voiding is ap-
propriate. Crucially, motor output from these higher 
centres is able to suppress or promote voiding by ma-
nipulating the switch at brainstem level. 

 
Figure 46: Working model showing forebrain part of bladder control network. Note that PAG and PMC form 
the link with the voiding reflex, of which they are the upper terminus. The PAG receives ascending afferents 
via spinal cord from bladder; passes signals on to circuits 1, 2 and 3; and receives input back from these 
circuits, which control the state of the PMC (storage or voiding). This model is not intended to be definitive 
but to serve as a stepping stone to more detailed understanding of bladder control. 



 

 
314  COMMITTEE 3. NEURAL CONTROL 
 

This arrangement forms the substrate for the bladder 
behaviour characteristic of our species. Embarrass-
ment caused by inappropriate voiding and feelings of 
shame about incontinence are deeply embedded in 
human behaviour. Voiding at a socially acceptable 
time and place is achieved by maintaining strict vol-
untary control of the voiding reflex. Knowledge of the 
extent to which one’s bladder content is ‘safe’ is cen-
tral in this process. Thus, voluntary control of the 
bladder and urethra has 2 important aspects: regis-
tration of bladder filling sensations and manipulation 
of the voiding reflex switch. The PAG seems to play 
a pivotal role in both: as shown in Figure 46, on the 
one hand it receives bladder afferents(665)  and 
transmits them to higher brain centres and into the 
realm of conscious sensation; on the other hand it re-
ceives projections from those higher centres which 
thus provide critical input to the voiding reflex.(666) 
This input to the PAG, together with some direct input 
from the hypothalamus (Figure 46), normally sup-
presses excitation of the PMC during bladder filling, 
so preventing voiding or incontinence. Thus the net 
effect of higher control during the storage phase is 
tonic suppression of the voiding reflex. If voiding be-
comes necessary (bladder volume is large), and is 
judged (perhaps unconsciously) to be safe, and is 
consciously assessed to be socially acceptable, sup-
pression can be voluntarily interrupted, allowing the 
brainstem switch to be turned on and voiding to occur. 
These social and emotional aspects of continence 
and voiding rely on the neural pathways discussed 
below. 

3. FOREBRAIN CENTRES AND 
CONNECTING PATHWAYS 

INVOLVED IN BLADDER CONTROL 

3.1. Centres versus pathways or neural 
networks 

There is a long tradition of describing brain control of 
the bladder in terms of the activation of ‘reflexes’,  
‘neural circuits’ or ‘loops’. (667, 668)Nevertheless, 
most early functional imaging studies were inter-
preted in terms of activation or deactivation of com-
pact regions or centres. More recently, in a second 
wave of imaging studies, results have again been in-
terpreted in terms of neural circuits or connecting 
pathways governing various aspects of bladder con-
trol. 

Sections 3 and 4 describe the older evidence for the 
involvement of some of the regions of the brain that 
have proved to be the most important for bladder con-
trol or lack of control (urgency incontinence). The re-
sults are systematized with the help of the working 
model that comprises a number of neural circuits 
working together. Finally, in sections 5 and 6, the 
more recent imaging results, including studies of con-
nectivity, white-matter pathways, and the cerebral ef-
fects of treatment of urgency incontinence, are de-
scribed and placed in the same provisional frame-
work. 

3.2. Frontal Lobes 
Although Andrew and Nathan(669) were not the first 
to describe disturbances of micturition resulting from 
a variety of causes of frontal lobe pathology, their cel-
ebrated 1964 paper reporting the syndrome of fre-
quency, urgency and urinary incontinence (and in 
some patients faecal incontinence), is regarded as 
seminal in the field.  Their description of these pa-
tients cannot be improved upon:  

“[They] were not demented, indifferent or lacking in 
social awareness; they were much upset and embar-
rassed … The acts of micturition and defaecation oc-
cur in a normal manner; what is disturbed … is the 
higher control of these acts. The lesion causes fre-
quency and extreme urgency of micturition when the 
patient is awake, incontinence when asleep. The sen-
sation of gradual awareness of increasing fullness of 
the bladder and the sensation that micturition is immi-
nent, are impaired. When the syndrome is less pro-
nounced, the sensation underlying the desire to mic-
turate is absent, whereas the sensation that micturi-
tion is imminent still occurs. Then the patient is way-
laid by a sudden awareness that he is about to pass 
urine; when neither sensation is experienced, the pa-
tient is amazed to find that he has passed urine. The 
threshold of the micturition reflex is much lowered. In 
the most complete form of the syndrome, the patient 
cannot inhibit the detrusor contraction of the micturi-
tion reflex; he is thus forced to empty his bladder as 

 
Figure 47: In Andrew and Nathan’s series, regions 
where cortical lesions led to temporary incontinence 
(turquoise, in grey matter) or permanent inconti-
nence (red, in white matter). Modified from Maurice-
Williams 1974 and from a sketch made by Dr Nathan, 
kindly provided by Dr Clare Fowler (private commu-
nication). 
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soon as the reflex occurs. When the syndrome is less 
pronounced, the patient can make a conscious effort 
to stop the act of micturition, and he may or he may 
not succeed …” 

The cases of leucotomy in Andrew and Nathan’s se-
ries were regarded as the most useful for localizing 
the lesion causing the syndrome. The significant 
plane of the lesion lay immediately anterior to the tips 
of the ventricles and the genu of the corpus callosum. 
Such lesions involved grey matter, in particular the 
superomedial part of the frontal lobe (the turquoise 
blob in Figure 47); but they caused a permanent dis-
order of the control of micturition and of defaecation 
only when they involved some of the white matter lat-
eral to the anterior horns of the lateral ventricle (red 
blobs in Figure 47). 

Subsequently the same features were observed in 7 
patients out of a series of 50 consecutive frontal tu-
mours.(670) In an analysis of patients with acute 
hemispheric strokes the occurrence of disturbance of 
micturition was found to be more common in frontal 
than occipital lobe lesions and there was an associa-
tion with hemiparesis.(671) In 3 cases, Andrew and 
Nathan observed that lesions in similar areas to those 
discussed above led to urinary retention rather than 
incontinence. Three further cases of frontal lesions 
with urinary retention have been reported. Successful 
treatment brought recovery of bladder function.(672, 
673) 

Early studies using PET(674-677) or fMRI (678, 679) 
were in agreement that, during bladder filling, storage 
or withholding of urine, there was activity in the right 
inferior frontal or dorsolateral prefrontal cortex, per-
haps extending into the lateral part of the superior 
frontal cortex. There was some right-sided predomi-
nance. In contrast there was little evidence for activa-
tion of the medial parts of the frontal cortex during 
storage. An fMRI study showed abnormally weak ac-
tivation in medial prefrontal cortex in subjects with ur-
gency incontinence,(679) and further analysis sug-
gested that, in these subjects, bladder filling tends to 
provoke deactivation in this region. Disappointingly, 
there is little overlap of this medial prefrontal cortex 
with the superomedial frontal region described by An-
drew and Nathan.(669)  

3.3. Anterior cingulate cortex (ACC), 
supplementary motor cortex (SMA) and 
insula 

The anterior cingulate is an extensive area with parts 
serving varied functions.  The cases of aneurysm in 
Andrew and Nathan’s series of frontal lobe patholo-
gies were thought to have involved the anterior end 
of the cingulate gyrus.(669) Incontinence was ob-
served as part of a complex behavioural disorder fol-
lowing bilateral infarction of the anterior cingulate 
gyri.  (680) A more recent report of a patient in whom 

a glioma in the right posterior ACC and supplemen-
tary motor area was resected described how she ex-
perienced urgency incontinence and loss of bladder 
sensation following surgery.(681) 

Many functional imaging studies have observed re-
sponses (mostly activations) in ACC to bladder filling, 
storage or withholding. (674, 677);(679, 682) The re-

 
Figure 48: Brain areas involved in the regulation of 
urine storage. A meta-analysis of positron-emission 
tomography and functional MRI studies that investi-
gated which brain areas are involved in the regula-
tion of micturition reveals that the thalamus, the in-
sula, the prefrontal cortex, the anterior cingulate, the 
periaqueductal grey (PAG), the pons, the medulla 
and the supplementary motor area (SMA) are acti-
vated during the urinary storage. Reproduced with 
permission from (DasGupta et al., 2007) 

 
Figure 49: Summary of early PET, fMRI and SPECT 
studies of brainstem activation during storage and 
voiding phases of healthy subjects. PAG, periaque-
ductal grey; PMC pontine micturition centre; L-re-
gion, putative pontine continence centre. (Adapted 
from Seseke et al., 2006) 
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ported locations trail from dorsal to ventral ACC. Fig-
ure 48, adapted from a review(683) of five PET stud-
ies, (675, 677, 684); indicates some of those loca-
tions. Response to bladder filling in the dorsal part of 
the anterior cingulate (dACC) is weak in Figure 48, 
but this cingulate region and the adjacent supplemen-
tary motor area (SMA) are often abnormally activated 
in patients with urgency incontinence.(679) (See Fig-
ure 50 upper left panel, for an example.) These pa-
tients, with full bladder but without any actual bladder 
contraction, experience the abnormal sensation of ur-
gency (a compelling desire to void that is difficult to 
inhibit,(685)  also associated with fear of leak-
age,(686) i.e. embarrassment). Thus urgency is a 
powerful homeostatic and social emotion that pro-
vides strong motivation to void, perhaps with motor 
output aimed at suppressing or delaying incontinence 
until a socially acceptable location can be reached. 
fMRI observations in rats confirm activation in the cin-
gulate cortex during bladder filling, (687) although 
whether the region is homologous with the human 
dACC, and whether rats ever experience urgency or 
void voluntarily, are not known. 

Co-activation of the insula with the ACC is frequently 
seen in functional brain imaging studies of other or-
gan systems(688) and has been reported in almost 
all bladder experiments. The insula, an island of cor-
tex deep beneath the operculum of the temporal and 
fronto-parietal lobes, is regarded as the seat of “inter-
oception”, the sense of the physiological condition of 
the entire body, (689) including visceral sensa-
tion.(690, 691)  A key feature of such sensations is 
an association with an affective, motivational aspect: 
hence their value in homeostasis. Consistent with this 
role, there is a correlation between the degree of 
bladder filling and insula activation in healthy controls 
with an exaggerated increase in activation at high vol-
umes in women with poor bladder control. (679) The 
homolog of the insula in the rat responds to bladder 
filling,(687) although it is also activated during void-
ing.  

Given these observations it is remarkable that there 
have not been more reported cases of bladder dys-
function from insular lesions. One patient in whom a 
glioma affecting the inferior frontal gyrus and the in-
sula was excised experienced incontinence without 
loss of bladder sensation.(681)  

Imaging studies during storage or withholding of urine 
show that regions reported as insula form a cluster 
near the expected location (see Figure 48)(674, 675, 
679, 692, 693). There is slight right-sided predomi-
nance, barely visible in Figure 48. In healthy subjects, 
insular activation becomes stronger with increasing 
filling of the bladder, consistent with its postulated role 
in bladder sensation.(694) In normal elderly, the insu-
lar response to bladder filling decreases with age, 
consistent with age-associated loss of sensation. 
However, insula activity cannot by itself be responsi-
ble for conscious desire to void or urgency, because 
these sensations are lost following extensive frontal 
lesions,(669) suggesting that integrity of connecting 

pathways between insula and frontal cortex is essen-
tial for conscious sensation. 

Voiding, as opposed to storage, is considered in sec-
tion 4.  

3.4. Periaqueductal grey (PAG) 
The PAG must be mentioned here because of its pre-
sumed pivotal role in bladder control, even though it 
is part of the midbrain circuitry that is the topic of the 
companion chapter. A single case history describes a 
young man presenting with urinary retention in whom 
the only abnormality found was a small, presumed in-
flammatory lesion in the PAG.(695)  Presumably in 
other cases the clinical picture was dominated by 
other symptoms and deficits that were more striking 
to a neurologist. 

The brainstem/midbrain activations reported during 
the storage and voiding phases seem to cluster in 3 
distinct regions (Figure 49), one of them being the 
PAG. PAG response to bladder filling is reported in 3 
studies.(677, 679) This response may reflect in-
creased afferent signals arriving at the PAG or in-
creased inhibitory activity from the medial PFC, 
needed to prevent triggering of the voiding reflex (see 
pathway in Figure 46). 

The PAG responded to imagined voiding in one fMRI 
study,(696) but not to real voiding. 

3.5. Hypothalamus 
Imaging studies have suggested hypothalamic in-
volvement only sporadically. Correspondingly, le-
sions in the hypothalamus as a cause of bladder 
symptoms are rare but 3 cases of pituitary tumours, 
extending upwards into the hypothalamus, have been 
described with urgency incontinence or retention, 
weight loss, psychiatric disturbance and bitemporal 
field restriction.(697) Other instances include gliomas 
involving the hypothalamus(698) or vascular disturb-
ances of the anterior hypothalamus. Andrew and Na-
than also reported five patients with bladder symp-
toms appearing after a ruptured cerebral aneurysm 
and speculated that the site of lesion responsible was 
the anterior hypothalamus. (699) 

Animal observations suggest that the anterior and 
caudal hypothalamus have monosynaptic projections 
to the PAG and PMC.(666) Correspondingly, two hu-
man brain imaging reports suggest response to blad-
der filling in a region near the caudal hypothala-
mus,(677, 694) and one near the preoptic area.(679) 
These connections may allow the hypothalamus to in-
hibit voiding until the situation is judged to be safe.  

 

4. VOIDING 

The preceding sections have been largely devoted to 
storage or withholding of urine (the filling phase), and 
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this is partly a reflection of the fact that, in brain imag-
ing, voiding has been much less intensively studied 
than storage (due to logistical limitations of fRMI). It 
is also true that urinary incontinence, one of the most 
troublesome manifestations of a breakdown in blad-
der control, is a disorder of storage, not voiding.  

A signature of voiding is the behaviour of the pontine 
micturition centre (PMC) which will be discussed in 
greater detail within this chapter. 

fMRI findings regarding voiding. The insula was acti-
vated in only one(684) of four imaging studies of 
real(674, 675) or imagined(696) voiding, suggesting 
that it is not closely involved in this phase of micturi-
tion. All 4 studies revealed ACC involvement, partic-
ularly of the perigenual part of the ACC adjacent to 
the ventromedial prefrontal complex. One fMRI study 
of voiding in the anesthetized rat(687) showed sev-
eral regional activations, but human homologs are dif-
ficult to establish. 

Imagined voiding. In a group of 11 healthy women, 
relaxation of the pelvic floor, as if intending to void but 
without actually voiding, evoked activations in many 
of the same regions as contraction of the pelvic floor 
muscles.(696) Thus this does not seem to be a good 
model of real voiding, although another group(662) 
using a similar protocol found a different result. In-
deed, a pontine region that was found to be activated 
(696) may be the L-region or pontine storage centre 
activated when subjects tried but were unable to void 
in the PET scanner (see Figure 49).(700)   

Purinergic signaling is involved in the voiding reflex, 
both at the peripheral and central nerve levels.(349) 
P2X1 and P2X3 receptors play an important role in 
the micturition reflex with altered purinergic receptor 
expression in patients with detrusor overactivity.(87, 
193) Intravesical ATP has been shown (in awake 
rats) to stimulate overactivity and in patients with idi-
opathic detrusor instability there is an abnormal pu-
rinergic transmission.(184, 491) 

Involuntary voiding. A preliminary fMRI study of invol-
untary voiding (detrusor overactivity, DO)(701) 
showed marked deactivation of the frontal cortex dur-
ing DO, a finding that still awaits confirmation. 

PET studies of voiding. Blok and Holstege used PET 
to show that a pontine region probably homologous 
with the PMC was activated during voluntary voiding 
in humans, suggesting that the voiding reflex had in-
deed been triggered.(674, 684) They showed also 
that the right inferior frontal gyrus (or lateral prefrontal 
cortex) was activated during voiding. The perigenual 
cingulate, close to the ventromedial prefrontal cortex, 
which during storage, is typically deactivated, was ac-
tivated during voiding. This change may indicate that 
tonic inhibition of the voiding reflex exerted by the me-
dial frontal cortex (Fig. 50) has been switched off, al-
lowing voiding to take place. During voiding the PAG 
was activated, as were a number of other regions in-
cluding the hypothalamus and right inferior frontal gy-
rus.  

Nour et al,(684) using PET, demonstrated many re-
gional activations during voiding, including the PAG 
and a pontine region close to the PMC. However, the 
perigenual region was not activated, while the SMA, 
dACC, and left insula, were unexpectedly active.  

Some subjects who were unable to void in the scan-
ner failed to show activation either in the perigenual 
region or in the PMC. They did however show activa-
tion of a different region in the pons, believed to be 
the L-region(702) or pontine continence centre (see 
Figure 49). This may suggest involuntary tightening 
of the urethral sphincter. 

5. NEURAL CIRCUITS 

We have seen that many brain regions respond with 
altered neuronal activity to bladder filling or voiding, 
and thus presumably form part of the brain-bladder 
control network. Such brain regions are believed to 
be organized in neural circuits that perform tasks re-
lated to homeostasis – i.e. maintenance of conti-
nence and appropriate timing of voiding – answering 
questions regarding the adequacy of bladder filling, 
and the safety and social appropriateness of voiding, 
as well as the mechanical aspects dealt with by the 
brainstem switch. In the simple model shown in Fig-
ure 46, the regions described above are provisionally 
organized in 3 neural circuits that govern bladder and 
urethral behaviour.  

Circuit 2 is the most firmly established of these cir-
cuits. It comprises the dACC or midcingulate and the 
insula bilaterally (perhaps with slight right-sided pre-
dominance). Together these regions form a network 
known elsewhere as the salience network, responsi-
ble for salience or motivation as well as correspond-
ing motor output.(703) This circuit is activated by 
bladder filling, markedly in some women with urgency 
incontinence but barely in normal controls. It seems 
to correspond therefore to the sensation of urgency, 
as defined by the International Continence Soci-
ety.(685, 686)  The working model suggests (by anal-
ogy with heart rate control)(704, 705) that the output 
from dACC bypasses the PAG and descends via 
pathways that are involved in sympathetic regulation 
of bladder and urethral smooth muscle, thus helping 
to control incontinence and possibly to modulate void-
ing. The dACC and adjacent sensorimotor areas, es-
pecially the supplementary motor area (SMA), seem 
to form a functional complex that is often co-activated. 
The SMA is also activated during purely voluntary 
contraction of the striated muscles of the pelvic floor 
and urethral sphincter.(696, 700, 706, 707) Thus 
SMA co-activation during urgency may reflect tight-
ening of the striated urethral sphincter. 

The lateral part of the prefrontal cortex, sometimes 
called the inferior frontal gyrus, is activated by blad-
der filling if the dACC, SMA and insula are strongly 
activated. It therefore fits naturally in circuit 2. 
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Circuit 1 has as key region the medial prefrontal cor-
tex (mPFC), which in some women with urgency in-
continence, is deactivated when the bladder is filled 
to the point of leakage. The concept of deactivation 
has caused some perplexity, and mPFC deactivation 
was initially but incorrectly classified as a deficit in ac-
tivation.(679) However, circuit 1 is part of the widely 
recognized default mode network (DMN) that is active 
at rest and deactivated if conscious attention to a task 
or event such as rapid bladder filling is required. 
mPFC deactivation may contribute to suppression of 
voiding at the PAG, presumably by directing con-
scious attention to the behaviour of the bladder and 
sphincter. The posterior cingulate and the occipital 
cortex are other parts of the DMN that are frequently 
observed to be deactivated, although this has been 
little remarked upon. 

Circuit 3, often co-deactivated with circuit 1, includes 
the parahippocampal complex (the hippocampus and 
surrounding temporal area). These subcortical re-
gions are sometimes classified as a sub-branch of the 

DMN (circuit 1). Regardless, deactivation on attention 
to the bladder presumably contributes to voiding sup-
pression in a similar way to circuit 1.   

The hypothalamus is sometimes activated by bladder 
filling in healthy individuals or urgency-incontinent 
women. It is believed to provide a ‘safe’ signal to the 
PMC or PAG, to allow or prevent voiding. Tentatively, 
this subcortical region may belong to circuit 3. 

Other regions observed in some studies but not as-
signed to one of the 3 circuits are the thalamus, 
shown as a relay station to/from the cortex, with an 
array of connections based on what is known about a 
better-studied control system.(704, 705) The basal 
ganglia, specifically the putamen, are seen in some 
studies of connectivity. Parts of the cerebellum are of-
ten activated but its role in bladder control has been 
little studied. 

 
Figure 50: Responses to bladder filling in 62 older women with urgency incontinence and age-matched nor-
mal controls, examined with full bladder and urgency or strong desire to void. Prior to behavioural treatment 
with BFB-PFMT, those who will later respond to treatment show activation (orange/yellow blobs) in 
dACC/SMA (I), and insula (II), circuit 2. Those who will later fail to respond show deactivation (blue blobs, 
circuit 1) in mPFC (V). Normal controls show little activation or deactivation. Post-treatment, responders 
show evidence of de novo mPFC deactivation (III) and reduced dACC and SMA activation (IV). Non-respond-
ers show almost unchanged mPFC deactivation (VI). Adapted from Griffiths et al, 2015.   
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5.1. Normal and Abnormal Function 
In healthy individuals, as the bladder fills during urine 
storage it generates afferent signals that ascend to 
the brainstem switch but do not trigger it. If bladder 
volume is small then sensation of bladder filling car-
ried by these afferents is weak or absent. Corre-
spondingly, cerebral response to bladder filling is 
quite difficult to reveal when bladder volume is small, 
but there appears to be weak activation of circuit 3 
(the parahippocampal region) that may reflect sub-
conscious monitoring of the bladder and may help to 
maintain continence.(708) It should be remembered 
however that under these circumstances continence 
may be maintained principally at the spinal cord level, 
by spinal reflexes that are discussed in another sec-
tion.  

If the normal bladder is filled to capacity so as to 
evoke a strong desire to void, parts of circuit 2 – in-
sula and dACC/SMA – are slightly activated, con-
sistent with the salience of the sensation (Figure 50, 
lower left panel).(709) Such normal subjects never 
show incontinence, detrusor overactivity, or the ur-
gency experienced by subjects with urgency inconti-
nence; but if there is a strong desire to void, propaga-
tion of activity to the lateral and ultimately the medial 
prefrontal cortex probably enables a conscious deci-
sion about voiding and an assessment of social pro-
priety and possible embarrassment. If voiding is de-
sired, activation of the return pathway from mPFC to 
midbrain PAG may trigger the voiding reflex. If no 
voiding is planned, mPFC presumably remains deac-
tivated, so helping to suppress voiding via this return 
pathway, part of the normal continence mechanism. 
During normal daily life however there is usually no 
conscious awareness of the bladder at all. The mech-
anism that monitors bladder behaviour in this situa-
tion may include the subcortical circuitry of circuit 3, 
involving the parahippocampal complex and hypo-
thalamus.  

In those suffering from urgency incontinence – and to 
a lesser extent in healthy people – the dACC and 
SMA in circuit 2 (the salience network) are frequently 
activated when the bladder is well filled, generating 
the sensation of urgency and presumably sending a 
descending signal that delays bladder contraction 
and tightens the urethral sphincter. It is suggested 
that this signal makes use of sympathetic pathways, 
so bypassing the PAG and the voiding reflex in its ac-
tion on the lower urinary tract. This appears to be a 
normal mechanism that helps maintain homeostasis 
by generating sensation and motor output so as to 
address the threat of incontinence. It is exaggerated 
in those with urgency incontinence. One would ex-
pect that a lesion affecting this pathway would inter-
fere with both sensation of bladder filling and conti-
nence. 

5.1.1 Complete spinal cord injury 
A spinal cord injury will interfere with the propagation 
of afferent signals from the bladder to the brainstem; 
a complete injury would be expected to abolish all 

such bladder signals, making bladder sensation and 
control impossible. Krhut et al.(710) showed how-
ever, in 14 patients with complete lesions at C7 to T5 
sustained about 17 months previously, that bladder 
filling evoked activity in several regions, including the 
nucleus of the solitary tract and the parabrachial nu-
cleus, nuclei which probably carry afferents via the 
vagal nerve, bypassing the normal afferent pathway. 
These afferents were able to excite several regions 
belonging to the circuits shown in Figure 46 (hypo-
thalamus, thalamus, amygdala, insula, anterior cingu-
late, and prefrontal cortex), suggesting that the vagal 
nerve may play a role in the re-innervation of the blad-
der after spinal cord injury, so perhaps allowing a 
measure of bladder sensation to be regained. 

5.2. Voiding 
Referring to Figure 46, if voiding is voluntarily decided 
upon (in the prefrontal cortex) a series of stereotypi-
cal actions follows (finding a toilet, adjusting clothing, 
adopting the correct posture) and ultimately the deac-
tivating pathway from mPFC to brainstem PAG is si-
lenced or reversed, removing inhibition of the voiding 
reflex and allowing activation of the PMC – provided 
that input from the hypothalamus permits it.  

6. RECENT DEVELOPMENTS IN FMRI 
AND RELATED STUDIES 

Since the previous ICI, a number of imaging studies 
have been reported which add to our knowledge of 
the effect of treatment and the connectivity of the neu-
ral circuits outlined above, so further testing the work-
ing model and its interpretation. 

6.1. Treatment of urgency incontinence 

6.1.1 Behavioural treatment: biofeedback-as-
sisted pelvic floor muscle training (BFB-
PFMT) 

BFB-PFMT is not just ‘Kegel exercises’. As well as 
EMG or pressure feedback from the pelvic floor to 
help identify the correct muscles to exercise, it in-
cludes practice in the techniques of urge suppres-
sion, and this is the part of the treatment most valued 
by patients.(711) Urge suppression is the conscious 
attempt to control the bladder, overriding any auto-
matic or reflex responses by using voluntary effort 
and attention to keep the sphincter shut. 

In a group of neurologically normal older women with 
moderate to severe urgency incontinence, a 12-week 
course of biofeedback-assisted pelvic floor muscle 
training (BFB-PFMT) reduced the frequency of incon-
tinence episodes from 3.5 to 1.9 per 24 hours 
(p <0.0001). (709) Not all patients responded to treat-
ment (arbitrarily defined as 50% or greater reduction 
in incontinence frequency): 46% of all subjects were 
responders by this criterion. Functional brain imaging 
showed that, prior to treatment, not all patients re-
sponded in the same way to bladder filling (Figure 
50): some activated circuit 2, including dACC/SMA; 
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others deactivated circuit 1, including the mPFC. In-
triguingly, the mPFC deactivators tended to fail to re-
spond to BFB therapy, while the dACC/SMA activa-
tors did respond. Moreover, those who responded 
tended to do so by deactivating the mPFC (Figure 
50), suggesting that BFB-PFMT works by increasing 
conscious attention to the bladder (exactly as taught 
by urge suppression,(711) and consistent with An-
drew and Nathan’s original description(669) of the im-
portance of conscious attention). Furthermore, 
among responders, dACC/SMA activation decreased 
after treatment, consistent with reduced salience 
(less urgency), thereby showing that dACC/SMA ac-
tivation is not the cause but the consequence of UUI 
improvement. It appears therefore that those who al-
ready, at baseline, exercise conscious control of the 
bladder cannot reduce incontinence by increasing 
that conscious control, while others who experience 
great urgency without much attempt at conscious 
control are able to improve the situation by increasing 
their conscious control, a skill that can be taught by 
urge suppression techniques. 

These observations fit nicely into the circuits identi-
fied in the working model of bladder control. They 
show also that a trial of therapy, monitored with brain 
imaging, can yield a good deal of information about 
how the therapy works, although without a formal 
control arm it provides little information about the ac-
tual cause of the urgency incontinence. 

The urge suppression used in this study was based 
on the use of quick pelvic floor muscle squeezes to 
control the bladder whenever urgency was experi-
enced. BFB-aided instruction in pelvic floor exercises, 
particularly quick squeezes, was a helpful prelimi-
nary. Note that urge suppression is aimed at exerting 
voluntary control of the bladder. It is different from 
"the knack", which is a technique for stress inconti-
nence aimed at the pelvic floor muscles. 

6.1.2 Pharmacological treatment of urgency 
incontinence 

Antimuscarinics are widely used to treat urgency in-
continence. They are believed to act peripherally, by 
reducing the activity of bladder afferents (and in turn, 
excitability of the bladder muscle) and thus the ampli-
tude of the afferents ascending to the PAG and 
thence to the forebrain and circuits 1, 2, and 3. Man-
ufacturers have attempted to reduce any direct cen-
tral effect of their drugs by limiting penetration of the 
blood-brain barrier or by other means. 

A pilot study(712) of the effect of a commonly used 
antimuscarinic agent, fesoterodine, showed that, in 8 
older women with UUI, cortical activation was re-
duced after treatment, in regions that included 
dACC/SMA. This is consistent with the expected re-
duction of urgency after improvement of urgency in-
continence, and tends to support the interpretation of 
circuit 2 in the working model. A similar study of the 
effect of a β3 adrenergic agonist, a non-antimusca-
rinic pharmacological treatment for overactive blad-
der, has not yet been reported. 

6.1.3 Neuromodulation for treatment of neu-
rogenic incontinence 

Blok et al.(713) used PET to measure brain activity in 
20 patients with urgency incontinence. 12 had had 
chronic sacral neuromodulation (SN) via an im-
planted unilateral S3 nerve neuro-stimulator for > 6 
months. 8 underwent SN acutely for the first time in 
the scanner.  

In the chronically implanted patients, switching on the 
stimulation caused significant decreases in brain ac-
tivity in the middle part of the cingulate gyrus (circuit 
2) and the ventromedial orbitofrontal cortex (circuit 1), 
suggesting deactivation of circuit 1 that leads to sup-
pression of voiding at the PAG, with a consequent re-
duction in urgency (circuit 2). Other stimulation-de-
pendent changes seen in midbrain, thalamus, and 
dorsolateral prefrontal cortex are more difficult to in-
terpret. Nonetheless these observations imply that 
long-term neuromodulation does indeed alter the 
bladder control system. 

In newly implanted patients, in contrast, acute sacral 
neuromodulation (SN) caused significant decrease in 
the activity of the medial cerebellum, and increase in 
the right postcentral gyrus cortex, the right insular cor-
tex and the ventromedial orbitofrontal cortex. Some 
of these regions are similar to those in the chronic 
stimulation group, but the effects of chronic and acute 
SN showed significant differences in parts of the brain 
believed to be concerned with learning: the associa-
tive sensory cortex, the premotor cortex and the cer-
ebellum. 

These findings suggest that, acutely, SN predomi-
nantly modulates areas involved in sensorimotor 
learning. These areas become less active as SN is 
continued, revealing ultimately that chronic SN influ-
ences, via the spinal cord, brain areas of the working 

 
Figure 51: Activation patterns (orange/yellow blobs) 
revealed by mimicking micturition in 22 patients. (A) 
Periaqueductal gray, (B) inferior frontal cortex, (C) 
inferior parietal cortex, (D) insula, (E) anterior cingu-
late cortex and (F) supplementary motor area. Blue 
blobs show a trend to deactivation near mPFC. 
(From Seseke et al., 2013) 



 

 
FOREBRAIN CONTROL OF BLADDER FUNCTION  321 

 

model implicated in detrusor hyperactivity, aware-
ness of bladder filling, the urge to void and the timing 
of micturition. Furthermore, SN affects areas involved 
in alertness and awareness.  

6.1.4 Deep brain stimulation for treatment of 
Parkinson’s disease: effects on bladder 
function 

Deep brain stimulation of the subthalamic nucleus 
(STN-DBS), part of the basal ganglia, has proved to 
be an effective therapy for off-period motor symptoms 
and dyskinesias in advanced Parkinson's disease. 
Clinical studies have shown that STN-DBS also ame-
liorates urinary bladder function in Parkinson's dis-
ease by delaying the first desire to void and increas-
ing bladder capacity.(714, 715) Herzog et al per-
formed a PET imaging study aimed at investigating 
the effect of STN-DBS on the neural mechanisms un-
derlying cerebral bladder control.(714) In 11 patients 
with bilateral STN-DBS they observed a significant in-
teraction between bladder state (full/empty) and STN-
DBS in ACC and lateral frontal cortex.(714)  During 
urodynamic bladder filling, with or without stimulation, 
a filled bladder led to a significant increase of activity 
in the anterior cingulate cortex, which was further en-
hanced with stimulation off. These authors suggested 
that STN-DBS ameliorates bladder dysfunction and 
that the mechanism may include facilitated pro-
cessing of afferent bladder information.  

In a second PET study of 9 such patients,(716) uri-
nary bladder filling led to increased activity in the per-
iaqueductal grey (PAG), the posterior thalamus, and 
the insular cortex, as well as in the right frontal cortex 
and the cerebellum bilaterally. A significant interac-
tion between bladder filling and STN-DBS was ob-
served in the posterior thalamus and the insular cor-
tex, with enhanced modulation of these areas when 
stimulation was on. Furthermore, modulation of the 
neural activity in the thalamus and the insular cortex 
by PAG activity was observed only with stimulation 
on. These data suggest that STN-DBS facilitates the 
discrimination of different bodily states by supporting 
sensory perception and underlying neural mecha-
nisms. Furthermore, the brain regions identified by 
DBS (except for the stimulation site itself) belong to 
the working model (Figure 46). 

More recently it has been shown,(717) in humans and 
rodents, that deep brain stimulation in the PAG can 
rapidly and reversibly manipulate the voiding switch, 
so as to defer voiding and maintain urinary conti-
nence, even when the bladder is full. It appears there-
fore that manipulation of neural continence pathways 
by deep brain stimulation may offer new avenues for 
the treatment of urinary incontinence but, given the 
invasive nature of DBS, only those whose inconti-
nence is of central origin as in Parkinson’s disease 
are likely to be considered for treatment.  

6.1.5 Abnormal brain responses following 
radical prostatectomy 

Seseke et al.(718) demonstrated brain responses to 
urethral sphincter contraction that involved expected 
regions (Figure 51); among other observations it re-
vealed a trend to mPFC deactivation that supports the 
results shown in Figure 50 and elsewhere. These re-
sponses were similar to those found previously in a 
different group of males without urological abnormal-
ity,(719) except that they were smaller overall in the 
post-operative group. This was taken to imply a de-
gree of iatrogenic sphincter damage caused by sur-
gery. 

6.2. Connectivity 
Increased interest in neural circuits, as opposed to 
isolated centres of brain activity, has led to a prolifer-
ation of methods intended to quantify the connectivity 
that supports the integrity of the circuits. Many studies 
depend on correlation between the fMRI signals in 
different regions, known as “functional connectivity” 
and defined as statistical dependency among remote 
neurophysiological events. (718, 720) Functional 
connectivity conveys no information about the direc-
tion of the connection. Various methods have been 
devised to get around this limitation and thus meas-
ure “effective connectivity” – the influence that one 
neural system exerts over another. 

6.2.1 Psycho- and physio-physiological inter-
action 

Psycho- and physio-physiological interaction are 
methods intended – at least partially – to demonstrate 
effective connectivity. Tadic et al.(721) used physio–
physiological interaction to study effective connectiv-
ity in women aged 26-85 years, 11 with urgency in-
continence and 10 with normal bladder function. Re-
gions of interest representing the right insula (RI) and 
anterior cingulate gyrus (ACG) were used as seed re-
gions. Other regions effectively connected to them 
were identified by significant correlation between the 
local fMRI signal and the interaction RIxACG. Among 
normal subjects, many regions involved in bladder 
control were effectively connected with RI/ACG, in-
cluding frontotemporal and sensorimotor cortex, fore-
brain, midbrain and pontine regions. Among urgency-
incontinent subjects, the effective connectivity was 
shifted posteriorly to a parieto-temporal complex. 
Thus, the connectivity of the bladder control network 
appeared to differ in normal and UI subjects. A sub-
sequent paper using the same method in 10 conti-
nent, healthy women aged 30-79 years revealed con-
nectivity with RI and dACC in regions that included 
bilateral putamen (basal ganglia) and right pontine 
micturition center. Connectivity tended to become 
stronger with age in regions that included L insula, L 
paracentral lobule and PAG. Consistent with its puta-
tive role in maintaining continence (see Figure 46), 
medial prefrontal cortex (mPFC) showed a trend to 
deactivation on bladder infusion that became more 
prominent in old age, and connectivity that weakened 
significantly with age. Thus, with increasing age, 
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weaker signals in the bladder control network as a 
whole as well as changes in mPFC function or con-
necting pathways may contribute to the development 
of urgency incontinence. 

Kuhtz-Buschbeck et al.(662) pointed out that, when 
the bladder is moderately full, the desire to void can 
be suppressed, but it can also be called forth deliber-
ately. They studied brain activity during such inten-
tional modulations of bladder sensation in healthy vol-
unteers (17 women, 16 men). The supplementary 
motor area, midcingulate cortex, insula, frontal oper-
culum, and right prefrontal cortex (regions of circuit 2; 
see Figure 46) were consistently more active when 
the desire to void was enhanced without allowing 
urine to pass ("attempted micturition") than when 
bladder sensations were suppressed. Consistent with 
the above, the psychophysiological interaction 
method showed that the midcingulate cortex had 
stronger connectivity with the PAG and medial motor 
areas during attempted micturition than during sup-
pression. The left and right insula however showed 
weaker connectivity with many other brain regions 
during "attempted micturition”. Therefore intentional 
modulations of the desire to void can change the ef-
fective connectivity of the brain regions involved in cir-
cuit 2, the salience network. Some but not all of the 
observations are in the direction of greater salience 
and stronger connectivity when desire to void is en-
hanced, as one would expect from the interpretation 
of the working model. 

6.2.2 Resting-state functional connectivity 
Study of resting-state functional connectivity has re-
cently become popular because it provides infor-
mation about connectivity in a given “resting” state 
without requiring use of an artificial protocol such as 
infusion/withdrawal or attempted micturition. Typi-
cally, a seed region is chosen a priori and parts of the 
brain are sought where, over a long period in a resting 
state, neural activity is correlated with activity in the 

seed region.  High correlation implies strong func-
tional connectivity, and experience in non-bladder 
fields has shown that it usually indicates an actual 
neural interconnection (not necessarily monosynap-

tic). The direction of the interconnection remains un-
certain.  

Nardos et al. have published a pair of papers based 
on resting-state data. They first showed in continent 
women (663) that bladder filling was associated with 
activation of a large n umber of brain regions, and 
with these as seed regions used resting-state fMRI to 
identify significant change in connectivity between full 
versus empty bladder in numerous brain regions, in-
cluding medial frontal gyrus, posterior cingulate 
(PCC), inferiolateral temporal and post-central gyrus, 
amygdala and caudate. Tellingly, many of these re-
gions form parts of the working model. They then 
used multivariate pattern analysis in women with ur-
gency incontinence to demonstrate abnormal pat-
terns of functional connectivity in a resting state. Their 
findings were able to classify individual patients as 
having urgency incontinence or not with good sensi-
tivity (89%) and specificity (83%).(722) (See Figure 
52) Furthermore, they pointed out that a large well-
distributed brain system reacted to bladder filling, but 
very few regions showed different levels of activation 
when the bladder was full versus when it was empty. 
Therefore it appeared that something other than the 
level of brain activity must account for a significant 
portion of the bladder control involved when the blad-
der was filled to capacity. The large and significant 
changes in the brain’s functional connectivity when 
the bladder was full, versus when it was empty, sug-
gested that the central process responsible for in-
creased control in the full bladder state relied largely 
on how distributed brain systems were functionally in-
tegrated. Thus there are likely two mechanistic tar-
gets for understanding atypical bladder function – one 
target that focuses on the level of activity in critical 

 
Figure 52: Resting state connectivity data: functional connections that are predictive of whether or not an 
individual had urgency incontinence. Each connection is a correlation between two regions of interest (ROIs, 
represented as spheres) that are functionally connected, indicated by having the same letter. The names of 
the ROIs and coordinates in Talairach Atlas space are indicated on the right. 
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brain regions, and another on how these brain re-
gions are functionally connected. This may be an im-
portant insight. 

Jarrahi et al, (723) using a network variant of func-
tional connectivity, found that bladder filling (to strong 
desire to void) changed the connectivity between in-
sula and parahippocampal complex; insula and ven-
tromedial prefrontal cortex; and ventromedial prefron-
tal cortex and temporal-parietal junction. These re-
gions are again as expected from the working model.  

Although not strictly a measure of connectivity, the 
parameter “regional homogeneity” (ReHo) is a meas-
ure of brain activity that evaluates the similarity be-
tween the fMRI signal for a given voxel and its nearest 
neighbors. Usually resting-state data is employed. 
ReHo is based on the hypothesis that intrinsic brain 
activity is manifested by clusters of voxels (high 
ReHo) rather than isolated single voxels (low ReHo). 
Recently, Gao et al (664) used this method to deter-
mine brain activity of healthy men and women with 
empty and full bladder, and the difference between 
these two bladder states. In contrast to the Nardos 
group,(722)  they found that brain activity became 
stronger with full bladder, perhaps suggesting that 
this method is more sensitive than the functional con-
nectivity method. Increased activity was observed in 
the prefrontal cortex, anterior cingulate, hypothala-
mus, temporal lobes and left caudate, broadly con-
sistent with the working model. 

6.2.3 White-matter integrity and tractography 
Proper connectivity between regions of the brain re-
quires intact white-matter pathways. Damage to criti-
cal pathways may cause permanent incontinence 
(see section 3.2). For example, disruption of the path-
way from medial frontal cortex to brainstem may in-
terfere with the signal that maintains continence by 
tonically inhibiting the voiding reflex (see Figure 46). 
Indeed, studies have identified white-matter disease 
as the pathology underlying a triad of symptoms com-
monly seen in the elderly – incontinence, impairment 
of gait and cognitive disability.(724-726)  The Kuchel 
group(724) used structural MRI to demonstrate that 
the burden of white-matter disease (white-matter hy-
perintensities, WMH) in right inferior frontal regions 
and selected white-matter tracts predicted inconti-
nence, incontinence severity, and degree of bother. 
(724) The Pittsburgh group(725) used functional and 
structural MRI to show that, in elderly incontinent 
women, regional brain activations and deactivations 
became more prominent with globally increased 
WMH: increased activity in medial/superior frontal gy-
rus (adjacent to dACC) seemed to suggest aug-
mented urgency with increasing WMH; more promi-
nent deactivation in perigenual ACG (adjacent to 
mPFC) might suggest augmented conscious atten-
tion to the bladder with increasing WMH. Damage af-
fecting the anterior thalamic radiation seemed to be 
particularly associated with urinary incontinence: this 
tract may include part of the pathway from medial pre-

frontal cortex to brainstem mentioned above (see Fig-
ure 46). Regardless, this behaviour is consistent with 
a general principle governing functional impairment in 
the elderly, that increased effort is required to main-
tain homeostasis.(724)   

Diffusion Tensor Imaging is a quite different method 
of assessing the integrity of white-matter pathways. 
Because white matter tracts have a fibrous structure, 
water molecules diffuse more rapidly in the direction 
aligned with the internal structure, and more slowly in 
the perpendicular direction. This difference can be 
detected by MRI. Expressed as a fraction of the mean 
(the “fractional anisotropy”) it measures the integrity 
of the structure, while the direction of fastest diffusion 
in each voxel can be used to track the white-matter 
pathways and hence visualize the connectivity of var-
ious brain regions (“tractography”). Detrusor-tensor 
imaging has not been used to its full potential in brain-
bladder studies but initial results in women with ur-
gency incontinence appear promising, since they 
suggest reduced white-matter integrity in pathways 
such as the fornix, that might not otherwise been re-
vealed.  

7. CONCLUSION 

The fact that voiding and continence are under fore-
brain control is now well established by multiple lines 
of evidence. Brain-imaging protocols designed to ex-
cite bladder afferent signals lead to striking changes 
– activation or deactivation – in many brain regions. 
An obvious question is: what do these changes rep-
resent? Are they simply a side-effect of bladder ma-
nipulation or do they reveal the actual working of the 
bladder control system? This chapter takes the latter 
view. Some of the brain regions involved are known 
with reasonable certainty, although further investiga-
tions, particularly of normal behaviour, voiding, and 
different age groups of both genders, will be helpful. 
The specific functions of these regions and the path-
ways connecting them are less well known but spec-
ulatively they can be organized in a working model 
comprising a few neural circuits that perform tasks re-
lated to homeostasis and maintenance of continence. 
These tasks include reception of bladder afferents; 
generation of bladder sensation aimed at ensuring 
regular (but voluntary) voiding; and provision of motor 
output that acts on the voiding reflex, via the brain-
stem switch, to delay or advance the moment of void-
ing; a second output pathway bypasses the brain-
stem switch and so is not concerned with the timing 
of voiding. 

Looked at in this way, it is clear that bladder function 
disorders such as urgency incontinence might in prin-
ciple be facilitated by abnormalities in the voiding re-
flex itself (peripheral or spinal); or by abnormalities of 
cerebral control, the topic of this chapter; or by both. 
And indeed there is evidence that structural damage 
to critical connecting pathways can contribute caus-
ally to urgency incontinence. Treatment of such dis-
orders leads to changes in brain activity that may be 
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simply a consequence of successful treatment, but 
can sometimes indicate a mechanism of therapy, 
thus helping to design improved therapies and guide 
new research. 

Bladder dysfunction is encountered in both neurolog-
ically compromised and neurologically apparently in-
tact people. It is a characteristic feature of some dis-
eases, such as Parkinson’s disease, which have a 
cerebral origin. In such diseases one would expect to 
find changes in brain function that could be a target 
for therapy or a marker of therapeutic success. Pa-
tients with such serious disease may be candidates 
for invasive therapies that interfere directly with brain 
function. For example deep brain stimulation of sub-
cortical nuclei may improve bladder function as well 
as motor function in general. Other patients, for ex-
ample women with overactive bladder, have no obvi-
ous neurological abnormality. In them one might ex-
pect to find a number of factors, cerebral, spinal or 
peripheral, that contribute to the dysfunction; any of 
them might be a target for therapy. 

Deeper understanding of bladder control, by elucidat-
ing causal and therapeutic mechanisms, is expected 
to show the way to a new generation of treatments for 
otherwise intractable bladder dysfunction. 

 PONTINE-MIDBRAIN 
CONTROL OF BLADDER 

FUNCTION  

The coordinating role of the caudal brainstem in the 
urinary bladder control was demonstrated by the ob-
servation that micturition was abolished by precise le-
sions at the level of the inferior colliculus whereas le-
sions rostral to the colliculus facilitated micturition, 
presumably by removing inhibitory influences.(727, 
728) (Anatomical and physiological studies in both rat 
and cat have delineated midbrain-pontine-spinal cord 
circuits in reflexes controlling filling and emptying of 
the bladder. The role of the so-called pontine micturi-
tion center (PMC) revealed by animal models trans-
lates well to humans as indicated by brain imaging 
during micturition and urine withholding(674, 729) 
and clinical cases showing that specific pontine le-
sions can result in either urinary retention or urinary 
incontinence.(671, 730, 731) This section will review 
the anatomical and physiological evidence for the 
caudal brainstem circuitry that regulates the auto-
nomic and somatic motor innervation of the lower uri-
nary tract.  

1. AFFERENT PATHWAYS LINKING 
THE BLADDER AND URETHRA TO 

THE PONS AND MIDBRAIN  

Sensations of bladder fullness are conveyed to the 
spinal cord by the pelvic and hypogastric nerves, 

while input from the bladder neck and urethra is car-
ried in the pudendal and hypogastric nerves. Affer-
ents arising from the bladder and urethra are mecha-
noreceptive (myelinated Aδ fibres) and nociceptive 
(unmyelinated C fibres). The main afferents for the 

control of the bladder during continence and micturi-
tion are those passing through the pelvic nerves, 
whose fibers terminate on neurons in the lateral as-
pect of the dorsal horn and the intermediate zone of 
the lumbar and sacral spinal cord.(600, 732) Many of 

 
Figure 53: Schematic depicting information flow be-
tween the bladder, spinal cord and brain.  In the cat 
spinal cord interneurons relay information about the 
bladder to the PAG. The pontine micturition center 
(or PMC) gets input from the PAG, lateral hypothala-
mus and medial preoptic nucleus. The PMC also gets 
input from the PAG, lateral hypothalamus and me-
dial preoptic nucleus.  PMC neurons project to the 
locus coeruleus (LC) and preganglionic parasympa-
thetic neurons of the lumbosacral spinal cord that 
innervate the detrusor.  There are also projections to 
premotor neurons in the dorsal gray commissure 
that innervate and inhibit Onuf’s nucleus which pro-
jects to the urethral sphincter.  A pontine continence 
center (PCC) has been proposed in the cat and is lo-
calized to the L-region of the pons.  Neurons here 
project to Onuf’s nucleus. 
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these interneurons make spinal connections that me-
diate segmentally organized reflex responses. How-
ever, a proportion of these spinal interneurons send 
ascending projections supraspinally to specific areas 
in the pons and midbrain that are involved in the mic-
turition reflex (Figure 53) Other interneurons relay in-
formation to forebrain structures, including the thala-
mus and the hypothalamus,(733) but these are 
though not to play a role in the basic micturition reflex. 
The circuitry through which information from the uri-
nary bladder is conveyed to the brain varies some-
what depending on the species in which the anatomy 
was characterized. The main area in the caudal brain-
stem in the cat and presumably also in humans which 
receives this information is the periaqueductal gray 
(PAG), a region of the midbrain.(625) The PAG is a 
midbrain area mainly known for its role in pain modu-
lation.(734) In recent years it has become clear that 
this nucleus around the aqueduct of Sylvius is es-
sential for many vital functions, like respiration, ag-
gression, mating, defecation and micturition. The 
forebrain controls the PAG like a switch and complex 
behavior like micturition can be turned on or off in-
stantly depending of the state of the individual.(735, 
736) 

In the cat anterogradely labeled fibers from the lum-
bosacral spinal cord form a dense terminal field par-
ticularly in the lateral PAG.(625) Furthermore, blad-
der and pelvic nerve stimulation evokes activation of 
the PAG.(737) The importance of the PAG in the cat 

is exemplified by the observation that electrical stim-
ulation of the lateral PAG results in the cat in micturi-
tion that includes an initial relaxation of the external 
urethral sphincter (EUS) followed by a bladder con-
traction.(738, 739) Furthermore, the lateral and, to a 
lesser extent, the dorsal PAG projects specifically to 
the PMC.(739) It has been proposed that the basic 
micturition reflex contains an ascending pathway 
from the lumbosacral cord to the PAG and PMC and 
a descending pathway from the PMC to the sacral 
cord. Lesioning between the PAG-PMC and the sa-
cral spinal cord will result in a disruption of the normal 
micturition reflex. Lesions of rostral from the mesen-
cephalic PAG will result in the loss of control of the 
timing of micturition, but the micturition reflex, with re-
laxation of the EUS followed by a contraction of the 
bladder muscle, remains intact. 

Studies in the rat using retrograde tracing from the 
PMC and anterograde tracing from the spinal cord 
provided evidence for direct projections from spinal 
neurons to the PAG, but also to the PMC, which do 
not exist in the cat. This suggests that the role of the 
PAG in the micturition reflex of the rat is more modu-
latory than primary part of the reflex loop.(740, 741) 
(Given the role of the PAG in nociception and defen-
sive behavior it is likely that in rats the PAG exerts an 
influence on micturition through the PMC under spe-
cific conditions but that it is not necessary for micturi-
tion to occur with bladder filling. Although these puta-
tive circuits are based on animal models, a pivotal 
role for both the PAG and PMC has been confirmed 

 
Figure 54: Schematic depicting neuronal types (micturition or bladdercontraction) versus inverse or bladder 
filling within the major midbrainand ponto-medullary regions involved in central neural regulation of bladder 
function. A major future aim must be to understand both the intra- and inter-nuclear connectivity of neurons 
involved in bladder contraction and filling. Who drives who and what terminates firing of neurones during 
bladder filling and contraction. Additionally, how are the volitional drives integrated with the automatic con-
trol circuitry of the lower brain. Abbreviations: P, parasympathetic neuron; PAG, periacqueductal grey; PMC, 
pontine micturition centre; PSC, pontine storage (continence) centre; RVMM, rostral ventromedial medulla; 
S, sympathetic neuron. 
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in man using positron emission tomography and func-
tional magnetic imaging with and without a full blad-
der (see Figure 48).(674, 675, 679, 683, 692) 

2. EFFERENT PATHWAYS FROM 
THE PONTINE MICTURITION CENTER 
(PMC OR BARRINGTON’S NUCLEUS)  

In 1925 Barrington was the first to describe a pontine 
control center for micturition in the cat on the basis of 
bilateral lesion studies.(727, 728) This region was lo-
calized in the dorsal pons and is now termed pontine 
micturition center (PMC) or Barrington’s nucleus. 
Later studies used more discrete lesions that abol-
ished micturition and caused urinary retention in cats 
and rats.(742, 743) Lesions in humans as a result of 
stroke or multiple sclerosis in an analogous region 
similarly result in urinary retention in man.(731, 
744)(Figure 54) 

The PMC is located in the dorsal pons ventromedial 
to the rostral pole of the locus coeruleus (LC) in the 
rat, but intermingled with neurons the LC in the 
cat.(745) Notably the LC in rats and cats differ sub-
stantially in that the LC is homogeneous in the rat with 
all neurons containing norepinephrine, whereas it is 
more heterogeneous in the cat, with norepinephrine 
neurons being interdigitated with non-norepinephrine 
neurons.(746) In humans, comparable regions in the 
pons have been described recently in the dorsal part 
of the pontine tegmentum, including the possible 
PMC.(747) Long descending axons from the PMC 
have been described to project to the intermediola-
teral cell column.(748) These axons have excitatory 
terminal boutons on parasympathetic preganglionic 
motoneurons innervating the bladder in the lumbosa-
cral preganglionic cell column.(603) PMC neurons 
are antidromically activated from the dorsolateral fu-
niculus of the first sacral segment, providing physio-
logical confirmation of its spinal projections.(597, 
749) 

Physiological studies have confirmed the role of the 
PMC in micturition. Both electrical and chemical acti-
vation of the PMC in rats and cats initiates bladder 
contractions and relaxes the urethral sphincter mim-
icking normal micturition.(602, 702, 750) Single unit 
recordings in rat pons revealed 3 types of responses 
to bladder contraction, an excitation that occurred 
only prior to contraction (E1), an excitation that oc-
curred prior to and was maintained during contraction 
(E2) and an inhibition during contraction.(751) Neu-
rons that were activated just prior to contraction and 
that maintained activation during contraction were 
found in the PMC while the other two types of neurons 
were scattered throughout the pontine tegmentum.  
Similar results were reported in cats during cystome-
try.(752) 

There are basically three micturition phases: 1. pre-
micturition phase during realization of a safe environ-

ment; 2. relaxation phase during relaxation of the ex-
ternal urethral sphincter; and 2. contraction phase 
during contraction of the detrusor muscle. Without the 
onset of one of these phases normal micturition at the 
right time and place does not take place. These three 
micturition phases are controlled by three separated 
specific central pathways. The pre-micturition phase 
is controlled via a forebrain pathway to the PAG and 
PMC,(583) the relaxation phase is controlled via an 
excitatory PMC pathway to inhibitory sacral interneu-
rons,(605) and the contraction phase via the already 
mentioned excitatory PMC pathway to sacral pregan-
glionic bladder motoneurons.(603) 

The forebrain pathway is important for the executive 
signal to initiate micturition. The inhibitory PMC path-
way to the sacral spinal cord does not terminate di-
rectly on the motoneurons of the external urethral 
sphincter in the Onuf’s nucleus. The PMC sends long 
descending fibers to the intermediomedial cell col-
umn, also called dorsal gray commissure or lamina X, 
which make contact with inhibitory interneurons con-
taining GABA and glycine.(605, 606) These inhibitory 
interneurons, in turn, project specifically to the moto-
neurons of the striated external urethral sphinc-
ter.(753) Stimulation of the sacral intermediomedial 
cell column of the cat results in a strong relaxation of 
the external urethral sphincter, mimicking the relaxa-
tion of the sphincter during micturition.(604) 

Together, the anatomical and physiological findings 
described above point to the PMC as being the com-
mand center during micturition for both the relaxation 
phase involving the external urethral sphincter and 
the contraction phase involving the smooth detrusor 
muscle of the urinary bladder. 

3. FOREBRAIN INPUTS TO THE 
PONTINE MICTURITION CENTER   

As mentioned previously, the PAG and the PMC are 
both part of the basic micturition reflex. Afferents to 
the PAG and PMC are important to initiate or withhold 
micturition (pre-micturition phase) and could be tar-
gets for modulating bladder function.  The most prom-
inent afferents in the cat and rat are the lateral hypo-
thalamus and medial preoptic area.(754-756)  

The lateral hypothalamus, particularly, the periforni-
cal region is a major source of afferents to the 
PMC.(755, 756) The lateral hypothalamus is involved 
in defensive responses and modulation of the PAG 
and PMC by the hypothalamic afferents likely plays a 
role in urination as a component of the defense re-
sponse (757, 758). A second major afferent arises 
from the medial preoptic area. This pathway termi-
nates directly on spinal-projecting PMC neu-
rons.(759) Many of these neurons express estrogen 
receptor alpha, suggesting that this is an estrogen 
sensitive pathway.(760) The medial preoptic region 
has been suggested to provide an inhibitory influence 
during sleep and/or sexual activity to suppress mictu-
rition.(761) 
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4. COORDINATION OF BLADDER 
WITH OTHER PELVIC VISCERA BY 

THE PMC  

Transneuronal tracing studies with pseudorabies vi-
rus injection into different pelvic viscera suggests that 
the PMC neurons are also positioned to regulate ac-
tivity of multiple pelvic viscera, including bladder, dis-
tal colon and sex organs, and perhaps coordinate ac-
tivity between viscera. Dual PRV labeling from colon 
and bladder results in a large population of Barring-
ton’s nucleus neurons that are double labeled from 
both viscera, suggesting that their axons diverge to 
innervate both bladder and colonic parasympathetic 
efferent.(440) PRV labeling from the penis, prostate 
and perineal muscles also suggests an overlap of 
central neurons and time course of labeling with blad-
der.(762) Chemical stimulation of Barrington’s nu-
cleus neurons increases distal colonic intraluminal 
pressure, which is abolished by muscarinic antago-
nists.(763) Notably, most Barrington’s nucleus neu-
rons are activated by increases in bladder pressure 
and many of these are also activated by increases in 
colonic intraluminal pressure indicating that these 
neurons receive convergent information from both 
viscera.(449) Although these findings suggest a role 
for the PMC in coordinating bladder and colonic ac-
tivity, currently there is no evidence that PMC impacts 
on ongoing distal colon activity. Furthermore, the ac-
tivity of the distal colon is highly dependent on other 
factors such as pressure gradients and the enteric 
nervous system.  Recently, PET scanning suggested 
that the PMC is also involved in the control of orgasm 
in both men and women.(764) 

5. THE PONTINE CONTINENCE 
CENTRE (PCC)  

The bladder’s function of urine storage requires de-
trusor relaxation accompanied by urethral sphincter 
contraction.  Studies in the cat identified a pontine 
continence center (PCC) also termed the L-region 
that is distinct from and lying ventrolateral to the mic-
turition center (Holstege et al, 1986). Neurons in this 
region project selectively to Onuf’s nucleus in the sa-
cral cord, which contains the external urethral sphinc-
ter motoneurons. The majority of neurons in the PCC 
fire during the relaxation phase of bladder contrac-
tions and the onset of their firing can be prior to the 
initiation of bladder relaxation.(765) Indeed, this 
would make sense if their prime function were to 
close the urethral sphincter. Another potential role for 
these neurons is in off-switching micturition. Support-
ing this, stimulation of this region stops micturition, 
excites the pelvic floor musculature and contracts the 
urethral sphincter. Conversely, bilateral lesions of the 
PCC cause incontinence, excessive detrusor activity, 
an inability to store urine and relaxation of the urethral 

sphincter.(702) However, there is no anatomical evi-
dence for connections between the PMC and the 
PCC and it has been suggested that the PMC and 
PCC function independently.(766) Notably, the PCC 
has also been characterized by PET scanning in hu-
mans who try to start micturition(675, 700) or or-
gasm,(764) but fail to do so. 

Future challenges 

Although advances have been made in our under-
standing of central control of lower urinary tract during 
the decades, many challenges remain. Especially, 
the patients with functional bladder problems did not 
benefit much from the better understanding of the 
central control of the urinary tract. The therapies, 
such as antimuscarinics and artificial urethral sphinc-
ter, which are used by clinicians are usually quite old 
fashioned and full of side effects. Remarkably, there 
has been an astounding technical and medical pro-
gress for the treatment of patients with cancer be-
cause of the focus of the scientists involved aimed at 
direct treatment. In contrast, the science involved in 
the dysfunctional control of the pelvic organs were 
mainly focused on mechanisms of action and not so 
much on improvement of the future of patients in-
volved. Perhaps the necessary change will come in 
the near future due to the advance of new imaging 
techniques, like diffusion tractography and high field 
magnetic resonance imaging. Also new noninvasive 
electrophysiological recording technology and opto-
genetic methods of neuronal stimulation could lead to 
improvement of the quality of life in chronic patients 
with functional bladder problems.  
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PREFACE 

For this 6th International Consultation on Inconti-
nence, the Committee on Pathophysiology has up-
dated the previous chapter with the most recent 
knowledge on the causes of pelvic organ prolapse, 
urinary and faecal incontinence.  

Gender differences in the pathophysiological mecha-
nisms of pelvic floor dysfunction have driven the 
structure of this chapter. The importance of preg-
nancy and childbirth for pelvic organ prolapse and uri-
nary incontinence in women is considered and a com-
plete section is dedicated to this.  

In the area of male incontinence, the greatest con-
cern remains the problem of sphincter injury following 
radical pelvic surgery and brachytherapy. In contrast 
to this kind of sphincter injury, the causes of inconti-
nence associated with bladder outlet obstruction and 
prostatic enlargement have been well characterised, 
and little new knowledge has appeared in recent 
years.  

Common neurological mechanisms determining uri-
nary and/or faecal incontinence have been treated as 
well as the role of ageing and comorbidities in both 
genders. 

 THE OVERACTIVE BLADDER 

1. INTRODUCTION 

The International Continence Society defines ur-
gency as “the complaint of a sudden compelling de-
sire to pass urine, which is difficult to defer” [1]. The 
“overactive bladder” (OAB) is a symptom syndrome 
which is defined by the presence of urgency, with or 
without urge incontinence, but usually with frequency 
and nocturia in the absence of infection or other obvi-
ous etiology [1]. Therefore, urgency is the pivotal 
symptom of the OAB syndrome. A better understand-
ing of the genesis of urgency and its relationship to 
other aspects of bladder function is required to un-
ravel the pathophysiology of OAB and to develop 
more effective treatments [2]. 

OAB symptoms are suggestive of urodynamically de-
monstrable detrusor overactivity (DO; involuntary de-
trusor contractions) during the filling phase which 
may be spontaneous or provoked [1]. However, OAB 
is not interchangeable with DO regardless of whether 
they are associated with reported urgency. Only 
about half of all patients with DO experience urgency 
[3], whereas among patients with urgency 44–69% 
exhibit DO during cystometric studies [4-7].  

The definition of urgency as a complaint implies that 
it can only be measured in cognitively intact patients 
[2, 8]. Quantifiable and objective demonstration of ur-
gency is difficult, and thus surrogate measures are of-
ten used as outcome measures in OAB, leading to 
inconsistency between clinical trials. Urgency is a 
pathological sensation and does not necessarily in-
volve the same mechanisms as those underlying the 
physiological urge to void upon bladder filling. There-
fore, comparisons between urge in healthy people 
and urgency in patients may help our understanding 
of the mechanisms involved in the latter but, in fact, 
may be misleading [8].  

The emphasis on urgency, rather than DO, as the de-
fining element of OAB gives the condition a subjective 
foundation which renders derivation of basic science 
insights challenging. The subjective nature of ur-
gency makes development of animal models impos-
sible. Despite of these limitations, most studies on 
mechanisms related to urgency/OAB have employed 
the use of isolated tissues and experimental animals. 
Non-voiding contractions remains the most frequently 
used surrogate parameter in such experimental ani-
mal studies [8]. The pathophysiology of the OAB syn-
drome and DO is still incompletely known, but most 
probably multifactorial. Against the background men-
tioned above, this section focuses on pathophysiol-
ogy of the OAB and reviews studies that have pro-
vided insight into the mechanisms underlying OAB 
symptoms and DO. 

DO may be further characterized as neurogenic when 
there is a relevant neurological condition. The de-
pendence of lower urinary tract (LUT) functions on 
complex central neural networks makes these func-
tions susceptible to a variety of neurologic disorders. 
Non-neurogenic etiologies may be related to outflow 
obstruction, aging and female anatomical inconti-
nence, but most cases are idiopathic. There may be 
two possible origins of OAB symptoms: 1) decreased 
capacity to handle the afferent signals in the brain, 
and 2) abnormally increased afferent signals from the 
bladder and /or urethra (Figure 1). 

2. MECHANISMS UNDERLYING 
INCREASED AFFERENT ACTIVITY 

Two theories probably contribute in varying propor-
tion to the complex mechanisms underlying the gen-
esis of DO and the associated storage symptoms 
composing OAB, have been put forward (Figure 2): 
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• The urothelium-based hypothesis: changes in 
urothelial receptor function and neurotransmitter 
release as well as in the sensitivity and coupling of 
the suburothelial interstitial cell network lead to en-
hancement of involuntary contractions [9, 10]. 

• The myogenic hypothesis: changes to the excitabil-
ity and coupling of smooth muscle cells with other 
myocytes or interstitial cells lead to the generation 
of uninhibited contractions [11, 12]. 

2.1. The Urothelium-based Hypothesis 
There is increasing evidence that urothelial cells play 
an important role in modulation of bladder activity by 
responding to local chemical and mechanical stimuli 
and then sending chemical signals to bladder afferent 
nerves. It has been shown that urothelial cells ex-
press various “sensor molecules” such as receptors 
of bradykinin, neurotrophins, purines (P2X and P2Y), 
norepinephrine (NE) (α and β), ACh (nicotinic and 
muscarinic), epithelial Na + channels (ENaC), and a 
number of transient receptor potential (TRP) chan-
nels. These sensor molecules respond to mechanical 
as well as chemical stimuli and in turn release chem-
icals such as ATP, prostaglandins (PG), nerve growth 
factor (NGF), ACh, and NO. These transmitters are 
known to have excitatory or inhibitory actions on af-
ferent nerves, which are located close to or in the 
urothelium [10].  

The urothelium interacts closely with the underlying 
suburothelial layer, in particular the interstitial cell net-
work contained within it, so that the whole structure 
can be regarded as a functional unit [9]. The 
suburothelium is an area composed of nerves, blood 
vessels, and connective tissue in intimate contact 
with the urothelium. The roles of the urothelium and 
suburothelial myofibroblasts in afferent activation 
have been emphasised with intense interest. The C-
fibre afferents generally have endings in the 
suburothelial layer of the bladder wall, but in some 
cases, they also penetrate the urothelium [13].  

ATP was the first neurotransmitter demonstrated to 
be released directly from the urothelium [14]. Non-ve-
sicular ATP release is evoked by chemical stimuli or 
by stretch proportional to the extent of bladder disten-
sion [15-19]. Both P2X and P2Y purinergic receptor 
subtypes have been identified in the bladder urothe-
lium. It is now thought that these purinergic receptors 
may respond to urothelial-derived ATP release in au-
tocrine and paracrine signalling [15, 16, 20-23]. By 
acting on structures such as nerves [24] and intersti-
tial cells in the suburothelial space, urothelial-derived 
ATP may trigger the underlying afferent signalling of 
bladder fullness and pain and possibly even the mic-
turition reflex [25].  

After successful treatment with botulinum toxin injec-
tion, a reduced P2X3-immunoactive suburothelial 
nerve fibres correlated with a reduction in urgency 
[26]. Pathologically increased amounts of urothelially 
released ATP in rats with spinal cord injury can be 
reduced on treatment with botulinum toxin [27]. 
Sugaya et al reported that improvement of OAB 
symptoms with antimuscarinic treatment was signifi-
cantly correlated with a decrease in urinary ATP level 
in female patients with OAB [28]. 

The presence and localisation of muscarinic receptor 
protein and mRNA in the human [29-34] and mouse 
[35] urothelium have been studied. All five muscarinic 
subtypes are expressed throughout the urothelial lay-
ers with a specific localisation of the M2 subtype to 
the umbrella cells and M1 to the basal layer, with M3 
receptors more generally distributed. Release of ACh 
from human urothelial and suburothelial sites in-
creases with age, as well as during bladder stretch, 
and represents a functional, non-neuronal, alternative 
cholinergic system [31]. At therapeutic doses, anti-
muscarinics act mainly during the filling phase and 
exert little effect on detrusor contraction during emp-
tying [36-38]. This lends support to the suggestion 
that urothelial muscarinic receptors might be involved 
in the generation of afferent impulses.  

Urothelial cells express also both α and β adrenocep-
tor subtypes, stimulation of which has been shown to 
trigger the release of ATP and nitric oxide (NO), re-
spectively [39, 40]. Stimulation of urothelial β adreno-
ceptors triggers also a urothelially-derived inhibitory 
factor [41]. Catecholamines could be released from 
nerves adjacent to the urothelium; however, neither a 
role of catecholamines nor an altered adrenoceptor 
profile has yet been shown in pathologic conditions. 

In addition to the changes in ACh-release mentioned 
above, several specific alterations in urothelial func-
tion and ultrastructure have been demonstrated in 
OAB. Expression of the mechanosensitive ENaC is 
increased significantly in human obstructed bladders 
in comparison with unobstructed controls and corre-
lates significantly with storage symptom scores [42]. 
It is possible that increased expression of mechano-
sensitive channels such as ENaC in the urothelium 
enhances substance release upon bladder stretch. 
Levels of PG, which are locally synthesized in bladder 

 
Figure 1: Two possible origins of OAB symptoms: 1) 
decreased capacity to handle the afferent signals in 
the brain and, 2) abnormally increased afferent sig-
nals from the bladder and/or urethra. 



 

 
THE OVERACTIVE BLADDER  367 

 

muscle and mucosa, and levels of NGF are increased 
in subjects with OAB in comparison with controls; and 
in symptomatic patients, levels of PGE2 are positively 
correlated with OAB symptoms and maximum cysto-
metric capacity [43, 44]. Bladder biopsies from pa-
tients with both idiopathic detrusor overactivity (IDO) 
[45] and neurogenic detrusor overactivity (NDO) [46] 
showed increased urothelial TRPV1 expression. This 
may be in accordance with the fact that intravesical 
vanilloids (resineferatoxin) have been shown to im-
prove OAB symptoms in patients with (IDO) as well 
as with hypersensitivity disorders [47, 48].  

This sensory process is more complex than originally 
thought. Suburothelial myofibroblasts (interstitial 
cells) in the bladder wall form a functional syncitium 
through connexin 43 gap junction [49, 50]. These my-
ofibroblasts make close appositions to unmyelinated 
nerves(afferent C-fibre nerves) [51]. Studies investi-
gating human myofibroblasts show that these cells 
can respond to ATP by generating an intracellular 
Ca2+ transient, which is mediated by a P2Y receptor, 
most likely including a P2Y6 [52]. On the basis of 
these observations, it has been hypothesized that the 
close relation between nerves and myofibroblasts al-
lows an amplification of the afferent system in its re-
sponse to stimulatory mediators such as ATP. 

Overall, up-regulation of urothelial function and in-
creased release of various chemical mediators and 
known neurotransmitters may influence afferent 
nerve activity to generate OAB symptoms, although 
the precise mechanism by which these processes in-

teract with neural tissue to achieve signal transduc-
tion remains to be clarified. 

2.2. Myogenic Hypothesis 
Brading and Turner [11, 12] have emphasised that 
myogenic changes (regardless of aetiology) may con-
ribute to the pathophysiology of  (IDO). On the basis 
of observation that denervation is consistently found 
in detrusor biopsy specimen from patients with vari-
ous forms of non- (NDO), it has been proposed that 
partial denervation of the detrusor may alter the prop-
erties of smooth muscle, leading to increased excita-
bility and increased coupling between cells [53]. 

Thus, local contraction (activity) that occurs some-
where in the detrusor will spread throughout the blad-
der wall, resulting in coordinated myogenic contrac-
tion of the whole bladder. In addition, this local con-
traction in the bladder wall has been shown to gener-
ate afferent discharge [54, 55]. Localized bladder ac-
tivity was assessed by the micromotion detection 
method, demonstrating that women with increased 
bladder sensation on filling cystometry had a signifi-
cantly higher prevalence of localized activity than the 
control group [56]. This observation suggests that lo-
calized distortion of the bladder wall simulates affer-
ent activity, which would precipitate a feeling of ur-
gency and (DO) [57, 58] (Figure 3). 

Although the relationships between intercellular com-
munication and spontaneous mechanical activity and 
the degree of involvement of different types of con-
nexins (Cxs) need further study, Cx45 and Cx43 ap-
pear to be the most prominent Cxs expressed in hu-
man detrusor smooth muscle tissue and cultured 
cells. Observations in tissue biopsies from patients 
with NDO and urgency symptoms clearly demon-
strated an increase in the presence of Cx43-derived 
gap junction channels in detrusor muscle [59].  

In addition, another population of cells in the bladder 
known as interstitial cells has been proposed for a 
pacemaking role in spontaneous activity of the blad-
der [60, 61]. Because it has been reported that the 
number of interstitial cells is increased in a guinea-pig 
model of bladder outlet obstruction (BOO) [62] and 
that c-kit tyrosine kinase inhibitors, which inhibit inter-
stitial cell activity, decreased the amplitude of sponta-
neous contractions in the guinea-pig and human 
bladder [63, 64], interstitial cells may also be involved 
in the emergence of (DO) because of enhanced au-
tonomous detrusor muscle activity. 

 
Figure 2: Mechanisms involved in increased afferent 
input from the bladder: the urothelium-based and 
myogenic theories. 

The myogenic hypothesis of 
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Figure 3: The myogenic hypothesis of the mecha-
nisms involved in increased afferent input from the 
bladder. 
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2.3. Other Factors 
Aside from the two main hypothesis in the genesis of 
DO, several other processes may factor in develop-
ment of DO/OAB. This includes the process of age-
ing, BOO, bladder ischaemia and mucosal injury. 
Ageing and BOO may have a common pathway in 
contribution to DO/OAB development. Remodelling of 
the micturition circuits caused by ageing and BOO 
both involve a) ischemia/reperfusion, and subject to 
oxidative stress, and b) chronic inflammation (Figure 
4). In addition, there is an increasing amount of evi-
dence for the potential role of the urinary microbiome 
in correlation to DO/OAB (See section: B. THE ROLE 
OF URINARY MICROBIOTA IN INCONTINENCE 
AND PELVIC FLOOR DYSFUNCTIONS). 

2.3.1 Process of ischaemia and reperfusion 
Ischaemia/reperfusion has been proposed as a path-
ophysiological factor of DO/OAB. Recent studies sug-
gest that arterial obstructive disease, such as athero-
sclerosis, may cause OAB in both men and women 
via ischemia, hypoxia and oxidative stress in the blad-
der [65-68]. DO associated mitochondrial stress may 
have a central role in epithelial damage, smooth mus-
cle cell injury and neurodegeneration. Superoxide 
dismutase and aldose reductase up-regulation in the 
OAB imply intrinsic defensive reaction against free 
radicals that apparently fails to prevent oxidative 
damage and neurodegeneration [67]. Up-regulation 
of HIF, TGF-β, VEGF and NGF in the ischemic blad-
der was accompanied by the loss of mitochondrial 
structural integrity, fibrosis, and the degeneration of 
microvasculature and nerve fibres [69]. These obser-
vations may suggest the role of ischaemia in OAB 
with impaired contraction, as reported in elderly pa-

tients without obstruction. Ischaemia may be a key 
factor in aging associated LUTS. 

2.3.2 Inflammation 
Recent studies have noted signs of inflammation in 
bladder biopsy specimens from OAB patients [69, 

70]. Increases in cytokines, chemokines, and growth 
factors have been reported in the urine of OAB pa-
tients [71]. Consistent association of increasing se-
rum CRP levels and OAB has been demonstrated in 
the literature [72-74]. Moreover, a recent study 
demonstrated increased levels of serum adipokines 
(adipose tissue secreted cytochines), including IL-1β, 
IL-6, IL-8, and TNF-α, in patients with OAB refractory 
to antimuscarinic therapy compared to the control 
subjects [74]. In this study, no significant difference 
was found in adipokine levels between OAB-dry and 
OAB-wet, while serum CRP and NGF levels were sig-
nificantly higher in OAB-wet, compared to controls. 
The prevalence of OAB increased with increasing 
CRP levels in both men and women, supporting the 
hypothesis for the role of inflammation in the devel-
opment of OAB. These findings suggest that some 
OAB patients might have pathophysiology linked to 
urinary or systemic inflammatory conditions.  

Serum MCP-1 levels have shown to be significantly 
higher only in OAB-dry compared to controls [74]. 
This may imply that more systemic inflammatory dis-
orders exist among OAB-dry patients, as MCP-1 pro-
vokes mast cell activation and has chemotactic activ-
ity for monocytes that mature into macrophages at the 
site of inflammation. Age-associated biochemical 
changes may accentuate the inflammation associ-
ated with OAB. A study on urinary chemokines in 
OAB patients showed an age-associated elevation of 
NGF, suggesting a homeostatic response to counter 
the senescence of bladder nerves and arrest the pro-
gression of OAB into detrusor hyperactivity with im-
paired contractility [75]. All together, these findings 
support the hypothesis for the role of chronic inflam-
mation at the local and systemic levels in the devel-
opment of OAB.  

3. MECHANISM INVOLVED IN 
ABNORMAL HANDLING OF THE 

AFFERENT SIGNALS IN THE BRAIN 

3.1. Functional Brain Imaging in Patients 
with Idiopatic Urgency Urinary 
Incontinence  

Recent advances in functional brain imaging have 
made it possible to study directly the supraspinal con-
trol system operating during bladder filling. Compari-
sons between brain response in subjects with normal 
bladder function and those with urgency urinary in-
continence (UUI) may give insight neural circuit in-
volvement and the relation to symptomatology [79-
81].  

The 'neurogenic hypothesis' suggests that abnormal 
handling of the afferent signals in the brain leads to 
urgency/Urgency Urinary Incontinence (UUI). Recent 
functional Magnetic Resonance Imaging (fMRI) data 
suggested that the PAG is not relatively overactivated 

 
Figure 3: Potential factors involved in OAB patho-
physiology at bladder level 
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in UUI patients. On the contrary, the elderly show re-
duced sensory feedback from the LUT, suggesting al-
terations at the brain level are involved in DO/OAB 
[82]. Women with UUI showed weaker activity in the 
prefrontal cortex (PFC) and exaggerated activity in 
the anterior cingulate cortex (ACC) and supplemen-
tary motor area (SMA) compared with normal controls 
[83-86]. Responders to pelvic floor muscle training 
(PFMT) showed exaggerated activity in the ACC and 
SMA before PFMT, which diminished after successful 
PFMT. The medial PFC was deactivated in non-re-
sponders and only showed minor change in activity 
after PFMT [86].  

Reductions in ACC activity after PFMT with biofeed-
back in women with SUI were also reported [87]. The 
anterior cingulate cortex initially was considered to be 
responsible for monitoring bladder volume. However, 
the ACC additionally appears to play a role in inte-
grating afferent information and internal motivational 
states, and management and evaluation of bladder 
filling information [88]. 

3.2. Neurogenic Detrusor Overactivity 
Damage to the central inhibitory pathways, or sensiti-
sation of afferent nerves, may lead to the unmasking 
of primitive voiding reflexes, which may trigger invol-
untary detrusor contractions [89,90]. In addition, in-
creased release of nerve growth factor in DO has 
been reported, which may alter the neural regulation 
of detrusor muscle [91-93]. Plasticity in peripheral in-
nervation and within the central nervous system 
(CNS) may both play a pathophysiological role in DO 
[94]. Peripherally, neurological diseases might cause 
a sensitisation of C-fibers that are silent under normal 
circumstances, thereby leading to the emergence of 
a C-fibre-mediated reflex. 

While many neurologic diseases predispose patients 
to NDO, the only populations that have been system-
atically studied are adults with multiple sclerosis, 
adults with spinal cord injury (SCI) and children and 
young adults with myelodysplasia [90]. 

3.2.1 Suprapontine lesions 
It is generally accepted that suprapontine lesions 
such as cerebrovascular disease and Parkinson’s 
disease produce DO. The patient with a suprapontine 
lesion loses voluntary inhibition of micturition, which 
corresponds to uninhibited overactive bladder ac-
cording to a classification by Fall et al [95, 96]. 

Higher brain centres provide an additional level of uri-
nary control, which is responsible for conscious sen-
sation, volition and emotional response. Key higher 
centres include the prefrontal cortex, insular cortex 
and anterior cingulate gyrus, and functional brain im-
aging has shown changes in higher CNS activity in 
OAB [79, 80, 90]. Although such observations have 
been made infrequently, they do point to some key 
areas for consideration. For example, the participa-
tion of several brain areas in urinary control may ex-
plain why brain diseases and senile cerebral atrophy 

are risk factors for lower urinary tract dysfunction [90]. 
Variation in observations between individuals impli-
cates a diversity of processes in the mechanisms that 
underlie OAB, although these are expressed clinically 
in the common manifestation of OAB. The increased 
activity observed in certain regions of the brain in pa-
tients with OAB may actually be compensatory, to 
counteract urgency, rather than being responsible for 
the symptom [90]. This confounds interpretation of 
function, and there are many questions that still need 
to be answered. 

Brain transection studies in animals with an intact 
neuroaxis showed that suprapontine areas generally 
exert a tonic inhibitory influence on the pontine mictu-
rition center (PMC) [97,98]. In humans, the cerebral 
cortex (medial frontal lobes) and the basal ganglia are 
thought to suppress the micturition reflex. Thus, dam-
age to the brain induces DO by reducing suprapon-
tine inhibition. 

3.2.1.1 Stroke Cerebral Infarction 
The mechanism of DO induced by cerebral infarction 
or Parkinson’s disease has been further studied using 
animal models [99, 100]. In the central nervous sys-
tem, a glutamatergic pathway is known to play a role 
in both excitatory and inhibitory regulation of micturi-
tion [100-102]. It has been demonstrated that in the 
rat cerebral infarction model, bladder overactivity is 
mediated by NMDA glutamatergic and D2 dopamin-
ergic excitatory mechanisms [100], suggesting that 
cerebral infarction may alter a balance between the 
facilitatory and inhibitory mechanism that results in 
up-regulation of an excitatory pathway and down-reg-
ulation of a tonic inhibitory pathway.  

3.2.1.2 Parkinson’s Disease 
Parkinson’s disease (PD) is charactersed by the de-
generation of dopamine-producing cells in the sub-
stantia nigra of the midbrain and Lowy body for-
mation. PD is the most common cause of parkinson-
ism which is the neurological syndrome bearing the 
hallmarks, hypokinesia and postural instability. Ur-
gency occures in 33-54% of patients with PD. Neuro-
genic DO was seen in 45-93% of PD patients [103]. 
The most widely accepted theory of pathophysiology 
of DO in PD is that basal ganglia inhibits the micturion 
reflex in the normal situation via D1 receptors, and 
that cell depletion in the substantia nigra in PD results 
in loss of D1-mediated inhibition and consequently 
DO [103, 104]. The absence of dopaminergic tone via 
D1 receptors may cause a dysfunction in GABA reg-
ulation in the periaqueductal grey (PAG) and DO 
[105]. Kitta et al [106] demonstrated an increased ac-
tivation in the PAG, supplementary motor area, cere-
bellar vermis, insula, putamen and thalamus during 
DO in male patients with PD. Compared with previous 
results in healthy volunteers the periaqueductal grey, 
insula, putamen and thalamus were common activa-
tion sites responding to bladder filling, while the pons 
was not activated during DO, suggesting alteration in 
brain activation sites in response to bladder filling 
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may be related to the pathophysiology of DO in pa-
tients with PD.  

3.2.2 Spinal cord lesions 
A spinal cord lesion above the lumbosacral level elim-
inates voluntary and supraspinal control of micturi-
tion, leading to DO mediated by spinal reflex path-
ways [107]. Disruption below the level of the pons 
leads to unsustained and uncoordinated detrusor 
contractions often associated with uncoordinated 
sphincter overactivity (detrusor-sphincter dyssyner-
gia, DSD). Impairment or loss of bladder sensation is 
a typical feature. 

Electrophysiological studies of the effect of capsaicin 
on voiding reflexes have shown that the afferent limb 
of the micturition reflex in chronic spinal cats, consists 
of unmyelinated C-fibre afferents, whereas in normal 
cats it consists of myelinated A-delta afferents [97, 
107, 108]. Since C-fiber bladder afferents in the cat 
do not usually respond to bladder distension [109], a 
considerable reorganisation of reflex connections 
takes place in the spinal cord following the interrup-
tion of descending pathways from the brain. In hu-
mans with spinal cord lesions, NDO is likely to be me-
diated by capsaicin-sensitive C-fibre afferents. Clini-
cal experience with capsaicin supports the role of 
these C-fibre afferents in the pathophysiology of 
NDO. Capsaicin has been used for the treatment of 
NDO in patients with spinal cord injury or multiple 
sclerosis. When administered intravesically, capsai-
cin increases bladder capacity, reduces micturition 
contraction pressure, decreases autonomic dysre-
flexia and reduces the frequency of incontinence 
[110-112]. More recently, resineferatoxin, an ultra-po-
tent analogue of capsaicin, has been also used [113-
115]. 

Increased TRPV1, P2X3 and pan-neuronal marker 
(PGP9.5) staining in suburothelial nerves and in-
creased TRPV1 staining in the basal layer of the 
urothelium have been observed in patients with neu-
rogenic bladder due to SCI and multiple sclerosis 
[26]. Treatment of NDO patients with intravesical cap-
saicin or resiniferatoxin reduces the density of 
TRPV1, P2X3 and PGP9.5 immunoreactive nerve fi-
bres and urothelial TRPV1 immunoreactivity in those 
patients exhibiting symptomatic improvement [116]. 
Injections into the bladder wall of botulinum neuro-
toxin type A (BoNTA), an agent that blocks the re-
lease of neurotransmitters from afferent and efferent 
nerves, and from urothelial cells, also reduces NDO 
and the density of TRPV1- and P2X3-immunoreac-
tive nerves [117]. These results indicate that an ab-
normality of the C-fibre afferent innervation contrib-
utes to NDO. 

Upregulation of TRPA1 protein and mRNA levels, in 
bladder and in dorsal root ganglion (DRG; L6-S1) has 
been reported in rats with SCI. Moreover, HC-030031 
(TRPA1 antagonist) treatment decreased the number 
and the amplitude of DO, suggesting that the TRPA1 

activation and upregulation seem to exert an im-
portant role in DO following SCI [118]. 

Following SCI changes in the electrophysiological 
properties of bladder afferent neurons have also been 
observed consisting in multiple action potentials 
(tonic firing) in response to long depolarizing current 
pulses [119]. In addition, A-type K+ channels are sup-
pressed in parallel with an increased expression of 
TTX-sensitive Na+ currents, thereby increasing excit-
ability of C-fibre bladder afferent neurons [120]. 
These electrophysiological changes contribute to the 
emergence of the C-fibre-mediated spinal micturition 
reflex following SCI. 

 THE ROLE OF URINARY 
MICROBIOTA IN INCONTINENCE 

AND PELVIC FLOOR 
DYSFUNCTIONS 

1. INTRODUCTION 

Historically urine was considered to be sterile and it 
has only recently been appreciated that the bladder 
contains its own microbiome. With that understanding 
a whole novel field of research within urology has 
been opened up with regard to the physiological role 
of the lower urinary tract microbiome and the patho-
physiology of microbiota in lower urinary tract dys-
functions and urinary tract infections (UTIs). Over 
50% of women will experience at least one UTI during 
their life, with a yearly prevalence of 11% [121]. In ad-
dition, UTIs are responsible for substantial morbidity 
in the group of frail elderly patients. Amongst commu-
nity dwelling elderly women, UTIs compromise the 
second most common cause of infection. In long-term 
care facilities and hospitalised subjects, UTIs repre-
sent the most common cause of infection [122]. Aside 
from the patient’s burden this results in a significant 
increase in health care expenses. UTIs are estimated 
to be responsible for more than 100.000 hospital vis-
its and costs of 3.5 billion dollar annually In the United 
States of America [123]. A sample analysis on UTI 
prevalence of 456.586 German patients with type 2 
DM showed a prevalence of 48.337 UTI episodes 
over a mean observation period of 665 days. Addi-
tional multivariable cost analysis in this group showed 
a UTI cost-increasing effect of 3.916 euro per patient 
year [124]. These UTI related additional costs might 
be even higher in a group of frail elderly UTIs in this 
group lead more often to hospitalisation [125]. During 
a 90-day follow-up period Turner et al. showed that 
in-hospital treatment leads to significantly more costs 
during treatment but also at 90 days post-treatment 
follow-up [125]. 
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1.1. Terminology 
Microbiome: The microbiome represents the genes 
and genomes of the microbiota. In addition, it repre-
sents the products of microbiota and the host envi-
ronment. The microbiome incorporates biotic and abi-
otic factors (including archaea, viruses and fungi and 
products of microbiota) [144].   

Metagenome: The metagenome refers to the genes 
and genomes of the microbiota and highlight the ge-
netic potential of a population.  

Microbiota: Identification of the microorganisms in an 
environment by the use of molecular techniques 
(such as 16S ribosomal RNA sequencing). The term 
microbiota refers to the microbial taxa associated with 
an environment [144, 145].  

2. MICROBIOTA AND URINARY 
TRACT HOMEOSTASIS 

The significance of microbiome in maintenance of 
health and development has been extensively ex-
plored in organ systems other than the urinary tract 
and it has only been recently accepted that most of 
the human body is colonised with bacteria. The Hu-
man Microbiome Project (HMP) is a large mapping 
study of the human microbiome sampling 300 individ-
uals at five body sites (gastrointestinal tract, mouth, 
vagina, skin and nasal cavity) using culture independ-
ent methods [146]. In addition, specific microbial sites 
have been linked to diseases. For example, gastroin-
testinal misbalance in microbiota has been related to 
brain abnormalities [147], problems in the musculo-
skeletal system [148] and linked to metabolic pro-
cesses [149].  

In addition to the Human Microbiome Project multiple 
studies have suggested that the lower urinary tract 
contains a unique set of microbiota that is vastly dif-
ferent from gastrointestinal and vaginal colonisation 
(Table 1) [132, 135, 150]. In contrast to traditional 
bacterial culturing of urine which only allow identifica-
tion of fast-growing pathogens, recent progress has 
been made possible by advanced culture and molec-
ular techniques (PCR and 16S ribosomal RNA se-
quencing). The initial disadvantage of the molecular 
techniques was that they were not able to distinguish 
life from death bacteria. However, by combining RNA 
sequencing with expanded cultures Hilt et al. were 
able to show that indeed most bacteria in the bladder 
were alive [135].  

Is there a ‘core set’ of bladder microbiota? In 2013 
Lewis et al presented a catalogue of bacterial DNA 
from a small cross-sectional sample of healthy adults. 
In addition, they proposed the concept of a set of bac-
teria that exist across different age groups but may 
fluctuate in abundance with age [133]. However, with 
regard to the variations in detected microbiota 
amongst the different studies presented in Table 1, 
larger longitudinal studies will be needed to confirm 

the existence of core set of microbiota in the bladder. 
Moreover, evolvement of the bladder’s microbiome 
over time and factors influencing these specific micro-
biota need further investigation.  

The specific role of microbiota and the microbiome in 
the urinary tract still needs to be sorted out. In con-
trast to other organ systems the homeostatic role of 
bacteria in the lower urinary tract has only received 
minimal research attention. However, specific key 
roles of the urinary tract’s microbiome have been sug-
gested based on research in other organ systems: 1) 
Regulation and maintenance of barrier function of the 
bladder wall and functioning as prime urothelial de-
fence mechanism. For example through competition 
of commensal microbiota with pathogens for common 
resources. This is true for other sites of the body such 
as the gut and vagina [151, 152]. 2) Products of mi-
crobiota may kill pathogens and degrade certain 
harmful compounds. 3) Involvement of microbiota in 
the development of the urinary tract, including the 
connected peripheral nervous system. There is only 
little known about the link between microbiota and de-
velopment of the nervous system. Through produc-
tion of neurotransmitters microbiota might be needed 
for the correct development of bladder’s signalling 
system. Incorrect development of these signalling 
systems might be related to lower urinary tract dys-
functions such as OAB or detrusor underactivity 
(DUA). Gastrointestinal studies on germ-free mice 
show that absence of microbes correlated with be-
havioural and neurological disorders [147]. However, 
the exact role of microbiota in the bladder and its re-
lation to signalling systems in the bladder-brain axis 
is still unknown due to the lack of studies in this spe-
cific area of research.  

3. THE PATHOPHYSIOLOGICAL 
ROLE OF MICROBIOTA IN THE 

URINARY TRACT 

Acknowledgement of the suggested physiological 
role of the urinary tract microbiome does raise ques-
tions about the pathophysiological role of microbiota 
in different urological entities. For example, microbi-
ota have suggested to be involved in development of 
urolithiasis and as treatment for recurrent superficial 
bladder cancer. However, both of these topics go be-
yond the scope of this chapter. In this section the link 
between microbiota and functional lower urinary tract 
disorders will be further elaborated.  

3.1. Stress Urinary Incontinence 
To date there is only one study available on the rela-
tionship between urinary microbiota and the charac-
teristics of women with stress urinary incontinence. 
This cross-sectional study in 197 women  showed no 
associations between stress urinary incontinence 
symptoms and the bacterial diversity. Based only on 
these results, the involvement of the urinary microbi-
ome in SUI seems of less importance compared to 
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other lower urinary tract dysfunctions. However, more 
research is needed to conform these initial conclu-
sions.  

3.2. Urgency Urinary Incontinence 
Urgency Urinary Incontinence is a widespread disor-
ders affecting many adult women. It is only recently 
that the potential role of the microbiome has been ex-
plored. In 2014 Pearce et al compared microbiota of 
women with and without UUI using molecular se-
quencing. Results showed that women with UUI had 
decreased Lactobacillus taxa and higher Gardnerella 
presence. In addition, Actinobaculum, Actinomyces, 
Aerococcus, Arthrobacter, Corynebacterium, Oli-
gella, Staphylococcus and Streptococcus were found 
more frequently in the UUI group [136]. However, no 
difference was found in microbial diversity. One of 
studies describing the variability in female microbiota 
in patients with UUI, an association between certain 
microbial characteristics (i.e. taxa and variety of mi-
crobes) and symptom severity was found. An in-
crease in UUI symptom severity may be associated 
with a loss of microbial diversity in women with UUI 
[141]. In a follow-up study Pearce et al compared se-
quencing positive and negative UUI groups before 
oral drug treatment for UUI. They found that positive 
sequencing was associated with more severe UUI 
and better response to treatment.  

In 2016 Thomas-White et al reported  a 12 week an-
ticholinergic follow-up study in women with UUI  sug-
gesting that less diversity tended to be associated 
with fewer UUI symptoms and with better treatment 
response to an anticholinergic drug [142]. Non-re-
sponders had a more diverse microbial population 
that was different from the population found in re-
sponders. An additional study in women with stress 
urinary incontinence, gave consistent results. In-
creased microbial diversity was associated with a 
higher urge index score [143]. In addition to the find-
ing of differences between women with UUI and 
healthy controls several studies have shown a rela-
tionship between urinary microbiota and response to 
oral drug treatment. The variations in outcome be-
tween the studies might be related to the sampling 
method. However, in general the results highlight the 
potential clinical importance of the urinary microbi-
ome in UUI [138].  

Hence, recent research gives clues regarding the po-
tential role of urinary microbiota diversity in the aeti-
ology and treatment of women with UUI. However, a 
major flaw still is the variability in sampling methods 
between the different studies. This makes replication 
and clinical utility difficult, at least for now [153].  

3.3. Urological Pain Syndromes  
The role of microbiota in different urological pain syn-
dromes has been explored, for example in PBS/IC 
and CPPS. Saddiqui et al collected urine samples 
from women with interstitial cystitis and compared 
this with healthy volunteers. They were able to show 

that IC patients had lower bacterial diversity and an 
increase in Lactobacillus compared to healthy volun-
teers (92 vs 57%) [131]. Reduction of bacterial diver-
sity in general is seen in chronic inflammatory states 
such as in inflammatory bowel disease [154]. The rel-
ative abundance of Lactobacilli however is yet to be 
confirmed in other studies and the question is 
whether or not this is truly associated with IC in 
women. 

The Multidisciplinary Approach to the Study of 
Chronic Pelvic Pain (MAPP) research network  com-
pared female patients with Urological Chronic Pelvic 
Pain Syndrome  (UCPPS) who reported symptom 
flare vs those who did not report a flare, to examine 
differences in microbiota. The results revealed no dif-
ference in bacterial prevalence in the urine samples. 
However, the group with flare had a significantly 
greater prevalence of fungi (Candida and Saccharo-
myces sp.) [140]. This is in concordance with an ear-
lier study from the same group in which they per-
formed a two year follow-up of IC/PBS patients to 
identify bacterial culture status using only standard 
culture techniques [155]. The same MAPP research 
network studied male UCPPS (PBS/IC/chronic pros-
tatitis) patients and compared the microbiota with 
aged-matched controls. The study group showed 
higher presence of Burkholderia Cenocepacia in the 
UCPPS group of patients in the initial urinary stream 
urine [139]. However, these differences were not re-
producible for the midstream urine samples or after 
prostate massage.  

A recent study examining stool samples of women 
UCPPS patients identified potential stool-based mi-
crobial and metabolome markers for UCPPS, with 
specific interest for Colinsella aerofaciens and metab-
olite glyceraldehyde. These biomarkers were, 
amongst several others, altered in the gut compared 
to healthy controls in this pilot study consisting of a 
total of 34 women (16 healthy controls vs. 18 women 
with UCPPS) [156]. Shoskes et al analysed gut mi-
crobiota in men with UCPPS and showed a de-
creased microbial diversity in the gut in men with 
UCPPS compared to controls [157].   

In theory the urinary microbiome might be involved in 
aetiology or development of IC/PBS/UCPPS, how-
ever different studies show largely varying results. Up 
until now there is no compelling evidence to support 
the specific role of the microbiome in patients with 
urological pain syndromes and more research is 
needed in this specific area.
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Table 1: Registration of Urinary tract microbiota in different studies. 

 Patientgroups n Predominant strains Urine Sample collection 

Nelson et al. 2010 [126] Men with STI 
Men without STI 

10 
9 

Lactobacillus, Sneathia, Gemella, Aerococcus, Corynebacterium, 
Streptococcus, Veillonella, Prevotella, Anaerococcus, Propionibacterium, 
Atopobium, Staphylococcus 

First-void 

Dong et al. 2011 [127] Men with STI 
Men without STI 

10 
22 

Lactobacillus, Sneathia, Gemella, Aerococcus, Corynebacterium, 
Streptococcus, Veillonella, Anaerococcus, Propionibacterium, Atopobium, 
Staphylococcus, Ureaplasma, Mycoplasma, Enterococcus, Finegoldia, 
Neisseria, Ralstonia 

First-void 

Siddiqui et al. 2011 [128] Healthy women 8 Lactobacillus, Prevotella, Gardnerella, Peptoniphilus, Dialister, Finegoldia, 
Anaerococcus, Allisonella, Streptococcus, Stahpylococcus 

Clean-catch midstream  

Fouts et al. 2012 [129] Healthy controls 
Patients with NBD 

26 (58% women) 
27 (48% women) 

Lactobacillus, Enterobacteriales, Actinomycetales, Bacillales, 
Anaerococcus, Allisonella, Clostridiales, Bacteroidales, Burkholderiales, 
Pseudomonadales, Bifidobacteriales, Coriobacteriales 

Midstream, 
catetherisation  

Nelson et al. 2012 [130] Healthy adolenscent men 18 Lactobacillus, Streptococcus, Sneathia, Mycoplasma, Ureaplasma First-void 

Siddiqui et al 2012 [131] Women with IC 8 Lactobacillus, Gardnerella, Corynebacterium, Prevotella, Ureaplasma, 
Eterococcus, Atopobium, Proteus, Cronobacter 

Clean-catch midstream 

Wolfe et al. 2012 [132] Healthy women 
Women with POP/UI 

23 
11 

Lactobacillus, Actinobaculum, Aerococcus, Anaerococcus, Atopobium, 
Burkholderia, Corynebacterium, Gardnerella, Prevotella, Ralstonia, 
Sneathia, Staphylococcus, Streptococcus, Veillonella 

Clean-catch midstream, 
Suprapubic  

Lewis et al. 2013 [133] Healthy men 
Healthy women 

6 
10 

Jonquetella, Parvimonas, Proteiniphilum, Saccharofermentans 
Phyla: Actinobacteria, Bacteroidetes 

Clean-catch midstream 

Fricke et al. 2014 [134] Patients receiving 1st 
renal transplant 

60 (37% women) Lactobacillus, Enterococcus, Pseudomonas, Streptococcus 
Families: Bifidobacteriaceae, Corynebacterineae 

Not described 

Hilt et al. 2014 [135] Healthy women 
Women  with OAB 

24 
41 

Lactobacillus, Corynebacterium, Streptococcus, Actinomyces, 
Staphylococcus, Aerococcus, Gardnerella, Bifidobacterium, 
Actinobaculum 

Transurethral 
catheterisation 

Pearce et al. 2014 [136] Healthy women 
Women with urgency UUI 

58 
60 

Gardnerella, Lactobacillus, Actinobaculum, Actinomyces, Aerococcus, 
Arthrobacter, Corynebacterium, Oligella, Staphylococcus, Streptococcus 

Transurethral 
catheterisation 

Willner et al. 2014 [137] Patients with 
uncomplicated UTI 

50 (76% women) Anaerococcus, Peptoniphilus, Streptococcus, Lactobacillus, 
Staphylococcus, Escherichia, Pseudomonas 

Midstream 
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Pearce et al. 2015 [138] Women UUI 182 Lactobacillus, Aerococcus, Bifidobacterium, Enterobacterium, Prevotella, 
Staphylococcus 

Transurethral catheter 

Nickel et al 2015 [139] Men UCPPS 
Aged-matched controls 

110 
115 

Lactobacillus, Listeria, Staphylococcus, Streptococcus, 
Propionibacterium, Finegoldia, Burkholderia, Bifidobacterium 

Initial stream urine, 
midstream, after prostate 
massage 

Nickel et al 2016 [140] Women UCPPS and flare 
Women UCPPS without 
flare  

127 
 
86 

Lactobacillus, Staphylococcus, Streptococcus, Finegoldia, 
Bifidobacterium, Corynebacterium, Escherichia 

Initial stream urine, 
midstream 

Karstens et al 2016 [141] Women UUI 
Healthy controls 

10 
10 

Lactobacillus, Lachnospiria, Enterobacterium, Comamonadacium, 
Micrococcus, Bifidobacterium, Provotella, Flavobacterium 

Transurethral catheter 

Thomas-White et al 2016 
[142] 

Women UUI 
Healthy controls 

74 
60 

Lactobacillus, Streptococcus, Enterobacterium, Staphylococcus, 
Actinobaculum, Bifidobacterium, Alloscardovia, Atopobium, Micrococcus 

Transurethral catheter 

Thomas-White et al 2016 
[143] 

Women with SUI 197 Lactobacillus, Streptococcus, Bifidobacterium, Corynebacterium, 
Atopobium, Prevotella,  

Transurethral catheter, 
midstream  

The presented strains are highlighted by the authors of the original studies as predominant or more prevalent than other populations. The microbiota are 
listed as genera unless otherwise specified. STI: sexually transmitted infection, NBD: neurogenic bladder dysfunction, IC: interstitial cystitis, POP: pelvic 
organ prolapse, OAB: overactive bladder, UUI: urgency urinary incontinence, UTI: urinary tract infection, UCPPS: urological chronic pelvic pain syndrome, 
SUI: Stress Urinary Incontinence. 



 

 
PREGNANCY, CHILDBIRTH AND THE PELVIC FLOOR  375 

 

 PREGNANCY, CHILDBIRTH 
AND THE PELVIC FLOOR 

Despite the great achievements made in modern ob-
stetric practice in developed countries during the last 
100 years, delivery remains the most stressful and 
dangerous event the female pelvic diaphragm is sub-
mitted to during a woman’s lifespan.  

Reduction in both perinatal and maternal mortality 
rates in recent decades has allowed us to focus in-
creasingly on maternal morbidity and the long-term 
sequelae of childbirth. Due to improved investigative 
techniques available over the past decade, the inci-
dence and mechanisms of obstetric injury to the pel-
vic floor have come under scrutiny. 

However, the controversial debate on whether and 
how pregnancy and vaginal delivery are responsible 
for pelvic floor morbidity is still wide open. 

During pregnancy, muscular, connective and nervous 
pelvic structures are subjected to anatomical, mor-
phological, functional and hormonal changes. During 
vaginal delivery, the pelvic floor undergoes an enor-
mous amount of stretching to allow the passage of 
the newborn through it. 

Through pregnancy and just after delivery, the func-
tions sustained by the pelvic floor (urinary and faecal 
continence, pelvic organ containment and sexual 
function) often begin to fail. Evident or hidden injuries 
to the pelvic floor may manifest themselves through 
urinary and faecal incontinence , prolapse symptoms 
or sexual dysfunction, with a considerable impact on 
quality of life. 

Several mechanisms of birth trauma have already 
been investigated, but a lot needs to be understood 
regarding the role of pregnancy on the pelvic floor. 

The growing knowledge of the consequences of 
childbirth and pregnancy on the pelvic floor offers the 
chance to develop prevention and treatment strate-
gies. It is important that contributing obstetric factors 
are identified and their occurrence minimised, in or-
der to focus efforts on preventable risk factors. 

1. DAMAGE TO FUNCTIONS 
SUSTAINED BY THE PELVIC FLOOR 

1.1. Postpartum Urinary Incontinence 
A systematic review of 33 studies reported a 33% 
prevalence of any type of postpartum urinary inconti-
nence (UI) in the first 3 months postpartum, with a 
prevalence of weekly and daily incontinence of 12% 
and 3% respectively. The prevalence in the vaginal 
delivery group (31%) was double that of the caesar-
ean section group (15%). Long-term studies in the 
first year postpartum showed small changes in prev-
alence over time [158]. Caesarean section seems to 

decrease the risk of postpartum UI [159, 160], but its 
protective effect seems to diminish over time and dis-
appears after multiple deliveries [160, 161]. 

In a recent cohort study extracted by the national 
Swedish Medical Birth Registry between 1973 and 
1982, two groups were identified: 30,880 women who 
had their first and all subsequent deliveries by cae-
sarean vs. an age-matched sample of 60,122 women 
who delivered vaginally only. Stress urinary inconti-
nence (SUI) surgery was observed in 0.4% of the 
caesarean group and 1.2% of the vaginal group (fol-
low-up time 26.9 years), and the risk of SUI is esti-
mated to be 2.9 times higher after vaginal delivery 
compared with women after caesarean section. 
Among women with vaginal deliveries, rates of SUI 
surgery increased with the number of births, whereas 
in the caesarean delivery cohort it slightly decreased 
with a higher number of births. Compared with cae-
sarean delivery, the risk of SUI was more than dou-
bled for vaginal delivery with vacuum extraction and 
tripled for a vaginal non-instrumental delivery, but this 
lower risk for a vacuum extraction delivery has been 
in part explained by an overall lower birth rate in this 
subset of patients. After vaginal delivery, the inci-
dence rates for SUI surgery steadily increased, 
reaching a peak close to three decades after the first 
delivery. For caesarean delivery, the incidence of SUI 

 
Figure 5: Incidence rates in relation to mode of de-
livery and time since first childbirth. From: Lei-
jonhufvud et al. Incontinence and prolapse surgery 
after childbirth. Am J Obstet Gynecol 2011. [162] 
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increased more slowly and started to diverge from the 
curve for vaginal delivery very early during follow-up 
(Figure 5) [162].  

After the first delivery, women who delivered vaginally 
seem to have at least a two-fold greater risk of UI than 
those delivered by caesarean. However, data for the 
rates of incontinence after elective and emergency 
caesarean section are mixed; we therefore lack the 
information as to whether caesarean carried out be-
fore labour confers greater protection than caesarean 
done after labour is established.  

To understand the true impact of caesarean delivery 
onUI, future studies must compare incontinence by 
planned mode of delivery , consider a woman's entire 
reproductive career, focus on leakage severe enough 
to be problematic, consider other bladder symptoms 
as well as incontinence, and take into account other 
risk factors, particularly antepartum UI [163]. 

1.2. Postpartum Anal Incontinence 
De-novo anal incontinence (AI) symptoms after child-
birth are described as up to 26-38% between 6 
weeks-6 months postpartum [164-169].  

In a population-based survey estimating the postpar-
tum incidence of faecal incontinence (FI), Guise et al. 
[165] reported that 29% of 8,774 women reported FI 
(defined as recurring episodes of involuntary loss of 
stool or flatus since delivery) within 3-6 months post-
partum: almost half (46%) of them reported inconti-
nence of stool, and 38% reported incontinence of fla-
tus only. Approximately 46% reported the onset of in-
continence after the delivery of their first child. Higher 
body mass index, longer pushing, forceps-assisted 
delivery, third or fourth-degree laceration and smok-
ing were associated with severeFI. The authors con-
clude that in this population-based study, more than 
one in four women reported FI within 6 months of 
childbirth, with almost half reporting the onset of 
symptoms after delivery of their first child. Four in ten 
women reported loss of flatus or stool during inter-
course. Given the burden of this condition, both in 
number and social impact, coupled with the hesitancy 
of women in initiating this conversation, providers 
should ask women about symptoms of FI during post-
partum examinations. Additionally, these data sug-
gest that there may be a benefit to extending postpar-
tum follow-up visits beyond the typical 6-8 weeks to 
provide surveillance for potential incontinence. 
LEVEL OF EVIDENCE: II. 

In comparison with caesarean section, vaginal deliv-
ery seems to be associated with an increased risk of 
AI. In a population-based study, Guise et al. [164], re-
ported that vaginal delivery has a greater risk of FI 
compared to caesarean (OR 1.45; 95%CI: 1.29-1.64) 
3-6 months postpartum. However, a vaginal delivery 
without laceration or instrument assistance did not 
create a higher risk of FI than the risk with caesarean 
delivery. Being overweight (body mass index >/=30 

kg/m2), pushing for greater than two hours, and con-
stipation were independently associated with post-
partum FI (p < 0.05) regardless of route of delivery.  

A self-administered survey of FI symptoms and deliv-
ery events administered to 50 women at six weeks 
postpartum, showed that vaginal delivery was asso-
ciated with an increased risk of any FI symptom in 
comparison with caesarean section (43% vs. 20%) 
[166]. 

1.3. Pelvic Organ Prolapse 
The occurrence rate of pelvic organ prolapse (POP) 
stage ≥2 in the first 3-6 months postpartum has been 
described in literature between 18.1-56% [170-172]. 

In a cross-sectional study of 382 primigravid women, 
pelvic organ support was explored 6 months postpar-
tum: POP-Q stage ≥II was present in 7.7%, 18.1% 
and 29% of women who delivered by caesarean sec-
tion, spontaneous and instrumental vaginal delivery, 
respectively. Spontaneous vaginal delivery increased 
the risk by more than three times (OR 3.19) while in-
strumental vaginal delivery increased it more than 
five-fold (OR 5.52) in comparison with caesarean 
section. Instrument-assisted delivery did not increase 
the risk of prolapse in women who delivered vaginally. 
The authors concluded that caesarean section is as-
sociated with a lower prevalence of POP after deliv-
ery and instrument assisted delivery is not associated 
with an increased risk of postpartum prolapse among 
women who delivered vaginally [170]. 

In the cohort study extracted by the nationwide Swe-
dish Medical Birth Registry [162],  POP surgery was 
observed in 2.2% of vaginal deliveries and 0.2% of 
caesarean sections (follow-up time 25.9 years). 
Among women only having had vaginal deliveries, 
rates of POP surgery increased with number of child-
births. In the caesarean delivery cohort, rates of POP 
surgery slightly decreased with increasing parity 
number. Compared with a caesarean delivery, the 
risk of POP surgery was increased nine-fold both af-
ter non-instrumental vaginal delivery and after vac-
uum extraction, whereas among women with forceps 
delivery a twenty-fold increase in risk was observed. 
The incidence rate of POP in women with caesarean 
deliveries showed very little variation over time, but 
started to diverge more notably from the vaginal de-
livery cohort 10 years after the first birth (Figure 5B). 

The association between caesarean section and 
POP was investigated by Larsson et al. [173]: the 
Swedish Hospital Discharge Registry was used to 
identify women with an inpatient diagnosis of POP, 
and the data were linked to the Swedish Medical Birth 
Registry. A total of 1.4 million women were investi-
gated. A strong and statistically significant associa-
tion between caesarean section and POP was found 
(Adjusted OR 0.18 [95% CI: 0.16-0.20] and overall 
hazard ratio=0.20 [95% CI: 0.18-0.22]). The authors 
concluded that caesarean section is associated with 
a lower risk of POP than vaginal delivery. 
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A registry-based national cohort study carried out by 
Gyhagen et al [174], demonstrated that the preva-
lence of symptomatic POP (sPOP) was doubled after 
vaginal delivery compared with caesarean section, 
two decades after one birth. Infant birthweight and 
current BMI were risk factors for sPOP after vaginal 
delivery. The same authors demonstrated that the 
prevalence of SUI, UUI and mixed UI was higher and 
moderate to severe UI and bothersome UI were re-
ported more often after vaginal delivery than caesar-
ean section 20 years after one delivery [175].Moreo-
ver, the late prevalence of UI, sPOP, and FI were al-
most identical between vacuum extraction (VE) and 
spontaneous vaginal delivery (SVD). VE almost tri-
pled the rate of obstetric anal sphincter injury (OASI) 
compared with SVD (6.3 vs. 2.4 %, p < 0.001). FI rate 
after an OASI was similar for both VE and SVD [30.2 
vs. 27.8 %, adjusted odds ratio (aOR) 1.12; 95 % 
confidence interval (CI) 0.49-2.56]. Comparing VE 
without laceration, VE complicated by OASI in-
creased the rate of FI (from 15.4 to 30.2 %, aOR 2.55; 
95 % CI 1.26-5.15) and UI (from 39.0 to 61.4 %, aOR 
2.28; 95 % CI 1.19-4.34), but the rate of sPOP was 
almost unaltered (from 15.0 to 15.9 %). 

The incidence rate of UI and AI during pregnancy in 
previously continent women has been reported as 
39.1% and 10.3% respectively. Age, baseline body 
mass index, and family history of UI were significantly 
associated with the occurrence of UI during preg-
nancy, while age and excess weight gain during preg-
nancy were associated with the occurrence of AI dur-
ing pregnancy. The identified risk factors for both in-
continences postpartum were incontinence during 
pregnancy and vaginal delivery. LEVEL OF 
EVIDENCE II [176]. 

About half of all women develop transient UI during 
pregnancy [163];  SUI in pregnancy was a significant 
predictor for postpartum incontinence. The weight of 
the women and duration of their labor were also sig-
nificantly associated with the development of SUI 
postpartum [177].Women with incontinence before 
pregnancy were nearly three times more likely to 
have postpartum incontinence [178].  

Among 272 eligible women attending a follow-up visit 
at two years postpartum, 26 (9.5%) women reported 
persistent SUI since pregnancy. A higher BMI in preg-
nant women at term was recognized as an independ-
ent risk factor for the persistence of SUI from preg-
nancy to two years post-partum [179]. 

Fear of birth is a frequent indication for  caesareans 
demanded by the patient [180, 181]. A  cross-sec-
tional study based on the Norwegian Mother and 
Child Cohort Study (n=58,881), reported that 6% of 
the sample preferred caesarean over vaginal delivery 
in week 30 of pregnancy; 16% reported “fear of giving 
birth” as the reason for caesarean preference [182]. 
A general fear of pelvic floor trauma was cited as the 
most common reason for this choice [183]. Despite 
being based on incomplete prognostic data, this feel-

ing may be echoed increasingly among obstetric pa-
tients and may lead to an unselected, and even mis-
guided, increase in caesarean delivery rates. 

However, so far, there is no evidence from random-
ised controlled trials, upon which to base any practice 
recommendations regarding planned caesarean sec-
tion for non-medical reasons at term in order to avoid 
pelvic floor symptoms in a women without previous 
disorders. This has been demonstrated by Lavender 
et al. [184]: their aim was to find out, from randomized 
trials, the effects on perinatal and maternal morbidity 
and mortality, and on maternal psychological morbid-
ity, of planned caesarean delivery versus planned 
vaginal birth in women with no clear clinical indication 
for caesarean section. A search of the Cochrane 
Pregnancy and Childbirth Group’s Trials Register 
(December 2005), MEDLINE (1974 to April 2005), 
EMBASE (1974 to April 2005), CINAHL (1982 to April 
2005) and PsycINFO (1887 to April 2005)was carried 
out. The selection criteria were the following: compar-
isons of intention to perform caesarean section and 
intention for women to give birth vaginally; random al-
location to treatment and control groups; adequate al-
location concealment; women at term with single foe-
tuses with cephalic presentations and no clear medi-
cal indication for caesarean section. No studies were 
identified that met the inclusion criteria [184]. 

To our knowledge, scientific data are insufficient to 
justify an elective ceasarean section in order to avoid 
pelvic floor symptoms in a woman without previous 
disorders [185], considering that pregnancy itself may 
be involved in the development of such dysfunctions. 

A systematic review of Cochrane assessed the ability 
of caesarean delivery (CD), in comparison to vaginal 
delivery (VD), to preserve anal continence: 21 reports 
have been found eligible for inclusion, encompassing 
31,698 women having had 6,028 CDs and 25,170 
VDs, as the index event prior to anal continence as-
sessment. Only one report randomised women (with 
breech presentation) to CD or VD, but because of ex-
tensive cross-over, 52.1% after randomization, it was 
analysed along with the other 20 studies as treated, 
i.e. as a non-randomised trial. Only one of these re-
ports demonstrated a significant benefit of CD in the 
preservation of anal continence, a report in which in-
continence incidence was extremely high, 39% in CD 
and 48% in VD, questioning, relative to other reports, 
the timing and nature of continence assessment. The 
authors did not find any difference in continence in 
women who had an emergency versus elective CD. 
They concluded that, without demonstrable benefit, 
preservation of anal continence should not be used 
as a criterion for choosing elective primary CD [186].  
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2. EFFECTS OF PREGNANCY ON 
PELVIC FLOOR FUNCTION 

2.1. Effect on Collagen 
Despite the great advances that have been made in 
many areas of obstetric care, the effect of pregnancy 
on the morphology and function of the pelvic floor is 
still mostly unknown. Prospective data assessing the 
severity of urinary and anal incontinence during preg-
nancy are scarce. 

During pregnancy, hormones affect the biochemical 
composition of the solid matrix and hydration phases 
constituting each pelvic floor tissue. Remodelling 
mechanisms lead to changes in the organisation, ori-
entation, and diameter of the collagen fibres as well 
as the crimp structure of the collagen fibrils reinforc-
ing each tissue. Such effects can significantly affect 
the short and long-term viscoelastic properties of the 
vaginal wall, the pubovisceral muscles, and the peri-
neal body, for example. They will largely determine 
(a) the extent and rate at which these structures can 
be stretched by an expulsive force acting cyclically on 
the foetal head, and (b) the resistance to stretch pro-
vided by those structures. The more a tissue exhibits 
creep behaviour, the further it will stretch under a con-
stant load. And the more it exhibits relaxation behav-
iour, the more the stress in a tissue will decrease over 
time when held at a constant length, thereby helping 
to lower the risk of rupture in the next loading cycle. 
Were a tissue to exhibit viscoplasticity, it would be-
have as a solid below a critical level of stress, but 
above that level, it would flow like a viscous liquid. 
There is evidence that tensile failure in some soft tis-
sues can be predicted by the product of the stress 
times the strain extent in the tissue, so mechanisms 
that lower one or both these variables will reduce the 
risk of rupture. Pregnancy is known to significantly af-
fect the instantaneous stiffness and relaxation behav-
iour of vaginal tissues in rats. However, accurate data 
are lacking for pregnant human pelvic floor tissues, 
and the effects of pregnancy on injury at any tissue 
level, and on structural failure, are as yet largely un-
known [187]. 

Changes in collagen may result in greater mobility of 
the bladder neck resulting in stress incontinence. In a 
study of 116 primigravidae, perineal ultrasound was 
used to assess bladder neck mobility. Women with 
antenatal bladder neck mobility of more than 5mm on 
linear movement (equivalent to >108° rotation) were 
found to be at higher risk of developing postpartum 
stress incontinence. Approximately 50% of this group 
reported stress incontinence at 3 months postpartum 
[188]. 

There may be a group of women at an inherent in-
creased risk of developing incontinence due to abnor-
malities in collagen [189], as the collagenous compo-
nent of the connective tissue contributes to structural 
support of the bladder neck. In pregnancy, the tensile 

properties of the connective tissue are reduced, with 
a reduction in total collagen content and increase in 
glycosaminoglycans [190]. 

2.2. Natural History 
Distinguishing the time of onset, severity, and persis-
tence of urinary and anal incontinences during and 
after pregnancy may provide an insight into the natu-
ral history of incontinence, and hence in the differ-
ences between transient incontinence due to the hor-
monal and mechanical effects of pregnancy and the 
damage that may occur as a result of delivery [176].   

Solans-Domenech et al. [176] have brought to light 
the high incidence of UI and AI over the three tri-
mesters of pregnancy, and particularly in the second 
trimester. In this cohort study, an incidence rate of UI 
during pregnancy of 39.1% and 10.3% of AI was 
found.  

Figure 6 shows the evolution of severity of UI by data 
collection time, as well as the changes in trends be-
tween slight and moderate UI, with a tendency for 
slight to become moderate UI. The correlation be-
tween the severity of UI and level of interference in 
daily living was moderate but statistically significant in 
all periods of data collection with correlation coeffi-
cients of 0.35, 0.13, 0.46, and 0.47 for the first, sec-
ond, and third trimesters and postpartum, respec-
tively. 

The same authors [191] showed in a cohort study of 
healthy, nulliparous, continent pregnant women, that 
symptoms of double incontinence are prevalent dur-
ing first pregnancy; age and other intrinsic factors 
may favour the occurrence of double incontinence 
throughout gestation, while instrumental delivery and 
episiotomy increase the risk of double incontinence in 
the postpartum period. 

Huebner et al [192] confirmed that pregnancy itself 
may influence pelvic floor function in a different way 
compared with vaginal delivery: in 411 pregnant 
women, the prevalence of UI increased significantly 
in the second half of pregnancy (26.3%, P<0.001). 

 
Figure 6: Evolution of the severity of urinary inconti-
nence symptoms by time of data collection. From: 
Solans-Domenech. Incontinence During Pregnancy 
and Postpartum. Obstet Gynecol 2010 [176]. 
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Although the overall number of women who reported 
UI within 6 weeks after delivery was almost the same 
as the number reporting UI in the second half of preg-
nancy, approximately every second woman changed 
from being continent to incontinent and vice versa. 

Ten percent of women presented with AI at some 
point during pregnancy: the prevalence of AI in this 
study cohort is 2.3%, 6.8% and 7.4% in the first, sec-
ond and third trimesters. The presence of AI was 
characterised by loss of flatus in more than 90% of 
cases and common to all periods. LEVEL OF 
EVIDENCE: II [176]. 

In a prospective population-based cohort study, Jo-
hannessen et al [193], involving 1571 pregnant 
women, one in four primiparae experienced AI in late 
pregnancy; one year later, one in five still suffered 
from incontinence. Sphincter injury predicted inconti-
nence of stool and flatus, whereas greater age and 
operative delivery predicted urgency. The authors 
suggest that identification and adequate follow-up of 
pregnant women with AI may reduce postpartum AI. 

The prevalence of urinary and anal incontinence in a 
subgroup of pregnant women, constituted of African 
American adolescents (age: 14-19 years) in the third 
trimester, resulted in: 44% of patients complaining of 
UUI and 43% of SUI; 12% complained of faecal and 
41% of flatal incontinence [194]. 

Incontinence during pregnancy has been linked to 
age [195], body mass index [196], strenuous physical 
exercise [197] and smoking history [196]. 

The risk of UI increases in pregnant women aged 
more than 35 years, in women who are overweight or 
obese at baseline, and in those with a family history 
of UI, while the risk of AI rises with age and excessive 
weight gain during pregnancy [176]. Weight gain 
greater than the 50th percentile during weeks 0–15 of 
pregnancy was weakly associated with higher inci-
dence of UI at week 30 compared with weight gain 
less than or equal to the 50th percentile [198]. 

The data regarding the relationship between UI dur-
ing pregnancy and its persistence or worsening con-
dition postpartum are controversial: the results of So-
lans-Domenech et al. [176] showed that the occur-
rence of UI and AI during pregnancy is related to the 
presence of incontinence in the postpartum period, 
and vaginal delivery increases the risk of persistent 
incontinence. On the other hand Wesnes et al [199] 
concluded that the association between incontinence 
postpartum and mode of delivery is not substantially 
influenced by incontinence status in pregnancy and 
the prediction of a group with high risk of incontinence 
according to mode of delivery cannot be based on 
continence status in pregnancy. 

2.3. Familial Predisposition 
A familial predisposition in the aetiology of UI has also 
been considered, but the results are still controver-
sial. Buchsbaum et al. [200] investigated the role of 

vaginal delivery and familial factors in the develop-
ment of UI by comparing the prevalence of this con-
dition in nulliparous women and their parous sisters. 
Among this sample of biological sisters, UI was re-
ported by 47.6% of nulliparous women and by 49.7% 
of parous women (P =0.782). Considering the high 
concordance in continence status between sister 
pairs, and considering that the majority of parous 
women are continent, an underlying familial predispo-
sition toward the development of UI may be present. 
LEVEL OF EVIDENCE II-2. 

Nguyen et al. [201] analysed a large population com-
prising 1530 identical and 234 non-identical female 
twins (mean age 41.3 years), who answered a spe-
cific questionnaire focusing on symptoms of SUI. The 
two groups were comparable in terms of age, race, 
parity, BMI, menopausal status, tobacco use, mode 
of delivery and prior pelvic surgery. The authors 
demonstrated that environmental factors contributed 
significantly to the occurrence of SUI (shared environ-
mental factors contribute 77.6% of the variance, 
unique environmental factors contribute to 20.9% of 
the variance; p<0.001). The heritability of SUI was not 
statistically significant for the contribution of the phe-
notypic variance (1.49%; p=0.46). Additional anal-
yses were performed on the subgroup of women with-
out prior incontinence or prolapse surgery (638 twin 
pairs) and in the subgroup of twins with “pure stress 
urinary incontinence” (458 twin pairs): the results in 
this cohort of patients showed no genetic influence. 
The authors point out that environmental factors (in 
particular obstetrical events) play a dominant role in 
middle-aged women; genetics contributed more to-
ward the development of SUI in elderly women, as 
reported by Rohr et al. [202]: “nurture” before meno-
pause and “nature” during aging. LEVEL OF 
EVIDENCE II. 

3. PATHOPHYSIOLOGIC 
MECHANISM OF BIRTH INJURY TO 

THE PELVIC FLOOR 

Strong epidemiological evidence links vaginal child-
birth and the development of postpartum inconti-
nence and prolapse. 

There would seem to exist four major mechanisms by 
which vaginal delivery might contribute to the pelvic 
floor trauma: a) muscle trauma, b) connective tissue 
damage, c) nerve injury, d) vascular damage. 

3.1. Muscle Trauma 
The effect of delivery on muscular structure has been 
widely investigated, either with computer models, 
MRI and ultrasound. In a three-dimensional computer 
model Lien et al. [203] predicted levator ani muscle 
(LAM) stretch during vaginal birth. Serial magnetic 
resonance images from a healthy nulliparous 34-
year-old woman, and engineering graphics software, 



 

 

380  
COMMITTEE 4. PATHOPHYSIOLOGY OF URINARY INCONTINENCE, FAECAL INCONTINENCE AND PELVIC 
ORGAN PROLAPSE 

 

were used to construct a structural model of the leva-
tor ani muscles along with related passive tissues. 
The model was used to quantify pelvic floor muscle 
stretch induced during the second stage of labor as a 
model in which the foetal head progressively en-
gaged and then stretched the iliococcygeus, pubo-
coccygeus and puborectalis muscles. The largest tis-
sue strain reached a stretch ratio (tissue length under 
stretch/original tissue length) of 3.26 in the medial 
pubococcygeus muscle, the shortest, most medial 
and ventral LAM. Regions of the ileococcygeus, pub-
ococcygeus, and puborectalis muscles reached a 
maximal stretch ratio of 2.73, 2.50, and 2.28, respec-
tively. Tissue stretch ratios were proportional to foetal 
head size: for example, increasing foetal head diam-
eter by 9% increased medial pubococcygeus stretch 
by the same amount. The authors demonstrated that 

the medial pubococcygeus muscles undergo the larg-
est stretch of any levator ani muscles during vaginal 
birth and it is therefore at the greatest risk of stretch-
related injury [203] (Figure 7). 

Svabik et al. [204] showed that the area of the levator 
hiatus needs a distension of between 25% and 245% 
to allow the passage of the foetal head, considering 
as average a cross-sectional foetal head area of 68 
cm2, based on Caucasian biometric data. 

The occurrence rate of postpartum levator avulsion in 
primiparae, diagnosed with 3D-4D ultrasound be-
tween 24 hours and 9 months after vaginal delivery, 
is reported between 15-39.5% [205-211]. The inci-
dence of levator trauma evaluated with MRI is re-
ported between 17.7%-19.1% 6-12 months postpar-
tum [212-215]. 

A study published by Novellas et al. [212], reported 
an occurrence of 19.1% levator abnormalities diag-
nosed with MRI in primiparae submitted to caesarean 
section and they found that patients who underwent 
emergency caesarean sections had 2.7 times more 
abnormalities than patients who underwent elective 
caesarean. Only one study in literature reported 4 
cases of levator defect diagnosed with 3D ultrasound 
following emergency caesarean section [210]. 

Avulsion of the pubovisceral muscle seems to occur 
more frequently after forceps delivery than after spon-
taneous vaginal delivery: 1-12 months postpartum 
the occurrence rate of levator avulsion after forceps 
reaches the incidence rate of 59-72% [205, 216].  

Kearney et al. [217] compared LAM injury rates in pri-
miparous women who had a forceps delivery owing 
to foetal distress, with women delivered by forceps for 
second stage arrest; they compared these injury 
rates with a historical control group of women who 
delivered spontaneously. The major defect rates 
were 42% for women who delivered by forceps with a 
short second stage; 63% for women who delivered by 
forceps and had a prolonged second stage; and 6% 
for spontaneous delivery. The odds ratios for major 
injury were: 11.0 for forceps and short second stage 
compared with spontaneous delivery; 25.9 for forceps 
and second stage arrest compared with spontaneous 
delivery; and 2.3 for forceps and second stage arrest 
compared with short second stage (p=0.07). These 
authors also confirmed that women delivered by for-
ceps have a higher rate of levator ani injury compared 
with spontaneous delivery controls, but the length of 
the second stage of labor does not influence the ef-
fect of the forceps on the LAM. 

Several obstetric factors associated with the occur-
rence of levator avulsion have been investigated: 
Valsky et al. [207] reported that a foetal head circum-
ference ≥35.5 cm and a second stage of labour ≥110 
min, increased odds of LAM trauma by a factor of 
5.32. DeLancey´s group [215] demonstrated that in-
juries to the levator ani muscles in women after their 
first vaginal delivery are associated with forceps use 

 
Figure 7: Simulated effect of fetal head descent on 
the levator ani muscles in the second stage of labor.  
From Lien et al, Obstet Gynecol 2004 [203]. 
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(OR 14.7 [95% CI: 4.9-44.3]), anal sphincter rupture 
(OR 8.1 [95% CI: 3.3-19.5]) and episiotomy (OR 3.1 
[95% CI: 1.4-7.2]); vacuum delivery (OR 0.9 [95% CI: 
0.19-4.3]), epidural use (OR 0.9 [95% CI: 0.4-2.0]) 
and oxytocin use (OR 0.8 [95% CI: 0.3-1.8]) seem in-
stead to have a protective effect against the occur-
rence of pubovisceral avulsion after delivery avulsion. 
LEVEL OF EVIDENCE II-3.  

The LAM plays an independent role in  pelvic organ 
support. The levator hiatus is the “hernial portal” 
through which female POP develops and damage to 
the levator ‘plate’ leads to a weakening of muscular 
supports to the pelvic organs and an increase in load 
carried by connective tissue and fascia. 

It has been demonstrated that increasing POP is as-
sociated with increasing urogenital hiatus size [218]. 

The results published by Dietz and Simpson [219] in 
a retrospective study of a urogynecological popula-
tion, showed that prolapse was seen in 150/181 
(83%) women with avulsion and in 265/600 (44%) 
women without avulsion, giving a RR of 1.9 (95% CI: 
1.7-2.1). The association was strongest for cystocele 
(RR 2.3, 95% CI: 2.0-2.7) and uterine prolapse (RR 
4.0, 95% CI: 2.5-6.5). The authors conclude that 
women with levator avulsion defects were about twice 
as likely to show POP of stage II or higher than those 
without. 

Chen et al. [220] used a biomechanical model to ex-
plore how the impairment of the pubovisceral portion 
of the LAM, of the apical vaginal suspension complex, 
or both might interact to affect anterior vaginal wall 
prolapse severity. The authors stated that once a cer-
tain degree of pubovisceral impairment was reached, 
the genital hiatus opened and a prolapse developed; 
the larger the pubovisceral impairment, the larger the 
anterior wall prolapse became. A 90% impairment of 
apical support led to an increase in anterior wall pro-
lapse from 0.3 cm to 1.9 cm (a 530% increase) at 
60% pubovisceral muscle impairment, and from 0.7 
cm to 2.4 cm (a 240% increase) at 80% pubovisceral 
muscle impairment. 

Rostaminia et al [221] shown that levator ani defi-
ciency severity is associated with clinically significant 
prolapse: no patients with stage 3 prolapse had less 
than mild levator ani deficiency, and no patients with 
stage 4 prolapse had less than moderate levator ani 
deficiency. In patients with prolapse, those with mod-
erate levator ani deficiency had 3.2 times the odds of 
POP compared with patients with a minimal defect; 
those with severe levator ani deficiency had 6.4 times 
the odds of prolapse than those with minimal defi-
ciency. (LEVEL OF EVIDENCE: II) 

The aetiological role of LAM integrity in bladder dys-
function is still not completely clear. A weakly signifi-
cant association between levator avulsion and wors-
ening or de novo UI has been reported 3 months post-
partum, through the use of ultrasound [209]. Recent 
evidence questions this link, reporting that women 
with major levator defect diagnosed by MRI are less 

likely to experience SUI [222], and that puborectalis 
trauma evaluated by ultrasound is not associated with 
an increased risk of SUI or urodynamic stress incon-
tinence [223].  

The involvement of urethral function in the presence 
of levator avulsion has been approached recently, 
considering that it is often assumed that SUI may be 
due to abnormal pelvic floor muscle function or anat-
omy. Brincat et al [224], found no significant associa-
tion between maximal urethral closure pressure 
(MUCP) and urethral closure pressure with a pelvic 
floor contraction or Kegel  (KUCP) in women with or 
without LAM defects (p = 0.94, p = 0.95). Additionally, 
there was no correlation between MUCP and vaginal 
closure force (r = 0.06, p = 0.41), and there was a 
weak correlation between KUCP and vaginal closure 
force (r = 0.20, p = 0.01). They conclude that urethral 
pressure profiles are unrelated to LAM defect status 
after vaginal birth, indicating that the mechanism re-
sponsible for LAM damage spares the urethra. Shek 
et al. [211], demonstrated that except at the bladder 
neck, there was no significant association between 
urethral mobility and avulsion. 

In regard to anorectal function, Heilbrun et al. [213] 
showed a weak trend towards more FI in women with 
LAM avulsion and anal sphincter tears, but the inter-
pretation of these results must take into account that 
this is a rather select group, with a special set of risk 
factors.  

One might speculate as to how 85–90% of first time 
mothers can undergo vaginal birth without the foetal 
head overstretching and rupturing the U-shaped loop 
of pubovisceral muscle tissue. One possibility is that 
the structure that lies in series with this muscle could 
protect it by stretching more than the muscle itself, 
just as a fusible link protects the wiring harness of an 
automobile against an electrical short. That structure, 
the perineal body, located between the vagina and 
rectum and comprised of relatively soft connective tis-
sue, has material properties that do appear to change 
in late pregnancy, but these remain to be quantified 
[187]. 

3.2. Nerve Injury 
A geometric model has been used to predict the 
stretch ratios in the nerves innervating the levator ani, 
urethra, and anal sphincter during the second stage 
of vaginal labour [225]. The results showed that the 
inferior rectal branch exhibited the maximum strain, 
35%, and this strain varied by 15% from the scenario 
with the least perineal descent to that with the most 
perineal descent. The strain in the perineal nerve 
branch innervating the anal sphincter reached 33%, 
whereas the branches innervating the posterior labia 
and urethral sphincter reached values of 15% and 
13%, respectively. It was concluded that during the 
second stage (a) nerves innervating the anal sphinc-
ter are stretched beyond the 15% strain threshold 
known to cause permanent damage in the non-preg-
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nant appendicular nerve, and (b) the degree of peri-
neal descent is shown to influence pudendal nerve 
strain. 

Pudendal nerve lesions usually result in demye-
lination of the fibres; axonal breaks may occur in se-
vere cases where there is no recovery of the tissues 
[226]. c-Fos expression (an early reactive nerve injury 
marker) in the L6 to S1 spinal cord segments was ob-
served in rats after simulated birth trauma, indicating 
acute nerve injury or irritation in spinal neurons. Also, 
histological studies have revealed a marked de-
crease of ganglion cells in the neural plexuses pos-
terolateral to the vagina in rats after simulated birth 
[227].  

Neuromuscular abnormal pelvic floor activation pat-
terns may also contribute to the development of post-
partum pelvic floor disorders [228-230]. Electroneuro-
myography studies have shown that 80% of primi-
gravidae developed evidence of partial denervation 
with signs of reinnervation and increase in the density 
of nerve fibres in the postpartum period after vaginal 
delivery [231, 232]. The latency time of pudendal 
nerve motor fibres increased after two to threedays 
following vaginal delivery, but values normalised after  
six months in 66% [232]. Most nerve lesions sponta-
neously recover within a year by regenerative pro-
cesses [226]. However, pudendal nerve damage, 
even with partial reinnervation of the external anal 
sphincter muscle, may persist and become more 
marked in the long term [233].  Neurophysiological 
tests revealed nerve damage in 36% of women with 
persistent SUI at 3 months postpartum. Compared 
with nulliparous control subjects, patients with SUI 
and POP had changes in the levator ani and external 
anal sphincter consistent with either motor unit loss 
or failure of central activation, or both [234].  

4. PERINEAL TRAUMA 

4.1. Epidural Analgesia During Labour 
Regional anaesthesia for the relief of labour pain has 
become more popular during the past 20 years. De-
spite interest in its possible obstetric consequences, 
little attention has been paid to its potential effects on 
the pelvic floor and perineal injury.  

The available published data describe controversial 
results. Some studies suggest that epidural analge-
sia, by enabling relaxation of the pelvic floor, leads to 
greater control of crowning of the foetal head and 
consequently fewer perineal lacerations [235], but 
prolongation of the second stage may also increase 
the incidence of pudendal nerve damage [236, 237]. 

Robinson et al. [238] examined whether epidural an-
algesia is associated with differences in rates of se-
vere perineal trauma during vaginal deliveries. 
Among women who had epidurals, 16.1% (221/1376) 
had severe perineal lacerations compared with 9.7% 
(55/ 566) women who did not have epidurals (P < 

.001; OR 1.8, 95% CI: 1.3-2.4). When controlling for 
birth weight, use of oxytocin, and maternal age in lo-
gistic regression analysis, epidural remained a signif-
icant predictor of severe perineal injury (OR 1.4, 95% 
CI: 1.0-2.0). Epidural use is consistently associated 
with increased operative vaginal deliveries and con-
sequent episiotomies, so the authors constructed a 
logistic regression model to evaluate whether the 
higher rates of those procedures were responsible for 
the effect of epidurals on severe perineal trauma. 
With operative vaginal delivery and episiotomy in the 
model, epidural was no longer an independent pre-
dictor of perineal injury (OR 0.9, 95% CI: 0.6-1.3). 
They concluded that epidural analgesia is associated 
with an increase in the rate of severe perineal trauma 
because of the more frequent use of operative vagi-
nal delivery and episiotomy. 

Carroll et al. [239], evaluated whether epidural anal-
gesia was an independent risk factor for severe peri-
neal laceration. Among women who had epidural an-
algesia, 10.25% (65 of 634) had severe perineal lac-
erations compared with 5.22% (111 of 2,125) of the 
women who did not have epidural analgesia. After 
controlling for major variables in a logistic regression 
analysis, epidural analgesia remained a significant 
predictor of severe perineal injury (OR 1.5, 95% CI = 
1.0-2.1). A logistic regression model examining pre-
dictors of instrument use found that epidural analge-
sia does significantly predict instrument use (OR 
3.01, 95% CI: 2.2-4.0). The author concluded that 
epidural analgesia is associated with an increase in 
severe perineal trauma as a result of an associated 
three-fold increased risk of instrument use. Instru-
ment use in vaginal delivery more than triples the risk 
of severe perineal laceration. 

No significant association between anal sphincter in-
jury and the use of epidural anaesthesia was ob-
served in 91 women in the retrospective study pub-
lished by Christianson et al. [240]. On the other hand, 
Fitzgerald et al. [241] demonstrated that epidural was 
significantly associated with anal sphincter tear when 
the analysis was adjusted for maternal age, race, and 
gestational age . 

In a study of 82 women, Meyer et al. [242] assessed 
the effects of epidural analgesia on pelvic floor func-
tion. Eighty-two primiparous women (consisting of 41 
given an epidural and 41 not given an epidural) were 
investigated during pregnancy and at 2 and 10 
months after delivery by a questionnaire, clinical ex-
amination, and assessment of bladder neck behav-
iour, urethral sphincter function and intravaginal/intra-
anal pressures. Ten months after spontaneous deliv-
ery, there were no significant differences in the prev-
alence of SUI and decreased sexual vaginal re-
sponse, or in bladder neck behaviour, urethral 
sphincter function and pelvic floor muscle strength 
between women who had or had not had epidural an-
algesia. 

Sartore et al. [243] concluded that the use of epidural 
analgesia is not associated with symptoms related to 
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perineal trauma and pelvic floor muscle weakness 3 
months after vaginal delivery. 

In a prospective observational study of 488 primipa-
rae, Shek et al. [244], demonstrated with 3D ultra-
sound that intrapartum epidural appeared to have a 
protective effect (P=0.03; OR 0.42; 95% CI: 0.19-
0.93) against levator trauma at the time of first deliv-
ery. Also Kearney et al. [215], using MRI, confirmed 
that epidural reduce the risk of developing a levator 
defect during vaginal delivery. 

4.2. Role of Episiotomy 
The episiotomy, a surgical incision in the perineum 
made to enlarge the vaginal opening and facilitate de-
livery, was originally introduced as a method as-
sumed to improve maternal and neonatal outcomes 
and rapidly became a part of standard obstetric care. 
However, since the 1980s, routine use of episiotomy 
has been challenged, based on the lack of evidence 
of benefits of the procedure [245] and the publication 
of multiple studies reporting increased blood loss at 
delivery, perineal scar breakdown and infection, post-
partum pelvic pain, and dyspareunia [246-249].  

Nowadays routine episiotomy is not recommended 
any more. Various types of episiotomy have been de-
scribed in the past (median, modified median, J-
shaped episiotomy, mediolateral, lateral, radical lat-
eral and anterior) in papers and textbooks (Figure 8). 
The description of mediolateral episiotomy (the most 

frequently used in Europe) in standard obstetrics text-
books differs widely: some publications provide only 
descriptive terms, the angle of incision varies be-
tween 31° and 63°, suggesting the wide potential var-
iation in the practice of episiotomy worldwide.  

Some studies deal with the different use of various 
episiotomies in different countries (e.g. UK, Finland 
and Greece) [251-254]. However randomised trials 
comparing alternative methods or position of episiot-
omy are lacking, resulting in Level 2b or Level 3 of 
evidence, only. To ensure Level 1 evidence from ran-
domised trials, it needs a standardisation of the prac-
tice and reporting of the episiotomy incision. How-
ever, a standardized classification system has not 
been introduced yet, making it difficult to compare the 
various techniques. Even in the last Cochrane review 
of episiotomy, an exact classification or definition of 
episiotomies is lacking [255]. 

Some studies have demonstrated increased inci-
dence of third and fourth-degree lacerations associ-
ated with the use of midline episiotomy [256, 257]. 
The resulting damage to the internal and external 
anal sphincters can lead to devastating long-term se-
quelae, including FI and rectovaginal fistulae [258].  

To support the benefits of episiotomy, some clinicians 
have claimed that meticulous repair of a surgical epi-
siotomy yields improved wound healing when com-
pared with an unpredictable spontaneous laceration 
[246]. This assertion, however, has not been substan-
tiated by evidence [259].  

Kalis et al. [260] evaluated the results of mediolateral 
episiotomy with incision angle of 60°: the study group 
comprised 60 consecutively recruited primiparous 
women who required episiotomy during delivery. The 
results showed that the angles differed significantly 
among the incision (60°), repair (45°), and 6-month 
(48°) measurements (P < 0.001). There was a poor 
correlation between the suture angle and the angle 
measured at 6 months postpartum. No severe peri-
neal tear was diagnosed in the cohort. At 6 months 
postpartum, only one woman reported mild symp-
toms of de novo AI, whereas 7 women reported peri-
neal pain related to episiotomy.  

Many institutions and individual obstetric practitioners 
have decreased their performance of episiotomy over 
the past 20 years, most likely as a result of practicing 
evidence-based medicine. 

An electronic audit of the medical procedures data-
base at Thomas Jefferson University Hospital from 
1983 to 2000 was completed to determine if practice 
patterns have been altered by the large body of liter-
ature strongly advocating the selective use of episiot-
omy. Overall episiotomy rates in 34,048 vaginal births 
showed a significant reduction from 69.6% in 1983 to 
19.4% in 2000. Significantly decreased risk of episi-
otomy was seen based upon year of childbirth (OR 
0.87, 95% CI: 0.86-0.87), black race (OR 0.29, 95% 
CI: 0.28-0.31), and spontaneous vaginal delivery (OR 
0.40, 95% CI: 0.36-0.45). Increased association with 

 
Figure 8: Types of episiotomy. 1: median episiot-
omy, 2: modified median episiotomy, 3. ‘J’- shaped 
episiotomy, 4: mediolateral episiotomy, 5. lateral ep-
isiotomy, 6: radical lateral (Schchardt incision), 7: 
anterior episiotomy (white arrow). From Kalis et al. 
Classification of episiotomy: towards a standardiza-
tion of terminology. BJOG 2012 [250]. 
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episiotomy was seen in forceps deliveries (OR 4.04, 
95% CI: 3.46-4.72), and with third or fourth-degree 
lacerations (OR 4.87, 95% CI: 4.38-5.41). This study 
demonstrates a statistically significant reduction in 
the overall episiotomy rate between 1983 and 2000. 
White women consistently underwent episiotomy 
more frequently than black women, even when con-
trolling for age, parity, insurance status, and operative 
vaginal delivery [249]. 

A population-based register of 514,741 women with 
singleton vaginal deliveries recorded in the Finnish 
Medical Birth Register was reviewed. Primiparous 
and multiparous women who had undergone episiot-
omy were compared to women who had not under-
gone episiotomy, for possible risk factors. The occur-
rence of episiotomy decreased from 71.5% in 1997-
1999 to 54.9% in 2006-2007 among primiparous 
women, and from 21.5% in 1997-2001 to 9.2% in 
2006-2007 among multiparous women. The use of 
episiotomy decreased in not only low-risk but also 
high-risk women who had operative vaginal or breech 
deliveries, macrosomic newborns, and oxytocin aug-
mentation. The ratio of episiotomy use remained rel-
atively unchanged in different subgroups even though 
episiotomy policy became increasingly restrictive 
over time. The authors concluded that the spectrum 
of episiotomy indications has not changed over time, 
and use of episiotomy has declined arbitrarily to a 
similar extent among high and low-risk women [261]. 

To identify the risk factors for obstetric anal sphincter 
rupture (OASR), a retrospective population-based 
register study was carried out. A total of 514,741 
women with singleton pregnancy and vaginal delivery 
between 1997 and 2007 in Finland were recruited. 
Episiotomy decreased the likelihood of OASR for the 
primiparous [OR 0.83, 95% CI: 0.75-0.92], but not the 
multiparous women (OR 2.01, 95% CI: 1.67-2.44). 
Episiotomy was associated with decreased risks for 
obstetric anal sphincter rupture in vacuum assisted 
deliveries (OR 0.70, 95% CI: 0.57-0.85). These re-
sults support the restrictive use of episiotomy, since 
909 episiotomies appear to be needed to prevent one 
OASR among primiparous women. The equivalent 
estimate in vacuum assisted deliveries among primip-
arous women was 66, favoring routine use of episiot-
omy in such cases [253]. 

Robinson et al. [262], carried out a study to identify 
factors associated with the use of episiotomy at spon-
taneous vaginal delivery. They studied 1576 consec-
utive term, singleton, spontaneous vaginal deliveries; 
the association of demographic variables and obstet-
ric factors with the rate of episiotomy use were exam-
ined. The overall rate of episiotomy was 40.6% (640 
of 1576). Midwives performed episiotomies at a lower 
rate (21.4%) than faculty (33.3%) and private provid-
ers (55.6%) (P =0.001). After controlling for confound-
ing factors with logistic regression, private practice 
provider was the strongest predictor of episiotomy 
use (OR 4.1, 95% CI: 3.1-5.4) followed by faculty pro-
vider (OR 1.7; 95% CI:1.1-2.5), prolonged second 

stage of labour (OR 1.8; 95% CI: 1.2-2.7), foetal mac-
rosomia (OR 1.6; 95% CI: 1.1-2.5), and epidural an-
algesia (OR 1.4 95% CI: 1.1-1.8). The authors con-
clude that the strongest factor associated with episi-
otomy at delivery was the category of obstetric pro-
vider. Obstetric and demographic factors evaluated 
did not readily explain this association. 

A study was carried out to lower the episiotomy rate 
through physician education and to document the in-
dication when episiotomy was performed. The inter-
vention consisted of an evidence-based lecture rec-
ommending limited usage of episiotomy and request-
ing documentation of any indication for episiotomy. 
Data 3 months prior to the intervention were com-
pared to those of the following year. For all vaginal 
deliveries, there was a 17% decrease in the rate of 
episiotomy, from 46.9% to 38.8%. For spontaneous 
vaginal deliveries, there was a 25% decrease in the 
episiotomy rate, from 40.8% to 30.8%. The most com-
mon indications for episiotomy reported were rou-
tine/elective, 41.0%; vacuum, 18.6%; forceps, 16.4%; 
and non-reassuring foetal heart tracing, 10.9% [263]. 

A review was conducted of women with consecutive 
vaginal deliveries at Magee-Women’s Hospital be-
tween 1995 and 2005 to evaluate the episiotomy ex-
posure at first vaginal delivery. A total of 6,052 pa-
tients were included, of whom 47.8% had episiotomy 
at first delivery. Spontaneous second-degree lacera-
tions at the time of second delivery occurred in 51.3% 
of women with history of episiotomy at first delivery, 
compared with 26.7% without history of episiotomy 
(P<0.001). Severe lacerations (third or fourth- de-
gree) occurred in 4.8% of women with history of epi-
siotomy at first delivery compared with 1.7% without 
history of episiotomy (P<0.001). Prior episiotomy re-
mained a significant risk factor for second-degree 
(OR 4.47, 95% CI: 3.78-5.30) and severe obstetric 
lacerations (OR 5.25, 95% CI: 2.96-9.32) in the sec-
ond vaginal delivery after controlling for confounders. 
Based on these findings, for every four episiotomies 
not performed, one second-degree laceration would 
be prevented. To prevent one severe laceration, per-
forming 32 fewer episiotomies is required. Episiotomy 
at first vaginal delivery increases the risk of sponta-
neous obstetric laceration in the subsequent delivery. 
This finding should encourage obstetric providers to 
further restrict the use of episiotomy. LEVEL OF 
EVIDENCE II [264]. 

In a recent study of Bø et al [265], aiming to compare 
vaginal resting pressure, pelvic floor muscle strength 
and endurance and prevalence of UI at 6 weeks post-
partum in women with and without episiotomy, the au-
thors conclude that pelvic floor muscle function and 
prevalence of postpartum UI were not affected by a 
lateral or mediolateral episiotomy. 

In a biomechanical analysis on the impact of episiot-
omy during childbirth, Oliveira et al. [266] demon-
strated that a mediolateral episiotomy has a protec-
tive effect, reducing the stress on the muscles, and 
the force required to delivery successfully up to 
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52.2%. The intervention also has benefits on muscle 
injury, reducing the damage to a small zone. 

5. CONCLUSIONS AND 
RECOMMENDATIONS 

a) Prevalence of UI after vaginal delivery is double 
than after caesarean section [158]. Caesarean 
section seems to decrease the risk of postpartum 
UI [159, 160], but its protective effect seems to 
diminish over time and disappears after multiple 
deliveries [160, 161]. Risk of SUI is estimated to 
be 2.9 times higher after vaginal delivery com-
pared with women after caesarean section [162]. 
Information as to whether caesarean done before 
labour confers greater protection than caesarean 
done after labour is lacking. To understand the 
true impact of caesarean delivery on UI, future 
studies must compare incontinence by planned 
delivery modes. 

b) De-novo AI symptoms after child-birth are de-
scribed as up to 26-38% between 6 weeks-6 
months postpartum [164-169]. Vaginal delivery 
has a greater risk of FI compared to caesarean 3-
6 months postpartum [164] [166]. It is recom-
mended extending postpartum follow-up visits be-
yond the typical 6-8 weeks to provide surveillance 
for potential incontinence. LEVEL OF 
EVIDENCE: II. 

c) POP rate in the first 3-6 months postpartum is re-
ported between 18.1-56% [170-172]. Spontane-
ous vaginal delivery increased the risk by more 
than three times while instrumental vaginal deliv-
ery increased it more than five-fold in comparison 
with caesarean section [170]. Caesarean section 
has a protective effect on occurrence of POP 
[173].  

d) The occurrence of UI and AI during the postpar-
tum period is related to the presence of inconti-
nence in pregnancy, and vaginal delivery in-
creases the risk of persistent incontinence. 
LEVEL OF EVIDENCE II [176]. 

e) So far, there is no evidence from randomized con-
trolled trials, upon which to base any practice rec-
ommendations regarding planned caesarean 
section for non-medical reasons at term or to 
avoid pelvic floor symptoms in a woman without 
previous disorders, considering that pregnancy it-
self may be involved in the development of such 
dysfunctions [184-186]. 

f) Obstetrics factors associated with the occurrence 
of LAM trauma postpartum: forceps use, foetal 
head circumference ≥ 35.5 cm, second stage of 
labour ≥110 min, anal sphincter rupture, episiot-
omy. LEVEL OF EVIDENCE II-3. Levator ani 
avulsion is associated with the occurrence of pel-
vic organ prolapse later in life, but the role of LAM 

integrity in bladder and anorectal dysfunctions are 
still not completely clear. 

g) Epidural analgesia during labour: controversial 
results regarding its potential effect on the pelvic 
floor and perineal injury. There is a lack of pro-
spective, randomised trials, requiring further re-
search and development in order to draw recom-
mendations. 

h) Randomized trials comparing alternative meth-
ods or position of episiotomy are lacking, resulting 
in Level IIb or Level III of evidence, only. To en-
sure Level 1 evidence from randomized trials, it 
needs a standardisation of the practice and re-
porting of the episiotomy incision. The actual evi-
dence shows that episiotomy is associated with 
3rd-4th degree of perineal laceration and with an 
increased risk of spontaneous obstetrics lacera-
tion in the subsequent delivery. These findings 
encourage restriction of routine use of episiot-
omy. LEVEL OF EVIDENCE II. 

 PATHOPHYSIOLOGY OF 
STRESS INCONTINENCE IN 

WOMEN: URETHRAL 
STRUCTURE, SUPPORT AND 

FUNCTION 

The factors necessary for the urethra to remain 
closed at rest and during increased abdominal pres-
sure have been well characterised, but their func-
tional inter-relationships are still not fully understood. 
These factors include: 1) healthy, functioning striated 
sphincter controlled by pudendal innervation, 2) well 
vascularised urethral urothelium and sub-mucosa, 3 
properly aligned and functioning intrinsic urethral 
smooth muscle, and 4) intact vaginal wall support.  

1. THE FEMALE UROGENITAL 
DIAPHRAGM: URETHRAL 
SPHINCTER LOCATION 

Detailed descriptions of the striated urogenital 
sphincter muscle have been made by Max Brodel 
working with Howard Kelly [267], Oelrich [268] and 
further expanded by DeLancey [269]. These reports 
have provided clear descriptions of the urethral 
rhabdosphincter. The location of the sphincter ele-
ments can be understood by dividing the urethral lu-
men into 5 equal segments. The first 20% is sur-
rounded by the bladder muscle and detrusor loop, the 
next 40% is surrounded by a sleeve of striated mus-
cle that forms the sphincteric portion of the striated 
sphincter. Next, from 60 to 80% two arch shaped 
bands of muscle diverge from the wall of the urethra 
to surround the vagina (urethrovaginal sphincter) and 



 

 

386  
COMMITTEE 4. PATHOPHYSIOLOGY OF URINARY INCONTINENCE, FAECAL INCONTINENCE AND PELVIC 
ORGAN PROLAPSE 

 

perineal membrane (compressor urethrae). Mano-
metric and electrophysiological recordings from the 
mid-urethra have shown that it generates the highest 
level of resting pressure and electromyographic activ-
ity. 

This portion of the urethra is an intra-pelvic structure 
located immediately posterior to the pubic bone. In 
the past, much has been made of the loss of this intra-
pelvic position in stress incontinence. It had been 
suggested that when the urethra descended away 
from its intra-abdominal position, intra-abdominal 
forces no longer constricted it during straining. This 
concept has survived and been modified into the 
“hammock hypothesis” [270] which suggests that the 
anterior vaginal wall provides a backboard against 
which increasing intra-abdominal forces compress 
the urethra. The anterior vaginal wall is stabilized by 
its lateral attachments to the arcus tendineus fascia 
pelvis and levator ani muscle. Data supporting this 
hypothesis are drawn from urethral pressure trans-
mission studies showing that continent patients expe-
rience an increase in intra-urethral pressures during 
coughing. This pressure increase is lost in stress in-
continence and may be restored following successful 
operations designed to stabilize or elevate the sub-
urethral vaginal wall [271-280]. 

The urethra is supported by the anterior vaginal wall. 
The superior vaginal sulcus, most clearly found in nul-
lipara, exists at this junction of the lower and middle 
third of the vaginal wall. This point represents the two 
lateral insertion points of the vaginal “hammock”. Por-
tions of the pubococcygeus muscle attach to these 
sulci within the pelvis and can produce elevation dur-
ing voluntary contraction. 

Immediately anterior to the proximal urethra are 
found the reflections of the endopelvic fascia. The 
most prominent of these, the attachments of the ar-
cus tendineus fascia pelvis (sometimes referred to 
clinically as “pubo-urethral ligaments”), are suffi-
ciently condensed to form distinct and recognisable 
ligaments on either side of the pubis where they at-
tach to the pubic bone about 1 cm from the midline 
and 1 cm above the bottom of the pubis. These struc-
tures are continuous with a complex of tissues includ-
ing the perineal membrane and levator ani. The arcus 
tendineus fascia pelvis, which can be seen at the time 
of retropubic surgery, is the more familiar of these. 

This is a strong fascial condensation which most likely 
maintain their characteristics throughout life. Previ-
ous investigators have suggested that elongation of 
this structure may be responsible for the loss of ure-
thral support seen in stress incontinence, yet objec-
tive evidence for this is lacking.  

Different authors have described the striated urogen-
ital sphincter (SUS) that has also been called the ex-
ternal urethral sphincter (EUS) by some authors, both 
in foetuses [281, 282] and adults [283] as a superior 
horseshoe structure covering the urethra and an infe-
rior one surrounding the anterolateral aspect of the 
urethra and the lateral part of the vagina. 

The LAM is involved in urethral support. Wallner at al. 
[284] investigated the topographical relationship be-
tween the EUS and the LAM (Figure 9, 10), showing 
that in female foetuses, but not in male, the inferior 
part of the EUS is firmly attached to the LAM by a 
tendinous connection. This determines an anterior 
bending of the midurethral zone when a simultaneous 
contraction of the LAM and EUS occurs, closing the 

 
Figure 9: EUS in 18 weeks female foetus: A anterior 
view, B lateral view, C oblique view, D superior view, 
E inferior view - From Wallner et al., Eur Urol 2009 
[284]. 

 
Figure 10: The anatomical relationship of the EUS to 
the LAM in adults. Panels (A) through (D) show 
transverse sections through the EUS and the LAM of 
an adult female (54 yr): (A) superior part of the EUS 
(arrowheads), section stained immunohistochemi-
cally for striated muscle; (B) sequential section 
stained with sirius red for connective tissue; (C) in-
ferior part of the EUS (arrowheads), section stained 
immunohistochemically for striated muscle; (D) se-
quential section stained with sirius red for connec-
tive tissue. Note in (C) that in the adult, the anatomi-
cal relationship between the inferior part of the EUS 
and the LAM is still maintained. The contrast of im-
ages (A) and (C) was increased digitally. L = levator 
ani muscle; U = urethra; V = vagina. From Wallner et 
al Eur Urol 2009 [284]. 
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urethral lumen and maintaining continence. The func-
tional integrity of this connection between the EUS 
and the LAM is therefore crucial to avoid UI. 

The striated EUS, both in foetuses and adults, has a 
superior horseshoe structure covering the urethra 
and an inferior one surrounding the anterolateral as-
pect of the urethra and the lateral part of the vagina. 

Moreover, while the lower one-third of the vagina is 
oriented more vertically in the nullipara, the upper 
two-thirds of the vagina deviate horizontally [285]. 
This orientation is due: 1) to the posterior attachments 
of the cervix by the cardinal and utero-sacral liga-
ments and 2) to the anterior position of the levator hi-
atus. Barium vaginograms have demonstrated this 
horizontal angulation of the upper two-thirds of the 
vagina, and show that during coughing and stressful 
manoeuvres, the levator hiatus is shortened in an an-
terior direction by the contraction of the pubococ-
cygeus muscles. Thus, the pelvic organs receive sup-
port from the shape and active contraction of the le-
vator muscles. 

Modifications of the genital hiatus determining an in-
crease in the genitohiatal distance can be associated 
with urodynamic stress incontinence (USI). In a retro-
spective study of 396 women with USI [286], pelvic 
floor ultrasound revealed a small but statistically sig-
nificant negative association of the genitohiatal dis-
tance to urodynamic functional urethral parameters 
such as the functional profile length, the maximum 
urethral closure pressure and a low Valsalva leak-
point pressure (r = -0.148, P = 0.018 and r = -0.227, 
P = 0.009, r = -0.199, P = 0.02 respectively), that 
would explain about 5% of the observed variation. 

2. EFFECT OF CHILDBIRTH, 
VAGINAL PROLAPSE AND 

URETHRAL POSITION ON URINARY 
CONTINENCE 

Labour and delivery alter vaginal and pelvic anatomy 
and innervation in several ways as has been dis-
cussed in other sections of this chapter. Each of these 
may contribute to the eventual development of UI: 

Direct crushing or traction on the pudendal nerve has 
been discussed above and has previously been sug-
gested as a primary cause of sphincter incompetence 
in stress incontinence. The pudendal nerve, which 
projects from Onuf’s nucleus and traverses Alcock’s 
canal before entering the ischiorectal fossa and inner-
vating the EUS, can be injured during vaginal deliv-
ery, particularly in the area between the sacrospinous 
and sacrotuberous ligaments. Two different mecha-
nisms of pudendal nerve damage during delivery 
have been described: 1) nerve compression and 
stretching which may cause an elongation of the 13% 
of its motor branch innervating the EUS [287]; 2) a 
reduced at 8% stretch and complete ischemia at 15% 

stretch of the nerve as shown in a tibial nerve rat 
model [288]. Thus, pudendal nerve ischemia likely 
occurs during vaginal delivery as a result of both 
stretch and compression [289]. 

The vagina itself may be torn away from its intrapelvic 
attachments; some believe there is also subsequent 
loss of the superior vaginal sulcus. There may be di-
rect attenuation of the vaginal wall itself, manifested 
by loss of vaginal rugae and a thin appearance. Cul-
len Richardson has suggested four distinct kinds of 
vaginal injuries: paravaginal, central, distal, and cer-
vical, the first two being the most commonly seen in 
women with stress incontinence. These defects have 
been identified by sonographic examination [290]. 

Finally, detachment of the pubococcygeal (some-
times called pubovisceral) portion of the LAM [291], 
often described as stretching, tearing and avulsion of 
the levator muscles, result in a longer and wider leva-
tor hiatus. This is not due to nerve injury or muscle 
compression as sometimes suggested. Studies that 
are designed to evaluate differences between possi-
ble injury mechanisms to include muscle detachment 
from their origin, neuropathic atrophy and compres-
sion injury show evidence of direct injury but not com-
pression or nerve damage as a cause for this injury 
[292]. Consequently, the perineum is displaced cau-
dally and posteriorly under stress and temporarily 
fails to support the pelvic organs. These changes in 
the levator hiatus with or without associated relaxa-
tion of cervical support result in chronic anterior dis-
placement of pelvic organs with a loss of both active 
and passive organ support during rest and especially 
during straining. 

In the patient with SUI  these changes typically give 
rise to a rotational descent of the proximal urethra 
away from its retropubic position. Radiographic im-
ages of SUI in women have noted this and generated 
our earliest concepts of this condition. Jeffcoate and 
Roberts [293], using lateral cystourethrograms, con-
cluded: “…the most common characteristic anatomi-
cal change, present in four out of five cases of incon-
tinence, is loss of the posterior urethro-vesical angle 
so that the urethra and trigone tend to come into line.” 

In 2002, fifty years later, perineal sonographic studies 
of urethrovesical angle differences in incontinent and 
normal patients have found excellent correlation iden-
tified between angle and degree of incontinence, sup-
porting these original observations [294]. 

The history of urethrovesical support involves many 
studies focusing on the use of barium paste placed in 
the bladder and in the urethra [295, 296], but they are 
outdated and covered in prior editions of this book. 

These kinds of radiographic studies, however, cannot 
distinguish between lateral or central defects in vagi-
nal wall support. Therefore, while urethral movement 
can be identified as an important finding in stress in-
continence, one cannot determine the exact location 
of the vaginal defect. Because the proximal urethra 
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rotates out of the focal plane of ultrasonograhic 
probes or MRI, coronal images of vaginal relaxation 
have not yet shown anatomical detail at the moment 
of incontinence. They cannot distinguish central from 
paravaginal defects. For this, an examination of the 
patient is required. 3D stress MRI, however, has 
made this possible and reveals that the dominant fac-
tor in loss of anterior vaginal wall support comes from 
paravaginal separation and apical descent that are 
highly correlated with one another [297].   

Although we have considerable knowledge about an-
atomical defects in the majority of patients USI, less 
is understood about the exact effect of these defects, 
and indeed, vaginal position itself, on urethral clo-
sure. Early experience with operations for stress in-
continence showed that not all women with SUI had 
vaginal prolapse, that correction of vaginal relaxation 
did not always correct stress incontinence, and that 
women who redeveloped stress incontinence symp-
toms after apparently successful surgery did not nec-
essarily show a recurrence of their prolapse [298]. 

The effect on the urethral mechanism of anatomical 
defects induced by vaginal delivery has been recently 
investigated. In a rat model birth trauma has been 
simulated by inducing vaginal distension by balloon 
catheter inflation [299]. Sneeze induced SUI was 
caused by decreased active closure mechanisms at 
the mid-urethra without affecting the passive trans-
mission of abdominal pressure in the proximal ure-
thra. 

The greater involvement of the urethral mechanism in 
the occurrence of post-partum stress incontinence 
was confirmed in a case control study evaluating ure-
thral closure pressure and bladder neck movement 
assessed with ultrasound [300]. Eighty primiparous 
women complaining of de-novo stress incontinence 
9-12 months after delivery were compared with 80 pri-
miparous continent and 80 nulliparous continent 
women. Lower maximal urethral closure pressure 
was the closest association with de novo stress in-
continence after first vaginal birth followed by vesical 
neck mobility and was as strong a predictor of incon-
tinence as were changes in urethral support.  

3. ROLE OF CONNECTIVE TISSUE 

Collagen and smooth muscle are the main constitu-
ents of endopelvic fascia and abnormalities in the 
quantity, type and quality of collagen have been ob-
served in women with stress incontinence. Several 
studies have reported a decrease in the total collagen 
content in women with SUI [301-303]; moreover, in 
SUI a defect in endopelvic fascia is also likely to be of 
functional significance given that the urethra is indi-
rectly attached to the levators by endopelvic fascia 
and an intact arrangement assists in urethral position-
ing [304]. Stress incontinence may be acquired 
through conditions causing changes in connective tis-
sue: 

The incidence of SUI is more common with increasing 
age. In postmenopausal women, connective tissue to 
muscle ratio is reduced, and although the formation 
of collagen cross-links stabilizes the molecule it pre-
vents remodelling and flexibility [305]. 

It is well known that stress incontinence is more com-
mon in multiparous women. There is evidence to sug-
gest that trauma during childbirth may cause neuro-
muscular injury. However, changes in connective tis-
sue also occur during pregnancy. Fascia becomes 
more elastic and vulnerable and women who have 
antenatal stress incontinence might have a greater 
degree of fascial weakness compared with those who 
remain continent [306]. Women, who develop ante-
natal stress incontinence, even when it resolves in the 
postnatal period, are twice as likely to develop it again 
in the future compared with those without antenatal 
stress incontinence [307]. Whether this is due to preg-
nancy unmasking women with congenitally weak 
sphincter mechanisms or changes due to the preg-
nancy remains to be determined.  The hormonal 
changes during pregnancy or abnormal remodelling 
of collagen may be important in the development of 
these conditions so this is plausible thought not 
proven. 

4. EMERGING CONCEPTS OF 
URETHRA WEAKNESS AND ISD 

The idea that primary urethral weakness could cause 
SUI was first proposed by Howard Kelly in 1914 [308] 
and its relationship to problems with urethral support 
emphasized in a proposed classification by Blaivas et 
al. [309]. In their classification, they named this Type 
III incontinence to distinguish it from Types I and II, 
each of which showed movement, while Type III did 
not. This term still remains in the contemporary liter-
ature, although it has now been largely replaced by 
the term intrinsic sphincter deficiency (ISD), focusing 
attention on urethral elements which appear to be in-
dependent of vaginal position and mobility. These el-
ements include pudendal innervation, striated sphinc-
ter mass and function, and urethral smooth muscle, 
mucosa and submucosal cushions. 

When ISD was first introduced as a concept to explain 
surgical failures and the presence of stress inconti-
nence in the absence of vaginal mobility, the diagnos-
tic tendency was to consider the cause of stress in-
continence as a dichotomy, due either to hypermobil-
ity (displacement, or prolapse of the vaginal wall) or 
ISD. The typical patient with ISD was described as 
having low urethral closure pressures, a “stovepipe” 
appearance on cystoscopy, and opening or funnelling 
of the urethra under resting or minimal increases in 
intra-abdominal pressures on radiographic images. 
The common causes were thought to be surgical in-
jury, ischemia following previous pelvic or vaginal sur-
gery or radiation damage.  
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It appears now, that these examples of ISD may rep-
resent the most advanced or extreme forms. 

5. HYPERMOBILITY VS. ISD: FROM 
DICHOTOMY TO CONTINUUM 

Currently, it appears to be a shift away from this sim-
ple categorisation of stress incontinence as being due 
either to hypermobility or ISD. This has arisen in part 
because of the development of the concept of 
Valsalva Leak Point Pressure (VLPP) [310, 311] and 
more recent analyses of long term results of stress 
incontinence surgery [312]. 

VLPP emerged as an alternative method to study ure-
thral closure during stress for studies of urethral bulk-
ing with collagen. Investigators recognised that im-
provements in continence following urethral bulking 
did not correlate with urethral closure pressures, but 
did correlate with the amount of pressure required to 
produce leakage in the absence of intrinsic detrusor 
contraction. Although VLPP still lacks specific ana-
tomic or theoretical grounding and many uncertain-
ties related to standardisation of recording methods 
and associated prolapse remain, low VLPP (without 
specified or established values) has been widely em-
braced as an indicator of ISD. 

Just as the concept of VLPP blurred the previous dis-
tinction between simple ISD and simple hypermobil-
ity, long term outcome studies of correction of hyper-
mobility have suggested that there may be more ure-
thral weakness among patients with hypermobility 
than had been previously considered. 

Long term outcome studies of stress incontinence 
surgery have shown that there is a much greater fail-
ure rate of many of the commonly performed stress 
incontinence operations than had been generally ap-
preciated, and that slings providing direct sub-ure-
thral support seemed to give the greatest long term 
protection against recurrence of incontinence [312]. 
Since slings had traditionally been the procedure of 
choice for recurrent incontinence or “Type III” (now 
ISD) incontinence, the possibility that ISD was more 
common than previously thought was more widely 
considered. Recently, Horbach and Ostergaard have 
found that age is a significant, independent predictor 
of ISD in the setting of USI [313], suggesting that age-
related reduction in muscle mass, slowed reflexes or 
repeated episodes of prolapse may all contribute to 
the condition. 

In two interesting studies Perucchini et al. [314, 315] 
showed that aging can cause a decrease in the num-
ber and density of urethral striated muscle fibres at 
the bladder neck and along the ventral wall of the ure-
thra [315]. These changes were also associated with 
a loss of nerves within the urethra [316]. Whether the 
muscle loss leads to reduced numbers and size of 
nerves or vice versa is difficult to say.  

These two developments have led to a growing clini-
cal impression that some degree of ISD may exist in 
many patients who, until recently, were thought to 
have only hypermobility as the cause of their inconti-
nence. Atypical expression of this approach can be 
found in the conclusion of Kayigil et al. [317] following 
examination of 50 patients; “The high rate of intrinsic 
sphincter deficiency in patients with urethral hyper-
mobility indicates that the incidence with stress incon-
tinence may be greater than previously believed, and 
may influence the apparently higher failure rates after 
bladder neck suspension.” In contemporary clinical 
practice, this impression has given rise to a growing 
tendency to recommend suburethral sling surgery as 
a form of primary surgical treatment for all women 
with stress incontinence, whereas formerly this ap-
proach was reserved almost exclusively for patients 
with recurrent stress incontinence or significant ISD 
[318, 319]. 

5.1. Direct Studies of Urethral Function 
As recognition of the importance of urethral function 
has increased, so too have the number of investiga-
tions of urethral position, urethral closure and trans-
mission pressure profiles, Valsalva leak point pres-
sure measurements and electromyographic examina-
tions of the pudendal nerve and the striated sphincter. 

5.1.1 Studies of urethral position 
Stress incontinence is frequently associated with loss 
of urethral position. This has been the primary patho-
physiological paradigm since the observations of 
Hodgkinson and Jeffcoate and Roberts. Similar ob-
servations are still reported today [320, 321]. Even 
when some displacement is seen in continent nullip-
arous females, incontinent women show a greater de-
gree of mobility [260]. 

This pathophysiological mechanism has been sup-
ported by different authors [227, 323, 324] using a rat 
model. Induced trauma on structures supporting the 
urethra (such as the pubouretheral ligaments) and 
urethrolysis resulted in SUI in short and long term be-
cause of increased urethral mobility. 

Successful suspensory operations, whether by sling 
or paraurethral suspension stabilise urethral position 
[298] and, when studied, increase pressure transmis-
sion during stress. It is not clear if the active contrac-
tion of urethral support seen in the female is restored 
after surgery, nor is it known if it is necessary for con-
tinence. It has been suggested that passive support 
alone is what restores continence after suspension. 

Direct comparison of urethral sphincter function and 
urethral support in women with clinical SUI and 
asymptomatic volunteers who were of similar age and 
parity allows the relative contributions of both factors 
to be compared.  In such a study [325], the difference 
between incontinent and continent women was far 
greater for maximal urethral closure pressure (effect 
size 1.6) than for any of several parameters of ure-
thral support (largest effect size 0.6).  Because of 
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concern that the measures of urethral support might 
not be adequately capturing the some aspect of ure-
thral support, the authors had individuals with pub-
lished expertise in assessing urethral support on ul-
trasound review recordings of the women blinded to 
their status to see if they could discern continence 
status [326]. The raters were only 7% better than ran-
dom chance supporting the idea that urethral support 
is not as important as previously thought.   

5.1.2 Studies of urethral pressure and re-
sistance 

Stress incontinence is generally thought to be char-
acterised by a decrease in urethral transmission pro-
files and resting closure pressure. The correlation be-
tween low resting pressures and low leak point pres-
sures is still controversial. With a bladder filled up to 
200ml Almeida et al. [327] reported a significant cor-
relation between MUCP and LPP. Patients with a LPP 
of 60 cm H2O or less also had shorter urethral func-
tional length and lower sphincter activity. Moreover 
Sinha et al [328] showed that women with USI were 
more likely to leak at cough leak point pressure than 
the Valsalva manoeuvre, with the opposite happening 
for women with DO. On the contrary Martan et al. 
[329] could not find any significant correlation be-
tween MUCP and VLPP. 

Different urodynamic parameters have also been 
considered to assess urethral function and to corre-
late with women with stress incontinence. Digesu et 
al. [330] showed that urethral resistance pressure 
(URP) and pressure flow parameters were reduced in 
women with stress incontinence. Salvatore et al. 
[331] found that the opening vesical pressure is sig-
nificantly correlated with ISD. 

Sonographic studies have recently shown a relation-
ship between low urethral resistance and decreased 
urethral smooth and skeletal muscle layers [332]. 

Improvement in transmission pressures is associated 
with successful outcomes after suspensory opera-
tions for SUI [271, 275, 278, 279, 333, 334]. The ex-
act mechanism for this increase in transmission is not 
clear. Increased exposure to intra-abdominal forces 
has been suggested [280, 335, 336]. Compression 
against the pubis by the pelvic viscera has also been 
suggested [337]. The final position of the urethra, 
however, may not be the key variable [271]. 

5.1.3 Electrophysiological studies of urethral 
function 

Snooks and Swash [338, 339] first brought attention 
to the importance of urethral denervation after its pos-
sible contribution to urinary and faecal incontinence. 
Stress incontinence is frequently associated with a 
decline in the electrophysiological function of the pu-
dendal nerve [340], the striated urethral sphincter 
[341], and the pelvic floor muscles [229, 234]. Most 
recent studies continue to support the finding of pro-
longed pudendal nerve terminal motor latency in SUI 
[342]. 

With the use of animal models simulating intrinsic ure-
thra deficit through periurethral cauterisation, urethral 
sphincterectomy or pudendal nerve transection, dif-
ferent authors reported a decrease of LPP lasting for 
weeks [343-345]. Injury of the pudendal nerve deter-
mined a dramatic decrease of urethral resistance 
causing urinary loss during an intrabdominal pressure 
increase. 

Electromyographic studies of normal sphincter func-
tion show that in continent women, pressures begin 
to rise in the urethra before rising in the bladder, sug-
gesting an active muscular component [346]. 

Women with stress incontinence have an altered pat-
tern of pelvic floor muscle response during succes-
sive coughing efforts [347] with a sharp decrease in 
MUCP after repeated coughs [348]. EMG studies 
have also shown that women with persistent stress 
incontinence after previous surgery have poorer ure-
thral neuromuscular function than naïve stress incon-
tinent women [349]. Experimental studies of urethral 
function and the role of Onuf’s nucleus in the sacral 
spinal cord have led to recent practical innovations in 
the development of serotonin uptake inhibitor agents 
in the treatment of stress incontinence [350]. Most 
electrophysiological studies have concentrated on 
motor rather than sensory innervation, however, and 
the role of urethral sensation in USI is unknown. 

Needle electromyographic studies to assess urethral 
sphincter function have been performed by 
Takahashi et al. [351] to determine the electromyo-
graphic features of the striated urethral sphincter due 
to intrinsic sphincter deficiency. Myogenic dominant 
damages of the striated sphincter were suggested to 
contribute to the etiology of ISD [352]. Heesakkers et 
al. proposed circumferential sphincter surface elec-
tromyography (CSS-EMG), a less invasive and, 
therefore more patient friendly procedure, of the ure-
thral sphincter and to identify CSS-EMG parameters 
for diagnosing ISD [353]. The authors found that the 
Average Rectified Value of the Motor Unit Action Po-
tential, a measure of strength of the urethral 
rhabdosphincter, at 12 o'clock at 100% squeeze of 
the urethral sphincter, could discriminate between 
ISD and non ISD. 

5.1.4 Genetic factors 
Recent research is now focusing on the identification 
of factors related to stress incontinence which might 
be genetically determined. Chen et al. [354] reported 
that genes involved in elastin metabolism were differ-
entially expressed in vaginal tissue from women with 
stress incontinence, suggesting that elastin remodel-
ling may be important in the molecular aetiology of 
stress incontinence. Wen et al. [355] recently re-
ported a decreased expression of alpha2-M mRNA 
and protein and protease inhibitor activity in the vagi-
nal wall tissues of women with stress incontinence. 
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There is a need for a hypothesis which would inte-
grate these various observations regarding hypermo-
bility, ISD and pudendal nerve function, place them 
within the context of an abnormal pelvic floor and pro-
vide a model to guide research and studies of the nat-
ural history of the condition. 

5.2. Role of Advanced Imaging in 
Understanding Pathophysiology 

Many imaging modalities have been used to improve 
our knowledge on pelvic floor dysfunction, such as: 
radiographic imaging, ultrasound, computed tomog-
raphy and magnetic resonance imaging (MRI). 

Radiographic imaging has provided considerable in-
sight into the pathophysiology of stress incontinence, 
ever since the advent of bead chain cystograms and 
simple static and straining lateral cystograms. 

MRI and real time ultrasonography, in addition to 
showing the events of stress incontinence on both a 
global pelvic and local urethral scale, have suggested 
a relationship between the proximal urethra to vaginal 
wall movement. 

5.2.1 Magnetic resonance imaging 
Dynamic fastscan MRI can visualise all compart-
ments of the female pelvis during increased in-
traabdominal straining [356]. MRI is comparable to 
standard cystography in demonstrating cystocele de-
fects [357]. 

Using the pubococcygeal line as a reference marker, 
the normal displacement of bladder base, cervix or 
cervical cuff, and the rectum can be identified and 
compared to women with prolapse. The urethra is 
shown in the context of global pelvic relaxation [358]. 
Although most MRI studies have been descriptive ra-
ther than quantitative, they still show far more soft tis-
sue detail than earlier radiographic studies and con-
tinue to offer promising research opportunities. Re-
cent studies have utilised an endovaginal coil to ob-
tain higher resolution images of the urethra [359]. 

Dynamic MRI with cine-loop reconstruction produces 
vivid, intuitively appealing images which can show 
movement of all compartments of the relaxed pelvis 
during straining [358]. Static MRI shows details of 
urethral and peri-urethral anatomy and the striated 
sphincter can be clearly seen [360]. Pending further 
improvements in resolution, MRI remains a most 
promising tool for studying details of urethral move-
ment [361]. 

Functional MRI has recently been evaluated to as-
sess the efficacy of pelvic floor muscle training with 
EMG-biofeedback in women with stress inconti-
nence. After a 12-week training period a more fo-
cused activation in the primary motor and somatosen-
sory cortical representation sites of the lower urogen-
ital tract was found [362]. 

Madill et al. have recently proposed another clinically 
promising application of MRI. They hypothesized that 

the Pelvic Floor Muscle (PFM) rehabilitation program 
would also exercise the striated urethral sphincter 
and that this would be demonstrated by hypertrophy 
of the sphincter on MRI [363]. Their results appears 
to demonstrate that MRI is able to show that PFM 
training for SUI also trains the striated urethral sphinc-
ter and that improvement in incontinence signs and 
symptoms is associated with sphincter hypertrophy in 
older women with SUI. These findings support previ-
ous ultrasound (US) data showing an increase in ure-
thral cross-sectional area following PFM training and 
extend the previous findings by more specifically as-
sessing the area of hypertrophy and by demonstrat-
ing that older women present the same changes as 
younger women when assessed using MRI data. 
Similar data on the role of hypertrophy of the urethral 
sphincters after an effective PFM training, and there-
fore in the pathophysiology of SUI, were observed 
also by McLean et al, using a two- and three-dimen-
sional ultrasound imaging of the pelvic structures 
[364]. 

Very recently, Macura et al., combining in women with 
SUI, the urodynamic findings with  eight different MRI 
parameters, stated that MRI might play an important 
role in assessing the contribution of hypermobility and 
sphincter dysfunction to the SUI in women when con-
sidering treatment options. However the authors in-
cluded a small study population [365]. 

Ultrasonography is simpler and less expensive in 
comparison with MRI, and, for now, provides better 
visualisation of moving structures. 

5.2.2 Real time ultrasonography 
Several sonographic approaches have been used for 
the study of stress incontinence: suprapubic, transla-
bial, transvaginal and transperineal. 

As resolution of sonographic probes has improved, 
the detail previously best seen with the transrectal ap-
proach may now be seen by a transperineal ap-
proach. Earlier studies with a transrectal approach 
have shown that funnelling of the proximal urethra 
was the sonographic sign most-frequently associated 
with loss of urine [366]. 

In about half the patients with stress incontinence in 
the study of Schaer et al. [367], funnelling was seen 
only with straining. In the other half, some degree of 
funnelling was already present at rest, increasing with 
straining and present with actual leakage. Enhanced 
views of the urethra are possible with sonographic 
contrast material. 

Most recently, 3-D reconstruction from translabial 
views of the urethra has been used to compare find-
ings in normal volunteers and those with ISD [368]. 

The most recent sonographic study of women with 
SUI found funnelling at rest in 109 of 330 patients, 
and found that the degree of vaginal relaxation as well 
as the parameters of intrinsic urethral function, includ-
ing VLPP and urethral closure pressures, were worse 
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in patients with funnelling than without. The authors 
of this study concluded that: “In primary genuine 
stress incontinence, bladder neck funnelling on ultra-
sound cystourethrography implies the potential coex-
istence of poor anatomic support and an intrinsic 
sphincter defect [369].” Ghoniem et al. [370] also 
found that urethral funnelling was more likely to be 
associated with low closure pressures, low VLPPs, 
and a higher incidence of ISD in patients with SUI. 
However, recently, Tunn et al. [371] could not find an 
association between the ultrasound findings of ure-
thral funnelling with stress incontinence using an in-
troital approach, demonstrating it only in 59% of the 
patients with SUI.  

Ultrasound has been used to identify paravaginal de-
fects prior to Burch colposuspension to guide surgical 
modification, and then repeated after surgery to show 
correction of the defects [372]. 

Urethral movement and funnelling seen by ultrasound 
resemble the rotational descent previously described 
by Nichols and Randall [373]. It is also consistent with 
the previously cited descriptions of Jeffcoate and 
Roberts, and that of Hodgkinson. Improved soft tis-
sue detail seen with ultrasound has permitted an ex-
tension of these original observations. The anterior 
and posterior walls of the proximal urethra appear to 
move differently during increases in intra-abdominal 
pressure. At first, they appear to move together: the 
urethra begins its descent as a single unit. At some 
point, however, the anterior urethra becomes ar-
rested in its rotational movement and appears to 
move more slowly. The posterior portion of the ure-
thra continues to descend along with the vaginal wall 
[366, 374]. 

This difference in movement suggests a shearing 
apart of the two walls, leading to the appearance of 
funnelling, which can be seen as urine leaks out of 
the urethra. 

On Valsalva, the proximal urethra rotates in a pos-
tero-inferior direction approximating to the symphysis 
pubis. This movement can be measured by compar-
ing the angle of inclination between the proximal ure-
thra and any other fixed axis. No normal values of 
bladder neck descent have been defined but cutoffs 
of 20, 25 and 30 mm have been reported to classify 
urethral hypermobility [375, 376]. The anatomical and 
functional integrity of PFM have been suggested as 
having an important role in the urethral support sys-
tem and, therefore, in the continence mechanism. It 
has been shown that women with UI, compared to 
continent subjects, have less effective PFM in terms 
of: strength, reduced endurance, reduced thickness, 
coordination of PFM and lower abdominal muscles, 
and altered electromyographic activity [377-379]. 
This does not, however, appear to be due to visible 
damage to the levator ani muscle because direct 
comparison of women with stress incontinence to 
those who were stress continent do not show a differ-
ence in visible levator damage [325]. With transper-
ineal ultrasound it is possible to evaluate the urethral 

displacement towards the pubic bone caused by PFM 
contractions [380]. This mechanism is involved in 
maintaining urinary continence by determining good 
efficacy in intraurethral pressure transmission [381]. 

Anatomic correlation suggests that what clinicians 
have called pubourethral ligaments, that in standard-
ized anatomical terms are called the arcus tendineus 
fascia pelvis, may restrict the movement of the ante-
rior urethral wall, facilitating downward traction by the 
prolapsing vagina during stress, contributing to the 
shear. At the level of the pubis, a body a connective 
tissue (the posterior portion of the pubourethral liga-
ment) travels beneath the pubis to form an anterior 
portion, which supports the clitoris in women, and the 
corpora cavernosa in men. Both Milley and Nichols 
[382], and Zacharin [383, 384] and Mostwin [385] 
have previously suggested that the posterior pu-
bourethral ligaments might support the urethra, and 
their laxity might contribute to the descent of the ure-
thra in stress incontinence. These studies, however, 
suggest a different interpretation. Longitudinal and 
cross-sectional views of the proximal urethra show 
that the ligaments travel along only the anterior por-
tion of the urethra as they pass beneath the pubis to 
emerge as the anterior pubourethral ligaments. The 
vagina and its bilateral attachments forming the lat-
eral sulcus support the posterior part of the urethra. It 
is more likely that the vaginal wall and its attachments 
become weaker than the strong condensations of en-
dopelvic fascia forming these ligaments. Therefore, 
the pubourethral complex, even if attenuated, proba-
bly remains stronger than the underlying vaginal wall. 
Sonographic examination of the prolapsing urethra 
therefore suggests arrest of anterior urethral wall 
movement by the pubourethral complex, while the 
vaginal wall continues to rotate, pulling the posterior 
wall of the urethra along with it. 

These anatomical considerations, combined with cur-
rent knowledge about pudendal nerve activity in nor-
mal, prolapse or stress incontinence, suggest an in-
ter-relationship regarding urethral closure and vaginal 
movement. As intra-abdominal pressure increases, 
the proximal urethra experiences two kinds of forces, 
which may lead to opening. The first of these is a 
shearing force produced by the unequal separation of 
the anterior and posterior urethral walls from the pu-
bis during straining. This is the effect of vaginal mo-
bility on urethral closure. The second is an expulsive 
force, produced by the transmission of intra-ab-
dominal forces to the bladder, which must be resisted 
by the urethra if opening is to be prevented. 

The urethra resists this primarily by intrinsic closure 
of the pudendally innervated striated sphincter, aided 
by vaginal support. 

3D ultrasound has recently introduced new insights 
into the image of urethral sphincters. Athanasiou et 
al. [386], using a transvaginal approach, reported a 
close correlation between the urethral sphincter vol-
ume and the degree of incontinence assessed on vid-
eocystourethrography (r = .-65; P <0.001). 
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With the use of three-dimensional ultrasound Athana-
siou et al. [324] quantitatively evaluated the urethra 
and the urethral sphincter in women with stress in-
continence. These authors reported that this group of 
women have urethral sphincters that are shorter, thin-
ner, and smaller in volume compared to controls. 

Urethral vasculature has also been postulated to play 
a role in the continence mechanism and different 
Doppler parameters have been studied to evaluate 
correlation with SUI and experimental studies sug-
gest that vascular factors contribute about 1/3 of 
MUCP [387]. 

However, Tsai et al. [388] reported that urethral vas-
culature, and in particular the anterior branch of the 
middle urethral vessels is less likely to be seen after 
the menopause (89.1% vs. 79.2% pre- and postmen-
opause, P = 0.030). In the postmenopausal women 
hormone replacement therapy did not affect the ap-
pearance of the urethral vessels. 

However, results are controversial since some au-
thors [360] reported less periurethral vessels and flow 
in women suffering from SUI whereas others [389] 
could not find any difference in the appearance of the 
urethral vasculature in subjects with or without SUI.  

It is likely that these shearing and expulsive forces are 
generated simultaneously as intra-abdominal pres-
sure rises. One can easily imagine that the urethra 
can be brought to a continence threshold beyond 
which urethral closure cannot be maintained. One 
can further imagine that repeated episodes of pro-
lapse may eventually stretch, tear or attenuate 
sphincter mass and contribute to a chronically weak-
ened urethra manifested by low VLPP or low urethral 
closure pressures, characteristic of ISD. After severe 
or prolonged untreated prolapse and stress inconti-
nence, vaginal support alone may not be sufficient to 
correct the deficiencies of an exhausted sphincter. 
Although theoretical rather than evidence-based, 
such considerations may direct future research ef-
forts towards a more integrated hypothesis regarding 
stress incontinence in women. The relative contribu-
tions of abnormal vaginal mobility and intrinsic ure-
thral function should be considered as part of a con-
tinuum rather than a dichotomy. Current research and 
interest has concentrated mostly on ISD as the pri-
mary cause of SUI in women, but the relationship of 
the many factors affecting urethral support and func-
tion should remain a perspective in interpreting 
emerging findings. 

6. THE LAST 
PATHOPHYSIOLOGICAL MODELS 

Reviewing all the available evidences on the patho-
genesis of SUI, DeLancey proposed a new concep-
tual model to describe the interaction between the dif-
ferent possible mechanisms. Considerable progress 
has been made to date, yet the author concluded that 

our understanding is far from complete. The urethra 
is a dynamic structure with variations in closure from 
second to second, minute-to-minute, day to day and 
year to year. The role of the submucosal vascular 
plexus is still poorly understood; also, the complex 
neural control mechanisms that allow for temporary 
and total relaxation during voiding, that somehow 
know when to re-establish normal muscle function 
are still not entirely understood. In addition, although 
it is clear that urethral support is not as important as 
previously thought, it is one of the major contributing 
factors for stress incontinence. Understanding what it 
is about urethral support that lessens continence is 
vital. However, the finding that maximal urethral clo-
sure pressure, and not urethral support, is the factor 
most strongly associated with stress incontinence im-
plies that improving urethral function may have ther-
apeutic promise. Racial disparities exist in inconti-
nence, and the biological basis for these differences 
should help our understanding [390, 325]. 

7. CONCLUSIONS 
We are approaching a new classification of stress in-
continence which will integrate hypermobility and ure-
thral dysfunction as inter-related elements on a spec-
trum of change. Certain concepts have stood the test 
of time, and they are included below, along with con-
clusions: 

Sphincter insufficiency is related to a decline in stri-
ated sphincter muscle mass and function as meas-
ured by electrophysiological studies of pudendal 
nerve and sphincter function, and MRI and so-
nographic estimates of muscle mass (Level 1). If re-
peated episodes of vaginal traction can be shown to 
enhance sphincter damage, then the effect of early 
treatment of stress incontinence and prolapse on fu-
ture development of ISD should be investigated, 
since advanced ISD remains difficult to treat.  

Many patients with urodynamic stress incontinence 
show urethral mobility (Level 2), though it is not yet 
known what is about that mobility which permits ure-
thral opening during stress. 

Some patients who present with minimal mobility or 
who have recurred after successful surgery have pri-
mary or residual sphincter insufficiency. 

Successful operations can restore urethral position 
but probably do not restore urethral function. A good 
surgical outcome probably requires a certain reserve 
of urethral function. It is in the area of functional un-
derstanding of urethral anatomy that the greatest pro-
gress is likely to be made. 
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 PELVIC ORGAN PROLAPSE 

1. PATHOPHYSIOLOGY OF PELVIC 
ORGAN PROLAPSE 

Anatomical support of pelvic viscera is mainly pro-
vided by the levator ani muscle complex and connec-
tive tissue attachments of the pelvic organs: vaginal 
support arises from the connective tissue attach-
ments between the vagina and the pelvic sidewall, 
the vaginal wall, and the levator ani muscles [391, 
392].  

Two mechanical principles explain how the uterus 
and vagina are normally held in place. First, the 
uterus and vagina are attached to the walls of the pel-
vis by the endopelvic fascia that suspends the organs 
from the pelvic sidewalls. Second, the levator ani 
muscles costrict the lumen of these organs closed, 
forming an occlusive layer on which the pelvic organs 
may rest [393]. 

The levator ani complex consists of the pubococ-
cygeus, the puborectalis, and the iliococcygeus mus-
cles [394]. These muscles are tonically contracted at 
rest and act to close the genital hiatus, providing a 
stable platform for the pelvic viscera. Decline of nor-
mal levator ani tone by denervation or direct muscle 
trauma, results in an open urogenital hiatus, weaken-
ing of the horizontal orientation of the levator plate, 
and a bowl-like configuration [395, 396]. 

The supportive connective tissues are a continuous, 
highly interdependent sheet in which all members in-
teract to achieve support of the vagina and, therefore, 
of the pelvic organs. DeLancey has introduced the 
concept of dividing the connective tissue support of 
the pelvis into three levels, with level I, II and III rep-
resenting apical, midvaginal and distal support re-
spectively. The upper portion of the paracolpium 
(Level I) consists of a relatively long sheet of tissue 
that suspends the vagina by attaching it to the pelvic 
wall, and it is responsible for suspending the apex of 
the vagina after hysterectomy. In the middle third of 
the vagina, the paracolpium attaches the vagina lat-
erally, to the arcus tendineus and fascia of the levator 
ani muscles (Level II). This attachment stretches the 
vagina transversely between the bladder and the rec-
tum. The structural layer that supports the bladder 
(pubocervical fascia) is composed of the anterior vag-
inal wall and its attachment through the endopelvic 
fascia to the pelvic wall. Similarly, the posterior vagi-
nal wall and endopelvic fascia (rectovaginal fascia) 
form the restraining layer that prevents the rectum 
from protruding forward. The vagina´s lower third 
(Level III) fuses with the perineal membrane, levator 
ani muscles and perineal body, without any interven-
ing paracolpium (Figure 11) [393, 397]. Damage to 
the upper suspensory fibres of the paracolpium 
causes a different type of prolapse from damage to 

the mid-level supports of the vagina. Defects in the 
support provided by the mid-level vaginal supports 
(pubocervical and rectovaginal fascia) result in cysto-
cele and rectocele, while loss of the upper suspen-
sory fibers of the paracolpium and parametrium is re-
sponsible for the development of vaginal and uterine 
prolapse. These defects usually occur in varying 
combinations and this is responsible for the diversity 
of clinical problems encountered within the overall 
spectrum of pelvic organ prolapse [393]. 

For conceptual purposes the supportive connective 
tissue has been related with structural elements of 

pelvic floor: the uterosacral ligaments (level I); the 
paravaginal attachments (endopelvic fascia) that con-
nect the lateral vaginal walls to the arcus tendineous 
fascia pelvis (ATFP) and the fascia of the levator ani 
muscles (level II); the perineal membrane and the 
perineal body (level III) [397]. Table 2 lists the struc-
tural elements of pelvic organ support, their possible 
damage and subsequent site of pelvic organ pro-
lapse.  

 
Figure 11: Level I (suspension) and level II (attach-
ment). In level I the paracolpium suspends the 
vagina from the lateral pelvic walls. Fibers of level I 
extend both vertically and also posteriorly towards 
sacrum. In level II vagina is attached to arcus 
tendineus fasciae pelvis and superior fascia of leva-
tor ani. From DeLancey et al, Clin Obstet Gyne-
col,1993 [398]. 
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Table 2: Structural elements of pelvic organ support, their possible damage and subsequent site of pelvic 
organ prolapse. The levels of support and anatomical defects are derived from the anatomical studies of 
DeLancey [393, 397]. 

 

Table 3: Determinants of normal pelvic organ support. Possible sites of failure and possible causes, estab-
lished and theoretical risk factors. LE = LEVEL OF EVIDENCE 
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The integrity of muscular, connective and nerve struc-
tures is essential to guarantee a normal pelvic organ 
support. If one of these factors fails, the other might 
be able to compensate to a certain degree. 

In an american gynaecology clinic population (18-83 
years), approximatively 3-6% of women had pelvic or-
gan prolapse descending beyond the vaginal opening 
on routine pelvic examination [399]; an estimated 
11% of women will undergo surgery for pelvic organ 
descent and urinary incontinence sometime in their 
lifespan [400].  

The aetiology of pelvic organ prolapse (POP) is 
thought to be multifactorial with contributions from 
both environmental and genetic risk factors. Environ-
mental factors that contribute to POP include vaginal 
delivery, chronic increases in intra-abdominal pres-
sure, obesity, advanced age and oestrogen defi-
ciency [401, 402]. Evidence for a genetic contribution 
to pelvic organ prolapse has been found in family-
based studies, candidate gene association studies, 
expression studies and linkage studies [403].  

Table 3 lists anatomical and functional determinants 
of normal pelvic organ support. It also summarises 
the possible nature of failure and its potential causes 
as well as the established and theoretical risk factors. 

Vaginal delivery has been considered the main 
causal factor in the development of pelvic organ pro-
lapse for some years [161, 400, 404-407]. However, 
if it is true that all women undergo pelvic floor stretch-
ing during vaginal delivery, not all of them develop a 
further prolapse; moreover, pelvic floor dysfunctions 
have also been described in women who gave birth 
by caesarean section only [161, 402] and in nullipa-
rous women [408]. Therefore,  vaginal delivery does 
not totally explain the origin and progression of pelvic 
floor descent in all women. This supports the hypoth-
esis that other causes, besides obstetrics, are in-
volved in the aetiology of  pelvic organ prolapse: con-
nective tissue deficiencies, genetic predisposition, 
sexual hormones, pregnancy, ageing, menopause, 
obesity, neuropathies, ethnicity and family history.  

Miedel et al [409] showed that age and parity are the 
dominating risk factors for symptomatic pelvic organ 
prolapse, but significant independent associations 
with markers suggestive of congenital susceptibility 
(family history and conditions signaling weak connec-
tive tissue) and nonobstetric strain on the pelvic floor 
(overweight/obesity, heavy lifting, and constipation) 
imply that individual predisposition and lifestyle/envi-
ronment also may play an important role. (LEVEL OF 
EVIDENCE: II) 

In the last decade, attention has increasingly focused 
on understanding of the molecular basis of POP and 
the recognition of the potential molecular markers 
and their modulators in pelvic floor supportive tissues 
in order to identify the women predisposed to develop 
POP. 

1.1. Inheritance, Genetic and Ethnic 
Predisposition 

Several studies have recently focused their attention 
on the inheritable predisposition for pelvic organ pro-
lapse.  

In the large case-control study carried out by Chi-
affarino et al. [410], a higher risk of prolapse was re-
ported in women whose mother (OR: 3.2; 95% CI: 
1.1-7.6) or sister (OR: 2.4; 95% CI: 1.0-5.6) were af-
fected by the same condition; their data support that 
first-degree family history of prolapse is a risk factor 
for POP. 

Jack et al. [411] demonstrated that the risk of POP 
among siblings of young women (average age: 37 
years) with stage III and IV POP was five times higher 
than in the general population. Genetic analysis of the 
inheritance pattern within these families showed that 
pelvic organ prolapse segregated in a dominant fash-
ion with incomplete penetrance. 

Positive family history has been recently identified as 
independent risk factor (OR 8.016) for prolapse [412]. 

The findings of high concordance in the POP stage 
between nulliparous women and their parous sisters 
strongly support the hypothesis of a familial basis for 
POP. Buchsbaum et al. [413] investigated the role of 
familial factors in the development of pelvic organ 
prolapse by comparing the prevalence of this condi-
tion in nulliparous postmenopausal women and their 
parous sisters. By compartment, there was a 74.3% 
to 91.1% concordance in prolapse stage within sister 
pairs. In discordant sister pairs, the parous sister was 
found to have the more advanced prolapse 88% of 
the time. Based on these results, the authors con-
clude that a high concordance of pelvic organ pro-
lapse in nulliparous and parous sister pairs suggests 
a familial predisposition toward developing this con-
dition. However, vaginal delivery appeared to confer 
a risk for more advanced pelvic organ prolapse. 
LEVEL OF EVIDENCE: II-2. 

Some studies have drawn attention to the incidence 
of pelvic organ prolapse amongst identical twins. 

In the large Swedish twin registry of 3,376 monozy-
gotic and 5,067 dizygotic female twin pairs, a greater 
twin similarity among the monozygotic twins was 
found, indicating the influence of a genetic compo-
nent to the aetiology of pelvic organ prolapse. Ge-
netic and non-shared environmental factors seemed 
to contribute equally to the development of pelvic 
floor disorders in these women, about 40% for each 
factor [414]. 

Buchsbaum et al. [415] even reported that vaginal de-
livery was not associated with clinically relevant dif-
ferences in relaxation of the pelvic support system 
within four sets of postmenopausal identical twins 
with different parity status. 
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Genetic variants that run in families with an increased 
incidence of pelvic organ prolapse have been docu-
mented.  

A recent trial provides strong scientific evidence for a 
genetic contribution to pelvic organ prolapse: using a 
genome-wide association study, Allen-Brady et al. 
[416], demonstrated that 6 single-nucleotide polymor-
phisms (SNPs) are significantly associated with POP 
in high-risk familial case group participants. LEVEL 
OF EVIDENCE: II. Their results showed that two of 
the six SNPs are located within the genes ZFAT and 
COL18A1, both with Mendelian inheritance in man. 
The ZFAT has been found to play a transcriptional 
regulator role for immune regulation and apoptosis 
and, hence, may affect development of the muscle 
and connective tissue of the pelvic floor. The 
COL18A1 gene (precursor of the collagen XVIII) may 
play a role in the structural organization of basement 
membranes. The other four SNPs identified are inter-
genic, but one of them is close to the ANTXR2 gene, 
which binds intravenously to collagen and laminin, 
suggesting that it may be involved in extracellular ma-
trix adhesion. The authors identified at least three 
strong candidate genes for POP that warrant follow-
up. 

A recent genomewide linkage analysis to identify pel-
vic organ prolapse predisposition genes using a re-
source of high-risk POP pedigrees, provided evi-
dence that loci on the chromosomes 10q and 17q 
may contribute to POP aetiology [417]. 

Further data suggest a role of genetic influence in 
early onset of POP. In a family in which three gener-
ations of female relatives suffered from prolapse at a 
very young age, a polymorphism in the promoter of 
LAMC1 gene has been found that seems to increase 
the susceptibility to early onset pelvic organ prolapse, 
as an autosomal dominant transmission [418]. 

A metanalysis of genetic association studies provided 
moderate epidemiological credibility for association of 
variation of COL1A1 gene with prolapse [419]. How-
ever the authors suggested that clinical testing for 
these polymorphisms cannot be recommended 
based on current evidence.  

One study examined gene expression of structural 
proteins that are related to actin and myosin in five 
women with, and five women without, pelvic organ 
prolapse in the pubococcygeal muscle. Several ge-
netic differences between subjects and controls with 
gene under- and overexpression were found [420]. 

In mice, HOXA11 has been identified as an essential 
gene for the development of the uterosacral liga-
ments [421]. In HOXA11-null mice, the uterosacral 
ligaments were absent. Women with POP might have 
weakened connective tissue due to changes in a sig-
nalling pathway involving HOXA11 [421].  

Increasing evidence supports a genetic aetiology of 
POP, also with respect to abnormal extracellular ma-
trix remodelling [422]. A genetic predisposition to 
POP specific to elastin metabolism was noted in the 

rodent model, in which genetic mutation of the LOXL1 
or the fibulin-5 gene in mice are involved in the altered 
elastic fibre assembly and then in the pathogenesis 
of the pelvic prolapse [423]. Altered gene expression 
of elastin has also been described in women with 
POP [424]. 

The study carried out by Wang et al [425] supported 
the view that the polymorphism of the matrix metallo-
proteinase-10 (MMP-10) gene may be associated 
with an increased risk of POP. 

A genetic screening may be a future tool for identify-
ing the woman at risk for POP and for refining the 
counseling of women deemed to be at elevated risk; 
the following consequencies will be the prevention of 
this condition and a targeted treatment. The primary 
prevention tool could be the adaptation of the delivery 
mode in at-risk groups. These patients could also 
benefit from changing the management treatment, 
such as whether surgery should be considered early 
or late in the woman´s lifespan. 

Race is another demographic factor that seems to be 
associated with the development of POP. Some stud-
ies reported that Hispanic and European women ap-
pear to be at higher risk for POP than those of African, 
Asian or other descent [399, 402, 406, 426, 427]. This 
is also supported by evidence suggesting that women 
of Asian descent have reduced inherent pelvic organ 
mobility. In a cadaveric study, Zacharin [428] reported 
that Chinese women have stronger and thicker pu-
bourethral ligaments, endopelvic fascia and endopel-
vic attachment to the obturator fascia compared to 
Caucasian women. More recently, Dietz et al. [427] 
confirmed these results using pelvic floor ultrasound, 
showing that Asian women have significantly less pel-
vic organ mobility than Caucasian women both ante-
partum and postpartum. 

In cohort analysis of 27,342 women, Hendrix et al. 
[406], confirmed previously reported differences be-
tween white and African-American women. Hispanic 
women had the highest rate of uterine prolapse (OR: 
1.24, 95% CI: 1.01-1.54) and an increased risk for 
cystocele (OR: 1.20, 95% CI: 1.05-1.36) but not rec-
tocele (OR: 0.95, 95% CI: 0.82-1.11).  

The reasons for these ethnic differences are unclear; 
however, some evidence indicates that African-Amer-
ican women have smaller pelvic outlets than those of 
European descent [429]. 

Other connective tissue deficiencies such as hernias 
may share common pathophysiological mechanisms 
with POP. In a group of 60 women with advanced pro-
lapse, the total prevalence of hiatal and inguinal her-
nias was significantly higher than in a control group of 
60 women with mild or no prolapse (31.6% vs. 5%, 
p<0.001) [430].  

A population-based, cross-sectional study of 5,489 
Stockholm women found an OR of 1.8 for a positive 
association with symptomatic prolapse in women with 
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a history of conditions suggestive of deficient connec-
tive tissue (varicose veins/hernia/haemorrhoids) 
[409]. 

McLennan et al. [431] demonstrated that the risk of 
prolapse was 1.4 (95% CI 1.2-1.8) times higher in 
women with a family history of prolapse and/or hernia, 
after adjusting for vaginal deliveries, hysterectomy 
and incontinence. The authors confirm that heredity 
is a risk factor for prolapse and suggest that history 
taking should include both male and female family 
members. 

Taken together, this evidence suggests that exixsts a 
familial or genetic basis for POP in some women, and 
that heritable or genetic factor plays a role in its de-
velopment. 

1.2. Alteration of Collagen, Elastin and 
Smooth Muscle of Vaginal and 
Supportive Tissue 

It has been demonstrated that young women with 
POP are more likely to have connective or neurologi-
cal tissue diseases and congenital abnormalities 
[432]. 

Women with Marfan or Ehlers-Danlos syndrome have 
high rates of POP. Intrinsic joint hypermobility is an-
other well recognised connective tissue disease that 
is associated with pelvic descent [433-436]. This find-
ing supports the hypothesised aetiological role of 
connective tissue disorders as a factor in the patho-
genesis of this conditions [437]. 

The vaginal wall is comprised of four layers: a super-
ficial layer of non-keratinised stratified squamous ep-
ithelium; a subepithelial dense connective tissue 
layer composed primarily of collagen and elastin; a 
layer of smooth muscle referred to as the muscularis; 
and a layer of adventitia, composed of loose connec-
tive tissue. The subepithelium and muscularis to-
gether are thought to confer the greatest tensile 
strength to the vaginal wall. In the normally supported 
vagina, the supportive connective tissues pull the 
vagina up and back away from the vaginal introitus 
over the levator ani muscles. A normally supported 
vagina, in turn, provides support to the bladder, ure-
thra, uterus and rectum. Disruptions of - or damage 
to - these connective tissue structures and injury to 
the vaginal wall are thought to be two important 
mechanisms causing prolapse. 

The connective tissue of the vagina and supportive 
tissues contains a fibrillar component (collagen and 
elastin) and a non-fibrillar component (non-collagen-
ous glycoproteins, hyaluronan, and proteoglycans). 
In addition, and with the exception of the arcus tendin-
eous, these tissues contain a significant amount of 
smooth muscle. The fibrillar component is thought to 
contribute the most to the biomechanical behaviour of 
these tissues. The quantity and quality of collagen 
and elastin are maintained through a precise balance 
between synthesis, post-translational modification, 
and degradation. 

Therefore, the integrity of the vagina and its support-
ive connective tissues are essential for keeping the 
pelvic organs in their normal anatomic position. Eval-
uation of these tissues from a biochemical perspec-
tive enables us to better discern the complex interplay 
between structural composition and supportive ca-
pacity.  

Collagen types I, III and V are the main structural 
components of vaginal epithelium and endopelvic 
fascia and they are thought to be the principal deter-
minants of tissue strength. Type I collagen confers 
strength to tissues while type III contributes to elastic-
ity. Type III collagen is the primary collagen subtype 
in the vagina and its supportive structures. The ratio 
of collagen I to III is an indicator of tensile strength: 
the higher the amount of collagen type III, the lower 
is the mechanical strength. To our knowledge the role 
of type V collagen, which is found in small quantities 
in the vagina, is still unknown. 

The turnover of connective tissues throughout the 
body is maintained by a family of highly conserved, 
zinc-dependent endopeptidases referred to as matrix 
metalloproteinases (MMPs). The MMPs are involved 
in both normal physiological and pathologic proteo-
lytic processes, which are an integral part of tissue 
remodeling in both women with and without prolapse. 
An excessive tendency toward connective tissue deg-
radation may underlie the predisposition of some 
women to prolapse.  

Interstitial collagens (types I, II and III) are cleaved by 
MMP-1, 8 and 13. The cleaved collagen fragments 
are susceptible to rapid gelatinase (MMP-2 and 9) 
degradation into amino acids. These gelatinases 
(MMP-2 and 9) also degrade elastin.  

Reports of decreased total collagen in pelvic tissue 
from women with POP suggest that collagen degra-
dation may contribute to POP. Collagen degradation 
depends on the activity of MMPs produced by con-
nective tissue cells. MMP proteolytic activity is specif-
ically regulated by their inhibitors, TIMPs, which bind 
stoichiometrically to MMPs to inhibit their activity. The 
balance between MMPs and TIMPs defines the col-
lagenolysis.  

In women with prolapse, MMP-2 mRNA expression is 
increased with a concurrent decrease in the inhibitor 
TIMP-2 [438]. Recent data also indicate increased 
MMP-1 expression and decreased collagen I in the 
uterosacral ligaments of women with POP [439]. In 
contrast, collagen I and III mRNA expression was in-
creased in vaginal tissue from women with POP 
[440]. Discrepancies in the literature can be due to 
the different methodological issues (different tissues 
targeted or a different method of protein quantifica-
tion) used. Mismatches between mRNA and protein 
data are often found when examining proteins in the 
extracellular matrix. Thus, gene expression should al-
ways be confirmed with protein expression. These is-
sues contribute to significant variations in the re-
ported data and underscore the importance of careful 
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research methodology. These discrepancies also 
suggest the possibility that different pathways in the 
extracellular matrix may be activated depending on 
injury type and severity, mechanical load and envi-
ronmental factors [422]. 

Despite discrepancies in the precise MMP/TIMP or 
collagen type, the mentioned data and numerous 
other publications indicate that women with POP 
show an abnormal pelvic extracellular matrix metab-
olism with increased collagen remodelling.  

Recent data suggested that oxidative stress (a well-
recognised mechanism involved in fibre metabolic 
disorders) may be involved in the pathophysiology of 
POP by contributing to collagen metabolic disorders 
in a severity-dependent manner in human uterosacral 
ligaments fibroblasts, possibly through the regulation 
of metalloproteinase (MMPs), tissue inhibitor of met-
alloproteinase (TIMPs) and transforming growth fac-
tor (TGF)-ß1 indirectly [441] 

Takano et al. [442] demonstrated that the general 
amount of collagen in the parametria is reduced in 
pre- and postmenopausal women with pelvic organ 
prolapse compared with women without prolapse. 
Moalli et al. [443] showed that collagen III is increased 
in vaginal subepithelium and muscularis in patients 
with prolapse relative to patients without prolapse, in-
dependent of age and parity. LEVEL OF EVIDENCE 
II-2. Increase in collagen III has been reported also in 
the uterosacral and cardinal ligaments of women with 
prolapse [444, 445]. The Moalli’s group [446] demon-
strated that collagen III is the primary subtype in the 
arcus tendineus fascia pelvis; a decrease in the ratio 
of collagen I/(III+V) is associated with menopause in 
the absence of hormone therapy and a restoration of 
this ratio to premenopausal levels with hormone ther-
apy. From these data the authors suggested that sex 
steroid hormones may improve the biomechanical 
properties of the supportive tissues of the vagina. 

As all studies involving the procurement of human tis-
sue are by necessity cross-sectional, it is impossible 
to determine whether the increase in collagen III re-
flects the causes or effects of prolapse. In either case, 
the increased flexibility and distensibility plus the de-
creased tensile strength associated with an increase 
in collagen III very likely contribute to the progression 
of POP.  

Elastin is primarily laid down during fetal development 
and rarely synthesised in adult tissues. In contrast to 
the other tissues in which elastin fibres do not experi-
ence a turnover in a lifespan, there is cyclical remod-
eling of elastin fibres in the reproductive tract. A mas-
sive degradation of elastin occurs at the time of par-
turition, followed by postpartum resynthesis, allowing 
recovery of reproductive tissues to their pre-preg-
nancy state [447]. Mice deficient in LOX (lysyl oxi-
dase) fail to replenish mature elastin fibres in the re-
productive tract following parturition and develop 
spontaneous prolapse [448]. Yamamoto et al. [424] 
found a marked decrease in elastin mRNA and 
tropoelastin protein in the cardinal ligaments of 

women with pelvic organ prolapse relative to women 
without prolapse. Chen et al. [449] demonstrated a 
significant decrease in the endogenous inhibitors of 
elastases with increase in elastolytic activity in vagi-
nal tissue from women with stress urinary inconti-
nence and pelvic organ prolapse compared with con-
trol subjects. Therefore, these data suggest that the 
proper degradation, synthesis, and regeneration of 
elastic fibres are essential for maintaining pelvic or-
gan support. 

If damaged or destroyed, metabolically repaired elas-
tin frequently results in malformed and dysfunctional 
repair products. Proteolytic enzymes capable of de-
grading elastin include the serine proteases, such as 
neutrophil elastase, the cysteine proteases, and 
MMP-2, 9 and 12. Marked decreases in elastin gene 
transcripts and elastin synthesis in pelvic fibroblasts 
were noted in women with POP [424], suggesting that 
altered elastin metabolism may contribute to pro-
lapse. In rodent models with genetic disruption to 
LOXL1 or fibulin-5 gene, prolapse develops due to 
failure to synthesize and assemble functional elastic 
fibres [448]. Elastin content was decreased in the 
uterosacral ligaments of women with POP, as were 
LOX, and LOXL1 and LOXL2 gene expression [450]. 

A recent study by Moon et al. [451], evaluated the al-
teration of elastin metabolism in women with pelvic 
organ prolapse in a prospective case-control study: 
their results showed that expression of neutrophil 
elastase and matrix metalloproteinase-2 mRNA was 
higher in women with than in those without POP. 
Compared to before menopause, neutrophil elastase 
and matrix metalloproteinase-2 showed a significant 
decrease in postmenopausal women without POP, 
although they remained increased in postmenopau-
sal women with POP. Alpha-1-antitrypsin was signifi-
cantly lower in postmenopausal women with pelvic 
organ prolapse than in postmenopausal women with-
out. The activities of neutrophil elastase, matrix met-
alloproteinase-2 and matrix metalloproteinase-9 were 
increased in women with POP, and these trends were 
similar to neutrophil elastase and matrix metallopro-
teinase-2 expression even after adjusting for age, 
parity and menopausal status. This study demon-
strates that after menopause increased elastolytic 
protease has a significant role in the development of 
POP. 

In a recent clinical trial of de Landsheere et al [452], 
the authors shown that biomechanical testing high-
lights the hyperelastic behaviour of the vaginal wall: 
at low strains, vaginal tissue appeared stiffer when 
elastin density was low, with a significant inverse re-
lationship between low strains and the elastin/colla-
gen ratio in the lamina propria. They suggested that 
elastin density deserve consideration as a relevant 
factor of vaginal stiffness in women with POP. 

The strongly heritable connective tissue diseases, in 
which pelvic organ prolapse predominates as a result 
of an elastinopathy, highlight the importance of elastic 
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fibres for maintaining vaginal support. Marfan’s syn-
drome, characterized by mutations in the fibrillin-1 
gene, and cutis laxa with mutations in the elastin and 
fibulin-5 genes, are notable for an increased inci-
dence of POP in affected women [453-456]. 

Childbirth is an important risk factor for POP, not only 
for the mechanical trauma that the pelvic floor is sub-
mitted to: also inflammatory pathways are activated 
during the complex process of tissue healing after 
birth trauma. During healing proteinases, growth fac-
tors such as TGF-β, cytokines and chemokines are 
secreted into the extracellular matrix by surrounding 
cells. TGF-β is one of a family of 25 kDa polypeptide 
growth factors that is currently viewed as the most im-
portant fibrosis promoting cytokine. It is responsible 
for extracellular matrix synthesis in fibroblasts, the dif-
ferentiation of fibroblasts to myofibroblasts and the in-
hibition of matrix degradation by inhibiting MMP ex-
pression and up-regulating TIMP expression. Thus, it 
is important in extracellular matrix metabolism and af-
fects tissues or organs in various ways. There is 
sparse but growing evidence of TGF-β modulation in 
pelvic connective tissue. Large quantities of TGF-β1 
are stored in readily available form in the extracellular 
matrix. Release and activation of stored latent TGF-
β1 by proteases can generate rapid, highly localised 
signals. Therefore, the modulation of TGF-β1 activity 
by extracellular proteases provides faster signal 
transduction than alterations in gene expression. This 
is important for tissue remodelling during pregnancy 
and repair after birth trauma [422] .  

1.3. Neurological Factors 
Integrity of the pelvic innervation is essential to the 
normal pelvic functions. The changes in neurophysi-
ological parameters seen after childbirth were inter-
preted to reflect neuromuscular injury caused by 
forces exerted on the sacral plexus, pudendal nerves, 
and pelvic floor muscles.  

Abnormal tests have also been found in women with 
prolapse or stress incontinence. Histologically, there 
were smaller and fewer nerve bundles in women with 
posterior vaginal wall prolapse compared with women 
without prolapse [457]. It has been demonstrated that 
the density of peptide-containing nerves in the peri-
urethral tissue and in the levator ani muscle in women 
with prolapse is reduced [458, 459]. 

Between 1985 and 1987, Allen et al. [232] found that 
80% of primigravidae developed evidence of partial 
denervation of the pelvic floor following delivery. 
However, evidence of reinnervation and increased fi-
bre density 2 months after vaginal delivery has been 
detected [232, 460]. Snooks et al. investigated 14 
multiparous women from their previous studies [231, 
460] 5 years after first vaginal delivery and demon-
strated that pelvic floor striated sphincter musculature 
denervation progressed, indicating that age is a con-
tributory factor [233]. Similarly, progressive denerva-
tion with time up to 15 years postpartum was found in 

another prospective study, corroborating the ageing 
factor [461]. 

The pudendal nerve innervates the voluntary urethral 
and anal sphincters, but it does not innervate the le-
vator ani muscles, which receive their own nerve sup-
ply from the sacral plexus. Therefore, there is cur-
rently no clear evidence whether the neurological 
damage is responsible, together with the mechanical 
damage of stretching, of the visible levator defects. 

Information from electrodiagnostic studies has 
demonstrated that birth causes changes in mean mo-
tor unit duration after vaginal birth and changes in pu-
dendal nerve conduction patterns [232, 233, 462-
464]. Prolongation of the pudendal nerve terminal 
motor latency (PNTML) is thought to be a result of 
pudendal nerve damage during vaginal delivery. Sig-
nificantly prolonged mean PNTML´s have been found 
in women two to three days after vaginal delivery, 
compared to a multiparous [231] and a nulliparous 
control group [389]. At follow-up five years later, pro-
longation of PNTML persisted [233]. Two prospective 
analyses demonstrated a prolongation of PNTML an-
tenatally to six to eight weeks after vaginal delivery, 
particularly after the first delivery [465, 466]. But, 
again, many of these changes seem to be temporary, 
as two-thirds of the women with an abnormally pro-
longed PNTML after delivery had normal measure-
ment six months later [465]. 

There has been recent electrophysiological work to 
add to the literature, probably due to the technically 
difficulty of the nerve function tests in clinical practice.  

Although it has not been proved in studies, it is rea-
sonable to assume that periods of pain and discom-
fort after childbirth (e.g., due to perineal tears and ep-
isiotomy) and especially the pain related to attempted 
PFM contraction, could lead to a temporary nonacti-
vation of the PFM. This could be the origin of disturb-
ances in behavioural patterns, which would need to 
be readjusted. In combination with a particularly vul-
nerable pelvic floor neural control, whose complexity 
only evolved phylogenetically after the attainment of 
the upright stance, such a temporary disturbance of 
neural control after childbirth may persist, although 
the lesion(s) would have fully recovered.  

Therefore, the effects of vaginal delivery on pelvic 
floor nerves are still controversial to date. While it 
seems logical that vaginal delivery causes some neu-
romuscular injury and this would be at risk for devel-
opment of pelvic organ dysfunctions, many details 
are far from be resolved. 

1.4. Pregnancy and Pelvic Floor Muscle 
Remodeling 

Several of the changes occurring prior to delivery are 
in all likelihood normal physiological changes and 
may be secondary to hormone-induced collagen al-
terations. Hormonal alterations are essential to pre-
pare the body and to adjust the musculature and con-
nective tissue for vaginal birth.  
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The high progesterone levels during pregnancy influ-
ence the pelvic floor structures: progesterone has 
smooth muscle-relaxing and oestrogen-antagonising 
effects, reducing the tonus in ureters, bladder and 
urethra [467]. 

Relaxin, increases markedly during pregnancy and it 
modifies the connective tissue: its collagenolytic ef-
fect, that allows appropriate stretching during vaginal 
birth, has been demonstrated in guinea pigs [468]. As 
a likely result of connective tissue remodelling in 
preparation for birth, Landon and colleagues found 
that the connective tissue of the rectus sheath fascia 
and the obturator fascia could be stretched to greater 
length during pregnancy, but it is also much weaker. 
In some women, these changes may be irreversible 
and further stretching beyond physiological limits may 
result in permanent dysfunction [469]. 

Recently, several researchers have focused on the 
effect of pregnancy on the pelvic floor and on the de-
velopment of prolapse. 

Rahn et al. [470] identified pregnancy-induced 
changes in biomechanical properties of the vaginal 
wall and compare these with fibulin-5 knockout mice 
(Fbln5−/−) with and without prolapse. Compared with 
nonpregnant mice, vaginas of pregnant and Fbln5−/− 
(with prolapse) mice exhibited decreased maximal 
stress, increased distensibility and strain, plus de-
creased stiffness. Tissues from Fbln5−/− mice without 
prolapse were similar to non-pregnant wild-type ani-
mals. The authors conclude that pregnancy confers 
remarkable changes in the vaginal wall that include 
increased distensibility, decreased stiffness and max-
imal stress. Elastinopathy alone is insufficient to 
cause significant changes in these properties, but 
prolapse confers additional alterations in distensibility 
and stiffness that are similar to those changes that 
have been observed in pregnancy. These changes 
may contribute to the poor durability of many restora-
tive surgical procedures for prolapse. 

The effect of pregnancy on the development of pelvic 
organ prolapse was evaluated by O’Boyle et al. [471]: 
in a series of 135 nulliparous pregnant women, POPQ 
stage appears to increase during pregnancy and 
does not change significantly following delivery. 
POPQ stage assignments and POPQ component 
measurements were compared for first-, second- and 
third-trimester examinations. Overall, POPQ stage 
was significantly higher in the third trimester than in 
the first. These findings probably represent normal 
physiologic changes of the pelvic floor during preg-
nancy, but suggest that significant changes may be 
objectively demonstrated prior to delivery. In nullipa-
rous women, pregnancy is associated with increased 
POPQ stage compared with non-pregnant control 
subjects [472]. 

Sze et al. reported that 46% of 94 nulliparous women 
had pelvic organ prolapse at their 36-week antepar-
tum visit. Of them, 26% had a stage II prolapse [473].  

A recent prospective cohort study assessing 300 nul-
liparous pregnant women [474], showed that vaginal 
POP-Q points made a cranial shift from mid to late 
pregnancy, a caudal shift following delivery, and 
again a cranial shift after 6 weeks postpartum. Post-
partum change was present following both vaginal 
and caesarean deliveries, but was more pronounced 
following vaginal delivery. The perineal body and 
genital hiatus became longer from mid to late preg-
nancy, and shortened after 6 weeks postpartum. At 
12 months postpartum all POP-Q points, except cer-
vix, had recovered to baseline in the vaginal delivery 
group. The authors concluded that short-term ability 
to recover was good after the first pregnancy and de-
livery. 

In a recent review, Gachon et al [475] conclude that 
pelvic organ mobility, ligamentous laxity, levator hia-
tus and urethral mobility change in a similar way dur-
ing pregnancy (increase of mobility or distension) and 
postpartum (recovery). LEVEL OF EVIDENCE:3 

1.5. Childbirth 
Undoubtedly, vaginal delivery constitutes a traumatic 
event for the pelvic floor: it may affect the pelvic 
nerves, the pubococcigeus-puborectalis muscle com-
plex, the pelvic fascial structures or the anal sphinc-
ter. However, all women sustain the trauma of their 
pelvic floor during vaginal birth, but only some of them 
experience injury. 

Several attempts have been made to define fascial 
trauma after vaginal delivery. In the anterior compart-
ment, childbirth may result in disruption of the ‘en-
dopelvic fascia’, in particular of the paraurethral and 
paravaginal structures. Analogous to increased blad-
der descent after childbirth, there is a highly signifi-
cant increase in caudal displacement of the rectal am-
pulla after childbirth [476]. The rectovaginal septum 
and the Denonviller’s fascia are the connective struc-
tures involved in the posterior compartment damage 
that appears as a rectocele. It has recently been 
shown that vaginal childbirth also results in an in-
creased prevalence of true rectocoele, i.e. presump-
tive defects of the rectovaginal septum [477]. Such 
defects are strongly associated with symptoms of pel-
vic organ prolapse and obstructed defecation [478]. 

Specific features of injury during vaginal birth influ-
ence whether a woman develops prolapse later in life. 
Several factors, that can be grouped together as de-
scriptors of difficult vaginal delivery, are associated 
with increased occurrence of prolapse: forceps deliv-
ery, a prolonged second stage of labour, and large 
infant birth weight. Unfortunately, because of the 
overlapping nature of these different factors, it is diffi-
cult to determine which of them is causal and which 
of them is associated (e.g., forceps delivery is used 
when there has been a prolonged second stage of la-
bour, and both of these factors increase in large-sized 
infants).  

A recent mechanical model study has shown that 
even an apparently uneventful vaginal delivery inflicts 
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injuries to the pelvic floor muscles, particularly during 
the extension of the fetal head, having been obtained 
more than 10% of damaged fibres; the puborectalis 
component of the levator ani muscle (LAM) is the 
most prone to damage [479] 

The role of childbirth in causing damage to the LAM, 
which is associated with both vaginal delivery and 
with pelvic organ prolapse, is probably the mediating 
mechanism in these injuries. Recent investigations 
using techniques such as magnetic resonance imag-
ing (MRI) and three-four dimensional ultrasound have 
focused on the morphology of the levator ani complex 
and its integrity after delivery. 

The occurrence of levator trauma after vaginal deliv-
ery is reported to be between 15-39.5% when inves-
tigated with ultrasound [205-211, 480] (Figure 12) 
and between 17.7%-19.1% when assessed with MRI 
[213-215]. This difference in occurrence rate is prob-
ably due to the different postpartum assessment of 
levator ani muscle (which varies in these studies be-
tween 24-72 hours to 12 months postpartum). Infact, 
it has been demonstrated by Staer-Jensen et al [481] 
that the levator ani muscle has the ability to recover 
after pregnancy and delivery and most of the recov-
ery occurs during the first 6 months postpartum 
(LEVEL OF EVIDENCE: II). These results are con-
sistent with other research evaluating levator mor-
phology using either MRI or ultrasonography: 26 pri-
miparous women demonstrated major levator ani de-
fects at 6 weeks, but at 12 months postpartum, 10 of 
these 26 women no longer had a major defect (6 were 
categorized as partial defects and 4 as normal). Oth-
ers similarly have found that avulsion injuries of the 
levator ani after childbirth resolve in 10-20% of 
women [214, 482, 483]. On the other hand, recent re-
sults from Valsky et al [484] showed that a so-
nographic finding of LAM defect identified in the pe-
riod immediately postpartum persists months or year 
after delivery; therefore this test may be performed 
following the delivery, or may be delayed without im-
pact the result. Also the DeLancey group demon-
strated that the magnitude of LAM tear did not sub-
stantially change by 8 months postpartum, but LAM 
oedema and bone injuries showed total or near total 
resolution [485]. 

The following risk factors for levator trauma after vag-
inal delivery have been described in literature: obstet-
ric anal sphincter injuries (OR: 4.4-8.1); prolonged ac-
tive second stage of labour per hour (OR: 2.2); for-
ceps delivery (OR: 14.7); fetal head circumference 
(OR: 3.3); episiotomy (OR: 3.1); increased maternal 
age [205, 207, 215, 216, 244, 480, 483, 486]. 

Memon et al [487] showed that ten years after deliv-
ery, the prevalence of levator avulsion is almost tri-
pled after forceps compared with vacuum-assisted 
vaginal delivery (LEVEL OF EVIDENCE II). 

An observational study done in women 2–4 weeks 
before and 2–6 months after vaginal childbirth pro-
vided a direct proof for the hypothesis that childbirth 

is responsible for certain morphological abnormalities 
of LAM observed in parous women and suggests that 
older age at first delivery is a risk factor for such 
trauma. LEVEL OF EVIDENCE II-3 [209]. 

Vaginal sidewall and third-fourth-degree perineal 
tears were found to be independent clinical indicators 
of an increased risk of levator trauma. Such clinical 
markers may become useful in the identification of 
women at high risk of levator trauma and future pelvic 
floor disorders [488].  

A recent study carried out by Kamisan Atan et al [489] 
investigated if the antepartum use of a birth trainer 
(Epi-No®) may prevent such injuries by altering the 
biomechanical properties of the pelvic floor. 504 
women were assessed with 4D translabial ultrasound 
in the late third trimester, and again 3-6 months post-
partum, after randomisation to control or intervention 
(use the Epi-No® device from 37 weeks of gestation 
until delivery) groups. The results of this trial showed 
no significant difference in the incidence of levator 
avulsion, irreversible hiatal overdistension, clinical 
anal sphincter trauma and perineal tears. A margin-
ally higher rate of significant defects of the external 
anal sphincter on ultrasound was observed in the in-
tervention group. The authors concluded that the an-
tenatal use of Epi-No® device is unlikely to be clini-
cally beneficial in the prevention of intrapartum leva-
tor ani damage, or anal sphincter and perineal 
trauma. 

 

 
Figure 12: Levator ani defect early postpartum in a 
patient had spontaneous vaginal delivery (acquisi-
tion screen GE Voluson-e ® System). 

From Albrich et al, BJOG 2011 [210] with permission. 
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In the multiplanar mode, the axial plane (lower left) 
and the rendered image (lower right) show an unilat-
eral levator discontinuity (**) on the right side of pub-
ococcigeal-puborectalis muscle. 

Eight slices obtained with TUI in coronal-C plane in 
the same patients: the discontinuity (arrow) is demon-
strated in at least three consecutive slices at and 
above the plane of minimal hiatal dimension (frames 
*,-1,-2,-3). 

To estimate the risk of prolapse associated with leva-
tor avulsion injury among a urogynaecological clinic 
population, Dietz et al. [219] retrospectively consid-
ered 781 women, with a mean age 53 years (range 
15-89 years), and a median parity of 2 (range 0-12). 
Significant prolapse (stage II or higher) was diag-
nosed in 415 (53%) women, and 181 (23%) women 
were found to have levator avulsion defects. Prolapse 
was seen in 150/181 (83%) women with avulsion and 
in 265/600 (44%) women without avulsion, giving a 
RR of 1.9 (95% CI: 1.7-2.1). The association was 
strongest for cystocele (RR 2.3, 95% CI: 2.0-2.7) and 
uterine prolapse (RR 4.0, 95% CI: 2.5-6.5). The au-
thors concluded that women with levator avulsion de-
fects were about twice as likely to show pelvic organ 
prolapse of stage II or higher than those without, with 
an increased risk of cystocele and uterine prolapse. 

A cystocele with an intact retrovescical angle is more 
likely to be associated with avulsion injury of the LAM 
and thus more likely to be caused by birth-related 
trauma [490]. 

Puborectalis avulsion injury and levator hiatal bal-
looning are independent risk factors for symptoms 
and sign of prolapse. The role of avulsion in the path-
ogenensis of prolapse is not fully explained by its ef-
fect on hiatal dimensions. It likely that avulsion implies 
not only muscular trauma but also damage to struc-
tures impossble to assess clinically or by imaging, i.e. 
myofascial and connective tissue [491].  

Pelvic organ prolapse seems considerably lower after 
caesarean section [161, 429] but it has been de-
scribed in a prospective study in 35% of 26 women 
after caesarean section during active labour com-
pared to 32% of 41 women who had spontaneous 
vaginal deliveries [473]. On the other hand, one epi-
demiological study using validated questionnaires 
ruled out the influence of labour versus no-labour 
caesarean delivery on pelvic organ prolapse [492] 
(LEVEL OF EVIDENCE: II-2). Recent studies [210, 
212] reported cases of early levator abnormalities af-
ter emergency caesarean section, and hypothesised 
a possible role of the active labour in the occurrence 
of lesions of the pelvic muscular floor. 

A recent study of Leijonhufvud et al. [162] considered 
a cohort study of all women having their first and all 
subsequent caesarean deliveries (n = 33,167), and 
an age-matched sample of women having only vagi-
nal deliveries (n = 63,229). Women who had only vag-
inal deliveries had an overall increased risk of pro-
lapse surgery (HR, 9.2; 95% CI: 7.0-12.1) compared 

with women who had only having caesarean deliver-
ies. They conclude that having only vaginal deliveries 
was associated with a significantly increased risk of 
pelvic organ prolapse surgery later in life compared 
with only having caesarean deliveries. 

There seems to be sufficient proof for the hypothesis 
that pelvic organ support can be impaired by vaginal 
childbirth. It is unclear whether this effect is due to 
stretching or avulsion of structures and whether the 
observed changes are primary (i.e. directly due to 
childbirth) or the medium-term or long-term conse-
quence of levator impairment. Several mechanisms 
may well coexist in one individual [493]. 

Furthermore, it has been shown that any delivery-re-
lated changes occur against the background of 
marked variations in pelvic organ support in young 
nulliparous women [494]. As the most significant 
changes are observed in those with the least organ 
mobility antenatally [495], the effect of childbirth may 
be a partial equalisation of those inter-individual dif-
ferences.  

1.6. Obstetric and Maternal Factors 
A clear link between vaginal delivery and symptoms 
and signs of pelvc organ prolapse in urogynecological 
patients was recently demonstrated by Trutnovsky et 
al [496]: nulliparae showed the lowest prevalence of 
most measures of POP, followed by women exclu-
sively delivered by caesarean section. Highest prev-
alences were consistently found in women delivered 
at least once by forceps, although the differences be-
tween this group and women delivered by normal 
vaginal delivery and/or vacuum extraction were sig-
nificant in three out of eight measures only. Com-
pared with women in the caesarean section group, 
the adjusted odds ratios for reporting symptoms of 
prolapse were 2.4 (95% CI 1.30-4.59) and 3.2 (95% 
CI 1.65-6.12) in the normal vaginal delivery/vacuum 
extraction group and forceps group, respectively. 

Increasing vaginal parity was the strongest risk factor 
for pelvic organ prolapse in women younger than 60 
years in the Oxford Family Planning Study [405]. 
Compared with nulliparous individuals, the relative 
risk of developing prolapse was 8.4 for a woman who 
had delivered two children and 10.9 (95% CI: 4.7–
33.8) for someone with four or more children [405]. 
The Women’s Health Initiative reported that single 
childbirth was associated with raised odds of uterine 
prolapse (OR 2.1;95% CI: 1.7–2.7), cystocele (OR 
2.2; 95% CI: 1.8–2.7), and rectocele (OR 1.9; 95% CI: 
1.7–2.2) [406]. Every additional delivery up to five 
births increased the risk of worsening prolapse by 10–
20% [406]. Similarly, the Progetto Menopausa Italia 
study showed that risk of pelvic organ prolapse in-
creases with the number of vaginal biths [497]. 

To ascertain the effect of a second delivery on pelvic 
floor anatomy, Horak et al [498] showed that a second 
pregnancy and delivery do not seem to have a major 
effect on bladder support and/or levator function. 
However, the authors documented a case of major 
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levator trauma after vaginal birth after caesarean sec-
tion. 

Caesarean section seems to protect against prolapse 
development whereas forceps delivery increases the 
risk [492, 499]. Findings of a cross-sectional study of 
3050 women randomly selected from a large south-
ern California Health Maintenance Organisation 
showed that women who had undergone one or more 
vaginal deliveries had a significantly greater risk of 
developing symptomatic pelvic organ prolapse than 
did those who had only caesarean sections (OR 3.21; 
95% CI: 1.96–5.26), after adjusting for age, parity, 
and obesity [492]. The attributable risk of vaginal de-
livery for development of symptomatic prolapse, or 
the proportion that could have been prevented with a 
policy of routine elective caesarean section, was 46% 
in this population. LEVEL OF EVIDENCE: II-2 [492].  

Other obstetric factors that have been associated 
with an increased risk of pelvic organ prolapse, albeit 
less consistently, are high infant birth weight (>4500 
g), delivery of a macrosomic infant, prolonged second 
stage of labour, and age <25 years at first delivery 
[499, 500]. Somewhat more controversial is whether 
pregnancy itself, distinct from mode of delivery, alters 
the risk of pelvic organ prolapse. In a small case-con-
trol study, pregnancy was associated with worsening 
prolapse compared with non-pregnant controls 
matched for age and ethnic origin [472]. A substantial 
proportion of pregnant nulliparous women show pro-
gression from stage 0 or I support in the first trimester 
to stage I or II in the third trimester [471]. This loss of 
vaginal support does not seem to return to baseline 
in the postpartum period.  

To date, the studies are controversial considering 
younger age (25 versus 28 years of age) [499] as well 
as older age (more than 30 years) [501] at first deliv-
ery as risk  
factors for the development of  pelvic organ prolapse. 
Another large study did not reveal any association at 
all [402].  

Despite the strong relation between obstetric factors 
and pelvic organ prolapse, most symptomatic cases 
arise a long time after vaginal childbirth, and most 
women who bear children do not have symptomatic 
prolapse [502]. 

1.7. Age 
Both incidence and prevalence of pelvic organ pro-
lapse increase with advancing age. In a cross-sec-
tional study of 1004 women (age 18–83 years) who 
came for their yearly examination, the relative preva-
lence of this disorder rose by about 40% with every 
decade of life [399]. In the Women’s Health Initiative, 
American women aged 60–69 years (OR 1.2; 95% CI: 
1.0–1.3) and 70–79 years (OR 1.4; 95%CI: 1.2–1.6) 
had a higher risk of prolapse than did those aged 50–
59 [406]. Similarly, findings of a cross-sectional study 
of 21449 menopausal Italian women showed an aug-
mented risk of pelvic organ prolapse in women aged 

52–55 years (OR 1.3; 95% CI:1.1–1.5) and those 56 
years or older (OR 1.7; 95% CI: 1.5–2.0) compared 
with those younger than 51 years [497]. Surgery for 
prolapse is uncommon in people younger than 30 and 
older than 80 years; for women between these ages, 
incidence rises steadily [400]. 

1.8. Hormones 
As age has been clearly shown to affect the preva-
lence and progression of POP, it is intuitive to believe 
that declining sex hormone levels observed with age-
ing may contribute to biochemical changes observed 
within tissue. However, several researchers studying 
hormonal status and prolapse have failed to find an 
association between oestrogen status and the disor-
der [405, 410, 429, 497].  

The female lower urinary tract is a target organ for the 
action of the two sex steroid hormones, oestrogen 
and progesterone. 

Steroidal hormones exert their effect on tissue 
through an interaction with specific intracellular re-
ceptors. Hormone receptor affinity may be at the root 
of the differences between women with pelvic floor 
diseases and normal controls. Progesterone recep-
tors have been found to be expressed more fre-
quently in women with POP than in women without 
POP [503]. Several polymorphisms are present in the 
progesterone receptor gene that can alter its expres-
sion. A specific genotype (PGR rs484389) was signif-
icantly associated with the risk of having POP [504]. 
Similarly, the oestrogen receptor β gene also con-
tains multiple single nucleotide polymorphisms that 
affect its expression. A case-control study of 69 
women with POP and 141 control subjects found that 
a specific haplotype for the oestrogen receptor β 
gene was associated with an increased risk of POP 
[505]. 

Studies have shown lower serum oestradiol (E2) lev-
els in premenopausal women with SUI, with [506] and 
without concurrent POP [507], compared with control 
subjects. The impact of oestrogen on tissue may be 
related to its systemic or local levels, or altered sen-
sitivity from a decreased amount of receptors noted 
in genitourinary tissues [506, 508]. 

Skala et al. [509], evaluated the expression of oestro-
gen receptor (ER) alpha (α) and beta (β) and proges-
terone receptor (PR) in vaginal and periurethral tissue 
in women with genital prolapse. The expression of PR 
and ER varied with the extent of prolapse. For pa-
tients with prolapse >stage 1 (n=32), there was a sig-
nificantly greater amount of PR in periurethral tissue 
(p=0.007) and a significantly lower expression of ER 
β in vaginal tissue (p=0.008) compared to patients 
with a low stage prolapse (n=15). Patients with stage 
II and III prolapse did not differ in their receptor ex-
pression. The authors concluded that the expression 
of PR in periurethral and ER in vaginal tissue varied 
withthe extent of the prolapse. 



 

 
PELVIC ORGAN PROLAPSE  405 

 

In a cross-sectional study aiming to determine wheter 
there is a change in the number of vessels in the lam-
ina propria of the vagina after menopause in parallel 
to ER- α expression on the vaginal wall, Lara et al 
[510] showed that postmenopausal women with gen-
ital prolapse have a smaller number of vessels and a 
lower ER- α expression on the vaginal wall compared 
to normo-oestrogenic premenopausal controls. 

The current status of the literature is controversial: 
some results suggest a hormonal impact on pelvic 
floor disease, recent findings suggest that hormone 
deficiency following menopause is unlikely to play a 
major role in pelvic organ prolapse support and leva-
tor ani function [511]. The weak level of evidence em-
phasises the necessity for future research endeav-
ours in this field to elucidate these complex relation-
ships. 

1.9. Obesity 
Increasing body-mass index also seems to have a 
role in development of pelvic organ prolapse. An high 
BMI increases the risk for prolapse [399, 405, 499, 
512, 513] and specifically for progressive rectoceles 
[514]. Increased waist circumference was associated 
with more pelvic organ prolapse in some studies [429, 
514]. Handa et al. [514] demonstrated this for cysto-
celes. Women who are overweight (body mass index 
25–30 kg/m²) and obese (>30 kg/m²) are at high risk 
for developing pelvic organ prolapse [406, 500]. Sim-
ilarly, women with a body mass index of more than 26 
kg/m² are more likely (OR 3.0; 95%CI: 1.6–5.7) to un-
dergo surgery for prolapse than are those with a lower 
value [499]. 

1.10. Constipation  
Repetitive straining, such as that seen in patients with 
chronic constipation or workers whose jobs entail 
heavy lifting, has also been associated with pelvic or-
gan prolapse. Spence-Jones et al. [515] reported that 
straining at stool as a young adult was more  common 
in women with prolapse than in those without (61% vs 
4%; p<0.001). Individuals with stage II or greater pel-
vic organ prolapse had an increased risk of constipa-
tion (OR 3.9; 95% CI: 1.4–11.9) compared with 
women with stage 0 or 1 prolapse [516]. However, 
findings of larger studies have disputed this associa-
tion, and several groups have shown that neither 
overall stage of prolapse nor stage of the posterior 
vaginal wall correlate with bowel function [517-519]. 
Additionally, women with only urinary incontinence 
and no prolapse seem to meet Rome II criteria for 
constipation with the same frequency as those with 
advanced pelvic organ prolapse [519]. 

1.11. Chronic Pelvic Floor Stress 
Low socioeconomic status [520] and a labour-inten-
sive occupation [410, 520, 521] are two demographic 
factors identified as risk factors for the development 
of POP. 

Housewives, who perform more physically demand-
ing work, seem more likely to have prolapse (OR: 3.1; 

95% CI: 1.6–8.8) than do professional managerial 
women [410]. Similarly, people with occupations in-
volving heavy lifting might have a higher chance of 
undergoing surgery for pelvic organ prolapse [521]. 

1.12. Previous Operations 
Although hysterectomy might heighten the risk of 
subsequent POP, prolapse symptoms typically de-
velop many years after this procedure [400, 405, 499, 
522, 523]. In the Oxford Family Planning Study, sur-
gery for prolapse in women who had undergone a 
previous hysterectomy was 29 per 1000 women-
years versus 16 per 1000 women-years for the entire 
cohort [405]. The cumulative risk of surgery for pelvic 
organ prolapse rose from 1% at 3 years after hyster-
ectomy to 5% at 15 years. Risk was highest in women 
who had undergone a previous hysterectomy for pro-
lapse (158 per 1000 women-years). In a retrospective 
cohort study of 149.554 women aged 20 and older, 
the mean interval between hysterectomy and surgery 
for pelvic organ prolapse in those who developed the 
disorder was 19.3 years [400, 524]. Contrary to find-
ings of many other studies, the prevalence of pro-
lapse in women with a uterus in the Women’s Health 
Initiative was slightly higher than for those who had 
undergone hysterectomy, suggesting that previous 
prolapse of pelvic organs might have been repaired 
at the time of the procedure in this study population 
[406]. The surgical technique performed during hys-
terectomy, including performance of prophylactic 
culdoplasty, can lessen the development of a subse-
quent prolapse [525]. 

1.13. The Bony Pelvis 
There is evidence from several case control studies 
that variations in axial and pelvic skeletal structure 
can be associated with increased POP risks. These 
include increasing severity of thoracic kyphosis, a de-
crease in lumbar lordosis and in vertical orientation of 
the pelvic inlet, and an increase in the transverse di-
ameter of the pelvic inlet [526-528]. In a case control 
study, Handa [529] compared 59 women with pelvic 
floor disorders with controls using standardised pelvi-
metry techniques during MRI. After controlling for 
age, race and parity and using a multiple logistic re-
gression analysis, pelvic floor disorders were signifi-
cantly associated with a wider transverse inlet (OR 
3.4) and a shorter obstetrical conjugate (OR 0.23). 
The association between early age, advanced stage 
POP and severe disruption of pubic bone and pelvic 
muscle structure in women with bladder exstrophy is 
well recognised [530]. 

1.14. Associated Pelvic Floor Conditions 
During a woman’s lifespan, the pelvic floor is respon-
sible for the urinary and the faecal continence as well 
as for sexual function. If the anatomy of the pelvic 
floor is altered, each one of these functions may be 
compromised. Pelvic organ prolapse is a common 
condition that often leads to lower urinary tract symp-
toms (LUTS) and may require surgical intervention to 
alleviate those symptoms. Therefore, the clinical 
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evaluation of women with POP symptoms also re-
quires the assessment of urinary and faecal inconti-
nence symptoms as well as sexual disorders. Physi-
cians, who examine women seeking care for one con-
dition, should enquire about the symptoms of other 
disorders. 

The relationship between LUTS and pelvic organ de-
scent however, is not completely understood, so far.  

In a recent study, Costantini et al. [531] evaluated the 
correlation between LUTS and POP. They retrospec-
tively reviewed 256 patients who presented with POP 
and LUTS and underwent POP surgery. Almost 50% 
of patients reported two or more symptoms and only 
4.2% were asymptomatic for LUTS. 73.8% patients 
had voiding symptoms, 15% urodynamic detrusor 
overactivity, 5% suffered from hydronephrosis. 57.8% 
had SUI. The authors concluded that urologists and 
gynaecologists should be aware of the high fre-
quency of the association of POP and LUTS. POP re-
pair may restore normal anatomy but LUTS may per-
sist after the surgery or develop "de novo." 

1.14.1 Bladder function  
In a large community-based questionnaire survey, 
44% (104/239) of women who had prolapse symp-
toms (239/3799) also complained of SUI and 37% of 
overactive bladder [532]. SUI can be masked by 
POP. SUI may develop after POP surgery and clini-
cally continent women are at risk for developing 
symptomatic postoperative SUI.  

The role of urodynamic studies (UDS) before pro-
lapse surgery is contentious and a hotly debated topic 
in urogynaecology. Previous studies in women with 
prolapse and women with uncomplicated SUI have 
focused on women without preoperative inconti-
nence. Currently, it has not been possible to reach a 
universal consensus on the role of UDS before pro-
lapse surgery in women with concomitant sympto-
matic or occult SUI. It is clear that UDS can add some 
information in women undergoing pelvic organ pro-
lapse surgery and could facilitate counselling of pa-
tients. However, there is no evidence that the out-
come of surgery is altered by prior UDS [533]. In fact, 
Weber et al. [534] showed that urodynamic testing 
before surgery in women with prolapse and stress uri-
nary incontinence symptoms is not cost-effective rel-
ative to basic office evaluation. It is possible that UDS 
could help to identify some urinary disfunctions, such 
as a preoperative detrusor overactivity or a occult 
SUI, but this information rarely leads to a change in 
the management plan or the type of surgical proce-
dure. Moreover, at present, we have no data to show 
that UDS can improve subjective or objective out-
comes of surgery for prolapse. New well-designed 
randomised studies are necessary to improve our un-
derstanding of this topic.  

Evidence of reduced peptide-containing innervation 
of perineal and periurethral muscles in women with 

SUI and POP has emerged [449], suggesting a neu-
ral abnormality in their pathogenesis. Connective tis-
sue alterations such as decreased a-1 antitrypsin ex-
pression and altered elastin metabolism [449], de-
creased collagen concentration [535], and decreased 
estrogen receptors [508, 536] have been described in 
women with urinary incontinence and/or POP. 

Failure of bladder, bladder neck, and urethral support 
is often part of a more extensive defective pelvic or-
gan support. Poor pelvic organ support can lead to 
pathological pelvic relaxation in one or more compart-
ment(s). Marinkovic and Stanton [537] published a re-
view of 97 articles regarding incontinence and voiding 
difficulties associated with POP: they describe the in-
cidence, pathophysiology, anatomical changes and 
resultant consequences, evaluation and imaging of 
cystocele, rectocele, enterocele, and uterine and vag-
inal vault prolapse in combination with urinary incon-
tinence. The authors concluded that POP appears to 
have significant clinical effects on urethral and void-
ing function that should be quantified preoperatively 
to allow appropriate surgical intervention, with the aim 
of restoring vaginal function and correcting concur-
rent incontinence, whether overt or occult. Not un-
commonly, POP can lead to bladder outlet obstruc-
tion, detrusor overactivity, and latent SUI that is un-
masked only with reduction of the POP (potential, la-
tent, or unmasked SUI) [538]. It is recognised that 
POP surgery can improve voiding dysfunction and 
unmask occult SUI by alleviating the urethral kinking 
causing outlet obstruction [539].  

Burrows et al. [540] described symptoms of bladder, 
bowel, and sexual function in 330 women with POP, 
comparing different degrees of prolapse staged by 
POP-Q system. Women with SUI symptoms had less 
advanced prolapse (median 5 cm less prolapse in the 
apical compartment) than those without SUI. Women 
who needed to manually assist micturition had more 
advanced prolapse (median 3.5 cm more prolapse in 
the most severe compartment) than those who did 
not. Women with urgency and urgency incontinence 
had less advanced prolapse (median 3 cm or less) 
but the differences were smaller than those for SUI. 
Severity of prolapse was not associated with bowel or 
sexual symptoms in this study. The most important 
finding is that there are few strong associations be-
tween specific symptoms and severity of prolapse. 
LEVEL OF EVIDENCE: II-2.  

Women without anterior prolapse on POP-Q exam 
rarely (<10%) report urinary splinting but ranged be-
tween 23 and 36% for stage III and IV. Urinary splint-
ing is 97% specific for anterior prolapse. Seventy-
seven percent of women with stage II POP report a 
symptomatic bulge, and report of a bulge has an 81% 
positive predictive value and a 76% negative predic-
tive value [541]. It seems therefore that if women pre-
sent with symptoms of vaginal/perineal bulge, then 
careful assessment for POP is warranted. If a woman 
with SUI, however, presents with no symptoms of 
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POP, then surgical treatment of asymptomatic and in-
cidental anterior POP does not seem to be indicated. 

The surgical management of women with POP and 
with latent SUI remains controversial and challeng-
ing. Maher et al. [542] aimed to determine the effects 
of surgery in the management of POP by searching 
the Cochrane Incontinence Group trials register (as 
on June 2004) for randomized or quasi-randomized 
controlled trials that included surgical procedures for 
POP. The meta-analysis on the impact of POP sur-
gery on continence was ‘limited and inconclusive’, but 
they report that 10% of women developed new incon-
tinence symptoms postoperatively.  

Levin et al. [543] prospectively evaluated 313 women 
who underwent TVT procedure for overt (228 women) 
or occult (85 women) SUI. About 50% women also 
underwent POP surgery concurrently. Overall, for 
241 women with a follow-up of  at least 12 months, 
6.6% had persistent mild SUI, an additional 7% had 
urodynamic evidence of asymptomatic sphincter in-
continence, whereas 8% developed de-novo urgency 
incontinence. 

Among 130 women who underwent surgical treat-
ment for an enterocele (75% the vaginal wall pro-
truded through the introitus), 77% presented with SUI 
or detrusor overactivity. Sixty-seven percent patients 
underwent Burch colposuspension with enterocele 
repair. Postoperative SUI requiring further treatment 
occurred in 10% after a mean period of follow up of 
10 months, and cystocele developed in 1.5% [544].  

Urologists and urogynecologists are faced with the 
challenge of determining which women with POP as-
sociated with SUI will benefit from concurrent surgical 
intervention for the POP. A comprehensive and ana-
tomic approach to pelvic floor reconstruction is rec-
ommended, but no high-level evidence-based studies 
exist in the contemporary literature. 

The intended goal of surgical correction of SUI and 
POP is durable restoration of normal anatomy and 
function, with symptomatic relief and avoidance of 
morbidity. At present, few evidence-based conclu-
sions can be drawn regarding when to surgically in-
tervene for SUI in women who present with POP. The 
available contemporary studies are few with a small 
number of patients; however, it seems prudent to rec-
ommend repairing symptomatic POP in women who 
present with SUI. So far, routine performance of anti-
incontinence procedures at the same time as recon-
struction of anterior compartment does not seem to 
be justified by the current evidence. In women with 
symptomatic SUI and incidental, asymptomatic POP, 
one must balance any potential treatment associated 
morbidity with the intended clinical/surgical outcome.  

Recently, Ramanah et al [545] compared changes in 
urinary symptoms before and after POP surgery, us-
ing either laparoscopic sacrocolpopexy (LSC) or 
transvaginal porcine dermis hammock placement 
with sacrospinous ligament suspension (VS). Out of 
the 151 patients included, 87 patients underwent 

LSC, and 64 VS. Overall, after a median follow-up of 
32.4 months, POP surgery improved urinary fre-
quency (P = 0.006), voiding difficulty (P = 0.001), 
stress urinary incontinence (P = 0.001), but not ur-
gency (P = 0.29). VS was more effective in treating 
SUI (P < 0.001 vs. 0.52) while LSC more effective on 
voiding difficulty (P = 0.01 vs. 0.08). Postoperative de 
novo symptoms were observed in 35.8% of patients 
with no difference between the groups (P = 0.06). UDI 
(P = 0.04) and UIQ (P = 0.01) scores were signifi-
cantly lower after surgery. However, LSC significantly 
improved UDI (P = 0.03) with no effect on UIQ 
(P =0.29) scores while VS significantly improved both 
scores (P=0.02 and 0.001, respectively). Upon multi-
variate analysis, only the improvement in the impact 
of urinary symptoms on daily living was inde-
pendently associated to VS (OR 5.45, P=0.01). The 
authors concluded that most preoperative urinary 
symptoms decreased after POP surgery with equiva-
lent proportion of de novo symptoms after vaginal and 
laparoscopic approaches. 

The prevalence of OAB symptoms in relation to sign 
and symptoms of POP is reported to be between 
22.5-36.8% in community based studies [532, 546-
548] and between 16-88% in hospital based studies 
[538, 549-551]. By and large, the prevalence of OAB 
with POP is greater in the hospital-based studies than 
in the community-based studies, which is not surpris-
ing, given the selected nature of the hospital samples. 
Only three studies, one community-based and two 
hospital-based, were identified that presented data 
specified by compartment and showed conflicting re-
sults: in the study by Miedel et al. [548], there is a 
clear relationship between anterior and posterior 
compartment prolapse and OAB symptoms in con-
trast to central compartment prolapse. In the studies 
by Bradley and Nygaard [552] and Sobhgol and 
Charandabee [553] such a relation could not be iden-
tified. In a study by Ellerkmann et al. [554] no corre-
lation between worsening of the anterior compart-
ment and urgency incontinence could be found. Data 
regarding the relationship between the stage of pro-
lapse and OAB are very sparse. Burrows et al. [540] 
found that urgency and urge incontinence occurred 
more often in women with a less advanced prolapse. 
Another study using ultrasound reached the same 
conclusion; women with a higher grade of bladder de-
scent were less likely to suffer from urgency inconti-
nence [555].  

The pathophysiology of OAB in women with POP is 
unclear. Several theories exist: bladder outlet ob-
struction; release of various chemical factors (ATP, 
Ach, and P2X3) by bladder distension stimulating the 
detrusor receptors; traction on the urethra due to 
prominent cystocele resulting in an open urethra with 
urine entering the urethra that causes detrusor con-
tractions. Bladder outlet obstruction is likely to be the 
most important mechanism by which POP induces 
OAB symptoms and DO signs. However, several 
other mechanisms might also play a role but indica-
tors show a causal relationship between OAB and 
POP [556]. 
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1.14.2 Anorectal function  
Prolapse of the posterior vaginal wall, alone or in 
combination with other compartment defects, can be 
challenging for the pelvic surgeon. Pelvic pressure, 
vaginal/ perineal splinting to defecate, difficult defe-
cation, faecal incontinence (FI) and impaired sexual 
relations are some of the symptoms associated with 
posterior POP. Whether the prolapse is the cause of 
the symptoms or is a result of straining and stretching 
of supporting structures in women with defecation 
disorders, remains unclear. 

Bowel symptom like incontinence of flatus and ob-
structed defecation are common in women with POP. 
In several surveys, the incidence of anal incontinence 
(AI) ranges from 15-50% [517, 532, 557-564]. FI was 
reported in 5-22% of women with prolapse [414, 557, 
563] which was significantly more than bowel symp-
toms in a control group [563]. There were no associ-
ations found between prolapse stages and symptoms 
after adjusting for age and BMI [517, 562].  

Meschia et al. [559] reported that among 881 women 
with symptoms of urinary incontinence and pelvic or-
gan prolapse, the prevalence of AI was 20%. Urinary 
incontinence and severe rectocele were found to be 
associated with AI. 

Disparities have been shown between the degree of 
POP, pelvic floor symptoms and defaecography re-
sults [414, 565]. Two series of defaecographies in 
consecutive patients with prolapse and/or evacuation 
disorders described defaecographic findings that 
changed the patients diagnosis (though not always 
the management) in 46 of 62 of cases and noted en-
teroceles that were not found on physical exam in ap-
proximately 50% of cases [566-568]. Sigmoidoceles 
are present in 4-11% of reported series, and are 
nearly always missed on physical examination [568, 
569]. Their clinical impact and management remain 
unclear. Defaecography is not a routine investigation 
in women with POP and interpretation may be difficult 
in some cases since normal asymptomatic women 
may have focal defaecographic abnormalities [565]. 
The prevalence of abnormal colonic transit time is ap-
proximately 20% in patients presenting with evacua-
tion disorders [570]. An abnormal preoperative co-
lonic transit study is the most consistently cited risk 
factor for failure of rectocele repair to relieve evacua-
tory symptoms, regardless of the surgical technique 
[571-573]. Goh  et  al. [574] reviewed  the manage-
ment of rectocele and clearly describe the complexity 
of clinical conditions resulting from the possible com-
bination of various gynaecological and colorectal 
symptoms with anatomical abnormalities and the dif-
ferent surgical approaches. 

Recently, Ramanah et al. [575] evaluated changes in 
anorectal symptoms before and after POP surgery, 
using laparoscopic sacrocolpoperineopexy. Preoper-
ative and postoperative anorectal symptoms, colorec-
tal-anal distress inventory (CRADI) and colorectal-

anal impact questionnaire (CRAIQ) scores were pro-
spectively compared from 90 consecutive women un-
dergoing laparoscopic sacrocolpoperineopexy. After 
a median follow-up of 30.7 months, laparoscopic sur-
gery significantly worsened CRADI (p=0.02) with no 
effect on CRAIQ (p=0.37) scores. Post-operative and 
de novo straining (27%) and the need for digital as-
sistance (17%) were the most frequent anorectal 
symptoms. No correlation was found between laparo-
scopic surgery and anorectal symptoms after multi-
variate analysis (OR 2.45, p=0.05). The authors con-
clude that anorectal symptoms are not improved after 
POP surgery by laparoscopic sacrocol-
poperineopexy. 

1.14.3 Sexual function 
Patients who present with POP symptoms should be 
questioned about their sexual function. Surgical treat-
ment in these patients may be curative of their sexual 
disorders (e.g., by solving incontinence in patient with 
coital incontinence) but may also have undesired ef-
fects on sensation, blood flow, and the anatomy. 
These effects can affect sexual arousal and orgasm 
or cause dyspareunia.  

Dyspareunia, coital incontinence and vaginal dryness 
are common complaints in women with pelvic floor 
disorders [576, 577]. Although sexual dysfunction ap-
pears to be more frequently observed in these 
women, pelvic organ prolapse seems not to nega-
tively impact on sexual satisfaction when controlled 
for confounders like age [577-579]. 

Clinical populations are likely to have more severe 
pelvic floor symptoms and more advanced pelvic or-
gan prolapse, with a greater potential for impact on 
sexual function, whereas community populations may 
have mild symptoms and prolapse, with minimal im-
pact. These conflicting results may also be the result 
of population differences in other related factors, such 
as age, menopause, or the status of the woman’s in-
timate relationship. Other challenges in studying the 
factors associated with sexual function in women with 
POP include a limited characterisation of female sex-
ual function in some studies and difficulties assessing 
sexual function among women who do not have inter-
course. 

Handa et al. [580] reported that, with respect to ana-
tomic prolapse, women with stage III–IV prolapse 
were more likely to report decreased libido and infre-
quent orgasm than women with stage 0 support. Ad-
justment for other characteristics attenuated the 
strength of these associations, although the associa-
tion between prolapse and infrequent orgasm re-
mained statistically significant. In the final adjusted 
model, the odds of infrequent orgasm were increased 
more than three times for women with stage III–IV 
prolapse (P=0.02). The authors conclude that women 
the anatomic prolapse (stage III–IV) were more likely 
to report infrequent orgasm but they were not at in-
creased risk of other sexual problems. An important 
observation is that women with stage II support were 
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not more likely to report any sexual complaint than 
women with stage 0 support. This suggests that the 
physical presence of stage II prolapse alone is not as-
sociated with sexual dysfunction. In contrast, women 
with prolapse symptoms (as reflected by a high score 
on the prolapse scale of the Pelvic Floor Distress In-
ventory) were much more likely to report sexual com-
plaints. Thus, one can conclude that sexual function 
is worse in women with symptomatic prolapse. 
LEVEL OF EVIDENCE II. 

In 305 women over 40 years seeking outpatient gy-
necological care association between sexual com-
plaints and perceived sexual distress has been inves-
tigated. Women with sexual distress were also more 
likely to report sexual difficulty related to pelvic floor 
symptoms, sexual avoidance due to vaginal prolapse 
(13.9% vs. 1%, P=0.001) [581]. 

A better understanding of the anatomy of this area 
and of sexual function will guide us in a more targeted 
approach to management of these conditions. 

2. CONCLUSIONS AND 
RECOMMENDATIONS  

The aetiology of POP is thought to be multifactorial 
with contributions from both environmental and ge-
netic risk factors. Vaginal delivery is the most trau-
matic event for the pelvic floor during the woman 
lifespan, recent growing evidence underlines the pos-
sible genetic influence in aetiology of POP. High con-
cordance in the POP stage between nulliparous and 
parous sister suggest a familial predisposition toward 
developing this condition [413]. LEVEL OF 
EVIDENCE II-2. Recent studies provided strong sci-
entific evidence of genetic contribution to pelvic organ 
prolapse: 6 single-nucleotide polymorphisms are sig-
nificantly associated with POP in high-risk familial 
case group participants [416]. LEVEL OF EVIDENCE 
II.  

Also with respect to abnormal extracellular matrix (dif-
ference in collagen type and metabolism, elastin turn-
over), increasing evidence supports the genetic aeti-
ology of POP. LEVEL OF EVIDENCE II. This has 
been confirmed by severe heritable connective tissue 
disease, in which POP predominates [453-456].  

Hormonal and mechanical physiological alteration 
during pregnancy affect the pelvic floor support, but it 
has still to be demonstrated if it is a reversible factor. 

Even if it has been demonstrated that vaginal delivery 
is the major traumatic event for the pelvic floor during 
the woman lifespan, caesarean section does not 
seem to be completely protective (LEVEL OF 
EVIDENCE II). Forceps, vaginal parity, prolonged 
second stage of labour, infant birthweight >4500 g are 
obstetrics risk factors for development of POP. The 
neurological sequelae of the vaginal delivery on the 
pelvic floor are still controversial. 

Declining sex hormone level, ageing, age, obesity, 
constipation, chronic pelvic floor stress are associ-
ated with pelvic organ prolapse.  
Although it has been documented that most of the pa-
tients with POP experience, beside prolapse symp-
toms, urinary, faecal and sexual symptoms, their an-
atomical-functional relationship remains unclear. 
Moreover, last findings demonstrated that there are 
few strong associations between specific symptoms 
and severity of prolapse. LEVEL OF EVIDENCE: II-2. 

It is becoming imperative to better understand the 
pathophysiology underlying the SUI concomitant with 
POP, in order to adapt the surgical management of 
these patients. 

Also the complexity of anorectal function in patient 
with POP need to be clarified, as well as sexual func-
tion, which seems to worse in women with sympto-
matic prolapse but not with the physical presence of 
stage II prolapse alone.   

New research focuses on the identification of at-risk 
populations to develop pelvic organ descent. Estab-
lishing the familiarity of POP may identify populations 
that can be targeted for primary and secondary pre-
vention studies, such as elective caesarean delivery. 
If specific genes can be identified, we may under-
stand why some patients do not respond to certain 
therapies. Moreover, biomarkers or novel proteins, 
are expected to be related to various POP pheno-
types. 

The research priorities in pelvic organ prolapse are: 

• to understand the mechanical and functional as-
pects of the vaginal birth 

• to clarify the effects of the labour on the pelvic floor 
and consequently of emergency caesarean section 

• to quantify the importance of genetic heritability for 
POP  

• to increase the number of genetic resources (racial 
and ethnic background investigated with genetic 
studies) 

• to determine possible explanations for related con-
ditions (e.g. hernia, bowel dysfunction) 

 PATHOPHYSIOLOGY OF 
FAECAL INCONTINENCE 

Faecal continence is maintained by a complex, poorly 
elucidated process involving the structural and func-
tional integrity of the anorectal unit, the central and 
peripheral nervous system and pelvic structures. 
Continence requires a closed anal canal at rest, sen-
sory function to detect the presence of flatus or stool 
in the rectum, intact reflex response of the appropri-
ate muscles, cognitive recognition of the sensory sig-
nal, adequate storage capacity in the rectum and ad-
equate function of the puborectalis and sphincter 
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muscles. In addition, other factors such as stool con-
sistency and physical mobility play a role.  Disruption 
in the normal anatomy or physiology in any of these 
areas may lead to incontinence. Often, multiple fac-
tors are contributing in patients with significant faecal 
incontinence [582-586]. 

1. STRUCTURE AND FUNCTION OF 
THE ANORECTUM 

The anus is a muscular tube 2 cm to 4 cm long con-
sisting of the internal anal sphincter, conjoined longi-
tudinal muscle, external anal sphincter and 
puborectalis muscle. 

1.1. Muscles 

1.1.1 Internal anal sphincter (IAS) 
The internal anal sphincter (IAS), an involuntary 
smooth muscle, is a 0.3 cm to 0.5 cm thick expansion 
of the circular smooth muscle layer of the rectum. The 
IAS ends about 10 mm proximal to the distal end of 
the external sphincter. It is primarily responsible for 
closure of the anal canal at rest through both myo-
genic and sympathetic excitatory activity. Studies dis-
agree about the relative contribution of myogenic and 
nerve induced activity to the resting tone [587, 588].  
The IAS generates slow waves occurring 6-20 times 
per minute; about 10 % of asymptomatic people also 
have ultra-slow waves with pressures fluctuating be-
tween 20 mmHg and 50 mm Hg. [589-591]. The sig-
nificance of variations in recordings between controls 
and incontinent patients is not well understood [592]. 
The internal anal sphincter contains non-adrenergic, 
non-cholinergic (NANC) fibres which contribute to 
contraction of the muscle mediated by nitric oxide 
[593-595]. The possible roles of other neurotransmit-
ters and of the interstitial cells of Cajal are being ac-
tively studied in animal models [596-600]. Other ani-
mal studies have focused on the cellular regulation of 
basal tone in the IAS. Up regulation of RhoA/Rho ki-
nase in the smooth muscle cells of the IAS plays a 
significant role in the maintenance of the basal tone 
[601]. The RhoA/Rho kinase components are respon-
sible for the inhibition of myosin light-chain phospha-
tase of resulting in high level of myosin regulatory 
light chain [602]. 

1.1.2 External anal sphincter (EAS) 
The external anal sphincter, a 0.6 cm to 1.0 cm thick 
cylinder of striated muscle covers the whole length of 
the internal sphincter and extends more distally into 
the subcutaneous tissue. The external sphincter con-
tributes to the resting tone. Its primary function, how-
ever, is to contract to preserve continence when stool 
or flatus is present in the rectum or intra-abdominal 
pressure increases. The contraction may be volun-
tary or reflexive with increased abdominal pressure 
from coughing or distension [603]. The muscle also 
relaxes to facilitate evacuation. The separation of the 

external sphincter into sections is controversial [604]. 
Many authors describe three sections termed super-
ficial, subcutaneous and deep but they have also 
been described as subcutaneous, main body and 
deep winged portion based upon MRI imaging [605, 
606] On MRI images, the subcutaneous portion is vis-
ibly distinct from the other portions with less clear 
separation between the middle and deeper portions 
[605]. Others argue the EAS functions as a single 
muscle unit.  The EAS is a predominantly slow-twitch, 
fatigue resistant muscle with a majority of Type I fi-
bres although there are also Type II rapidly contract-
ing fibres as well [607, 608].  

1.1.3 Conjoined longitudinal muscle 
The outer longitudinal muscle layer of the rectal wall 
joins with fibres of the levator ani muscle to become 
the conjoined longitudinal muscle. The muscle ex-
tends distally between the internal and external anal 
sphincter and then splits into extensions that traverse 
the superficial portion of the external sphincter to at-
tach to the perianal skin and medially through the in-
ternal anal sphincter to join the submucosa smooth 
muscle [609]. Suggested roles for this muscle include 
provision of supporting meshwork for the anal sphinc-
ters and assistance in maintaining anal closure. A 
more functional role is suggested by the differential 
response of the longitudinal muscle to neurotransmit-
ters when compared to the internal anal sphincter 
[595]. One suggested role is that contraction of the 
muscle flattens the anal cushions and shortens the 
anal canal [610]. 

1.1.4 Puborectalis muscle (PR) 
The puborectalis muscle, the most medial portion of 
the levator ani muscle, is a U-shaped loop of striated 
muscle that encircles the anorectal junction and at-
taches to the posterior aspect of the pubis. The 
puborectalis muscle is a mixture of Type I and Type 
II fibres but has fewer Type II fibres than the EAS 
[611]. It functions to close the upper anal canal [612, 
613]. It is situated immediately cephalad to the exter-
nal sphincter. The configuration of the puborectalis 
muscle results in the anorectal angle between the dis-
tal rectum and anal canal. At rest, the anal canal 
forms an angle with the axis of the rectum of approx-
imately 90°; during voluntary squeeze the angle be-
comes more acute, approximately 70°; during defe-
cation, the angle becomes more obtuse, about 110° 
to 130°. Some data support the concept that the 
puborectalis muscle is part of the levator ani muscle 
(embryology, in vitro stimulation studies, innervation) 
[614-620], while other research suggests that it is part 
of the external anal sphincter (anatomic dissection, 
function during cough and straining [621-623]. The 
puborectalis muscle responds to increased ab-
dominal pressure (coughing or straining) and rectal 
distension by contraction.  
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1.1.5 Levator ani 
The levator ani muscles are a pair of broad sheets of 
striated muscle lying below the pelvic organs. There 
are three major components with different attach-
ments. The ileococcygeus muscle arises from the is-
chial spine and attaches to the lateral aspect of the 
lower sacrum and coccyx. The pubococcygeus mus-
cle runs from the posterior aspect of the pubis, mixes 
with fibres from the contralateral muscle at the ano-
coccygeal raphe and inserts at the distal sacrum and 
coccyx. The third component is the puborectalis mus-
cle which is described above. The urethra, vagina 
and rectum pass through an opening between the le-
vator ani muscles called the levator hiatus. 

1.2. Nerve Structure and Sensation 
The somatic nerve supply arises from the second, 
third and fourth sacral spinal segments. The lower 
motor neuronal cell bodies for those nerves are lo-
cated in Onuf’s nucleus of those sacral spinal seg-
ments. The primary nerve is the pudendal nerve 
which has both motor and sensory functions [624]. 
The pudendal nerve divides into three main 
branches. One branch, the inferior rectal nerve, sup-
plies the external sphincter. The levator muscles in-
cluding the puborectalis receive innervation directly 
from those spinal segments [617, 618, 620, 625]. 
However, the puborectalis muscle frequently receives 
an auxiliary supply from the inferior rectal and peri-
neal branches of the pudendal nerve on its inferior 
aspect [626]. Both the EAS and levator ani muscles 
may be controlled voluntarily through corticospinal 
descending motor pathways [611]. They are also un-
der reflex control through sacral reflex pathways. Pu-
dendal nerve block creates a loss of sensation in the 
perianal and genital skin and weakness of the anal 
sphincter muscle, but it does not affect rectal sensa-
tion [627] It also abolishes the rectoanal contractile 
reflexes, suggesting that pudendal neuropathy may 
affect the rectoanal contractile reflex response.   

The anorectum also has a rich nervous supply 
thought the enteric, sympathetic, parasympathetic 
and extrinsic spinal sensory neurons. Enteric motor 
neurons control most aspects of rectal motility; para-
sympathetic and sympathetic influence is mediated 
largely through modulation of the enteric neuronal cir-
cuits [628]. Within the myenteric plexuses there are 
motor, sensory and interneurons. The sympathetic 
supply of the rectum arises from the first three lumbar 
spinal segments. The innervation is carried through 
the preaortic plexus to the upper rectum and through 
the presacral nerves to the hypogastric plexus and 
then through the hypogastric nerves to the pelvic 
plexus. The parasympathetic fibres originate in the 
sacral parasympathetic nucleus in the sacral spinal 
cord and emerge through the sacral foramen as the 
nervi erigentes. They join the sympathetic fibres at 
the pelvic plexus and pass through rectal nerves to 
the rectal wall. The parasympathetic pathways have 
a role in propulsive activity of the colon and defaeca-
tion. 

Extrinsic sensory innervation of the rectum seems to 
be responsible for sensory perception of rectal disten-
sion. Sacral afferents have cell bodies in the dorsal 
root ganglia of the sacral segments. Specialised sa-
cral afferents have mechano-sensitive transduction 
sites within the myenteric ganglia of the rectum [629, 
630].  These sites are sensitive to distension and con-
traction of surrounding muscle layers. Both thinly my-
elinated A-fibers and unmyelinated C-fibres are pre-
sent in the rectal mucosa, and the myenteric plexus 
[7631-634]. The C-fibres are mostly present in the 
wall of the rectum, while the A-fibres predominate in 
the rectal mucosa [634]. These nerves most likely 
mediate the distension or stretch-induced sensory re-
sponses as well as the viscero-visceral, the recto-
anal inhibitory, and the recto-anal contractile reflexes 
[633-635]. The sensation of rectal distension is most 
likely transmitted along the S2, S3, and S4 parasym-
pathetic nerves [633]. Clinical studies confirm that 
balloon distension is perceived in the rectum and that 
such perception plays a role in maintaining conti-
nence [636, 637]. Furthermore, sensory conditioning 
can improve hyposensitivity of the rectum [638, 639].   

Anal sensation is carried in the inferior rectal branch 
of the pudendal nerve. The upper anal canal particu-
larly has a rich mixture of free and organised nerve 
endings such as the Krause end-bulbs, (cold) Golgi-
Mazzoni bodies (pressure), genital corpuscles (fric-
tion), and the sparse Meissner’s corpuscles (touch) 
[633, 640, 641]. Specialised afferent nerves may exist 
that transmit the sensations of touch, temperature, 
tension, and friction, but are incompletely understood 
[633]. The role of anorectal temperature sensation is 
subject to debate [642-646]. The likely role of anal 
sensation is to facilitate discrimination between flatus 
and faeces and the fine-tuning of the continence bar-
rier, but its precise role needs to be characterised.   

1.3. Cerebral Cortex 
Rectal distension produces activations bilaterally in 
the secondary somatosensory cortex, sensory asso-
ciation cortex, the anterior cingulate cortex and insu-
lar cortex, as well as bilateral activation in the prefron-
tal cortex and extending from the peri-orbital cortex to 
the anterior temporal lobe [647-650]. Studies have 
identified activation in multiple areas of the cortex in-
cluding those involved in spatial discrimination (sec-
ondary somatosensory cortex, sensory association 
cortex) and those that process affective and cognitive 
aspects of sensation (the anterior cingulate cortex, in-
sula and prefrontal cortex). While rectal and anorectal 
stimulation activated similar regions of the brain the 
locations within the regions varied [651]. Anal muscu-
lature is represented bilaterally on the superior motor 
cortex (Brodmann area 4); the degree of symmetry 
varies [652]. 

1.4. Reflexes 
Distension of the rectum results in contraction of the 
rectum, relaxation of the internal anal sphincter and 
contraction of the external anal sphincter.  
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1.4.1 Rectoanal inhibitory reflex (RAIR) 
Rectal distension is associated with a fall in anal rest-
ing pressure known as the rectoanal inhibitory reflex. 
The amplitude and duration of this relaxation in-
creases with the volume of rectal distension [653]. It 
has been suggested that bowel contents are periodi-
cally sensed by anorectal “sampling,” the process by 
which transient relaxation of the IAS allows the rectal 
contents from the rectum to come into contact with 
specialised sensory organs [654-656]. This process 
allows discrimination between flatus and stool.  

1.4.2 Cough reflex 
Abrupt increases in intra-abdominal pressure, such 
as those caused by coughing or laughing, are asso-
ciated with increases in anal sphincter pressure [603, 
657-660]. The increased pressure may be achieved 
through multiple mechanisms, including reflex con-
traction of the puborectalis [661]. The response is rel-
ative to the intensity of the cough [657]. It is unclear 
whether the response is a polysynaptic spinal reflex 
[603, 658] since it is preserved after spinal cord tran-
section [662] or also requires central integrative cen-
ters [659]. 

1.4.3 Rectoanal contractile reflex (sensori-
motor response) 

The rectoanal contractile reflex (or rectal anal excita-
tory reflex or inflation reflex) is the contraction of the 
EAS in response to rectal distension [663-665]. The 
amplitude and duration of the rectoanal contractile re-
flex  increases with rectal distension up to a maximum 
volume of 30 ml [653].   

1.5. Rectum 
The rectum is a hollow muscular tube, 12 cm to 15 
cm long, composed of a continuous layer of longitu-
dinal muscle that interlaces with the underlying circu-
lar muscle. These muscles are a mixture of smooth 
muscle cells and several types of interstitial cell of Ca-
jal [628].  A network of interstitial cells of Cajal joined 
by gap junction connections coupled to smooth mus-
cle cells trigger mechanisms that give rise to large, 
slow repetitive depolarisation of the smooth muscle, 
the slow waves [666]. The proximal end is defined ei-
ther as the sacral promontory, the third sacral verte-
brae or the area where the colonic taenie splay out 
and end. The distal end is the dentate line or anorec-
tal ring. The rectum serves as a reservoir for storage 
and a “pump” for evacuation of stool facilitated by 
several characteristics. The rectal walls are compliant 
maintaining a relatively low pressure with increasing 
volumes. Its innervation allows the sensation of in-
creasing volume [582, 628].   

1.6. Anal Endovascular Cushions 
The submucosa of the anal lining contains blood ves-
sels, connective tissue, smooth muscle and elastic 
tissue. They typically form three separate complexes 
of smooth muscle fibres and vascular channels called 

the anal cushions [667, 668].  A recent study of 
women demonstrated the normal variation in size; the 
size did vary with posture and parity but not age, his-
tory of obstetrical trauma or mild haemorrhoid symp-
toms [669]. Their contribution to continence is poorly 
studied and controversial. 

1.7. Stool Consistency  
Considerable evidence exists that evacuation of 
formed stool is more easily deferred than loose stool 
(discussed in detail under diarrhoea).  

1.8. Physical Mobility 
The ability to defer evacuation until a socially ac-
ceptable time and place requires the physical mobility 
to reach a bathroom in the required time frame. The 
contribution of physical mobility to continence is 
largely inferred from studies identifying lack of physi-
cal mobility as a risk factor for incontinence [670-672]. 
There is limited information about the relative role for 
mobility in continent patients. 

2. CONTINENCE MECHANISM 

Complete continence is most likely with normal transit 
of formed stool, anal closure at rest, sufficient reser-
voir capacity and sensation in the rectum, functional 
reflexes for sampling and sphincter contraction, ade-
quate cognitive function to recognise the urge to de-
faecate and physical mobility to reach the bathroom 
in time.  

The anus is normally closed by the tonic activity of the 
IAS with contribution from the EAS and PR at different 
levels of the anal canal [613, 673]. Studies of the rel-
ative contribution of the IAS to the resting tone yield 
results varying from 55-85% [588, 627]. Some of that 
variation is likely related to the measurement tech-
nique utilised but it has also been found that resting 
pressure varies during the day and with posture, in-
creasing with the upright position [674, 675]. The IAS 
contribution is also influenced by rectal distension 
[588, 676]. Some postulate that the anal cushions 
provide a tight seal based upon studies showing that 
the sphincter muscles in their circular configuration 
cannot contract sufficiently to provide complete clo-
sure [677, 678]. An in vitro study showed that even 
during maximal involuntary contraction, the internal 
sphincter ring was unable to close the anal orifice 
completely and a gap of approximately 7 mm was left 
open. This gap was filled by the anal cushions [679]. 
Anal cushions may exert pressures of up to 9 mmHg 
and thereby may contribute 10% to 20% of resting 
anal pressure [680]. These barriers are further aug-
mented by the puborectalis muscle, which pulls the 
anal canal forward forming the anorectal angle. The 
extent to which the anorectal angle contributes to 
continence is controversial [673, 681-685]. One study 
suggests that it is important to the control of semi-
solid material more than the control of liquid [686]. 
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With rectal distension or increased intra-abdominal 
pressure, this barrier is reinforced by reflex or volun-
tary contraction of the EAS and PR. The contraction 
requires functional peripheral, spinal and cerebral 
function to sense and recognise the distension, acti-
vate the reflex and voluntary responses. In addition, 
adequate muscular contraction to increase the anal 
pressure is required. The rectal wall must distend to 
allow accommodation to the increased pressure. Fi-
nally, the mobility to reach an appropriate setting be-
fore the muscle fatigues is required. 

3. DEVELOPMENT OF 
INCONTINENCE 

Clearly there are a number of potential areas of injury 
or dysfunction in the complex mechanisms required 
for continence that might result in incontinence. Fae-
cal incontinence (FI) occurs when one or more mech-
anisms that maintain continence is disrupted to an ex-
tent that other mechanisms are unable to compen-
sate. Hence, FI is often multi-factorial [582-586]. In a 
prospective study, 80% of patients with FI had more 
than one pathogenic abnormality [583]. The interac-
tion of those factors and when they result in clinical 
incontinence is poorly understood.  

3.1. Passive Incontinence 
Compromise of anal closure and loss of sensation 
may result in soiling or incontinence without aware-
ness. Prolapsing tissue (either mucosal or full thick-
ness rectal prolapse, rectal lesions) prevents closure 
of the anus. Some believe that the anal cushions are 
a necessary component of anal closure [678]. Injury 
secondary to trauma, surgery or childbirth and weak-
ness of the IAS are other causes. IAS atrophy occurs 
in systemic sclerosis and likely contributes to FI [687, 
688] although neuropathy appears to be a contrib-
uting factor as well [689]. Loss of sensation occurs 
from peripheral neuropathy, spinal cord and cerebral 
cortex events or after transection of the nerve supply 
by surgical or other trauma. Increasing evidence sug-
gests that rectal hyposensitivity significantly contrib-
utes to passive incontinence [690-694]. Interestingly 
faecal seepage in men occurs despite normal anorec-
tal physiology testing [690, 695, 696]. 

3.2. Urgency Incontinence 
Incontinence occurs when the ability to hold stool or 
flatus is overwhelmed. If the rectum cannot distend to 
hold stool or the muscles do not contract adequately 
incontinence results. Changes in the reservoir func-
tion of the rectum from disease processes, radiation 
therapy or surgical resection. Pelvic floor muscle dys-
function may result from direct injury causing a defect 
or weakness. Iatrogenic or obstetrical trauma to the 
IAS is the most common cause of injury to that mus-
cle.  Direct injury to the EAS occurs most frequently 
from obstetrical injuries which are comprehensively 
presented elsewhere but may also occur from sur-
gery or other trauma. The puborectalis and levator ani 

muscles may also be injured and the presence of de-
fects appears to correlate with poor contractility and 
symptoms in several studies [697-701]. Major levator 
ani muscle injuries are more frequent in women with 
EAS obstetrical injuries and those with combined in-
jures are more likely to be symptomatic [699]. How-
ever, other investigators found no relationship be-
tween the presence of levator ani injuries and FI [702, 
703].  

Rectal hypersensitivity, a lower threshold for the urge 
to defaecate, also contributes to urgency inconti-
nence [584, 585, 704-708]. Complex, poorly under-
stood mechanisms mediate rectal hypersensitivity. 
Variables include decreased compliance, increased 
sensitivity of extrinsic peripheral pathways or central 
afferent mechanisms [706]. 

4. RISK FACTORS FOR FAECAL 
INCONTINENCE 

Many events and conditions impact the mechanisms 
of continence often in multiple ways. The next section 
covers the conditions that most frequently contribute 
to incontinence.  

4.1. Ageing 
Multiple studies document the increasing incidence of 
FI with aging in both men and women [586, 709-715]. 
One study of women in a community found that 70% 
of incontinence developed after the age of 40 [716]. 
Another study of women in the United States docu-
mented an initial 15% prevalence of incontinence in 
women over 50 years old and onset rate of 7% over 
the next 10 years [717].   

While the rising incidence is well documented, under-
standing of the physiologic impact of aging is less 
clear. Conflicting evidence exists about the effect of 
ageing on anal resting pressure. While a number of 
studies report decreased anal resting pressures in 
older continent and incontinent persons [707, 718-
721], some found lower pressures in patients with in-
continence but not asymptomatic older persons [722, 
723]. Increased thickness of the internal anal sphinc-
ter is associated with aging [707, 724-727]; the find-
ing is thought to represent increased fibrosis although 
that hypothesis is not proven. Animal studies of 
smooth muscle contraction demonstrate decreased 
contractility with aging [728]. Studies of the internal 
sphincters of ageing animals found changes in trans-
location of signalling molecules as well association 
and phosphorylation of contractile proteins [728]. 

Most studies of the effect of ageing on anal squeeze 
pressures found decreasing pressures with advanced 
age [719-723, 729, 730] but not all [707, 731, 732]. 
One report found decreasing anal squeeze pressures 
with age in women but not men [730]. The decrease 
in anal squeeze pressures does not correlate with 
easier fatigability of the external sphincter. Indeed, 
studies show no change with age [733] or  that the 
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external sphincter becomes more resistant to fatigue 
with age [734]. These findings are consistent with 
studies of skeletal muscle in general which show that 
reduction of muscle fibers with increasing age with a 
greater loss of Type-II fibers which are less fatigue 
resistant [735]. The result is a weaker but more fa-
tigue resistant muscle. Very little specific data about 
the external anal sphincter exists, however. 

The decreased anal squeeze pressures might also be 
related to external sphincter atrophy. Thinning, pre-
sumed to be secondary to atrophy, of the external 
sphincter has been documented in both endoanal ul-
trasound and MRI studies [724-726, 736-738]. One 
study found excellent correlation of atrophy on imag-
ing with the pathologic changes of atrophy [739]. 
Some studies found that atrophy is related to aging 
[726, 737], but not all [707]. FI did correlate with ex-
ternal sphincter atrophy [707]. Data from studies of 
nerve injury in animals reveals that sphincter atrophy 
and decreased function develops after nerve injury 
[740-742]. It is known that muscle atrophy secondary 
to age related loss of anterior horn cell occurs [743]. 
Human studies demonstrate increased muscle fiber 
density suggesting re-innervation in the external 
sphincter with age [723, 744].   

Finally several studies found a decrease in rectal sen-
sitivity with increasing age [718, 729]. One study 
found that decrease only in women [721]. The rela-
tionship of this finding to FI is not clear.  

There is early and sometimes inconsistent evidence 
from primarily animal research of age related 
changes in spinal neurons, dorsal root ganglion cells 
and interstitial cells that govern bowel reflexes and 
continence. 

4.2. Gender 
Prevalence studies suggest that FI occurs more fre-
quently in young women but as people age, many 
studies report essentially equal incidence in men and 
women [711, 713-715, 730, 745, 746]. In a large epi-
demiologic study, risk factors for men and women 
with incontinence differed [747]. Advanced age, de-
pression, heart disease, urinary incontinence and 
polypharmacy were significant risk factors in women 
while malnutrition was a significant risk factor in men. 
Increased dependence for basic activities of daily life 
were significant risk factors for both genders. The 
mechanisms of FI in men appear to differ from women 
[586, 690, 695, 696, 748-750]. In general external 
sphincter defects, low resting and squeeze pressures 
and POP are more common in women with rectal hy-
posensitivity and evacuation disorders being more 
common in men. Normal anorectal physiology testing 
is notably more common in men.   

Oestrogen and progesterone receptors are found in 
the IAS and EAS. Because of this finding, some pro-
posed that menopause is a risk factor for inconti-
nence in women. However, since ageing and meno-

pause are closely related, an independent relation-
ship is difficult to prove. Symptomatic improvement 
from oral oestrogen replacement supports the pro-
posed relationship; however study of topical oestro-
gen compared to placebo showed no difference.  In 
addition one study found a 30% increased risk of in-
continence in patients currently taking oral oestro-
gens [751]. At the present, the role of the hormone 
receptors and relationship of menopause to the onset 
of incontinence is uncertain.  

4.3. Diabetes 
Diabetes is reported as a risk factor for FI in several 
prevalence studies [714, 715, 751, 752]. One study 
reported a 40% increase in the risk of FI [751]. An-
other population based study found that both occa-
sional and frequent episodes of incontinence were 
more common in diabetic patients (OR 2.7) [753]. In 
a study of elderly Korean patients, diabetes was as-
sociated with FI in women but not men [754]. A review 
of incontinence in community dwelling men did iden-
tify diabetes as a risk factor, however [749]. A case 
control investigation found that diabetic patients had 
more frequent and severe episodes of FI [755]. Sev-
eral reports found that incontinence was more fre-
quent in patients with other diabetic complications 
particularly neuropathy and  retinopathy [755-757]. It 
is uncertain whether longer duration of disease in-
creases the likelihood of incontinence as one study 
found an association [756] but two did not [755, 757]. 
FI was associated with poor glycaemic control in one 
report [755], however not confirmed by another study 
[757]. As in other conditions, multiple risk factors ap-
pears to increase the chance of incontinence. In a 
study of the subset of diabetic women from the Na-
tional Health and Nutrition Examination Survey 
(NHANES) increasing age, depression, poorer health 
status, urinary incontinence and greater bowel fre-
quency were associated with fecal incontinence in a 
multivariate regression model adjusted for race, BMI, 
medical co-morbidities and stool consistency [758]. 
The underlying mechanism for FI in diabetic patients 
is not clear. One likely contributor is oral medication 
taken for diabetic control. Metformin has been found 
to be independently related to faecal incontinence in 
diabetic patients [759]. In addition, withdrawal of met-
formin was reported to eliminate the incontinence 
[760]. One confounding factor is that diarrhoea, a 
known risk factor for FI, occurs in 5-35% of patients 
with diabetes [753, 756, 761, 762].  

There is evidence that acute hyperglycaemia in pa-
tients with either Type 1 or 2 diabetes results in de-
creased squeeze pressures and rectal compliance. 
When studied when blood glucose was normal, the 
results in the diabetic patients were the same as the 
normal controls [763]. An animal study showed that 
those changes could be reversed by administration of 
a nitric oxide synthase antagonist suggesting that 
change in anal pressure is related to oxidative stress 
[764]. 
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One hypothesis on the underlying mechanism is that 
microvascular changes associated with diabetes re-
sult in damage to pelvic floor innervations and mus-
cles [763]. A comparative study of anorectal physiol-
ogy of controls, incontinent patients with diabetes and 
continent and incontinent patients with multiple scle-
rosis found that the incontinent, diabetic patients had 
higher sensory thresholds and lower resting and 
squeeze pressures [765]. An anal physiology study 
compared findings of patients with the diagnosis of 
diabetes for less than 10 years to those with the diag-
nosis for longer than 10 years [766]. Both groups of 
patients had lower resting and squeeze anal pres-
sures (P < 0.01), impaired rectoanal inhibitory and 
anocutaneous reflexes, and reduced sensitivity in 
rectal distention. Although both groups had statisti-
cally significant differences from the control group, 
the patients with the longer duration of disease had 
lower sphincter pressures and more blunted sensa-
tion in addition to more frequent episodes of inconti-
nence. The latter group also had more evidence of 
microvascular disease and neuropathy. Blunted rec-
tal sensation and internal sphincter dysfunction were 
identified in diabetic patients in two separate studies 
[639, 767]. Another group performed anorectal phys-
iology tests on diabetic patients with FI and normal 
sphincters on ultrasounds. The findings were com-
pared to controls [768]. While the patients had de-
creased resting and squeeze pressures, multivariate 
analysis found that the rectoanal inhibitory reflex re-
covery time was the only test result that correlated 
with severity of symptoms. They postulate that those 
changes are related to decreased sympathetic inner-
vation. These findings would be consistent with un-
derlying neurologic and/or microvascular changes. It 
is unclear how to reconcile that hypothesis, however, 
with the lack of association of incontinence with neu-
ropathy in some epidemiology studies [761, 769]. 

4.4. Gastrointestinal Disorders 

4.4.1 Diarrhoea 
Diarrhoea is consistently reported as a risk factor for 
FI. For many patients symptoms of diarrhoea include 
loose consistency of the stool and rectal urgency. 
Loose stool is an independent risk factor for inconti-
nence and is additive to other risk factors such as ob-
stetrical sphincter injury [586, 709, 711, 712, 717, 
745, 749, 751, 770, 771]. Diarrhoea has a significant 
impact on the development of incontinence with OR 
53 in one study [709]. Loose stool is also reported to 
result in incontinence after treatment with pelvic radi-
ation [772]. 

4.4.2 Rectal urgency 
Rectal urgency is reported as an independent risk 
factor for FI [711, 773, 774] as well as a factor in wors-
ening symptoms in patients with incontinence [706]. 
It is unclear whether the aetiology is rapid transit into 
the rectum overwhelming the reservoir function or hy-
persensitivity or some combination of factors [711, 
745].  Several investigators found that rectal hyper-
sensitivity to be a common finding but incontinence 

developed only in patients with associated sphincter 
weakness [584, 706]. Rectal hypersensitivity has also 
been found to be associated with an abnormal colonic 
motility pattern in the sigmoid colon in incontinent pa-
tients [775]. The relationship of this finding to irritable 
bowel syndrome remains to be clarified. Data from 
other investigators documents increased rectal stiff-
ness, rectal wall tension and stress in patients with FI 
[776]. Although the underlying cause of these 
changes is unknown, the authors postulate these 
findings explain the rectal urgency. Similar findings 
are noted in asymptomatic older women as well [719]. 

4.4.3 Constipation/impaction 
Constipation and incomplete evacuation of the rec-
tum are associated with FI in several studies [710, 
717]. A study of hospitalized elderly patients found 
that faecal impaction and diarrhoea were strongly as-
sociated with FI [777]. Uncertainty exists regarding 
whether these two factors result in incontinence in pa-
tients with otherwise normal anorectal function. Over-
flow incontinence occurs in some patients with faecal 
impactions. The use of laxatives may exacerbate the 
problem [778]. One study of elderly patients with im-
paction compared to controls found that they had 
blunted rectal sensation and less frequent external 
sphincter contractions in response to rectal disten-
sion [779]. In addition the internal sphincter relaxed at 
lower levels of rectal distension. Studies of impacted 
patients without incontinence have not been reported. 

4.4.4 Irritable bowel syndrome 
A number of studies found irritable bowel syndrome 
to be a risk factor for FI [709-711, 751, 780-782].   
Proposed mechanisms include loose stool con-
sistency, rapid colonic motility and rectal hypersensi-
tivity [775, 783]. Incontinence may be more likely in 
patients with multiple risk factors. In a study of 164 
women, the combination of an obstetric sphincter in-
jury, urgency and diarrhoea significantly increased 
the risk of incontinence [784]. 

4.5. Neurologic/Psychiatric Conditions 

4.5.1 Dementia 
The prevalence of FI is higher in patients with demen-
tia compared to others of similar age. One study re-
ported a prevalence of 32% in older patients with de-
mentia [785]. Another study reported a rate of 34% in 
patients with dementia compared to 6.7% in those 
without dementia [786]. Although diarrhoea was the 
greatest risk factor for incontinence in a study of nurs-
ing home residents, dementia also contributed to the 
development of incontinence [787]. In the study of 
community-living older adults in the United States, 
the prevalence odds ratio of FI decreased by 51% 
with each  unit improvement in cognitive score [788]. 
A Japanese study of community dwelling older adults 
found dementia to be a risk factor for double inconti-
nence [789]. There is limited information available 
about the relationship of intellectual disability and FI 
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[790]. Proposed mechanisms for the specific contri-
bution of dementia include lack of recognition or un-
derstanding of the urge to defecate and lack of ability 
to articulate the need for the bathroom. 

4.5.2 Depression 
Several studies identified depression as a risk factor 
for FI [712, 714, 745, 747, 749, 758, 791]. Many as-
sume that the association occurs because of the psy-
chological burden of the symptoms while it is also 
possible that side effects of anti-depressant medica-
tion contribute to the symptoms. An editorial chal-
lenged investigators to “clarify the link between the 
cerebral impact of neurotransmitters and anorectal 
physiology” given the role of serotonin in depression 
and gastrointestinal function [792]. Depression and FI 
are both associated with poor nutritional status in the 
elderly [793]; that association confounds understand-
ing of any true causal relationship between any two 
of the conditions. 

4.5.3 Spinal cord injury 
Patients with spinal cord injuries frequently report dif-
ficulty with both constipation and incontinence [794, 
795]. The level of the injury determines the effect on 
continence. Supraconal lesions lead to delayed co-
lonic transit and exaggerated rectal contractions and 
anal relaxation in response to rectal distension. 
Cauda equina lesions interrupt the efferent limb of the 
reflex arc which results in loss of rectal sensation and 
tone as well as impaired sphincter function [796]. Par-
aplegics or persons with sacral neuronal lesions may 
retain some degree of sensory function, but virtually 
no sensation is felt if lesions reach the higher spine 
[637, 662].   

4.5.4 Stroke 
In several large surveys, stroke is identified as a risk 
factor for incontinence [714, 745, 749, 789]. Studies 
of stroke patients demonstrate fairly consistent rates 
of FI from 30-40% on admission [785, 797-800]. The 
rates decreased to 20% by the time of discharge [797, 
799] and 7-11% at 6-12 months [785, 798, 800]. The 
Copenhagen Stroke Study found that the events in  
patients with incontinence were more likely to  haem-
orrhagic, larger in size and involve the cerebral cortex 
than stroke patients without incontinence [800]. Re-
search identified that FI may develop early after a 
stroke or months later [801]. Early onset seems to be 
related to age, stroke severities, diabetes and other 
medical co-morbidities while late onset is associated 
with anticholinergic drugs and requirement for assis-
tance with toileting [798, 801]. 

4.6. Nutrition 

4.6.1 Obesity 
Population based studies of FI identify obesity as a 
significant risk factor [709, 710, 751]. In addition stud-
ies of pelvic floor symptoms in obese patients find a 
higher incidence of FI than generally found in the non-

obese population with rates ranging from 16-68% 
[802-809]. A non-significant trend towards worsening 
incontinence was found in another study [810].  Four 
studies investigated the relationship between the rate 
of incontinence to the BMI; three found increasing 
rates of incontinence with increasing BMI [751, 807, 
811]. One did not [809]. The relationship is further 
supported by data that weight loss after bariatric sur-
gery decreases the incidence of FI [803, 807, 812-
814]. But again, not all studies showed that result 
[815, 816]. While the findings of these studies are 
generally consistent a recent systemic review of obe-
sity and pelvic floor disorders found the number of 
studies to be limited, primarily focused upon women, 
and usually lacking control groups and physiology 
testing [817]. Two confounding factors were noted in 
studies of this relationship. One is that diarrhoea, an 
independent risk factor for incontinence, is also fre-
quently associated with obesity [817]. The second is 
the association of FI with low fibre intake in obese 
women raising the question of dietary contribution to 
the increased incidence of FI with obesity [805].  
Chronically elevated intra-abdominal pressure, 
known to be associated with obesity [818, 819], is typ-
ically proposed as the reason for pelvic floor dysfunc-
tion in obesity. Other factors including diabetes, neu-
rological changes and intervertebral disc herniation 
which are common in the obese population may very 
well contribute. 

4.6.2 Vitamin D 
Vitamin D is a key micronutrient of muscle function. 
Vitamin D deficiency is associated with urinary incon-
tinence in men and women [820, 821]. One small 
study of ten patients with FI found that all had either 
vitamin D deficiency or relative vitamin D insufficiency 
[822]. These rates are much higher than the 36-57% 
rate of deficiency or relative insufficiency from histor-
ical data of the general population. In a large study of 
1881 women in the US, there was a non-significant 
trend towards an association between lower vitamin 
D levels and FI [820].  A case control study compared 
vitamin D levels in women with FI symptoms to con-
trols [823]. The incontinent women had significantly 
lower vitamin D levels and higher odds of vitamin D 
deficiency.  It is known that vitamin D absorption and 
synthesis in the skin declines with age [824, 825]. Any 
association between lower levels of vitamin D and FI 
may represent only that both are common in the el-
derly. Another potential mechanism is that the anti-
oxidant effect of Vitamin D reduces the apoptosis of 
sphincter muscles associated with aging. That mech-
anism is postulated based upon the protective effect 
of Vitamin D on castration induced generation of re-
active oxidative species and apoptosis in rats [826]. 

4.7. Obstetrical Injury 
The impact of pregnancy and vaginal delivery on con-
tinence is described in the section on obstetrical in-
jury. While those injuries occur with reasonable fre-
quency, quite often the patient does not develop clin-
ical incontinence until later in life. The reasons for the 
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onset of symptoms and the required combination of 
factors are poorly understood. However the contribu-
tion of EAS defects to incontinence is supported by 
data demonstrating that clinical improvement after 
sphincteroplasty is more likely in patients with suc-
cessful anatomic repair seen on ultrasound [736, 
827-829]. The frequency of puborectalis or levator ani 
muscle injury as well as the degree to which it con-
tributes to FI is unclear but is being more actively in-
vestigated [698, 700, 702, 830]. 

4.8. Physical Mobility 
Intuitively, adequate physical mobility to reach the toi-
let in a timely manner in response to the urge to def-
ecate is necessary for continence. Limited mobility 
was found to be a risk factor for incontinence in two 
population based studies [745, 747] and an investiga-
tion of nursing home residents [671]. In a study of ur-
ban dwelling older persons, the odds of prevalent in-
continence increased by 20% for each unit decrease 
in the physical performance measure [788].  In a 
study of long-term care patients, immobility was one 
of the strongest predictors of incontinence [831]. In 
another study, the use of physical restraints (maximal 
limitation of mobility) was found to be the most signif-
icant cause of incontinence when the data was ad-
justed for other risk factors [832]. 

4.9. Radiation 
FI occurs after pelvic radiation for prostate, gyneco-
logical, anal and rectal cancer [833-837] with an inci-
dence as high as 43%. Radiation therapy adds to the 
risk of incontinence associated with rectal resection 
[838-842]. It appears that short course radiotherapy 
carries a higher risk than long term radiation [843]. 
Direct comparison trials powered to answer the ques-
tion are currently in progress [844, 845]. Recently a 
14 year follow up study of patients without stomas 
from the Dutch rectal cancer trial revealed signifi-
cantly more incontinence in the group treated with 
short course radiation and surgery versus those 
treated with surgery alone [846]. In a study of the re-
lationship of radiation dosage to symptoms after pros-
tate radiotherapy, FI was associated primarily to radi-
ation to the EAS and PR [847]. Another study of gy-
necological cancer survivors treated with pelvic radi-
ation found that mean doses greater than 50 GY to 
the anal sphincter, sigmoid and small intestines were 
associated with FI [848]. The exact mechanism(s) 
that radiation therapy causes incontinence is uncer-
tain. A systemic review published in 2014 review 21 
studies rated low to moderate quality. Most studies 
found that decreased anal resting pressures, im-
paired rectal distensibility with less consistent 
changes in squeeze pressures [849].  

The rectum may be stiffer and less compliant [850] 
and the anal pressures reduced either from muscle or 
nerve injury by the radiation [839, 851, 852]. A study 
of incontinent men compared those with a history of 
radiation for prostate cancer to those no history of ra-
diation; the authors reported a markedly increased in-

cidence of pudendal nerve injury in the radiated pa-
tients but similar anal pressures and sensitivity 
measures [853]. Genetics may also play a role. A 
study of rectal cancer patients treated with pelvic ra-
diation identified specific genotypes with an in-
creased risk of acute post-treatment incontinence 
[854]. 

4.10. Rectal Prolapse 
Mucosal, external and full thickness rectal prolapse – 
a significant portion (48-63%) of patients with pro-
lapsing haemorrhoids or mucosal prolapse report 
soiling [855, 856]. Symptoms resolve with successful 
treatment [855-858]. 

External rectal prolapse is associated with FI in up to 
66% of patients [859-862]. Diminished anal resting 
tone commonly accompanies rectal prolapse [662, 
860, 863]; that finding suggests that internal sphincter 
dysfunction perhaps from repeated stretching is one 
mechanism for incontinence.  Other considerations 
include the presence of neuropathy; it is unclear if the 
prolapse results in prolonged pudendal nerve laten-
cies [864, 865] or if both share a common aetiology. 
The exact mechanism or combination of causes is un-
certain. Other investigators, however, found that pa-
tients with rectal prolapse and persistent incontinence 
had evidence of sphincter defects either from surgical 
or obstetrical injury [866, 867]. 

Internal rectal prolapse is also associated with FI 
[868, 869] and decreased anal pressures [863]. In 
one study, an increase in the grade of intussuscep-
tion is associated with an increase in severity of FI; 
the relationship remained significant in a multivariate 
analysis controlling for age [870] but not in another 
[871]. Surgical intervention was controversial in the 
past but there is increasing evidence that inconti-
nence improves after ventral rectopexy [872-876]. Fi-
nally there is evidence that the presence of an inter-
nal intussusception reduces the benefit of sacral 
nerve stimulation and biofeedback [877-879]. One 
group raised the question of how often internal rectal 
prolapse is the explanation for idiopathic inconti-
nence. In a group of patients without sphincter de-
fects or constipation who underwent pelvic floor test-
ing, high grade intussusception was found in 49% of 
the 174 patients [871]. It was largely associated with 
urgency incontinence. 

4.11. Surgery 

4.11.1 Anorectal surgery 
Lateral internal sphincterotomy, is the recommended 
surgical procedure for refractory anal fissures.  The 
surgery involves the division of the internal sphincter 
and may result in incontinence of flatus and stool 
[880-885]. Quite variable rates of post-operative in-
continence from none to 36 % are reported. The def-
inition of incontinence, type of follow-up and length of 
sphincterotomy contribute to the variability. A number 
of studies sought to identify risk factors for inconti-
nence after LIS. Age [880, 882], female gender [886], 
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history of vaginal delivery [887-890] and combination 
with another anorectal procedure [889] were found to 
increase the risk. Some authors suggest that pre-ex-
isting sphincter injury might predispose to inconti-
nence [889, 890]. Another author found evidence for  
increased sphincter asymmetry in the patients with in-
continence after sphincterotomy compared to conti-
nent post-operative patients but no differences in pre-
existing sphincter defects [891]. Patients with anterior 
fissures developed incontinence after partial lateral 
internal sphincterotomy at a much higher rate than 
ones with posterior fissures ( 39% versus 6% p< 
0.003) [892]). A recent report suggests that the devel-
opment of symptoms of incontinence may be delayed 
similar to women with obstetrical sphincter injuries 
[893]. 

Incontinence is reported in 0-14% of patients after 
haemorrhoidectomy [894-897]. In the limited studies 
available, increased risk of incontinence has been re-
lated to previous vaginal deliveries [895], number of 
haemorrhoids excised [896] and post-operative inter-
nal sphincter defects [895, 898]. Within a cohort of 
418 patients following Milligan-Morgan hemorrhoid-
ectomy, 40 patients reported new onset FI [899]. 
Nineteen of those patients underwent evaluation and 
were compared to 15 asymptomatic hemorrhoidec-
tomy patients and 19 people from a matched popula-
tion based control group. The study group had higher 
incontinence scores, more complaints of incomplete 
evacuation, lower resting pressures and lower thresh-
old volumes during saline infusion test. Four of the 
nine patients had sphincter defects on anal ultra-
sound; all defects were in the external sphincter. This 
study suggests a multifactorial explanation for the 
new symptoms.  

Some have argued that excision of the anal cushions 
is the reason for incontinence [678]. Li and col-
leagues investigated whether removal of the anal 
cushions alone caused incontinence [900]. Seventy 
six patients underwent saline infusion testing prior to 
Milligan-Morgan hemorrhoidectomy. They were cate-
gorised into three groups based upon their pre-oper-
ative saline threshold volume. Only the group with 
lowest threshold volume experienced a significant dif-
ference in pre and post-operative threshold volumes 
and Cleveland Clinic incontinence scores; none of the 
patients reported clinical incontinence. The authors 
contend that since the anal cushions were excised in 
all of the patients another mechanism is the explana-
tion for the changes. 

Surgery for anal fistulas may result in FI. The fre-
quency depends upon the anatomy of the fistula, 
baseline sphincter function and the surgical proce-
dure performed. The reported rates of post-operative 
incontinence range from 0-50% [901-913]. The defi-
nition and measurement of incontinence varies 
among the studies.  Treatment of high fistulas involv-
ing more sphincter muscle is more likely to be fol-
lowed by incontinence [881, 901, 908, 913]. Injections 
of fibrin glue and endorectal advancement flaps have 

lower post-operative incontinence rates than other 
fistula procedures in a Cochrane review [904]. How-
ever, most studies did not include pre and post-oper-
ative evaluation or standardized instruments.  Roig 
and colleagues prospectively analysed 143 patients 
with pre and post-operative surveys, manometry, pu-
dendal nerve testing and anal ultrasounds after fistula 
surgery [914]. Pre-operative incontinence was noted 
in 14.2% of patients and in 49.2% of patients post-
operatively. Incontinence scores worsened in pa-
tients after fistulotomy and endorectal advancement 
flap but improved slightly in patients after fistulotomy 
and immediate sphincter reconstruction. All surgical 
approaches produced new defects in the internal 
sphincter on ultrasound; new defects in external 
sphincter developed only after fistulotomy. The pres-
ence of defects correlated significantly with post-op-
erative incontinence and lower manometry results. 
Age over 45 years old [901] and gender [903, 912] 
were found to increase the risk in some studies. The 
mechanism appears to be iatrogenic (and at times in-
tentional) sphincter injury. 

4.11.2 Rectal resection 
In a recent meta-analysis of functional outcomes after 
resection for rectal cancer inclusive of studies re-
ported between 1978 and 2004, FI of any kind oc-
curred in 3-79% of patients [836]. Rates of inconti-
nence of solid stool ranged from 0-40%, liquids 0-
60% and flatus 9-76%. The pooled proportion of in-
continence of solid stool was 14 % and liquid stool 
29%. The risk of incontinence appears to depend 
upon the tumour location and level of the anastomo-
sis [915, 916]. Theoretically loss of the rectal reservoir 
contributes to incontinence. The goal of replacing the 
reservoir function led to the development various 
types of reconstruction following resection (colo-
plasty, colonic J pouch, ileoanal reservoir). While long 
–term data are sparse, in the first 18 months post-op-
eratively colonic J pouches result in lower rates of in-
continence than straight anastomoses or coloplasty 
according to a recent Cochrane review [917]. Dam-
age to the internal sphincter occurs during this type of 
resection presumably from transanal introduction of 
stapling devices and may contribute to incontinence 
as well [918, 919]. However a recent study comparing 
patients undergoing handsewn anastomoses to dou-
ble stapled ones found no difference in FI post-oper-
atively or anorectal manometry results [920]. Dimin-
ished rectal sensation and changes in motility seen 
post-operatively indicate that nerve damage may also 
contribute [920-922]. Rectal sensation and the ability 
to defecate can be abolished completely by resection 
of the nervi erigentes [923]. If parasympathetic inner-
vation is absent, rectal filling is only perceived as a 
vague sensation of discomfort. Cadaver studies after 
total mesorectal excision reveal the close proximity of 
the levator ani nerve and pelvic splanchic nerves to 
the plane of dissection particularly for low rectal re-
sections [924]. Damage to those nerves would impact 
function of the puborectalis muscle. It is likely that 
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multiple factors contribute to incontinence after rectal 
resection and difficult to assign relative importance. 

4.11.3 Hysterectomy 
Several reports identified hysterectomy as a risk fac-
tor for FI [709, 745]. However, another study found a 
decreased risk of incontinence [751] and two found 
no association [710, 925]. In addition to conflicting re-
sults, the mechanism is not understood. Nerve injury 
during surgery is thought to be one factor. A series of 
56 women who underwent either a standard or nerve-
sparing radical hysterectomy were evaluated pro-
spectively [926]. Although more women reported FI 
after a standard procedure in the first year, there was 
no statistical difference in the last two years of follow 
up. The study may have been underpowered to re-
solve the issue. 

4.11.4 Cholecystectomy 
Cholecystectomy results in diarrhoea in some pa-
tients. It is often assumed at incontinence occurring 
after cholecystectomy is related to the onset of diar-
rhoea. However, two studies identified cholecystec-
tomy as a significant independent risk factor for in-
continence [709, 927]. The underlying mechanism, if 
not associated loose stool, is uncertain but perhaps 
could be related to rectal urgency secondary to bile 
salt irritation.   

4.12. Smoking 
A study from the Mayo Clinic reported an association 
of incontinence in older adults with current smoking 
with an odds ratio of 4.7 [709]. An earlier study re-
ported the same finding in post-partum patients with 
FI. This finding has been confirmed by others [712, 
928]. The reason is unclear [929]. Chronic obstructive 
pulmonary disease has been associated with FI [751] 
but in Mayo Clinic study pulmonary disease was not 
found to be a factor.  Other proposed mechanisms 
include the anti-oestrogen effect of nicotine [930] or 
accelerate colonic transit secondary to nicotine in-
duced high amplitude contractions in the colon [931]. 
In addition, heavy smoking (20+ pack years) is asso-
ciated with external sphincter atrophy on MRI [932]. 

4.13. Urinary Incontinence 
Many studies report an association of urinary and FI. 
It is likely that it is not a causative relationship but ra-
ther that the two conditions result from common aeti-
ology [709, 712, 715, 745, 751, 771, 933-935]. 

5. SUMMARY AND RESEARCH 
RECOMMENDATIONS 

Since the last report, it is even clearer that FI is most 
often multifactorial. The role of obstetrical injury is 
somewhat better understood. The importance of rec-
tal urgency and internal rectal prolapse has been 
identified but both require further research to under-
stand their role in FI and the underlying mechanisms. 
Basic science research continues about the impact of 

aging on the anal sphincter, other pelvic floor muscles 
and neurologic structures. Recent work has also fo-
cused on remediable risk factors such as nutritional 
factors and lifestyle choices.   

However the complex interaction of the pelvic floor 
structures, gastrointestinal function including stool 
consistency and perhaps the microbiome is not fully 
understood and requires more investigation. More in-
formation about the aging process including the po-
tential for reversible changes is of interest.  The ability 
to identify specific phenotypes and perhaps geno-
types should facilitate targeted therapy and perhaps 
prevention for patients with FI. Testing of alternative 
methods of evaluation of neurologic function that are 
more tolerable for patients would be very beneficial. 
Understanding the mechanism for sphincter weak-
ness in patients without sphincter injury should be 
part of that effort. The reservoir function of the rectum 
and underlying causes of rectal urgency warrant 
more investigation.  Increased focus is required on 
the pathophysiology of incontinence in men. In addi-
tion, little data exists to demonstrate whether 
changes in theoretically remediable risk factors will 
decrease incontinence. 

 CHILDBIRTH AND FAECAL 
INCONTINENCE 

Pregnancy and childbirth have a significant impact on 
the emotional and physical wellbeing of a woman. It 
is reported that as many as 91% of women report at 
least one new symptom eight weeks post-partum 
[936]. A fall in maternal mortality accompanied by an 
increase in female life expectancy (86 years in the Ja-
pan) has now shifted the focus of attention towards 
identification of factors that may minimise morbidity. 
Although pre-existing bowel symptoms may be ag-
gravated during pregnancy and childbirth, the devel-
opment of symptoms de novo is a more frequent oc-
currence. Obstetric trauma is the  most common 
cause of FI.  However, the onset of symptoms may 
occur many years after delivery with a peak incidence 
in the perimenopausal years. This may reflect the ef-
fect of contributory factors such as the process of ag-
ing, the effect of the menopause or progression of 
neuropathy. This section focuses on the association 
between obstetric trauma and FI. The term ‘anal in-
continence’ is used to include incontinence to flatus, 
liquid and solids.  

Anal incontinence (AI) has been reported to occur be-
tween 5 [937, 938]  to 26 [939] percent of women dur-
ing the first year following vaginal delivery. In a Cana-
dian study [940] involving 949 consecutive women 
who delivered vaginally, 26% reported AI while 3% 
reported FI. They identified forceps delivery and 
third/fourth degree tears as independent risk factors.  
In a population based study of 8774 women in Ore-
gon, USA, more than 25% reported FI within 6 
months of childbirth [941].   
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1. NEUROGENIC TRAUMA 

The mechanism that maintains continence is complex 
and affected by various factors such as mental func-
tion, lack of a compliant rectal reservoir, rectal hyper-
sensitivity, enhanced colonic transit and changes in 
stool consistency and volume. However, the ultimate 
barrier is the anal sphincter. AI may ensue if there is 
mechanical disruption to the anal sphincter muscles, 
disturbance in neurological function or a combination 
of both factors. In about 80% of women with pre-
sumed “idiopathic” anorectal incontinence there is 
histological evidence of denervation of the striated 
pelvic floor muscles, particularly the puborectalis and 
external anal sphincter (EAS) [942]. This feature has 
also been demonstrated electro-physiologically by 
means of an increased fibre density in patients with 
idiopathic FI indicating re-innervation following dener-
vation [943]. Another finding in these patients is a 
conduction delay in pudendal nerves as measured by 
pudendal nerve terminal motor latency (PNTML) 
[944].  

Although Hertz in 1909 suggested that pelvic floor 
damage may result from a normal vaginal delivery, 
objective scientific evidence for this was only pro-
duced in 1984 [945] and a follow-up of 14 patients 5 
years later [946]. These authors studied 122 women, 
71 after delivery with manometry, perineometry, 
PNTML and EMG, and 51 before and after delivery 
with EMG. This study demonstrated an increase in 
anal sphincter striated muscle fibre density in the vag-
inal delivery group at 2 months post-partum indicating 
evidence of re-innervation following denervation. The 
fibre density was not altered following elective cae-
sarean section. Thirty three percent of primiparae and 
50% of multiparae had prolonged PNTML within 48 
hours of delivery. However, by 2 months, the PNTML 
had returned to normal in 60% of these women, indi-
cating that damage to pudendal nerve conduction is 
reversible. Multiparity, forceps delivery, increased du-
ration of the second stage of labour, third degree per-
ineal tears and high birth weight were important fac-
tors leading to pudendal nerve damage. In the five 
year follow-up study of 14 women, only multiparae 
who did not have a forceps delivery were selected; 
the denervating process was found to be progressive 
in the majority of women and 5 women suffered from 
stress incontinence of urine, 3 of whom were also in-
continent to flatus. 

In another prospective neurophysiological study, Al-
len et al [947] studied 96 nulliparous women with 
EMG, PNTML and vaginal pressure measurements 
during pelvic floor contraction. They found evidence 
of re-innervation in the pelvic floor muscles of 80% of 
primiparae 2 months after vaginal delivery. The only 
obstetric factors associated with re-innervation were 
a high birth weight and a longer active stage of labour.  
Forty five of the original 96 women were studied again 

6 years later and they concluded that changes in pel-
vic floor neurophysiology occur with time and do not 
appear to be related to further childbearing [948].  

A third prospective study [949] measured anal pres-
sures, anal sensation and the perineal plane in 72 an-
tenatal women and repeated 72 hours post-partum 
and in 41 women 2 months postpartum. Anal sensa-
tion was unchanged. Cornes et al. [950] measured 
anal sensation in 96 primiparae within 10 days after 
delivery and measurements were repeated in 74 
women 6 months after delivery. They found that at 6 
months anal sensation had returned to normal. Anal 
sensation remained unchanged after caesarean sec-
tion. In women who had a torn EAS, only impairment 
of sensation in the upper anal canal persisted at 6 
months. More than half the women who admitted to 
persistent anal incontinence had normal anal sensa-
tion. Chaliha et al. [951] measured anal electro-sen-
sitivity before and after childbirth and found it un-
changed. Anal sensation in isolation therefore proba-
bly plays a minor role in the development of obstetric 
related faecal incontinence. 

2. MECHANICAL TRAUMA 

Until the advent of anal endosonography, mechanical 
trauma to the anal sphincters was only suspected 
when there was a history of third or fourth degree 
tears collectively known as obstetric anal sphincter in-
juries (OASIs). Consequently, when anal endosonog-
raphy was performed in patients believed to be suf-
fering from "neurogenic" FI unsuspected internal anal 
sphincter (IAS) and EAS defects were identified 
[952]. The sonographic appearance of EAS defects 
has been verified histologically to represent fibrosis 
[953] while the appearance of IAS defects have been 
validated prospectively in patients undergoing lateral 
internal anal sphincterotomy [954]. Trauma as identi-
fied by ultrasound may represent unrecognised OA-
SIs (previously referred to as occult) or the conse-
quence of recognised and repaired OASIs. 

2.1. Unrecognised (“Occult”) Anal 
Sphincter Trauma 

Sultan et al [937] performed the first prospective 
study (before and after childbirth) to demonstrate 
both “occult” anal sphincter trauma (Figure 13) and 
pudendal nerve damage during childbirth in both pri-
miparous and multiparous women (n=150). In 35% of 
primiparous and 44% of multiparous women anal 
sphincter defects were identified at 6 weeks postpar-
tum by anal endosonography that were not present 
before vaginal delivery. Thirteen percent and 23% re-
spectively developed defecatory symptoms (fecal ur-
gency and/or AI) after delivery. Only two of the 150 
women (both primiparous) had recognised tears of 
the anal sphincter at the time of delivery. A strong as-
sociation was demonstrated between the presence of 
any defect and the development of symptoms. Only 
4% of multiparous women sustained new sphincter 
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damage following a subsequent delivery. The single 
independent factor associated with anal sphincter 
damage was forceps delivery. The 23 women deliv-
ered by cesarean section remained asymptomatic 
and none developed sphincter defects. No rela-
tionship was demonstrated between PNTML meas-
urements and defecatory or urinary symptoms. 

Donnelly et al [955] interviewed 219 nulliparae in the 
third trimester regarding bowel habits and performed 
anal vector manometry. At 6 weeks postpartum 184 
women returned and the same bowel symptom ques-
tionnaire was completed and anal vector manometry 
plus PNTML measurements were performed. Anal 
endosonography was performed in 81 women with al-

tered faecal continence or abnormal physiology. In-
strumental vaginal delivery and a passive second 
stage of labour prolonged by epidural analgesia were 
significantly associated with the greatest risk of anal 
sphincter trauma and impaired faecal continence. As 
instrumental delivery is a known risk factor (8 fold in-
creased risk of sphincter trauma), early use of oxyto-
cin was recommended to shorten the second stage. 
A continuation of the same study [956] reported that 
PNTML was prolonged and the squeeze pressure in-
crement was reduced in women who had a caesar-
ean section in the late first stage (>8cm cervical dila-
tation) or second stage.  

Chaliha et al [951] measured anal sensation and ma-
nometry in 286 nulliparae during the third trimester 
and repeated in 161 women postpartum when anal 
endosonography was also performed. Anal endoso-
nography revealed sphincter defects in 38% of 
women and this was associated with the presence a 
lowering of anal squeeze and resting pressures. 
Threshold anal electrosensitivity remained un-
changed and bore no relationship to symptoms. Post-
partum sphincter defects were associated with peri-
neal laceration and vaginal delivery.  

Abramowitz et al [957] performed a prospective study 
of 233 women who had anal endosonography per-
formed before and 6 to 8 weeks after childbirth. Of the 
233 women (118 primiparae), 202 had a vaginal de-
livery. Postpartum AI in the 233 women was reported 
by 13% of primiparae and 8.5% of multiparae and 
anal sphincter defects in 21% and 12% respectively. 
However, the prevalence of anal sphincter defects 
amongst those who had a vaginal delivery (n=202) 
was 26% and 13% respectively. Previous studies 
[958, 959] including others mentioned in Table 4 and 
5 have shown that the first delivery is at greatest risk 
for anal sphincter trauma but this study is at variance 
as it claimed that secundiparous females have the 
same risk as primiparous women.  However, this find-
ing remains unsubstantiated and is further disputed 
by a subsequent prospective study [959]. 

Fynes et al [960] undertook a prospective study of 59 
previously nulliparous women through 2 successive 
pregnancies and found that 34% had anal sphincter 
injury after their first delivery but only 2 new injuries 
occurred after the second delivery confirming the 
findings in Sultan’s study [937].  An important finding 
in this study was that 42% of women (5 of 12) who 
had a severe ‘occult’ sphincter injury during their first 
delivery (squeeze pressure increment < 20mmHg or 
anal sphincter defect > one quadrant) developed AI 
after the second delivery.  

Willis et al [961] performed anal vector manometry, 
endosonography, PNTML and rectal sensibility at the 
32 weeks and 6 weeks postpartum. Using the Kelly-
Holschneider score they reported AI in 5% and iden-
tified occult injuries in 19%. PNTML and rectal sensi-
bility was unaffected by vaginal delivery. 

Nazir et al [962] performed vector manometry and en-
doanal ultrasound in 73 nulliparous woman at 25 
weeks and 5 months postpartum (Table 4). There 
was no correlation between vector manometry and 
anal endosonography or clinical variables.  

Belmonte-Montes [963] performed anal endosonog-
raphy in 98 nulliparous women 6 weeks before and 6 
weeks after delivery and after excluding 20 third de-
gree tears found occult sphincter injuries in 13%. Sev-
enty five percent of women with defects were symp-
tomatic and there was a good correlation between de-
fects and symptoms. However, it is not clear as to 
how many with ‘occult’ defects were symptomatic 
(Table 4). 

In 3 further studies [964, 967, 968] anal ultrasound 
was performed only after delivery and defects were 
identified in 11.5 to 34% (Table 5). Varma et al [964] 
studied 159 postnatal women (105 primiparous and 
54 secundiparous) and found occult anal sphincter 
defects in 11.5% of primiparous and 19% of secun-
diparous vaginal deliveries but 80% of forceps deliv-
eries. None of their patients suffered FI but only 72% 
of questionnaires were returned. However, their co-
hort was recruited before 1998 and had a high cae-
sarean section rate (25%) and a low forceps rate 
(4%). 

 
Figure 13: Anal ultrasound image of the mid anal ca-
nal. EAS = external anal sphincter. IAS = internal anal 
sphincter. The area between the black arrows at 11 
and 2 o’clock represents an external anal sphincter 
defect while the area between the white arrows be-
tween 9 and 3 represent an internal sphincter defect. 
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Williams et al [969] performed a prospective study in 
45 nulliparous women before and after vaginal deliv-
ery using 3 dimensional endosonography. There was 
evidence of perineal trauma in 29% (external sphinc-
ter 11%, puboanalis 20%, transverse perineal muscle 
7%). Sudoł-Szopinńska  et al [970] performed 3 di-
mensional endoanal ultrasound in 112 primiparous 
women and found only 2.6% sonographic injuries. 
However, their obstetric practice was different in that 
they had a 77% episiotomy rate and a 59% epidural 
rate. 

Oberwalder et al [971] performed a meta-analysis of 
717 vaginal deliveries and found a 26.9% incidence 
of anal sphincter defects in primiparous women and 
an 8.5% incidence of new sphincter defects in multip-
arous women.  Although two thirds of these women 
with “occult” defects were asymptomatic in the post-
partum period, the probability of FI associated with a 
sphincter defect was 76.8 to 82.8%.     

Some 15 years after having first coined the term “oc-
cult” OASIs based on anal endosonography, Sultan 
[937] began questioning whether the 28% so-
nographic anal sphincter defects (Table 6) identified 
some weeks after delivery were really genuine occult 
defects that were not identifiable clinically at delivery. 
They therefore conducted a prospective study [976] 
in which 241 women having their first vaginal delivery 
had their perineum re-examined by an experienced 
research fellow and endoanal ultrasound was per-
formed immediately after delivery and repeated 7 

weeks postpartum. When OASIs were identified by 
the research fellow, the injuries were confirmed and 
repaired by the duty registrar or consultant. The prev-
alence of clinically diagnosed OASIs increased from 
11% to 25% (n=59). Every clinically diagnosed injury 
was identified by postpartum endoanal ultrasound. 
However, there were three women with sonographic 
defects in whom the injury was not identified clinically. 
Two of these had only small IAS defects that were not 
considered clinically significant. The other was a 
combined defect of both the IAS and EAS and while 
this could be classified as an occult tear, it is most 
probably a tear that was not recognised by the re-
search fellow. At 7 weeks postpartum, no de novo de-
fects were identified by ultrasound. This study con-
cluded that virtually all sphincter defects that have 
previously been designated as “occult” injuries (Table 
6) were in fact OASIs that could have been identified 
by a trained clinician [977] and that less than one per-
cent are genuine occult OASIs (if indeed they exist). 
Interestingly, 87% of midwives and 27% of junior doc-
tors failed to recognise OASIs clinically. Although it is 
likely that some of these injuries would have been de-
tected at the time of suturing the tear, it is concerning 
that clinical recognition of OASIs is suboptimal [977]. 
However, this finding is not unique as Groom and Pat-
terson [978] also found that the rate of third degree 
tears rose to 15% when all “2nd degree tears” were re-
examined by a second experienced person.

 

Table 4: Prospective studies before and after vaginal delivery of “occult” anal sphincter injury (using 2d ultra-
sound) and anal incontinence but excluding fecal urgency. 

Study Parity Vaginal 
delivery (n) 
 

FU in weeks 
postpartum 

Sphincter 
Defects 

Anal 
Incontinence 

Sultan et al 93937 Primi 
Multi 

79 
48 

6  
6  

33% 
44% 

5% 
19% 

*Donnelly et al 98955 Primi 168 6  35% 25% 

Rieger et al 98965 Primi 37 6  41% 8% 

Zetterstrom et al 99966 Primi 38 9  20% 18% 

*Fynes et al 99960 Multi 59 6-12 37% 17% 

Abramowitz et al 00957 Primi 
Multi 

202 including 
multi 

8  26% 
13% 

15% 
10% 

Chaliha et al 01951 Primi 130 12 19% 13% 

Belmonte-Montes et al 01963 Primi 78 6 13% ? 

Nazir et al 02962 Primi 73 20 19% 25% 

Willis et al 02961 Primi 
+Multi 

42 12 10% 5% 

MEAN 
(excluding Willis et al) 

Primi 
Multi 

  28% 
31% 

16% 
15% 
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*modified continence score questionnaire used and may include urgency 

 

Table 5: Postnatal studies of “occult” anal sphincter injury (using 2d ultrasound) sustained during vaginal 
delivery and anal incontinence excluding fecal urgency. 

Study Vaginal 
delivery 

Parity FU Study Vaginal 
delivery 

*Varma et  al 99964 

 
78 
31 

Primi 
Multi 

4 weeks 
4weeks 

11.5% 
19% 

0% 
0% 

Damon 00967 197 Primi 3 months 34% 6% 

**Faltin 00968 150 Primi 3 months 28% 15% 

*Ultrasound performed < 1 week after delivery 

** anal ultrasound performed immediately after delivery before perineal repair 

 

Table 6: Prevalence of anal incontinence and fecal incontinence following primary repair of obstetric anal 
sphincter rupture. (predominantly end-to end repair of external sphincter) 

Authors (n=42) 
 

Year Country N Follow-up 
Months 

Anal(Fecal) 
incontinence 

Bagade & MacKenzie972 

Sangali et al987 

Wood J et al997 

2010 
2000 
1998 

UK 
Switzerland 
Australia 

79 
177 
84 

>6 
13 years 
31 

10%   (111%) 
15%   (10%) 
17%*   (7%) 

Walsh et al998 1996 UK 81 3 20%   (7%) 

Sander et al999 

Pretlove et al1000 
1999 
2004 

Denmark 
UK 

48 
41 

1 
? 

21%   (4%) 
22%   (22%) 

Crawford et al1001  1993 USA 35 12 23%   (6%) 

Sorensen et al995 1993 Denmark 38 3 24%   (?) 

Mackenzie et al1002 2003 UK 53 3 25%   (7%) 

Nichols et al1003 

Shek et al973 
2005 
2014 

USA 
Australia 

56 
140 

3 
2 

25%   (11%) 
25%   (3%) 

Nielsen et al1004 1992 Denmark 24 12 29%   (?) 
*Go & Dunselman1005 1988 Netherland 20 6 30%   (15%) 

Fenner et al1006 2003 USA 165 6 30%   (?) 

DeLeeuw et al1007 2001 Netherland 125 14 years 31%   (?) 

Wagenius et al1008 

Vaccaro & Clemons1022 
2003 
2008 

Sweden 
USA 

186 
60 

4   years 
3 

33%   (25%) 
33%   (12%) 

Kumar974 

Huebner et al975 

Uustal Fornell et al1009 

2012 
2013 
1996 

UK 
Germany 
Sweden 

41 
99 
51 

52 
28 years 
6 

37      (25%) 
39%   (13%) 
40%   (16%) 

Poen et al992 1998 Netherland 117 56 40%   (?) 

Sultan et al985 1994 UK 34 2 41%   (9%) 

Zetterstrom et al990 1999 Sweden 46 9 41%   (2%) 

Sorensen et al1010 1988 Denmark 25 78 42%   (?) 

Tetzschner et al1011 1996 Denmark 72 24-48 42%   (17%) 

Williams et al1012 2003 UK 124 ? 42%   (?) 
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Authors (n=42) 
 

Year Country N Follow-up 
Months 

Anal(Fecal) 
incontinence 

Norderval et al1013 2004 Norway 156 25 42%   (17%) 

Garcia et al1014 2005 USA 26 3 42%  (15%) 

Kammerer-Doak et et al994 1999 USA 15 4 43%   (13%) 

Haadem et al996 1988 Sweden 62 3 44%   (?) 

Rieger et al1015 2004 Australia 51 3 45%   (25%) 

Bek & Laurberg1016 1992 Denmark 121 ? 50%   (?) 

Davis et al1017 2003 UK 52 3.6 50%   (?) 

Fitzpatrick et al988 2000 Ireland 154 3 53%   (6%) 

Samarasekera et al1024 

Nazir et al1018 
2007 
2003 

UK 
Norway 

53 
100 

15 
18 

53%    (32%)    
54%   (17%) 

Gjessing H et al991 1998 Norway 35 12-60 57%   (23%) 

Savoye-Collet et al1019 2003 France 21 4 57%   (29%) 

Goffeng et al993 1998 Sweden 27 12 59%   (11%) 

Nygaard et al1020 1997 USA 29 30 years 59%   (28%) 

Pinta et al1021 

†Sakse et al1023 
2004 
2009 

Finland 
Denmark 

52 
33 

15 
5 

61%   (10%) 
67%
 (42
%) 

Mean     37%  (12%) 

*Includes 2 with secondary sphincter repair  † includes only 4th degree tears 

 

These studies [976, 978] confirm the lack of adequate 
training as previously highlighted by Sultan et al [979] 
who reported that 91% of doctors who had done at 
least 6 months of training in obstetrics and 60% of 

midwives indicated inadequate training in perineal 
anatomy and 84% and 61% respectively reported in-
adequate training in identifying 3rd degree tears. An-
other possible reason for under-diagnosis is that 

 
Figure 14: Schematic representation of the classification of 3rd and 4th degree tears (with permission from 
Springer) [982] 
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tears of the anal sphincter have been wrongly classi-
fied and therefore anal sphincter tears have been un-
der-reported. Any involvement of the anal sphincter 
should be classified as a third degree tear. However 
41% of doctors and 16% of midwives classified a torn 
anal sphincter as a 2nd degree tear [979]. Sultan and 
Thakar [980] reviewed every relevant text book 
(n=65) in the library of the Royal College of Obstetri-
cians and Gynaecologists (RCOG) and found that 
there was a lack of consistency in classification and 
in about 40% the classification was omitted or wrong. 
Furthermore, previous classifications were incom-
plete because they did not incorporate depth of EAS 
rupture or involvement of the IAS. This therefore has 
epidemiological, clinical and medicolegal implica-
tions. If a third degree tear is incorrectly classified as 
second degree, then inappropriate repair could result 
in sub-optimal outcome (see below). Sultan [981] 
therefore proposed the following classification (Figure 
14) that has been incorporated into the 29th RCOG 
green top guidelines [982], adopted by The American 
College of Obstetricians and Gynecologists (ACOG) 
[983] and included in this ICI textbook since it first edi-
tion in 2002,: 

First degree: laceration of the vaginal epithelium or 
perineal skin only. 

Second degree: involvement of the perineal muscles 
but not the anal sphincter. 

Third degree: disruption of the anal sphincter  mus-
cles and this should be further subdivided into: 

3a: <50% thickness of external sphincter torn. 

3b: >50% thickness of external sphincter torn. 

3c: internal sphincter torn also. 

Fourth degree: a third degree tear with disruption of 
the anal epithelium. 

An isolated rectal tear without involvement of the anal 
sphincter is rare and should not be included in the 
above classification.  

2.2. Recognised Obstetric Anal Sphincter 
Injuries  

The rate of OASIs is increasing and in England alone 
there has been a 3 fold increase between 2000 and 
2012 from 1.8 to 5.9% in primiparous vaginal deliver-
ies. This has been attributed to improvements in un-
derstanding anal sphincter anatomy and clinical diag-
nosis [977]. Primary repair of OASIs are usually per-
formed by obstetricians using the end-to-end repair 
technique [985]. However, as shown in Table 6, AI 
occurs in 37% (range 10 to 67%) and in addition, ur-
gency can affect a further6 [985] to 28% [986, 988]. 
Frank FI affected 12% (range 2 to 42%). The reasons 
for persistent symptoms are unclear but there are at 
least six studies [985, 986, 988, 991-993]  demon-
strating anal sphincter defects following repair in 40 
to 91% of women. Although the extent of the sphinc-
ter injury appears to be related to outcome of repair, 

in some studies (Table 6) the data was not interpret-
able [994], incomplete [993] or inclusive of symptoms 
other than anal incontinence [996]. Nulliparity, instru-
mental delivery especially forceps without episiot-
omy, large baby >4 kg, shoulder dystocia and a per-
sistent occipito-posterior position and prolonged sec-
ond stage of labour have been identified as the main 
risk factors for the development of OASIs [957, 958, 
982, 985, 992].  

Traditionally, the technique described to repair the 
torn anal mucosa (4th degree tear) was to insert inter-
rupted sutures with the knot tied within the anal canal 
[985, 989]. However, this was recommended when 
catgut was in use to minimise tissue reaction and in-
fection. With the availability of polyglactin suture ma-
terial this is no longer necessary as it dissolves by 
hydrolysis. Figure of eight sutures should be avoided 
during repair of the anal mucosa as they can cause 
ischaemia and therefore a continuous non-locking su-
ture is adequate [982, 989, 1025].  

The most popular method of EAS repair is the end-to-
end technique but colorectal surgeons prefer the 
overlap technique for secondary repair because of 
better outcome [1025]. It is now known that similar to 
other operations for incontinence, the outcome can 
deteriorate with time and one study has reported con-
tinence in 50% of women at 5-year follow-up [1026]. 
However, at least one third of women in this study had 
more than one attempt at sphincter repair and there-
fore these findings cannot be extrapolated to that fol-
lowing primary repair of acute injury [1026]. In 1999, 
Sultan et al [1025] were the first to explore the feasi-
bility of the overlap technique of repair for acute EAS 
rupture but more importantly advocated the identifica-
tion and separate repair of the torn IAS [982]. Until 
then, very little importance was given to the torn IAS 
during primary repair. However, subsequently in a 
study involving 500 consecutive women with OASIs it 
has been shown that sonographic evidence of IAS in-
jury was predictive of FI [1027]. Roos et al [1028] 
studied 531 consecutive women with OASIs and 
found that women who sustained an IAS tear were 
significantly more likely to suffer incontinence, have 
lower anal pressures, persistent IAS defects and a re-
duced quality of life. Increasing IAS defect size has 
also been shown to be related to symptoms of AI 
[1022]. Reid et al [1029] performed a prospective 
study using validated outcome measures at 9 weeks 
and 3.2 years after primary repair involving 539 
women with OASIs. All those who had an internal 
sphincter injury were classified as major tears (includ-
ing 4th degree tears). There was no significant differ-
ence in outcome between minor and major tears in 
relation to urgency (10%), flatus (7%) or FI (0.9%). In 
fact there was a significant improvement in symptoms 
over time confirming that good outcomes can be 
achieved when the internal sphincter is repaired as a 
primary procedure. Oude Lohuis et al [986] have 
shown that only 10% (26 of the 29) of women who 
sustained internal anal sphincter injuries (3c and 4th 
degree tears) had no persistent internal sphincter de-
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fects at 3 months follow up indicating adequate re-
pair. Dickinson et al [1030] followed up 136 women 
who sustained OASIs (25 women sustained  3c/4th 
degree tears) and found internal sphincter defects in 
32% of women but this could have included undiag-
nosed internal sphincter injuries. 

When a patient presents with FI months or years after 
delivery, it is almost impossible to perform a success-
ful IAS repair highlighting the importance of identifica-
tion and repair immediately after delivery [989, 1025].  
Compared to matched historical controls [985] who 
had an end-to-end repair, Sultan et al [1025] found 
that the rate of AI was reduced from 41% to 8% when 
the overlap technique was used for EAS repair with 
separate repair of the torn IAS [1025] and therefore 
recommended the performance of a randomized con-
trolled trial.    

The first published randomised trial by Fitzpatrick et 
al [988] reported no significant difference between 
end-to-end and overlap repair although there ap-
peared to be trend towards more symptoms in the 
end-to-end group. However, there were methodolog-
ical differences in that the torn IAS was not identified 
and repaired separately and they used a constipating 
agent for 3 days after the repair. Unfortunately, they 
included partial EAS tears in their randomised study. 
A true overlap [989, 1025] is not possible if the 
sphincter ends are not completely divided and it 
would be expected that if an overlap is attempted, the 
residual intact sphincter muscle would have to curl up 
and hence there would be undue tension on the re-
maining torn ends of muscle that would be over-
lapped. This technique would therefore go against the 
general principles of surgery of deliberately placing 
tissue under avoidable tension [982, 989].  

Garcia et al [1014] also performed a randomized trial 
of the two techniques and took great care to include 
only complete ruptures of the EAS (full thickness 
3b,3c and 4th degree tears). There were 23 women in 
the end-to-end group and 18 in the overlap group. Un-
fortunately, only 15 and 11 women respectively re-
turned for follow-up which was only at 3 months. No 
significant difference was found between the groups 
in terms of symptoms of FI or transperineal ultra-
sound findings. However, the authors have acknowl-
edged that the major limitations of their study were 
that the randomization process was flawed and that 
their study was underpowered. 

Williams et al [1031] performed a factorial random-
ized controlled trial (n=112) in which women were 
randomized into 4 groups: overlap with polyglactin 
(Vicryl; Ethicon, Edinburgh, UK); end-to-end repair 
with Vicryl; overlap repair with polydiaxanone (PDS; 
Ethicon, Edinburgh, UK); end-to-end repair with PDS. 
This trial was specifically designed to test the hypoth-
esis regarding suture related morbidity (need for su-
ture removal due to pain, suture migration or 
dyspareunia) using the two techniques. At six weeks, 
there were no differences in suture related morbidity. 
The authors claimed that there were no differences in 

outcome based on repair technique. Unfortunately, 
the majority of patients included in this trial were par-
tial tears of the EAS (70% were 3a tears) and as men-
tioned above, a true overlap [989, 1025] cannot be 
performed if the EAS is only partially torn. Further-
more, their follow up rate at 12 months was only 54%. 
This data therefore needs to be interpreted by cau-
tion. 

Fernando et al [1032] performed a randomised con-
trolled trial of end-to-end vs overlap technique. The 
study had adequate power (n=64) and the primary 
outcome was FI at one year. All repairs were per-
formed by two trained operators and Grade 3a EAS 
were excluded. At 12 months (81% follow-up rate), 
24% in the end-to-end and none in the overlap group 
reported FI (p=0.009). Faecal urgency at 12 months 
was reported by 32% in the end-to-end and 3.7% in 
the overlap group (p=0.02). There were no significant 
differences in dyspareunia and quality of life between 
the groups. At 12 months 20% reported perineal pain 
in the end-to-end and none in the overlap group 
(p=0.04). During the 12 months period 16% in end-to-
end and none in the overlap group reported deterio-
ration of defecatory symptoms (p=0.01). Further cal-
culation revealed that four women need to be treated 
with the overlap technique to prevent one woman with 
OASIs developing FI. On the basis of this randomized 
trial it would appear that the overlap technique of EAS 
repair accompanied by separate repair of the torn in-
ternal sphincter, performed by trained clinicians is as-
sociated with a good outcome. In 2006, the Cochrane 
review [98] concluded that as the surgeon’s experi-
ence was not addressed in two of the three random-
ised studies, it would be inappropriate to recommend 
one type of repair over the other. 

Farrell et al [1034] performed a randomised con-
trolled trial with a 6 month follow-up of end-to-end 
(n=62) vs overlap (n=63) EAS repair in primiparous 
women. They reported significantly higher rates of fla-
tal but not FI in the overlap group. However, there 
were more 4th degree tears in the overlap group and 
therefore more IAS injury that could explain the in-
creased flatal incontinence in this group [1035].  At 3 
year follow up there was no significant difference in 
AI between the groups [1036]. This supports the find-
ings of Fernando et al [1032, 1033] who demon-
strated a significantly higher risk of deterioration in AI 
over time in the end-to-end group and highlights the 
importance of longer term follow-up.  

Rygh and Korner [1037] performed another random-
ized controlled trial (n=101) with the primary outcome 
measure ‘of at least weekly solid stool incontinence’. 
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They concluded that the overlap technique was not 
superior to the end-to-end repair. However, there 
were more women with symptoms of AI with the end-
to-end repair (34% vs 20%).  

The Cochrane Review concluded, “The data availa-
ble show that at one-year follow-up, immediate pri-
mary overlap repair of the external anal sphincter 
compared with immediate primary end-to-end repair 
appears to be associated with lower risks of develop-
ing faecal urgency and anal incontinence symptoms. 
At the end of 36 months there appears to be no dif-
ference in flatus or faecal incontinence between the 

two techniques. However, since this evidence is 
based on only two small trials, more research evi-
dence is needed in order to confirm or refute these 
findings” [1033]. Although there are indications from 
two studies [1022, 1036] that compared to the end-
to-end technique, the overlap technique appears to 
be more robust over time, longer term follow up of a 
larger cohort is required.  

More recently, 3 and 4 dimensional transperineal ul-
trasound techniques have been used to image the 

Table: 4.2 

Author  Year   N Follow up 3a 3b 3c 4o P value 

Poen992  1998 117 56 months  38%  58% NS 

Sangali987  2000 177 13 years  11.5%   25%         0.049 

de Leeuw1007  2001 125 14 years 21% 31%  64% 0.001 

Ramalingamxx  2013 175 6 months 1% 7% 14% 44%  

Mean      27%  48%  
 

 
Figure 15: Flow chart demonstrating the Croydon pathway of the management of a subsequent pregnancy 
following OASIs (EAS = External Anal Pressure; MSP= maximum squeeze pressure) 
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anal sphincter and 40% residual defects were identi-
fied following OASIs repair and levator avulsion in 
17% [973].  

In terms of long term outcome following primary repair 
when the Sultan classification [981] was adopted and 
follow up was greater than 6 months the rates of AI 
(including flatus) are as follows (modified from Table 
4.2 [989]):  

2.3. Management of subsequent pregnancy 
after OASIs 

All women who sustained OASIs should be assessed 
in hospital by a senior obstetrician 6 to 12 weeks after 
delivery. Some centres have established dedicated 
multidiscliplinary perineal clinics. In a survey con-
ducted in 2010 [1039], 30% of hospitals in the UK had 
such a dedicated clinic.  It is important that a compre-
hensive history is taken regarding bowel, bladder and 
sexual function. As these symptoms are embarrass-
ing, a structured questionnaire may be useful. A 
proper vaginal and rectal examination should be per-
formed to check for complete healing, scar tender-
ness and sphincter tone [976, 989, 1040]. Mild incon-
tinence (faecal urgency, flatus incontinence, infre-
quent soiling) may be controlled with dietary advice, 
constipating agents (Loperamide or Codeine Phos-
phate), physiotherapy or biofeedback. However, 
women who have severe incontinence should, in ad-
dition, be offered secondary sphincter repair by a col-
orectal surgeon. Asymptomatic women must be ad-
vised to return if symptoms develop [989]. 

Women with OASIs are at a five-fold increased risk of 
recurrence in subsequent pregnancy function [1041]. 
There are no randomized studies to determine the 
most appropriate mode of delivery.  Women who 
have had a successful secondary sphincter repair for 
FI should be delivered by caesarean section [1042]. 
Some women with FI may choose to complete their 
family prior to embarking on anal sphincter surgery. It 
would appear that these women could be allowed a 
vaginal delivery as the damage to the sphincter has 
already occurred and risk of further damage is mini-
mal and probably insignificant in terms of outcome of 
surgery. The risk of worsening or de novo neuropathy 
has not been quantified and in practice, does not ap-
pear to be clinically significant.     

The management of a subsequent pregnancy after 
OASIs has not been largely based on obstetrician 
opinion. It has been suggested that a caesarean sec-
tion should be performed even after transient anal in-
continence, but this has been questioned [1043]. 

In order to counsel women with previous OASIs ap-
propriately, Sultan et al [989] find it useful to have a 
symptom questionnaire, anal ultrasound (Figure 13) 
and manometry results (Figure 15). It has been 
shown that clinical assessment alone has a poor sen-
sitivity for detecting anal sphincter defects [1044]. If 
vaginal delivery is contemplated then these tests 
should be performed during the current pregnancy 

unless performed previously and found to be normal. 
In a prospective study over a 5 year period, Scheer et 
al [1045] followed the protocol shown in Figure 15 and 
found that when women who had no evidence of sig-
nificant anal sphincter compromise based on anal en-
dosonography and manometry were allowed a vagi-
nal delivery  (the others were offered caesarean sec-
tion) there was no deterioration in symptoms, anorec-
tal function or quality of life. Other units have also re-
ported favourable outcomes when vaginal delivery 
and caesarean section were offered on selected cri-
teria [1046, 1047].  Although 11% of textbooks rec-
ommend a prophylactic episiotomy [980] there is lim-
ited evidence that an elective episiotomy prevents 
subsequent anal sphincter disruption [1007] while 
other studies have indicated that episiotomy may in-
crease the prevalence of anal sphincter disruption. 
However, there is no study that has been done eval-
uating outcome in subsequent pregnancies in which 
the angle of episiotomy has been controlled for 
[1048].  

3. INSTRUMENTAL VAGINAL 
DELIVERY 

Although only 4% of women delivered by forceps sus-
tain a 3rd/4th degree tear, up to 50% of those that do 
tear have an instrumental delivery [985]. Vacuum ex-
traction is associated with fewer OASIs than forceps 
and this view is supported by two large randomized 
studies [1049, 1050]. A UK study [1049] where medi-
olateral episiotomy is practised reported severe vagi-
nal lacerations in 17% of forceps compared to 11% of 
vacuum deliveries and a Canadian study [1050] 
where midline episiotomy is practised reported OASIs 
in 29% of forceps compared to 12% of vacuum deliv-
eries.  In a Cochrane review [1051], forceps were less 
likely than the vacuum extractor to fail to achieve a 
vaginal birth (risk ratio  0.65, 95% confidence interval 
(CI) 0.45 to 0.94). However, with forceps there was a 
trend to more caesarean sections, and significantly 
more third- or fourth-degree tears (with or without ep-
isiotomy), vaginal trauma, use of general anaesthe-
sia, and flatus incontinence or altered continence. Fa-
cial injury was more likely with forceps (RR 5.10, 95% 
CI 1.12 to 23.25). Serious neonatal injury was uncom-
mon with either instrument.  

A 5 year follow-up of infants who participated in a ran-
domized trial of forceps and vacuum delivery has con-
firmed that there is no difference in terms of neurolog-
ical development and visual acuity with use of either 
instrument [1052]. Compared to vacuum delivery, ‘oc-
cult’ trauma to the anal sphincter has been identified 
more frequently in forceps delivery occurring in up to 
80 percent of women [937, 964, 1053]. A small ran-
domized study (n=44) confirmed this by identifying 
occult anal sphincter defects in 79% of forceps com-
pared to 40% of vacuum deliveries [1053]. Trauma 
occurs more frequently when a second instrument is 
used to attempt vaginal delivery [1053] and therefore 
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if no descent of the head occurs following appropriate 
cup selection and application technique of vacuum 
extraction, one should resort to a caesarean section. 
Metal cups appear to be more suitable for 'occipito-
posterior', transverse and difficult 'occipito-anterior' 
position deliveries [1054]. The soft cups seem to be 
appropriate for straight forward deliveries as they are 
significantly more likely to fail to achieve vaginal de-
livery. Although, they were associated with less scalp 
injury, there was no difference between the two 
groups in terms of maternal injury. Farrell et al [1055] 
performed a prospective study of 690 primigravid 
women and found that forceps delivery was associ-
ated with a higher incidence of flatal incontinence (RR 
2.6) compared to spontaneous vaginal delivery and a 
higher incidence of both flatal (RR 2.6) and faecal 
(RR 3.6) incontinence compared to caesarean deliv-
ery. Vacuum delivery did not increase the risk of flatus 
incontinence.  MacArthur et al [938] performed the 
largest questionnaire based multicentre study to es-
tablish the prevalence of FI at 3 months post-partum. 
They reported a prevalence of 9.2%, with 4.2% re-
porting it more often than rarely. Compared to vac-
uum extraction, forceps delivery was associated with 
almost twice the risk of developing FI. Thakar and Ea-
son [1056] performed a meta-analysis and demon-
strated that one anal sphincter injury is avoided for 
every 18 women delivered by vacuum extraction in-
stead of forceps. De Leeuw et al [1057] have shown 
that when a mediolateral episiotomy is performed 
during a forceps delivery, the risk of anal sphincter 
injury is reduced by almost 80%.  

The occipito-posterior position at delivery is a known 
risk factor for the development of a third degree tear 
and the risk of anal sphincter injury doubles with a 
vacuum delivery but trebles with the forceps [1058]. It 
is strongly recommended that a liberal episiotomy 
should be performed in the presence of an occipito 
posterior position. When the baby’s head is in the oc-
cipito-posterior position the diameter presenting at 
the outlet is larger than that of an occipito-anterior po-
sition. Therefore it is more likely to cause a delay in 
progress and also more likely to result in a more ex-
tensive perineal tear particularly with an instrumental 
delivery. 

4. EPISIOTOMY 

There are observational data to indicate that a reduc-
tion in episiotomy rate is not associated with an in-
crease in OASIs. The Cochrane database [1059] 
shows that restricting the use of episiotomy is associ-
ated with less posterior trauma. Although there was 
an increase in anterior perineal trauma it had no effect 
on the development of urinary incontinence.  Henrik-
ssen et al [1060, 1061] performed an observational 
study in which they noted that when midwives who 
previously had a high episiotomy rate reduced their 
rate, the prevalence of OASIs also reduced. How-
ever, this beneficial effect was abolished when mid-
wives with a low rate of episiotomy attempted to re-
duce it even further. Based on this evidence, it was 

suggested that the ideal episiotomy rate should lie 
between 20 to 30% and no more. Midline episioto-
mies are more popular in North America as it is be-
lieved that they are more comfortable and recovery is 
less complicated. However Coats et al [1062] per-
formed a quasi-randomised study of 407 primiparae 
and found 24% of midline episiotomies extended into 
the anal sphincter (partial or complete tears) com-
pared to 9% of mediolateral episiotomies. Although 
the perineum was significantly less bruised in the mid-
line group and sexual intercourse commenced ear-
lier, pain and wound breakdown was similar in both 
groups.  Kudish et al (2008) performed an observa-
tional study in the USA of 46 239 singleton vertex 
vaginal deliveries and identified two modifiable risk 
factors  for severe perineal trauma, namely, midline 
episiotomies and forceps delivery. They recom-
mended the use of vacuum extraction and mediola-
teral episiotomy [1063]. However, care needs to be 
taken to ensure that mediolateral episiotomies are 
performed correctly as Andrews et al [1064] has 
shown that only 22% of doctors and no midwife made 
the incision commencing from the posterior four-
chette with a 40 to 60 degree angle from the midline. 
Another study demonstrated that for every six de-
grees away from the midline there was a 50% reduc-
tion in OASIs [1065]. It has also been shown that the 
angle of incision when the head is crowning is under-
estimated such that a 60 degree angle measures 45 
degrees after delivery [1066].  

However, Naidu et al have shown that doctors and 
midwives were poor at cutting at the prompted episi-
otomy angle of 60° [1067]. This highlights the need to 
develop structured training programmes to improve 
the visual accuracy of estimating angles or the use of 
fixed angle devices to help improve the ability to esti-
mate the desired angle. There is evidence that Epis-
cissors 60 does cut at a 60 degree angle and its in-
troduction in obstetric units is associated with a re-
duction in OASIs in nulliparous women undergoing 
spontaneous vaginal deliveries [1048]. 

5. DELIVERY TECHNIQUES 

Pirhonen et al [1068] compared the frequency of OA-
SIs in low risk deliveries between two Scandinavian 
countries (26 541 vaginal deliveries) and found the 
risk to be 13 times higher in Sweden (Malmo) vs Fin-
land (Turku). They speculated that the only explana-
tion for this was a difference in manual support given 
to the baby’s head during crowning and pushing the 
perineum under the chin. Jonsson et al [1069] per-
formed a randomised trial between the Ritgen’s ma-
neuver and standard delivery but found no significant 
difference in OASIS rates. However, only 50% of the 
elligible women were assigned and almost 20% of the 
women randomized to the Ritgen’s maneuver did not 
have this method of delivery.  Hals et al [1070] pro-
vided the best available evidence to show how an in-
terventional program in four Norwegian hospitals can 
reduce the frequency of OASIs. The program in-
volved a 2-3 day course at the delivery suite of each 
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hospital that included training on delivery with peri-
neal support and delivery of the neonates chin. In ad-
dition, restrictive mediolateral/ lateral episiotomy was 
recommended. OASIs rates reduced from 4.16-
5.25% before intervention to 1.73% during the last 
year of intervention 

The following interventions with randomized con-
trolled trials evidence regarding effectiveness demon-
strated no effect on OASIs: antenatal perineal mas-
sage, pelvic floor exercises in pregnancy, water 
births, positions during labour and birth, epidural an-
algesia, early vs delayed pushing with epidural and 
second stage pushing advice [1056]. Although one 
small randomized trial showed otherwise [940]  other 
large observational studies, have shown that duration 
of the second stage of labour is an independent risk 
factor for the occurrence of OASIS [955, 958, 982, 
1070, 1071]. 

6. TRAINING 

McLennan et al [1072] who surveyed 1177 fourth 
year residents and found that the majority of residents 
had received no formal training in pelvic floor anat-
omy, episiotomy or perineal repair and supervision 
during perineal repair was limited. Stepp et al [1073] 
found that textbooks used in American practice of-
fered little in terms of prevention and repair of perineal 
trauma. There is evidence from one study [975] that 
perineal anatomy is poorly understood by midwives 
and trainee doctors, who perform the bulk of deliver-
ies in the UK.  In this study 41% of trainees and 16% 
of midwives incorrectly classified a partial or complete 
tear of the EAS as ‘second degree’.  Inconsistency in 
classification of tears would allow many injuries to 
pass, unrecognised. In another study conducted in 
the USA, the majority of residents demonstrated sub-
standard skill in repairing OASIs [1074]. It has been 
shown that hands-on workshops on perineal repair 
(www.perineum.net) can change practice [1075-
1078] and intensive and focused training in perineal 
anatomy and repair should therefore become an es-
sential module in the programme for trainees and 
midwives.  

7. IRRITABLE BOWEL SYNDROME 
(IBS) 

IBS affects 3-17% in selected populations and the 
cause remains unknown. Donnelly et al [1079] re-
cruited 312 primiparous women and reported that 
11% of young primiparous women (n= 34 of 208) suf-
fered from pre-existing IBS prior to their first preg-
nancy. Twenty four percent reported symptoms of im-
paired faecal continence in the puerperium but symp-
toms were found significantly more frequently in 
those with IBS compared to those with normal bowel 
habit (71% vs 18%). However, women suffering from 

IBS are no more likely to incur mechanical or neuro-
logic injury to the anal sphincter. Women with IBS de-
livered by caesarean section did not have altered 
continence postpartum. However, 6 months postpar-
tum there were no symptomatic differences between 
those with IBS and those without but only 90 of the 
107 women who had either impaired faecal conti-
nence or abnormal anal manometry were studied. 
Treatment is directed towards the predominant symp-
tom and although antispasmodics such as hyoscine, 
mebeverine and dicyclomine are used widely to relax 
intestinal smooth muscle, they should be avoided 
during pregnancy. Robinson et al used validated 
questionnaires and bowel symptom diaries and found 
that the symptoms of urgency and diarrhoea in 
women with irritable bowel syndrome amplify the risk 
of anal FI in women who have sustained OASIs 
[1080]. 

8. CONCLUSIONS AND 
RECOMMENDATIONS 

i) Compared to forceps, the vacuum extractor is as-
sociated with less perineal and anal sphincter 
trauma. (Level 1) 

j) Compared to midline episiotomy, mediolateral ep-
isiotomy is associated with a significantly lower 
risk of 3rd/4th degree tears (Level 1) 

k) Liberal use of episiotomy is not beneficial (Level 
1) and restricting the rate of episiotomy to about 
30% may reduce the risk of trauma to the anal 
sphincter (Level 4) 

l) A prolonged active second stage of labour is ass 
ciated with denervation of the pelvic floor and one 
study has suggested that this also occurs with a 
prolonged passive second stage of labour with 
epidural analgesia. In these circumstances, early 
use of oxytocics in the second stage of labour 
may be useful. (Level 4) 

m) Selective use of caesarean section may be bene-
ficial particularly in those who have evidence of 
compromised anal sphincter function and those 
who have had previous successful continence or 
prolapse surgery. (Level 4)  

n) Modification in techniques of delivery of the baby 
particularly appropriate perineal support may re-
duce anal sphincter injury and furt ?Compared to 
midline episiotomy her research is needed (Level 
3) 

o) A more focused training program for doctors and 
midwives needs to implemented. There is a poor 
understanding of perineal and anal sphincter 
anatomy and hence identification of anal sphinc-
ter trauma, incorrect classification and poor out-
come of repair  (Level 4) 

p) There is increasing evidence supporting the iden-
tification and repair of the internal anal sphincter. 
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Repair techniques of the external sphincter (over-
lap versus the end-to-end) for full thickness tears 
are inconclusive and more long term research is 
needed   (Level 1)  

 PATHOPHYSIOLOGY OF 
INCONTINENCE IN MEN 

Urinary incontinence (UI) in men as in women, which 
is subdivided into three major groups as there are ur-
gency, stress and mixed UI, may be caused by either 
an abnormality of the bladder (UUI), an abnormality 
of the bladder outlet (SUI) (bladder outlet which in-
cludes the internal (IUS) and distal of the prostate the 
external urethral sphincter (EUS)), or a combination 
of both (MUI) [1081-1083]. Changes in bladder ultra-
structure and function that can occur as a result of 
neurological disease or ageing (that can cause detru-
sor overactivity or underactivity) are in men [1084].  

Many of these foci are around benign and/or malig-
nant diseases of the prostate and their treatment. For 
example in men the prevalence of detrusor overactiv-
ity and impaired compliance causing incontinence are 
not associated with the bladder outlet obstruction 
caused by benign prostatic obstruction [1084, 1085]. 

Key outlet functions are; maintained closure for urine 
storage, increased closure (guarding) during exer-
tion, sustained opening for voiding, transient opening 
for territorial marking in animals and orthograde male 
ejaculation. These are coordinated by several spinal 
and higher CNS centers, with overlap of the somatic, 
sympathetic and parasympathetic nervous systems 
[1086]. Also sphincter insufficiency resulting in stress 
urinary incontinence (SUI) does not generally occur 
as the result of ageing, but rather as the attribute of 
surgery (for benign or malignant conditions) or radia-
tion of the prostate followed by transurethral resection 
or neurological injury [1087]. The ectopic ureter in the 
male does not cause incontinence as its insertion into 
the lower urinary tract is always proximal to the exter-
nal urethral sphincter. Extra-urethral incontinence in 
men is only known as a result of a fistula, where as it 
can occur in the female because of embryological 
considerations. Fistulae in men are most often iatro-
genic (surgery, radiotherapy, cryotherapy, HIFU 
(High-intensity focused ultrasound)) or inflammatory 
(diverticulitis). 

This section will focus on the Pathophysiology of in-
continence as it relates to prostatic obstruction and its 
treatment and the treatment of prostate cancer. 

1. CONTINENCE MECHANISM IN THE 
MALE 

The internal urethral sphincter (IUS) has its source at 
the urinary bladder’s inferior neck (smooth muscle) 
continues through the prostatic urethra above the 

verumontanum and remains under autonomic con-
trol.  The external urethral sphincter (EUS) located 
distal to the prostate at the level of the membranous 
urethra as the secondary sphincter to control the flow 
of urine. It contains mainly striated muscle and is 
therefore under voluntary control by the somatic nerv-
ous system. Opposite to the female sphincter, the 
male closing mechanism of the bladder is separated 
by the prostate.  

At the boundary between the IUS and EUS, the stri-
ated and smooth muscle fibres intertwine to some ex-
tent. The externa urethral sphincter (EUS) extends 
from the prostatic urethra below the verumontanum 
through the membranous urethra. EUS includes the 
rhabdosphincter (intrinsic skeletal and smooth mus-
cle) and extrinsic paraurethral skeletal muscle. At the 
prostate level, the superior part of the striated EUS is 
largely confined to the anterior side of the urethra and 
prostate. Inferior to the prostate, the EUS is horse-
shoe-shaped (although named as the rhabdosphinc-
ter, omega shaped) with the opening on the dorsal 
side. The dorsal muscle fibers of the left and right 
sides approach the midline and sometimes cross the 
prostate [1088-1090]. 

For simplicity, the normal male urinary sphincter 
mechanism may be divided into two functionally sep-
arate units, the internal urethral sphincter (IUS) and 
the external urethral sphincter (EUS) [1091]. The IUS 
consists of the bladder neck, prostate and prostatic 
urethra to the level of the verumontanum. The IUS is 
innervated by autonomic parasympathetic and sym-
pathetic fibres from the inferior hypogastric plexus. 
The EUS extends from the verumontanum to the 
proximal bulb and is comprised of a number of struc-
tures that help to maintain continence. The male EUS 
urethral sphincter complex is composed of the pros-
tato-membranous urethra, cylindrical rhabdosphinc-
ter (external sphincter muscle) surrounding the pros-
tato-membranous urethra, and extrinsic paraurethral 
musculature and connective tissue structures of the 
pelvis. The rhabdosphincter is a muscular structure 
consisting of longitudinal smooth muscle and slow-
twitch (type I) skeletal muscle fibers, which can main-
tain resting tone and preserve continence [1088, 
1092, 1093]. The striated muscle of the 
rhabdosphincter is considerably thicker ventrally and 
thins dorsally. Striated muscle fibres of the 
rhabdosphincter have been shown to intermingle with 
smooth muscle fibres of the proximal urethra, sug-
gesting a dynamic and coordinated interaction. The 
rhabdosphincter is invested in a facial framework, 
and supported below by a musculofascial plate that 
fuses with the midline raphe, which is also a point of 
origin for the rectourethralis muscle [1094]. Superi-
orly, the fascial investments of the rhabdosphincter 
fuse with the puboprostatic ligaments [1095]. This 
dorsal and ventral support probably contributes to the 
competence of the sphincter. The striated fibers of the 
extrinsic paraurethral muscle (levator ani complex), 
on the other hand, are of the fast-twitch (type II) vari-
ety [1092]. During sudden increases in abdominal 
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pressure, these fibers can contract rapidly and force-
fully to provide continence. Continence is maintained 
even after inducing paralysis of the striated sphincter 
indicating that this structure is not solely responsible 
for continence [1096]. In addition, unlike in the female 
where urethral support can be compromised as a re-
sult of childbirth and aging [1097], in the majority of 
the cases the male rhabdosphincter is functioning im-
properly related to prostate surgery [1098]. The stri-
ated muscle fibres of the rhabdosphincter intermingle 
with smooth muscle fibres of the proximal urethra and 
in fact have been shown to be inseparable from each 
other [1089]. In the past related to the approach of 
radical prostatectomy the smooth muscle fibres con-
cordant into the bladderneck (IUS) were resected, 
which interrupted innervation. It is worth noting that 
impaired detrusor contractility seems to be frequently 
associated with intrinsic sphincter deficiency. With 
the increasing knowledge of the periprostatic nerves 
and the improvement of the preservation of the blad-
der neck (IUS) the functional outcome improved even 
further [1099]. 

The EUS is innervated by the autonomic (via the pel-
vic nerve) and somatic (by the pudendal nerve) nerv-
ous systems. Nerve fibres are seen proximally ina 
dorsolateral position (5 to 7 o’clock), while more dis-
tally, they are located primarily laterally [1094, 1100]. 
The intrinsic smooth muscle of the proximal urethra 
receives parasympathetic innervation from pelvic 
nerve branches of the inferior hypogastric plexus 
[1100, 1101]. The rhabdosphincter may also receive 
somatic innervation. Hollabaugh et al. described the 
so-called “putative continence nerves” as branches of 
the pelvic nerve travelling under the endopelvic fascia 
picking up intrapelvic branches of the pudendal 
nerve, given off before it enters the pudendal canal, 
which was further verified by Castello et al. [1100, 
1102]. It has also been proposed that somatic inner-
vation from the pudendal nerve after it exits the pu-
dendal canal is primarily sensory in origin, facilitating 
reflex contraction of the sphincter complex to main-
tain continence [1103, 1104]. 

An elegant histological and immuno-histochemical 
study with 3-D reconstruction in the male fetus has 
confirmed mixed autonomic and somatic innervation 
(Figure 16) [1088]. Unmyelinated (autonomic) nerve 
fibres destined for smooth muscle fibers run along-
side of the myelinated (somatic) fibers. The majority 
of the unmyelinated fibers approach the smooth mus-
cle layers at 5 and 7 o’clock while the majority of my-
elinated fibres penetrate the striated sphincter at 3 
and 9 o’clock. 

Structure and innervation are important components 
of sphincter function. In addition, Tuygun et al have 
found a much higher incidence of periurethral (or peri-
sphincter) fibrosis in incontinent vs. continent men af-
ter prostatectomy [1105]. Using MRI at least 6 months 
after prostatectomy they discovered that all 22 incon-
tinent men had periurethral fibrosis while only 4/14 
(29%) continent men did [1106, 1107]. This might 

lead to the importance of the corpus spongiosum, 
which surrounds the bulbar urethra and supports with 
its blood filling in addition to the sphincteric function. 

In summary, sphincter continence in male is depend-
ent on the integrity of the IUS and/or EUS, its support 
structures and neural innervation and probably the 
prostate, as long it is not enlarged to cause obstruc-
tion. Following the removal of the IUS during radical 
prostatectomy, continence seems to be mainly main-
tained by the EUS mechanism, consisting of soft tis-
sue supportive structures, smooth muscle, and stri-
ated muscle. This outcome even improved even fur-
ther related to the surgical techniques by the addi-
tional preservation of the IUS. The smooth muscle 
and slow twitch striated muscle of the rhabdosphinc-
ter (EUS) are probably majorly responsible for the 
sphincter continence; however, striated muscle con-
tractions of the periurethral and paraurethral muscles 

 
Figure 16: The external urethral sphincter (EUS) and 
internal urethral sphincter (IUS) in a male fetus (12 
wk of gestation). Three- dimensional reconstruction 
in (A) anterior view, (B) posterior view, (C) right-lat-
eral view, (D) superior view, and (E) inferior view. The 
EUS is shown in blue, and the IUS is shown in pink. 
The urethra and prostate are shown in light grey. An-
terior and posterior directions are represented by 
the letters ‘‘a’’ and ‘‘p.’’ Immunohistochemically 
stained sections: Sections from inferior (F) to supe-
rior (H) stained immunohistochemically for striated 
muscle, showing the EUS (black arrowheads). Pan-
els (I) through (K) are from same level as sections (F) 
through (H), stained immunohistochemically for 
smooth muscle, showing the IUS (red arrowheads). 
Note the smooth muscle tissue at the dorsal side of 
the urethra, where the striated muscle of the external 
sphincter is lacking; see red arrow in (J). Red lines 
in (C) illustrate the level of the sections as seen in (F) 
through (H). L = levator ani muscle; PB = pubic bone; 
R = rectum; U = urethra; bar = 0.5 mm. From Wallner 
et al, Eur Urol 55(4):932-944, 2009 [1088] 
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are likely assist. Damage to the innervation (para-
sympathetic and somatic) of the smooth and striated 
muscle may indirectly contribute to post-prostatec-
tomy incontinence. In addition compromise of the 
sphincter support mechanism or post-operative 
changes such as fibrosis can compromise sphincter 
function (Figure 16, 17). 

2. INCONTINENCE ASSOCIATED 
WITH BPH AND ITS TREATMENT 

Benign prostatic hyperplasia (BPH) and benign pros-
tatic obstruction (BPO) and their treatments have 
long been associated with incontinence in men. De-

trusor Overactivity (DO), impaired compliance and ur-
gency incontinence are prevalent in men with BPO. 
The prevalence of OAB ranges in adult males from 
10% to 26% and in adult females from 8% to 42%. It 
increases with age and often is associated with other 
LUTS [1108]. In men undergoing urodynamic testing 
detrusor overactivity is present in 40-80% of patients 
with obstruction [1109-1111]. In addition, impaired 
compliance, another potential cause of incontinence, 
has been shown to have a high correlation with outlet 
obstruction in men [1112, 1113]. Thus even before 
treatment of BPH and BPO there is a notable inci-
dence of bladder dysfunction and incontinence. 

Incontinence after the treatment of BPH may be re-
lated to persistent bladder dysfunction, new onset 
bladder dysfunction or sphincter dysfunction (injury). 
However, one European survey of 840 men reported 
lower prevalence of UI after transvesical prostatec-
tomy for BPH compared to other studies [1114]. 
Turner-Warwick et al first directed attention to the re-
lationship of bladder outlet obstruction, the symptoms 
of frequency, urgency and urge incontinence (now 
commonly known as LUTS: Lower Urinary Tract 
Symptoms) and the correlation of these symptoms 
with detrusor overactivity seen on cystometry [1115]. 
They noted that in 75% of men, symptoms were re-
lieved by de-obstruction. Leng and McGuire showed 
improvement in compliance after de-obstruction in 
7/9 men with severely impaired compliance (<5 
ml/cmH2O), but only one man regained “normal” 
bladder compliance [1116]. Several contemporary 
explanations for the cause of persistent overactivity 
after obstruction endure. These include denervation 

supersensitivity of the bladder muscle [1117, 1118], 
alterations in collagen composition of the obstructed 
bladder [1119], emergence of altered and increased 
sensory reflexes mediating the micturition reflex 
[1120, 1121] and physical changes in detrusor myo-
cytes affecting electrical transmission [1122] or even 
the the remaining influence of CRP as investigated by 
Kupelian et al [1123]. In addition, the bladder itself 
and particularly the trigone may be inadvertently re-
sected during surgery, causing bladder dysfunction or 
even without prior surgical treatment. Causes of 
sphincter damage related to transurethral or open 
prostatectomy include direct damage because of sur-
gical performance and electrocautery or thermal in-
jury to the sphincter [1124]. 

Recently, Han et al conducted a retrospective data 
analysis using a managed care data set (Integrated 
Healthcare Information Services National Benchmark 
Database) from 1997 through 2003 [1125]. They 
identified a cohort of men with BPH using Interna-
tional Classification of Diseases, Ninth Revision (ICD-
9) codes. From a total of over 12 million men, 411,658 
men with BPH (3.3%) were identified. The group then 
determined the nature of incontinence in these men 
with BPH focusing on its incidence, prevalence, and 
management. Furthermore they stratified patients by 
therapeutic subgroups of watchful waiting, alpha 
blockers, 5-alpha-reductase inhibitors and surgery. 
Of the total cohort, 2.7% had a diagnosis of inconti-
nence. Most of these men (87.5%) did not have prior 
BPH surgery, but those who did have surgery 12.5% 
were diagnosed with incontinence. The rates were al-
most identical whether the procedure was tran-
surethral resection or incision, laser, transurethral 
needle ablation, transurethral microwave therapy 
[1126]. Newer data suggests that the open prostatec-
tomy might be more effective and safer than the tran-
surethral approaches, which probably depends to the 
size of the prostate and the experience of the surgeon 
[1127, 1128]. The rate of incontinence after the surgi-
cal treatment was 1.4% for both stress and mixed in-
continence, 4.5% for urge incontinence and 6.5% for 
unspecified incontinence whereas the incontinence 
rates for men on watchful-waiting, alpha-blockers, 5-
alpha-reductase inhibitors and combination therapy 
were 6.4%, 5.7%, 5.1%, and 6, 5% respectively 
[1125]. This study provides some interesting data but 
must be interpreted with caution. The diagnosis of in-
continence was limited by what the patient and pro-
vider considered incontinence and was not often con-
firmed by objective testing. 

Nevertheless, the relationship of BPH and inconti-
nence can clearly be inferred. Until the last decade, 
transurethral resection of the prostate and open pros-
tatectomy accounted for the majority of surgical pro-
cedures to treat BPO. In 1989, the American Urolog-
ical Association published two major series on TURP 
and its complications. The AUA cooperative study in-
cluded 3,885 patients from 13teaching centres and 
private practices [1129], while the second consisted 
of a survey of all practicing urologists in the United 
States of whom 2,716 urologists responded [1129]. 

   
Figure 17: From Colliselli et al., World J Urol, 2000, 
18:324-9 
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Rates of post-TURP incontinence requiring a pad or 
collection device were 0.4% in the first and 3.3% in 
the second study. The AUA Cooperative study also 
reported mild stress incontinence in 1.2% [1130]. In 
1994, the Agency for Health Care Policy and Re-
search published clinical guidelines for the diagnosis 
and treatment of benign prostatic hyperplasia. The 
guidelines panel reviewed 27 articles about tran-
surethral prostatectomy and 30 articles reporting 
open prostatectomy to analyse treatment outcomes. 
The panel reported that the risk of total incontinence, 
defined as complete loss of voluntary control over 
micturition was of great concern to patients facing a 
treatment decision for BPH. In an overall ranking of 
15 different outcomes, the panel’s proxy judges 
ranked total incontinence of urine as the fourth most 
important outcome influencing a treatment decision. 
After TURP, 2.1% of patients experienced stress in-
continence, 1.9 % had urge incontinence, and 1.0% 
reported total incontinence. The panel attempted to 
abstract data on urge incontinence, but found very 
few studies reporting this particular outcome, there-
fore a statistical analysis was not performed. For 
open prostatectomy stress incontinence occurred in 
1.9%, urgency incontinence in 0.5% and total incon-
tinence in 0.5% of patients. 

Most studies evaluating post TURP and open prosta-
tectomy incontinence have found a significant inci-
dence of sphincter and bladder dysfunction. The inci-
dence of sphincter dysfunction ranges from 20-92% 
and bladder dysfunction from 56-97% [1131-1136]. 
The relatively high incidence of sphincter dysfunction 
may seem somewhat surprising as the incidence of 
DO before treatment is so high and it persists in 18-
59% after surgery to relieve obstruction [1110, 1115]. 
Therefore one might expect that a large number of 
patients would have persistent detrusor overactivity 
and urge incontinence. However, in large series, 
sphincter dysfunction appears to be the main cause 
of incontinence. The high incidence of sphincter dys-
function is likely to represent a selection bias, e.g. 
large numbers of patients referred to tertiary centres 
for treatment of stress incontinence. Nitti et al evalu-
ated patients with voiding dysfunction after TURP and 
found that of those who had incontinence 75% had 
bladder dysfunction, while only 20% had sphincter 
dysfunction (the cause of incontinence could not be 
identified in 5%) [1137]. Twenty-seven percent of in-
continent patients with bladder dysfunction also had 
obstruction. In the past decade, alternatives to TURP 
for the treatment of BPH have emerged. Most notably 
are thermal therapies and laser resection/enucleation 
of the prostate. Thermal therapies are considered 
“less invasive” and outcomes in most series are not 
comparable to traditional TURP with respect to effi-
cacy. However some laser treatments provide similar 
efficacy in well-selected patients, at least in the short 
term. Studies that have evaluated that holmium laser 
resection (HoLRP) and potassium titanyl phosphate 
(KTP) laser vaporisation of the prostate have shown 
a similar incidence of incontinence. Two randomised 

controlled trials of holmium laser versus TURP have 
shown rates of stress incontinence to be very similar. 
Westenberg et al showed the incidence of stress in-
continence with or without urge incontinence to be 
7% for HoLRP versus 6.7% for TURP at a minimum 
of 4 years follow-up [1138]. Kuntz and colleagues 
found just 1% stress incontinence in each group at 12 
months [1139]. They also showed a similar rate of 
resolution of preoperative urge incontinence for both 
groups (81% versus 85%). Two other prospective 
non-randomised trials of HoLEP found 0.6% -2.5% in-
cidence of stress [1140]. Two randomised controlled 
trials of KTP (green light) laser versus TURP reported 
0% and 1% stress incontinence in each group re-
spectively [1141, 1142] while a third randomised trial 
did not mention incontinence [1143].  A recent study 
comparing green light with TURP showed a compa-
rable 24-month outcome and safety profile [1144]. 
Retrospective studies on Greenlight showed a 2-
3.3% incidence of stress incontinence [1145, 1146]. 
Te, et al. [1147] reported 1 year results of Green Light 
in the first US multicentre prospective trial. At 12 
months 2 of 139 men had persistent new onset UII. 
They reported no stress incontinence. Others report 
no superiority outcome to standard approaches ex-
cept the hospitalisation time [1148]. 

In addition to the surgical treatment, it needs to be 
kept in mind that males with urinary tract infections 
(UTIs) had higher adjusted rates of UI with a pooled 
odds ratio of 3.5 (95% CI: 2.3; 5.2) [1149-1153]. 
Acute genitourinary toxicity, enuresis, incomplete uri-
nation (residual), and other urological conditions were 
associated with higher adjusted odds of UI in all stud-
ies that examined the relationship [1149, 1154-1156]. 

Recently new minimally invasive treatment options 
entered the market. Beside one prostatic urethral lift 
(Urolift®) none has been compared to the standard of 
surgical benign treatment the TURP. Although the 
rate if postoperative incontinence did not differ signif-
icant after one year (UroLift 85% vs. TURP 75%, 
p=0.4 patients recovered significantly faster from the 
minimally invasive procedure [1157]. In a similar way 
the results in a cross-over study was reported 
(LIFT®) and during the American Urology Association 
meeting in San Diego 2016 with a two year follow-up 
[1158]. Roehrborn reported that the adverse event of 
UI after UroLift were moderate to mild in the initial 
published data [1159]. 

Other treatment options have not yet been ade-
quately evaluated but will influence the patients 
choice [1160]. 

3. INCONTINENCE ASSOCIATED 
WITH RADICAL PROSTATECTOMY 

3.1. Incidence 
The incidence of incontinence after radical prostatec-
tomy has been a source of controversy over the past 
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several decades as reported rates have varied 
greatly depending on the definition and methodology 
of data collection. The incidence has probably de-
clined over the past two decades, owing to advances 
in surgical technique and to earlier recognition of 
lower stage disease in younger patients, however the 
prevalence of post-prostatectomy incontinence has 
risen; paralleling the increase in surgical procedures 
performed annually [1161]. In 1991, Foote et al tabu-
lated data from series published between 1977 and 
1990, and reported a range of incontinence rates 
from 2.5 to 87% after radical prostatectomy [1162]. In 
general, older single-institution studies utilizing physi-
cian assessments to determine incontinence rates re-
port relatively low rates (5-8%) [1163-1167]. Another 
study with a follow-up of up to 5 years reported a fre-
quent leakage in 14% or no urinary control men 60 
months after diagnosis [1168]. A variety of definitions 
of incontinence were used, making comparison of 
data difficult. Since then, validated patient question-
naires have been developed, which help to standard-
ize definitions of incontinence, allow easier compari-
son between institutions, and assess of the impact of 
incontinence on quality of life. This eliminates physi-
cian bias perhaps improving accuracy [1169-1171], 
although it introduces the cavee at that questionnaire-
based data may reflect subjective urine leakage but 
does not correlate with bother or actual urine, espe-
cially for mild degrees of incontinence [1172-1173]. 
As expected these studies show the incidence of in-
continence to be significantly higher, 13-65%, de-
pending upon the definition. 

In recent years robotic radical prostatectomy has 
gained popularity and nowadays, probably the major-
ity of radical prostatectomies are performed with the 
support of robot surgical assistance. This surgical ap-
proach (trans- vs. extraperitoneal) has been further 
developed so that the outcome related to the ap-
proach needs to be evaluated periodically following 
further developments [1174]. Similar to what has 
been observed with open radical prostatectomy, the 
continence rates tend to increase with longer follow-
up and may continue to improve even beyond 12 
months [1175]. The continence rates from several 
large recently published series ranged from 68 to 
97% at 12 months post-surgery [1175-1180], reach-
ing to the laparoscopic date with the longer time of 
experience this doesn’t make sense  (continence 
range 12 months post op: 84.9 – 94 (mean 72%) 
[1181], In their prospective study Jacobson et al re-
ported  that there were no differences in urinary func-
tional outcomes one year after open radical ret-
ropubic prostatectomy or laparoscopic radical prosta-
tectomy [1182] with 20 - 27% reported to have 
achieved immediate continence following catheter re-
moval [1176, 1178, 1179]. Anterior vesicourethral re-
construction [1183], posterior vesicourethral recon-
struction [1184] and total reconstruction [1185] have 
been described to increase the continence rate and 
hasten time to recovery of continence. As in earlier 
open prostatectomy series, robotic series tend to be 

single institution studies with physician reported out-
comes and continence status based on no or 0-1 
pads. In the meantime the data, which compared 
open vs. robotic radical prostatectomy became more 
robust demonstrating that continence post-opera-
tively is in favour for the robot assistant radical pros-
tatectomy [1186, 1187]. Others report this for the 
early post-operative phase and equal after one 
year.[1188] 

In 1993, The American College of Surgeons Commis-
sion on Cancer reviewed the reported results of 2,122 
patients treated by radical prostatectomy performed 
at 484 institutions in 1990 [1189]. Only 58% reported 
complete continence, 23% reported occasional in-
continence not requiring pads, 11.2% wore 2 or fewer 
pads per day, 4% wore more than 2 pads per day, 
and 3.6% were completely incontinent. Fowler et al 
[1190] published the results of an outcomes study on 
a series of Medicare patients with less encouraging 
results. In this series patients age >65 surveyed by 
mail, telephone, and personal interview, over 30% re-
ported currently wearing pads or clamps to deal with 
wetness; over 40% said they dripped urine during 
cough or when the bladder was full; 23% reported 
daily wetting of more than a few drops. Six percent 
had surgery after the radical prostatectomy to treat 
incontinence. 

There appear to be differences in physician vs. pa-
tient reported outcomes and centres of excellence 
versus community surgeons’ outcomes [1191]. When 
trying to interpret all of the data, it is clear that the 
varying definitions of incontinence make comparisons 
impossible. Even using the definition of pad free to-
tally continent has its limitations. Rodriguez et al 
[1180] found that 70% of men who attained “pad-free 
continence” after radical prostatectomy have occa-
sional incontinence. Conversely, Lepor et al [1192] 
asked the single question “Do you consider yourself 
continent?” at 3-24 months after surgery where 
97.1% of men answered yes. They found that the best 
correlation of objective measures with a positive were 
0 or 1 pad, total control or occasional dribbling, and 
no or slight problem from incontinence on the 
UCLA/RAND questionnaire [1192]. There is a wealth 
of good quality prospective studies evaluating incon-
tinence after prostatectomy in an objective manner. 
One such study compared continence in patients un-
dergoing open versus laparoscopic radical prostatec-
tomy at one year, using a 24-hour pad test, symptom 
scores and quality of life measures [1193]. Inconti-
nence was defined as a pad weight of > 8 grams/24 
hours. There were no differences in objective and 
subjective measures between the two groups. Uri-
nary incontinence was present in 13% of open and 
17% of laparoscopic cases. In practical terms inci-
dence of incontinence that produces bother, no mat-
ter what its degree, is the true parameter of interest. 
However, because of the individual variability of 
bother and the way data have been collected, we 
must be aware of the limitations of the historical data 
in the literature. Tables 7 and 8 highlight the reported 
rates of post-prostatectomy incontinence in large 
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contemporary series using physician-gathered and 
self-reported data respectively. Most large series are 

on radical retropubic prostatectomy as opposed to 
radical perineal prostatectomy. 

 

Table 7: Incidence rates of incontinence following radical retropubic prostatectomy based on physician as-
sessment in single institution studies. 

Reference N F/U (mo) Mean age 
(range) 

Subjective leakage Pad use 

Patel, et al (2007) [678] 
 

500 12 63.2 N/A 3% (not all patients 
had 12 month data) 

Catalona, et al (1999) 
[666] 

1328 50 63 (38-79) 
40-49; 53 
50-59; 358 
60-69; 632 
70+; 282 

N/A 8% 

Eastham, et al (1996) 
[667] 

581 24 63 med Stress: 5% 
Severe: 4% 

N/A 

Geary, et al (1995) [668] 458 >18 64.1 ± 0.3 N/A 1-2 pads/day – 8.1% 
3-5 pads/day – 6.6% 
Total Incont – 5.2% 

Zincke, et al (1994) [671] 3170 12 65.3 (31-81) N/A 3 or more pads/day: 
Pre 1988 – 7.9% 
Post 1988 – 5% 

Leandri, et al (1992) 
[669] 

398 12 68 (46-84) STRESS URINARY 
INCONTINENCE – 5% 
Total – 0 

5% 

Steiner, et al (1991) [670] 593 12 ? (34-76) STRESS URINARY 
INCONTINENCE – 8% 
Total - 0 

<1 pad/day – 2.2% 
1 pad/day – 3.5% 
2 pads/day – 1.5% 
>2 pads/day – 0.5% 

 

Table 8: Incidence rates of incontinence following radical retropubic prostatectomy based on data gathered 
from validated patient questionnaires. 

Reference N F/U (mo) Age (range) Subjective leakage Pad use 

Lepor, et al (2004) [688] 
 

621 24 58.7 (37-75) Patients considered 
“continent” on self 
assessment 

0-1 pad/24 hours 

Stanford, et al (2000) 
[690] 

1291 18 <65 – 56% 
>65 – 44% 

Occasional – 40% 
>Occasional – 8.4% 

1-2 pads/day – 18.3% 
>3 pads/day – 3.3% 

Kao, et al (2000) [691] 1069 N/A 63.6 (30-77) 65.6% 33% 

Wei, et al (2000) [672] 217 12 62.3 (40-80) Any leakage – 47% 
>1 episode/day – 65% 

13% (> 1 PPD) 

Fontaine, et al (2000) 
[692] 

116 51.6 65.2 (48-76) 14.4% 19.8% 
1 pad/day – 74% 
2 pads/day – 13% 
>3 pads/day – 13% 

Walsh, et al (2000) [693] 59 18 57 (36-67) N/A 7% 

McCammon, et al (1999) 
[673] 

203 40.3 (12-
144) 

63.7 (43-73) 61.8% 23.7% 
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Reference N F/U (mo) Age (range) Subjective leakage Pad use 

Bates, et al (1998) [694] 87 22 (7-87) 65 (49-73) 69% 24% 
1 pad/day – 60% 
2 pads/day – 15% 
>3 pads/day – 25% 

Talcott, et al (1997) [695] 94 12 61.5 13% 39% 

Donnellan, et al (1997) 
[675] 

51 12 ? Mild – 14% 
Moderate – 4% 
Severe – 2% 

Pad test 
Mild – 6% 
Moderate – 6% 
Severe – 4% 

Jonler, et al (1996) [696] 86 22.5 (12-
48) 

64 (49-75) Some – 59% 
>Few drops – 30% 

47% 

Goluboff, et al (1995) 
[650] 

480 36.4 (12-
106) 

62.6 Occasional, no pads – 
56.6% 
Daily incontinence – 8.2% 

Regular use – 8.2% 

Fowler, et al (1993) [686] 757 >24 65-69 – 51% 
70-74 – 39% 
>74 – 10% 

Some – 47% 
>Few drops and every day 
– 23% 

31% 

 

 

3.2. Recovery of Continence after Radical 
Prostatectomy 

While the majority of patients experience inconti-
nence immediately following RRP, in most this is tran-
sient with a gradual improvement over time. It needs 
to be kept in mind that there is even a group of about 
4% who might be incontinent prior to surgery (≥ 8g) 
although they might not consider themselves as in-
continent [1194]. Most studies report progressive re-
turn of continence up to one year after surgery and in 
general intervention for incontinence is usually de-
layed until one year after surgery unless absolutely 
no progressive improvement is seen. Thus, most 
prostatectomy series report continence rates at 1 
year. Lepor and Kaci [1192] showed that continence 
may continue to improve up to 24 months based on 
objective and subjective measures. They showed 
modest improvements in bother (UCLA RAND ques-
tionnaire) pad usage and total control rates between 
12 and 24 months. Pad weights were not determined 
so it is possible that some “improvements” could have 
been related to patient tolerance and expectations 
over time. Smither et al objectively assessed the nat-
ural history of post radical prostatectomy inconti-
nence using a standardised I hour pad test [1195]. 
They showed a rapid improvement in urinary control 
during the first 18 weeks post-RRP with a flattening 
of the recovery curve beyond that point. Minimal in-
continence defined as < 1 g on a 1 hour pad test was 
as demonstrated in 3,37,66, 85, 87 and 91% of pa-
tients at 2, 6, 18, 30, 42, and 54 weeks. They con-
cluded that the 18-week marker appears to be the 
time point after which the majority of patients have 
achieved urinary control, although a small percentage 
will have continued objective improvement. This esti-
mation is chaired by Socco et al reporting the pro-
gressive improvement of continence until two years 

after RRP but some patients may become? continent 
incontinent even later [116] whereas others reported 
that the maximum  continence was already reached 
after  three months [1194]. 

3.3. Risk Factors 
An increased risk of post-prostatectomy incontinence 
in older men is supported in theory by anatomical ob-
servations. With advancing age, there is evidence of 
atrophy of the rhabdosphincter [1094] and neural de-
generation [1197]. Several studies have shown ad-
vancing age to be a risk factor for postoperative in-
continence [–1163, 1164, 1167, 1198-1200]. Steiner 
et al [1166] found no correlation between age and 
continence status, but only 21 of the 593 patients 
were 70 years or older. Catalona et al [1163] reported 
that “Recovery of urinary continence occurred in 92% 
(1,223 of 1,325 men) and was associated with 
younger age (p<0.0001) which might be related to 
surgical approach (nerve sparing), which might be 
performed more often in the younger than in the older 
patient, although they ultimately reach a similar out-
come [1201]. It was recently stated by Khoder et al 
that nervesparing makes sense for the elderly (>70y 
of age). It needs to be kept in mind that this patient 
group increased significantly over the recent years 
[1202]. Most large series have found no correlation 
between the stage of disease and incontinence rates, 
whereas Loeb reported the benefit to the younger pa-
tient in the high risk group to aim to maintain conti-
nence [1203]. However, in certain cases, the stage of 
disease may affect the surgical technique (i.e. nerve 
sparing), but this appears to be a reflection on surgi-
cal technique and not disease stage [1164]. 

Authors of several single-institution studies have ar-
gued that surgeon experience and surgical technique 
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are important determinants of post-operative inconti-
nence rates [1100, 1183, 1204, 1205] and many have 
found that changes in their own technique have led to 
reduced rates of incontinence or a reduced time to 
recover continence [1100, 1183, 1206-1208]. 

This includes procedural modifications such as, nerve 
sparing (probably secondary to a more careful dis-
section) [1209, 1210] bladder neck preservation 
[1211], preservation of anterior urethral ligamentous 
attachments and urethrovesical junction reconstruc-
tion (Figure 18) [1212]. 

Patients who have undergone prior radiation for pros-

tate cancer are at high risk of developing inconti-
nence after radical prostatectomy with the possible 
need of postoperative radiation therapy [1203]. Rates 
of significant incontinence after salvage prostatec-
tomy range from 57-64% [1213, 1214]. Sanderson 
and colleagues [1215] reported that 45% of men un-
derwent artificial urinary sphincter placement after 
salvage prostatectomy and another 31% without an 
artificial sphincter had incontinence greater than oc-
casional dribbling. This has prompted some to recom-
mend urinary diversion at the time of salvage radical 
prostatectomy [1216]. 

3.4. Aetiology and Pathophysiology of Post 
Radical Prostatectomy Incontinence: 
Sphincter vs. Bladder Dysfunction 

There is fairly extensive literature on urodynamic in-
vestigation of post prostatectomy incontinence. While 

it is well established that both bladder and sphincter 
dysfunction may be present after radical prostatec-
tomy, most studies agree that sphincter dysfunction 
(stress incontinence) is the main cause. Ficazzola 
and Nitti found that although 46% of patients had 
bladder dysfunction, incontinence on urodynamic 
study was demonstrated in only 27%. Even in those 
patients, sphincter dysfunction was the main cause of 
incontinence in the overwhelming majority [1207]. 
Groutz and colleagues found a 33% incidence of 
bladder dysfunction, but found that it was the main 
cause of incontinence in only 7.25% [1218]. Two ear-
lier series reported a higher incidence of bladder dys-
function [1132, 1133]. Some authors feel that in some 
patients with severe intrinsic sphincter deficiency, 
bladder dysfunction may occur as a result of filling the 
bladder to volumes that it is not accustomed to hold-
ing [1217]. The study or Giannantoni et al. reported 
that after RRP a high proportion of patients (70.3%) 
were affected by DO and about half of these patients 
complained of overactive bladder symptoms of which 
DO was also observed in 61.2% of patients before 
surgery, which indicates that the abnormality can be 
attributed to the surgical damage in a small percent-
age of patients [1219]. At the 36-month follow-up, the 
dysfunction persisted in 56.3% of 32 men, and about 
40% of these presented with overactive bladder 
symptoms. At the three year follow-up, the dysfunc-
tion persisted in 25% of cases [1219]. Filling to ca-
pacity may produce detrusor overactivity or de-
creased compliance. Thus, bladder dysfunction is in 
a sense an artefact, but one possibility is partial de-
centralisation of the bladder as a result of its mobili-
sation during prostatectomy [1218], combined with 
somatic denervation, because the branches of the 
pudendal nerves innervating the pelvic floor muscles 
and the striated urethral sphincter split before reach-
ing the urogenital diaphragm [86]. This may explain 
why the outcomes for artificial urinary sphincters for 
the treatment of stress incontinence are not adversely 
affected by the presence of detrusor overactivity 
[1220, 1221]. In addition, bladder dysfunction may be 
chronic and stem from obstructive uropathology pre-
sent before prostatectomy. It is also important to note 
that most of these studies are performed in men seek-
ing treatment for their incontinence. However, it ap-
pears that sphincter dysfunction is the primary cause 
of post-radical prostatectomy incontinence, but blad-
der dysfunction may be present in a significant num-
ber of men (though rarely alone) and must not be 
completely excluded when planning treatment [1222]. 

The majority of evidence in the literature supports the 
conclusion that sphincter damage is the primary 
cause of incontinence after total prostatectomy. Di-
rect exposure and manipulation of the sphincter dur-
ing radical prostatectomy would suggest that sphinc-
ter damage is the most likely cause of incontinence. 
Successful treatment with the artificial urinary sphinc-
ter and male sling procedures also indirectly suggests 
that primary sphincter injury is the major cause of in-
continence, since outcome is not usually complicated 

 
Figure 18: Surgical anatomy of the urethral sphincter 
complex. (A) Fixation of the urethral sphincter (mod-
ified from Luschka [16]). (B) Lateral aspect of the 
urethral sphincter after nerve sparing. PPL = pubo-
prostatic ligament; PVL = pubovesicalis ligament; 
PP =  puboperinealis muscle; DA = detrusor apron; 
B = bladder; FSS = fascia of the striated sphincter; 
ML = Mueller’s ligaments (ischioprostatic liga-
ments); NVB = neurovascular bundle; R = rectum; 
MDR =medial dorsal raphe; RU = rectourethralis 
muscle; OI = Os ischiadicum; SS = striated sphincter 
(rhabdosphincter); PB = pubis bone. 

From Schlomm et al, Eur Urol 2011 
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by bladder dysfunction. It might be helpful to include 
urodynamics and especially urethral pressure pro-
filometry as suggested by Bentzon et al [1223]. They 
suggested that postoperative urodynamics after 6 
months may be predictive for persistent incontinence 
due to the bladder, sphincter, and both, that immedi-
ate intervention is more appropriate than watchful 
waiting. They found that sphincter insufficiency was 
diagnosed by stress incontinence with maximal ure-
thral closure pressure below 30 cmH2O, decreased 
functional length and a distinctive profile. For the 
placement of the artificial sphincter the 2015 consen-
sus conference suggested waiting at least 6 months 
prior to a AUS-placement [1224].  Bladder dysfunc-
tion after prostatectomy may have been present pre-
operatively, for example due to pre-existing outflow 
obstruction, may be caused by the operation itself, or 
may be due to age related changes in bladder func-
tion.  

Many patients who have prostate surgery have pre-
existing bladder dysfunction, which may or may not 
be symptomatic. While it is more obvious how an 
overzealous TURP (with resection into the trigone) 
can cause detrusor overactivity, it is less apparent 
how radical prostatectomy affects detrusor function. 
Some have suggested that denervation of the urethra 
or the bladder may occur during radical prostatec-
tomy. John et al [1225] studied trigonal innervation by 
biochemical markers and found that “urinary inconti-
nence was associated with decreased trigonal inner-
vation, a high sensory threshold and low maximal ure-
thral closure pressure” which was evaluated differ-
ently by the same author in different reports [1085, 
1226]. 

4. INCONTINENCE RELATED TO 
RADIATION THERAPY FOR 

PROSTATE CANCER 

Radiation therapy, whether external beam or brachy-
therapy, can be a cause of voiding dysfunction and 
incontinence [1222, 1227]. Sometimes this is a direct 
effect of the radiation or it can be related to the treat-
ment of other sequelae such as urinary retention. The 
initial response to it is primarily oedema and then 
gradually degeneration, fibrosis and disorganisation 
ofthe bladder musculature. While radiation is primar-
ily delivered to the prostate, portions of the bladder 
may also be affected. Perivascular fibrosis of blood 
vessels may then cause vascular occlusion followed 
by ischemia of the bladder wall, which can then pro-
gress to fibrosis within 6 to 12 months [1228]. Choo 
et al [1229], found that urodynamic bladder capacity 
decreased by an average of 54 ml, 18 months after 
radiation therapy. Blaivas et al [1230] evaluated 47 
men with symptomatic LUTS after brachytherapy and 
found that 71% were incontinent and 85% had detru-
sor overactivity. Similarly, radiation can cause dam-
age to the distal urinary sphincter, which can result in 

incontinence. In addition there is a dose-effect rela-
tionship for individual pelvic floor muscles and ano-
rectal complaints after prostate radiotherapy, which is 
related to incontinence-related complaints showing 
specific dose-effects to individual pelvic floor muscles 
[1231]. 

Urinary retention and increased obstructive LUTS are 
other common problems that radiation therapy and 
particularly brachytherapy is urinary retention this 
doesn’t make sense. The incidence of retention has 
been reported to range from 2% to 30% after brachy-
therapy [1232-1235]. Most patients with retention will 
have resolution of their obstruction within weeks while 
others may require surgical procedures. A retrospec-
tive review of over 2,100 Medicare patients who un-
derwent brachytherapy for prostate cancer found that 
8.3% required a surgical procedure to relieve bladder 
outlet obstruction post-brachytherapy [1236]. Flam et 
al reported that 19 of 600 (3.1%) patients receiving 
brachytherapy required TURP [1237]. Kollmeier and 
colleagues reported a similar rate of 2% in 2050 men 
[1238]. Most authors have found significant rates of 
post TURP incontinence after radiation. Incontinence 
following TURP after brachytherapy has been re-
ported in 0-70% and is often severe [1237-1239]. Ex-
ternal beam radiation is also a risk factor as Green et 
al reported a 33% incidence of incontinence following 
TURP in patients post-irradiation for prostate cancer 
[1240]. Some authors have emphasised that inconti-
nence can be minimised by performing a limited re-
section [1241] or by performing TURP within 2 years 
of brachytherapy [1238]. In the latter study, two of 24 
patients (8%) that underwent TURP within 2 years of 
treatment were incontinent and 5 of 14 patients (36%) 
that underwent TURP 2 years or more after brachy-
therapy were incontinent (p=0.04), which is supported 
by the findings of  Pinkawa et al [1242]. However, oth-
ers suggest that delaying TURP until 5 years after ra-
diation can actually reduce the risk of incontinence 
[1243-1245]. 

5. CONCLUSIONS 
Incontinence in the male as in the female can be 
broadly divided into causes related to bladder and/or 
sphincter dysfunction. The pathophysiology of incon-
tinence as it relates specifically to the male is fairly 
well described; however advances in science and 
anatomy will undoubtedly provide better understand-
ing in the future. For example, the causes of sphincter 
insufficiency are known (i.e. damage to muscle, nerve 
and/or supporting struc-tures) but clinicians are not 
able to accurately as-sess the exact cause of sphinc-
ter insufficiency in any given patient. Therefore much 
of our under-standing of post treatment incontinence 
“pathophysiology” is derived from reports of inconti-
nence (incidence/prevalence) after surgery or radia-
tion. In addition investigators have not done an ade-
quate job in defining the incidence of incontinence re-
lated to interventions for prostatic disease, whether 
benign or malignant. Some work has been provided 
to understand and discriminate the issue of pre- and 
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post-operative  incontinence, but as an issue of the 
shortened hospitalisation those prospective investi-
gations, which are mandatory for the understanding 
of the physiological functioning and the pathophysiol-
ogy, which might become clinically significant after 
the intervention this doesn’t make sense. Problems 
have been two-fold: first in defining incontinence and 
what is bothersome/significant and second in accu-
rately reporting data. New technologies for the treat-
ment of BPH have provided us with Level 1 evidence 
regarding the incidence of incontinence in trials com-
paring new technology to TURP and Level 2 evidence 
through meta-analysis and prospective series. Data 
regarding the incidence of post-radical prostatectomy 
and postradiation incontinence has been less robust 
and of a lower quality - level 2-4.  Even the level 2 
evidence lacks consistency. 

 CAUSES OF REVERSIBLE 
INCONTINENCE IN OLDER 

ADULTS 

1. URINARY INCONTINENCE 

Transient causes of incontinence probably accounts 
for one-third of cases among community-dwelling 
older people (>65 years old), up to one-half of cases 
among acutely-hospitalised older people, and a sig-
nificant proportion of cases among nursing home res-
idents [1246-1250]. Transient urinary incontinence 
arises suddenly, lasts less than six months, and re-
sults from reversible causes [1251]. Most causes of 
transient incontinence in the older population lie out-
side the lower urinary tract but two points are worth 
emphasising. First, the risk of transient incontinence 
is increased if, in addition to physiological changes of 
the lower urinary tract, the older person also suffers 
from pathological changes [1252, 1253]. Overflow in-
continence is more likely to result from an anticholin-
ergical agent in a person with a weak or obstructed 
bladder, just as urge incontinence is more likely to re-
sult from a loop diuretic in someone with detrusor 
overactivity and/or impaired mobility [1254, 1255]. 

This fact may explain why some controversy persists 
regarding some causes of transient incontinence. It 
also emphasizes that continence depends on the in-
tegrity of multiple domains-mental state, mobility, 
manual dexterity, medical factors, and motivation, as 
well as lower urinary tract function. Although in 
younger individuals incontinence usually results from 
lower urinary tract dysfunction alone, incontinence in 
older patients often results from deficits in multiple do-
mains that together result in incontinence [1250, 
1256]. Attention to any one or more of these risk fac-
tors can restore continence or at least improve it. Sec-
ond, although termed “transient,” these causes of in-
continence may persist if left untreated, and so they 

cannot be dismissed merely because the inconti-
nence is of short duration. 

1.1. Quality of Data 
In older people, continence status may not be abso-
lute, especially in those who are frail. Infrequent leak-
age of small amounts may appear and disappear, 
and reporting accuracy varies as well [1257].  Some-
times the changing status of incontinence is the initial 
symptom of LUTS, neurological disorder (Parkinson’s 
disease, MS etc.), cardiogenic changes or diabetes. 
Furthermore, ethical constraints and methodological 
issues preclude robust investigations of the condi-
tions commonly impugned as causes of transient in-
continence. Thus, it is not surprising that evidence 
supporting the association between these conditions 
and transient incontinence consists predominantly of 
case reports and case series. 

1.2. Results of Literature Review 
Transient causes of incontinence in older people are 
shown in Table 9 and can be recalled using the mne-
monic DIAPPERS  (Delirium, Infection, Atrophic vag-
initis, Pharmaceuticals, Psychological condition, Ex-
cess urine output, Reduced mobility, Stool impaction) 
[1251, 1258-1260]. 

Table 9. Transient Incontinence in Older Adult 

• Delirium 

• Infection 

• Atrophic vaginitis 

• Pharmaceuticals 

• Psychological condition 

• Excess urine output 

• Reduced mobility 

• Stool impaction 

1.2.1 Delirium 
“D” is for delirium, a confusional state characterised 
by fluctuating inattentiveness and disorientation. Its 
onset occurs over hours to days, as contrasted with 
dementia, which develops over years. Delirium can 
result from almost any medication and from virtually 
any acute illness, including congestive heart failure, 
deep vein thrombosis, or infection. Many of these 
conditions may present atypically in older patients, 
and if the patient becomes confused because of 
them, incontinence may be the first abnormality de-
tected [1261]. Delirium leads the list because, if un-
recognised, it is associated with significant mortality 
[1262]. Thus, in this case, meticulous medical evalu-
ation - not cystometry - is crucial [1263]. 

1.2.2 Urinary tract infection 
Symptomatic urinary tract infection is another cause 
of incontinence, although it is supposing uncommon 
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one [1249]. However, asymptomatic urinary infection, 
is much more common in older people [1264-1266]. 
Women with recurrent urinary tract infection had the 
highest increase in UI by 230% for weekly UI [1267] 
and for monthly UI [1268], 220% for UI in the past 
year [1269], and by 470% for ever having UI [1270]. 
In addition Arya at al reported that women with recur-
rent UTIs have greater urinary frequency and in-
creased perceived bladder sensation in the absence 
of an active infection than control women [1271]. 

1.2.3 Atrophic vaginitis 
Atrophic vaginitis in older women is frequently asso-
ciated with lower urinary tract symptoms, which occa-
sionally include incontinence [1272]. As many as 80% 
of such women attending an incontinence clinic are 
reported to have physical evidence of atrophic vagi-
nitis, characterised by vaginal mucosal atrophy, fria-
bility, erosions, and punctuate haemorrhages. While 
the evidence supporting the use of oestrogens in 
lower urinary tract dysfunction remains controversial 
there are considerable data to support their use in 
urogenital atrophy and the vaginal route of admin-
istration correlates with better symptom relief by im-
proving vaginal dryness, pruritis and dyspareunia, 
greater improvement in cytological findings, and  
lower serum oestradiol levels [1273]. Atrophic vagini-
tis has been associated with urgency and occasion-
ally a sense of “scalding” dysuria, but both symptoms 
may be relatively unimpressive. More recent epidemi-
ologic and clinical studies have called these beliefs 
into question since they have demonstrated an asso-
ciation with oestrogen treatment and the onset of in-
continence [1274]. Unfortunately, limitations in their 
design allow for the possibility of both bias and con-
founding factors. Further research is warranted. 

1.2.4 Medications 
Pharmaceuticals are one of the most common 
causes of incontinence in older people, with several 
categories of drugs commonly implicated [1275, 
1276] (Table 10). Of note, many of these agents also 
are used in the treatment of incontinence, underscor-
ing the fact that most medications used by older peo-
ple are “double-edged swords.” The first category of 
relevant drugs is the long-acting sedative/hypnotics, 
such as diazepam and flurazepam, which can cloud 
an older patient’s brain “Loop” diuretics, such as furo-
semide or bumetanide, by inducing a brisk diuresis, 
can also provoke leakage. Drugs with anticholinergic 
side effects are a particular problem and include ma-
jor tranquilizers, antidepressants, anti-Parkinsonian 
agents (e.g., benztropine mesylate or trihex-
yphenidyl), first generation (sedating) antihistamines, 
anti-arrhythmics (disopyramide), antispasmodics, 
and opiates. By decreasing detrusor contractility, they 
can cause urinary retention and overflow inconti-
nence. They can also cause confusion. Anticholiner-
gic agents are particularly important to enquire about 
for two reasons. First, older patients may often take 
more than one of them at a time. Second, they are 
contained in many non-prescription preparations that 

older people frequently take without consulting a phy-
sician. 

Adrenergically-active agents have also been associ-
ated with incontinence. Many alpha-adrenoreceptor 
antagonists (used mainly for treatment of hyperten-
sion) block receptors at the bladder neck and may in-
duce stress incontinence in women [1277]. Older 
women are particularly at risk because their urethral 
length and closure pressure normally decline with 
age. Thus, prior to considering other interventions for 
stress incontinence in a woman taking such a drug, 
substitution of an alternative agent should be tried 
and the incontinence re-evaluated. Calcium channel 
blockers can cause incontinence. As smooth muscle 
relaxants, they can increase residual volume, espe-
cially in older adults with impaired detrusor contractil-
ity. Increased residual urine may occasionally lead to 
stress incontinence in women with a weak urethral 
sphincter, or to overflow incontinence in men with 
concurrent urethral obstruction. Finally, angiotensin 
converting enzyme inhibitors, by inducing cough (the 
risk of which is age-related), may precipitate stress 
incontinence in older women whose urethra has 
shortened and sphincter weakened with age [1278]. 
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Table 10: Common medications affecting continence 

Type of Medication Examples Potential Effect on Continence 

Sedatives/Hypnotics Long-acting benzodiazepines (e.g. 
diazepam, flurazepam) 

Sedation, delirium, immobility 

Alcohol  Polyuria, frequency, urgency, 
sedation, delirium, immobility 

Anticholinergics Dicyclomine, disopyramide, 
antihistamines (sedating ones only, 
e.g. Benadryl®) 

Urinary retention, overflow 
incontinence, delirium, impaction 

Antipsychotics Thioridazine, haloperidol Anticholinergic actions, sedation, 
rigidity, immobility 

Antidepressants (tricyclics) Amitriptyline, desipramine; not 
SSRI’s 

Anticholinergic actions, sedation 

Anti-Parkinsonians Trihexyphenidyl, benztropine 
mesylate, (not L-dopa or selegiline) 

Anticholinergic actions, sedation 

Narcotic analgesics Opiates Retention, impaction, sedation, 
delirium 

Adrenergic antagonists Prazosin, terazosin, doxazosin Urethral relaxation may precipitate 
stress incontinence in women 

Adrenergic agonists Nasal decongestants Urinary retention in men 

Calcium channel blockers All dihydropyridines Urinary retention; nocturnal diuresis 
due to fluid retention 

Potent diuretics Furosemide, bumetanide (not 
thiazides) 

Polyuria, frequency, urgency 

NSAIDSs Thiazolidinediones Indomethacin, COX-2 inhibitors, 
rosiglitazione, pioglitazione 

Nocturnal diuresis from fluid 
retention 

Angiotensin Converting Enzyme 
(ACE) inhibitors 

Captopril, enalapril, lisinopril Drug-induced cough precipitates 
stress incontinence in women and 
some men after prostatectomy 

Vincristine  Urinary retention from neuropathy 
 

 

1.2.5 Diuresis 
Excess urinary output can also cause incontinence, 
especially in individuals with impaired mobility, men-
tal state, or motivation, particularly if they also have 
detrusor overactivity. Causes of excess output in-
clude excess intake, diuretics (including theophylline-
containing fluids and alcohol), and metabolic abnor-
malities (e.g., hyperglycemia and hypocalcaemia). 
Nocturnal incontinence can be caused or exacer-
bated by disorders associated with excess nocturnal 
excretion, such as congestive heart failure, peripheral 
venous insufficiency, hypoalbuminemia (especially in 
malnourished older people), and drug induced pe-
ripheral oedema associated with NSAIDs, thiazoli-
dinediones, and some calcium channel blockers 
(e.g., dihydropyridines such as nifedipine, isradipine, 

and nicardipine).  In addition, certain foods are natu-
ral diuretic like asparagus, parsley, beets, grapes, 
green beans, leafy greens, pineapple, pumpkin, on-
ion, leeks, and garlic, as well as juices such as orange 
juice. The role of caffeine and timing of drinking fluids 
(e.g. in the evening or before bedtime) is still not 
clear, but should nonetheless be considered a possi-
ble contributing cause for nocturia and nocturnal in-
continence, whereas it is known to increase the bowel 
motility [1279-1281]. 

1.2.6 Restricted mobility  
Restricted mobility is an easily understood but fre-
quently overlooked cause of incontinence [1282]. In 
addition to obvious causes, restricted mobility may be 
associated with orthostatic or postprandial hypoten-
sion, poorly-fitting shoes, poor physical state, or fear 
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of falling, all of which are common geriatric condi-
tions. All of the prior mentioned reasons and because 
of the restricted mobility might be the cause of incon-
tinence because of nocturia. 

1.2.7 Nocturia 
For frail/older people with bothersome nocturia, as-
sessment should focus on identifying the potential un-
derlying cause(s), including (GR: C):  

• Nocturnal polyuria; 

• Primary sleep problem (including sleep apnea); 

• Conditions resulting in a low voided volumes (e.g. 
elevated post-voiding residual) co-morbidity. 

1.2.8 Post-void residual (PVR) volume 
A post-void residual volume (PVR) is impractical to 
obtain in many care settings. However, there is com-
pelling clinical experience for measuring PVR in se-
lected frail/ older persons with: 

• Diabetes mellitus (especially if longstanding); 

• Prior episodes of urinary retention or history of high 
PVR; 

• Recurrent UTIs; 

• Medications that impair bladder emptying (e.g. an-
ticholinergics); 

• Chronic constipation; 

• Persistent or worsening UI despite treatment with 
antimuscarinics; 

• Prior urodynamic study demonstrating detrusor un-
deractivity and/or bladder outlet obstruction (GR: 
C). 

2. FAECAL INCONTINENCE 

2.1. Background 
The prevalence of FI in older adults ranges from 3.7-
27% in community dwelling elderly persons to over 
50% in nursing home residents. In addition FI is a 
common reason for referral of elderly persons to a 
nursing home [1284, 1285]. Underreporting is an is-
sue with both urinary and faecal incontinence [1286-
1289]; memory-loss and dementia exacerbate that 
problem in the elderly. While the prevalence is fairly 
well documented, the percentage of those people 
who have transient as opposed to long-term inconti-
nence is not well known. There is significant financial 
and social cost associated with management of FI in 
the community and nursing homes [1286, 1290-
1295]. Identifying transient and remediable causes 
would benefit patients, caregivers and the health care 
system. One confounding aspect in the discussion of 
transient incontinence is the largely unknown natural 
history of FI. It is clear that the symptom is intermittent 

in some patients and spontaneously resolves in oth-
ers. As noted earlier in this chapter, continence for 
stool is a complex mechanism involving the con-
sistency and transit time of stool, rectal capacity and 
pelvic floor function. Rectal capacity and pelvic floor 
function are less likely to undergo transient changes 
but stool consistency, transit time of the intestinal 
tract and other medical conditions may change. It is 
well established that the prevalence of FI increases 
with age, even if the mechanism is not completely un-
derstood; the increase in prevalence suggests pro-
gressive deterioration of some aspect of anorectal 
function [1286, 1290, 1296-1301]. Theoretically, al-
ternations in stool consistency, transit time and med-
ical conditions would be more likely to result in incon-
tinence in the elderly although that there is minimal 
confirmatory data.  

The literature on transient FI is limited with a domi-
nance of case series and retrospective reports. Some 
information is inferred from data from large studies of 
prevalence and risk factors. Treatment recommenda-
tions are frequently based upon an empirical rather 
than evidence-based approach. 

2.2. Causes 
FI occurs when the propulsive forces in the colon and 
rectum overwhelm the resistant forces of the pelvic 
floor. Continence for stool requires the receipt and 
recognition of the urge to defecate, mobility to reach 
the toilet in time, and the ability to postpone defaeca-
tion until reaching the bathroom. Delaying defaeca-
tion requires sufficient rectal capacity and compliance 
and adequate neurologic and anal sphincter function.  

2.2.1 Altered mental status 
Acute medical illness, hospitalistion, surgery and 
medications such as opiates and sedatives may re-
sult in delirium or disorientation in the elderly. The re-
ported rates of mental status changes to as high as 
74% after surgery and from 11 to 42% during medical 
hospitalisation [1302, 1303]. In a systematic review of 
delirium associated with medication, opioids, benzo-
diazepines, and dihydropyridines were found to 
clearly increase the risk of delirium. There was uncer-
tainty regarding antihistamines, tricyclic antidepres-
sants, anti-Parkinson mediations, steroids and non-
steroidal anti-inflammatory medication [1304]. Delir-
ium, confusion and other transient changes in cogni-
tive function may impair a patient’s ability to recognise 
the urge to defaecate and/or their motivation to re-
main continent. The limited investigations of the rela-
tionship of delirium and incontinence studied patients 
with chronically altered mental status; any relation-
ship of acute delirium and/or confusion with faecal in-
continence is inferred from those data. Studies of the 
impact of delirium on continence show that delirium 
plays an important role in the development of inconti-
nence [1305, 1306]. The impact of altered mental sta-
tus on continence has also been inferred from studies 
showing improvement in continence with scheduled 
toileting programs [1307, 1308]. Ignoring the urge to 
defaecate combined with the effect of medications 
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may result in faecal impaction followed by inconti-
nence. Delirium may require the use of restraints. 
Need for a restraint has been reported as an inde-
pendent factor in incontinence [1309]. 

2.2.2 Impaired mobility  
Lack of adequate mobility may prevent a patient from 
reaching the bathroom in time to avoid incontinence. 
In addition to the causes described in the urinary in-
continence section, musculoskeletal ailments, such 
as arthritis and bone fractures, occur more commonly 
in the elderly and limit mobility. During the recovery 
phase from joint replacements ambulation may be 
slow and unsteady. Acute neurological conditions 
such as stroke may affect a patient’s gait as well as 
debilitated states from other illness. FI is fairly com-
mon (up to 30% in first week) immediately after a 
stroke; with rehabilitation, the rate decreases [1310, 
1311]. The use of anticholinergic medication and re-
quiring assistance to reach the toilet were significant 
independent factors [1310]. For patients temporarily 
requiring assistance to reach the bathroom, the time-
liness of the assistant may impact on their conti-
nence.  

2.2.3 Stool consistency  
Change in stool consistency affects continence; both 
constipation and diarrhoea may result in FI. 

2.2.4 Diarrhoea 
Loose stool is clearly a risk factor for incontinence 
[1299, 1311-1315]; one study identified loose stool as 
the most important independent risk factor [1290]. 
Any condition or medication resulting in loose stools 
may also lead to incontinence including acute infec-
tion, intestinal inflammatory processes, medication 
and supplements (Table 11). Medications with the 
side effects of diarrhoea and/or steatorrhea may re-
sult in faecal incontinence. Table 12 lists the medica-
tions, which cause diarrhoea or steatorrhoea with 
reasonable frequency [1316, 1317]. Laxatives and 
the medications used for bowel preparation for colon-
oscopy and surgery frequently result in temporary in-
continence in older patients.  

Although rarely described in the literature, intuitively 
cessation of the causative medication should de-
crease the incontinence. In a case report, withdrawal 
of the offending medication, metformin, resolved the 
incontinence [1318].  

Table 11: Causes of Loose Stool 

 
Table 12: Medications causing diarrhoea 

 
 

2.2.5 Constipation  
Paradoxical FI may occur in patients with faecal im-
paction [1319-1323]. Immobility, inadequate dietary 
and fluid intake, depression, metabolic disorders neu-
rological conditions, connective tissue disorders and 
medications contribute to constipation [1319, 1320]. 
Impaction may result in overflow incontinence with 
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loose stool leaking around the faecal bolus [1324]. 
Evaluation of impacted patients compared to elderly 
controls revealed similar resting and squeeze pres-
sures although both groups had lower pressures than 
younger healthy controls. However, perianal and rec-
tal sensation was impaired in 74% of the impacted 
patients [1325]. The theory is the patients with im-
paired sensation do not experience the urge to defae-
cate with the typical volume of stool. The stool bolus 
causes the usual reflex relaxation of the internal anal 
sphincter but the lack of perception prevents the nor-
mal contraction of the external sphincter muscle. In-
continence is often aggravated by the use of laxatives 
to relieve constipation.  

3. SUMMARY 

Apart from re-challenged data for alpha-adrenergic 
agents (Level of Evidence = 2), the level of evidence 
for most of these causes is Level 3-4. Nonetheless, 
because many are easily addressed and contribute to 
morbidity beyond the lower urinary tract and perianal 
area, they are worth identifying even if the evidence 
is not strong. 

4. RECOMMENDATIONS 

Despite the lack of robust data regarding the inci-
dence and causes, transient urinary and faecal incon-
tinence is a clinically common problem. Since in most 
cases treatment is relatively straightforward, it is im-
portant to consider the causes discussed in this sec-
tion when elderly patients present with new onset in-
continence. Moreover, addressing them may further 
improve the incontinence even if it does not eliminate 
it completely, and it may make the incontinence more 
amenable to subsequent therapy. (Grade of recom-
mendation C). 

5. RESEARCH PRIORITIES 

Further research should be performed on the mecha-
nisms, prevalence, incidence, and remission rates of 
each of the known causes of transient incontinence, 
and possible additional causes should be identified 
as well. Since the clinical circumstances of older peo-
ple are heterogeneous, studies should be conducted 
among several subgroups, including independent 
and homebound and community-dwelling older peo-
ple, bedbound and mobile institutionalised older peo-
ple and acutely hospitalised older people. 
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ABBREVIATIONS 

AHCPR Agency for Health Care Policy and 
Research's  

AUA American Urological Association 

BD Bladder Diary 

BMI Body Mass Index 

BOO Bladder Outlet Obstruction 

BPE Benign Prostatic Enlargement 

BPH Benign Prostate Hyperplasia 

BPO Benign Prostatic Obstruction 

CLSS Core LUTS Score 

DAN-PSS Danish Prostatic Symptom Score 

DO Detrusor Overactivity 

DRE Digital Rectal Examination 

EBM Evidence Based Medicine 

FIGO International Federation of Gynecology 
And Obstetrics 

FVC Frequency-Volume Chart 

GFR Glomerular Filtration Rate 

GH Genital Hiatus 

ICI International Consultation on 
Incontinence 

ICIQ International Consultation on 
Incontinence Modular Questionnaire 

ICIQ-MLUTS International Consultation on 
Incontinence Modular Questionnaire-Male 
LUTS 

ICIQ-SF International Consultation on 
Incontinence Questionnaire-Short Form 

ICS International Continence Society 

ICUD International Consultation on Urologic 
Diseases 

IHCIS Health Care Information Solutions 
Database 

IPSS International Prostate System Score 

IUGA International Urogynecological 
Association 

LR Likelihood Ratio  

LUT Lower Urinary Tract 

LUTD Lower Urinary Tract Disease 

LUTS Lower Urinary Tract Symptoms 

MOS Modified Oxford Scale 

MSAM-7 Multinational Survey of the Aging Male 

MUCP Maximum Urethral Closure Pressure 

OAB Overactive Bladder Syndrome 

OABSS OAB Symptom Score 

PB Perineal Body 

PFDI Pelvic Floor Distress Inventory 

PFM Pelvic Floor Muscles 

PGI-I  Patient Global Impression of Improvement 
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PISQ12 Pelvic Organ Prolapse/Urinary 
Incontinence Sexual Questionnaire 

PISQ-IR Pelvic Organ Prolapse/Incontinence, 
IUGA-Revised 

POP Pelvic Organ Prolapse 

POP-Q Pelvic Organ Prolapse Quantification 

PPI Post-Prostatectomy Incontinence 

P-QOL Prolalpse Quality Of Life 

PRO Patient Reported Outcomes 

PSA Prostatic Specific Antigen 

PVR Post-Void Residual 

QOL Quality of Life 

RALP Robot Assisted Laparoscopic 
Prostatectomy 

RP Radical Prostatectomy  

RRP Retropubic Radical Prostatectomy 

RUTI Recurrent Urinary Tract Infection  

SSC Standardisation Steering Committee 

SUI Stress Urinary Incontinence  

TOT Transobturator Tape  

TVL Total Vaginal Length 

UI Urinary Incontinence 

UTI Urinary Tract Infection 

UUI Urgency Urinary Incontinence  

UWIN Urgency and Nocturia Scoring Tool 

VLPP Valsalva Leak Point Pressure  

VVA Vulvar and Vaginal Atrophy 

 INTRODUCTION 

The aim of this report is to provide an update of the 
evidence-based recommendations from the 6th ICI 
regarding the initial assessment of urinary inconti-
nence (Committee 5A) and outcome measurements 
(Committee 5B) of incontinence for adult men and 
women. 

 GENERAL INFORMATION 

1. TERMINOLOGY 

A critical step in the evaluation of urinary incontinence 
(UI) is the use of up-to-date terminology to describe 
different types of UI and their associated lower urinary 
tract symptoms (LUTS). LUTS includes both storage 
and emptying symptoms in contrast to overactive 

bladder syndrome (OAB) which describes a subset of 
storage symptoms (e.g., urgency, frequency, noctu-
ria), with or without the symptom of UI. The use of 
standardised terminology during the taking of the his-
tory of UI ensures an accurate characterisation of the 
type of UI experienced by each patient. 

The ICS 2002 report (1) and the ICS /IUGA Joint Re-
port (2) are recommended for reference, as well as 
an update of the terminology for nocturia (3). It should 
be noted however that a bibliometric and question-
naire analysis of the use of standardised terminology 
documents the low rate of acceptance of new termi-
nology in both the literature and practice, and the slow 
abandonment of previously accepted common terms.  
(4) 

The Standardisation Steering Committee (SSC) of 
the International Continence Society (ICS) “estab-
lishes terminology and methodology in the ICS’s ar-
eas of activity, to underpin professional standards of 
clinical management and research”.  The value of the 
SSC is in promoting best standards when clinicians 
and allied professionals communicate with patients 
and colleagues, undertake diagnostic tests, proceed 
to therapeutic interventions and undertake research. 
Precise use of agreed terminology ensures clear un-
derstanding for collaborating centres and readers of 
publications. Adherence to the diagnostic testing 
standards gives patients and clinical colleagues con-
fidence that conclusions on which important thera-
peutic decisions are based are reliable. Development 
of future insights into mechanisms and treatments of 
the disease areas relevant to the ICS is enhanced 
where research studies employ internationally stand-
ardised approaches.  

The term “urinary incontinence” refers to the com-
plaint of any involuntary loss of urine. The symptom 
of urinary incontinence can be volunteered by, or elic-
ited from, the individual or may be described by the 
individual’s caregiver. Urinary incontinence can be 
categorised into several distinct sub-types based on 
associated characteristics and circumstances sur-
rounding episodes of urine leakage. Although defin-
ing the type of incontinence will not establish a defin-
itive underlying diagnosis, it will ultimately guide in-
vestigation and treatment. The following are the ac-
cepted ICS definitions of these conditions unless ref-
erenced (1). 

1.1. Types of urinary incontinence 
a) Stress (urinary) incontinence: Complaint of invol-

untary loss of urine on effort or physical exertion 
e.g., sporting activities), or on sneezing or 
coughing. (Sporting activities) 

b) Urgency (urinary) incontinence: Complaint of in-
voluntary loss of urine associated with urgency. 

c) Postural (urinary) incontinence:  Complaint of in-
voluntary loss of urine associated with change of 
body position, for example, rising from a seated 
or lying position. 
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d) Mixed (urinary) incontinence: Complaint of invol-
untary loss of urine associated with urgency and 
also with effort or physical exertion or on sneez-
ing or coughing. 

e) Incontinence associated with chronic retention of 
urine: Complaint of involuntary loss of urine 
which occurs in conditions where the bladder 
does not empty completely as indicated by a sig-
nificantly high residual urine volume and/or a 
non-painful bladder which remains palpable after 
the individual has passed urine. (Note: The ICS 
no longer recommends the term overflow incon-
tinence. A significant residual urine volume de-
notes a minimum volume of 300 ml, although this 
figure has not been well established.) 

f) Nocturnal enuresis: Complaint of involuntary 
loss of urine which occurs during sleep. 

g) Continuous (urinary) incontinence: Complaint of 
continuous involuntary loss of urine. 

h) Insensible (urinary) incontinence: Complaint of 
urinary incontinence where the individual is una-
ware of how it occurred 

i) Coital incontinence (for women only): Complaint 
of involuntary loss of urine with coitus. This 
symptom can be further divided into that occur-
ring with penetration and that occurring at or-
gasm. 

j) Functional incontinence: Complaint of involun-
tary loss of urine that results from an inability to 
reach the toilet due to cognitive, functional or 
mobility impairments in the presence of an intact 
lower urinary tract system.   

k) Multifactorial incontinence: Complaint of involun-
tary loss of urine related to multiple interacting 
risk factors, including factors both within and out-
side the lower urinary tract such as comorbidity, 
medication, age-related physiological changes 
and environmental factors. 

Urinary incontinence can exist in isolation or may be 
associated with other lower urinary tract symptoms. 
The ICS classifies lower urinary tract symptoms 
(LUTS) into bladder storage, voiding and post-mictu-
rition, and pelvic organ prolapse symptoms. The fol-
lowing section summarises the definitions of LUTS 
described by the ICS-SSC. 

1.2. Bladder storage symptoms 
Bladder storage symptoms are experienced during 
the bladder filling phase: 

a) Increased daytime urinary frequency: Complaint 
that micturition occurs more frequently during 
waking hours than previously deemed normal. 
Traditionally seven episodes of micturition dur-
ing waking hours was considered as the upper 
limit of normal, although it may be higher in some 
populations. 

b) Nocturia: Complaint of interruption of sleep one 
or more times because of the need to void. Each 
void is preceded and followed by sleep. The 
number of nocturia episodes and the degree of 
bother based on number has been questioned 
and the threshold of 2-3 per night has been sug-
gested(5) (6-10).  

c) Urgency: Complaint of a sudden, compelling de-
sire to pass urine which is difficult to defer. (Note: 
The ‘all or none’ nature of ‘urgency’ has been 
questioned)(8). 

d) Overactive bladder syndrome (OAB): Urinary ur-
gency, usually accompanied by increased uri-
nary frequency and nocturia, with or without ur-
gency urinary incontinence, in the absence of 
urinary tract infection or other obvious pathology. 

1.3. Bladder sensation 
Asking patients about bladder sensory symptoms 
during bladder filling may be helpful in characterising 
certain types of incontinence. 

a) Increased bladder sensation:  Complaint that the 
desire to void during bladder filling occurs earlier 
or is more persistent to that previously experi-
enced. This differs from urgency by the fact that 
micturition can be postponed despite the desire 
to void. 

b) Reduced bladder sensation:  Complaint that the 
definite desire to void occurs later than that pre-
viously experienced despite an awareness that 
the bladder is filling. 

c) Absent bladder sensation: Complaint of both the 
absence of the sensation of bladder filling and a 
definite desire to void.  

1.4. Voiding and postmicturition symptoms   
Voiding symptoms are experienced during the void-
ing phase and post-micturition symptoms are experi-
enced immediately after micturition. 

a) Hesitancy: Complaint of a delay in initiating mic-
turition. 

b) Slow stream: The individual’s perception of re-
duced urine flow, usually compared to previous 
performance or in comparison to others. 

c) Intermittent stream (intermittency): Complaint of 
urine flow which stops and starts, on one or more 
occasions, during micturition. 

d) Straining to void: Describes the muscular effort 
used to initiate, maintain or improve the urinary 
stream. 

e) Spraying (splitting) of urinary stream: Complaint 
that the urine sprays or splits rather than coming 
out as a single, discrete stream. 
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f) Terminal dribble: is the term used when an indi-
vidual describes a prolonged final part of mictu-
rition, when the flow has slowed to a trickle/drib-
ble. 

g) Feeling of incomplete bladder emptying: Com-
plaint that the bladder does not feel empty after 
passing urine. 

h) Need to immediately re-void: Complaint that fur-
ther micturition is necessary soon after passing 
urine. 

i) Postmicturition leakage: Complaint of a further 
involuntary passage of urine following the com-
pletion of micturition. 

j) Position-dependent micturition: Complaint of 
having to take specific positions to be able to 
micturate spontaneously or to improve bladder 
emptying, for example, leaning forwards or back-
wards on the toilet seat or voiding in the semi-
standing position. 

k) Dysuria: Complaint of burning or other discom-
fort during micturition. Discomfort may be intrin-
sic to the lower urinary tract or exter- nal (vulvar 
dysuria in women). 

l) (Urinary) retention: Complaint of the inability to 
pass urine despite persistent effort. 

2. ASSESSMENT OF SUB-
POPULATIONS REVIEWED BY 

OTHER COMMITTEES 

The targeted assessments and specific outcome 
measures for conditions of UI in Children (Cmte 9), 
Neurogenic Patients (Cmte.10), Frail Elderly 
(Cmte.11), Painful Bladder Syndrome (Cmte.19) and 
Faecal Incontinence (Cmte.16) are presented sepa-
rately in the respective reports. The requirements of 
specific sub-populations negate the ability to recom-
mend a ‘universal’ initial evaluation. Within the initial 
assessment of UI, these sub-populations / subgroups 
are recognised because of the differences within pa-
tient groups or the interrelationship between the con-
ditions. Congenital and developmental issues are crit-
ical considerations in children. Specific risks for com-
bined storage and emptying abnormalities and upper 
urinary tract deterioration in the neurogenic popula-
tion demand a more involved initial and complex eval-
uation. The effects of ageing on the lower urinary 
tract, altered toileting functions, and medical co-mor-
bidities in the frail elderly group present unique chal-
lenges. These subgroups also include patients with 
LUTS with and without incontinence and with the 
presence of pelvic pain or faecal incontinence. 

The sub-sections in this report should be utilised in 
conjunction with other population or condition specific 
Committee Reports of the Consultation and with the 
final recommendations of the Consultation which are 

presented in simplified form in Appendix (1. Defini-
tions). Recommendations for initial evaluation have 
been developed by the International Scientific Com-
mittee and are also published in Appendix (2. Evalu-
ation). In addition, History and Symptom Assessment 
recommendations are further detailed as the initial 
steps in the evaluation of the index adult male (3. Ini-
tial Management, II. Male), and adult female (3. Initial 
Management, III. Female). The reader is encouraged 
to refer to these recommendations and algorithms in 
combination with this report. 

3. EVIDENCE BASED 
RECOMMENDATIONS 

 

The recommendations presented in this report are 
evidence-based and utilise the ICUD-EBM grades. A 
search of the available literature in English obtained 
from Medline and Pubmed up to June 2016 by the 
individual committee members employed multiple 
search terms related to the initial assessment of the 
patient with urinary incontinence and patient reported 
outcome assessment. 

 INTIAL ASSESEMENT  

1. PURPOSE OF INTIAL 
ASSESSMENT (EXPERT OPINION OF 

THE COMMITTEE) 

As will be noted, especially in this committee report 
(5A), the amount and sophistication of the literature 
that is applicable for the development of evidence-
based guidelines is limited.  For this reason, the grade 
of recommendation in the area of “initial assessment” 
will often rely on ‘expert opinion of the panel’. For the 
purpose of subsection 5A, the ‘initial assessment’ 
represents the components of the history, physical 
examination, laboratory tests, and basic office testing 
to: 

1. Establish a presumptive or condition specific di-
agnosis, and exclude underlying organ-specific 
related or unrelated conditions that would require 
intervention. 

2. Assess the level of bother and desire for inter-
vention from information obtained from the pa-
tient or caregivers, utilising objective measures 
or patient reported outcomes 

3. Prepare for the institution of empirical or disease 
specific primary therapy based on the risk and 
benefit of the untreated condition, the nature of 
the intervention and the alternative therapies – 
including Conservative (Cmte. 12) or Pharmaco-
logical (Cmte. 8) therapies.  
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4. Prompt the recommendation of additional more 
complex testing or specialist referral (when indi-
cated). 

5. Assess the level of improvement after interven-
tion from information obtained from the patient or 
caregivers, utilising objective measures or pa-
tient reported outcomes (Cmte.  5B).  

Once the type of Urinary Incontinence (UI) with asso-
ciated lower urinary tract symptoms (LUTS) has been 
established, elaboration of a differential diagnosis 
can occur, and further investigations may be elected 
and an eventual treatment plan can be formulated to 
address or modify the effects of the underlying 
cause(s). The success of the treatment plan can be 
measured by patient-reported outcomes (from a sim-
ple “yes” or “no” to more complex questionnaires), 
and/or other objective measures of urinary leakage 
events (including bladder diaries, pad tests, or urody-
namics studies).   

The initial assessment must consider the degree of 
bother, and the costs of further evaluation, balanced 
against the consequences of a failure to diagnose an 
underlying condition, the risks and benefits of empiri-
cal conservative management or pharmacological 
therapy, and the need for an accurate diagnosis be-
fore more complex intervention or empirical therapy. 
The burden of these conditions and the availability of 
resources for individual patients, caregivers, physi-
cians, and health care systems requires that primary 
intervention strategies be formulated, when available, 
from evidence based findings and decisions emanat-
ing from the initial evaluation.  

Of note, LUTS cannot be utilised with confidence to 
make a definitive diagnosis of a specific lower urinary 
tract condition or lower urinary tract disease (LUTD), 
as these symptoms may suggest and indicate pathol-
ogies such as urinary tract infection (UTI) or more se-
rious underlying conditions.  Basic laboratory tests, 
such as testing for urinary tract infection (UTI) or 
blood (haematuria), and appropriate screening for 
malignancy should be considered before the decision 
is made to choose therapy for incontinence. Urinary 
retention with overflow may present as urinary ur-
gency, frequency, and nocturia with urinary loss mim-
icking OAB.  

Concomitant pathology may affect urine production 
as a co-morbid contributory factor, by affecting fluid 
balance or renal function (fluid intake and output reg-
ulation) and may need to be addressed prior to or in 
combination with bladder or bladder outlet therapy. A 
thorough review of medications which alter fluid pro-
duction or lower balance and urinary tract function 
should be addressed.  The physician should also 
seek a history of pelvic pathology or surgery and neu-
rological symptoms and signs that may indicate alter-
ations in the control of the lower urinary tract function 
or be responsible for the cognitive, motivational, or 
physical factors that determine the ability to perform 
toileting functions effectively.  The physical examina-

tion and the appropriate laboratory tests are neces-
sary to refine the differential diagnosis and therapeu-
tic course.  

  

2. INITIAL ASSESSMENT – GENERAL 
RECOMMEDATIONS 

1. Lower Urinary Tract Symptoms (LUTS) cannot 
be used to make a definitive diagnosis; they may 
also indicate pathologies other than Lower Uri-
nary Tract Disease (LUTD).  Specific to this re-
port, LUTS includes Overactive Bladder (OAB) a 
syndrome which may be associated with urgency 
incontinence (OAB-wet) or without incontinence 
(OAB-dry). (Level 4 - Grade D) 

2. Urinary incontinence should be described by 
specifying relevant factors such as type, fre-
quency, severity, precipitating factors, social im-
pact, effect on hygiene and quality of life, the 
measures used to contain the leakage and 
whether or not the individual seeks or desires 
help. (Level 4 - Grade D) 

3. Urinary incontinence should be categorizsed by 
symptoms into urgency incontinence, stress in-
continence or mixed incontinence and conserva-
tive (non-invasive) therapies may then be started 
based on this classification to treat the most trou-
blesome component, or either component of the 
incontinence (Level - Grade D).  More sophisti-
cated testing (e.g., urodynamic studies) is not re-
quired prior to the institution of conservative ther-
apy (see indications for urodynamics in the Com-
mittee Report on Dynamic Testing Committee 6). 
(Level 3 - Grade C) 

4. Both objective (bladder diary) and subjective (pa-
tient reported outcomes – PROs) are recom-
mended for assessment and measurement of 
the degree of symptoms and bother of UI at 
baseline, and for the assessment of the impact 
of therapy.  (Level 3 – Grade D).  

5. Normal lower urinary tract function requires the 
ability of the bladder to adequately store urine at 
low pressure while the bladder outlet remains 
competent, and the bladder to contract until com-
pletely empty while the bladder outlet remains 
open. In addition to an evaluation of LUT func-
tion, a thorough evaluation for co-morbid condi-
tions which affect fluid intake and output should 
be undertaken.  Diseases of the nervous system 
and pelvic disorders, as well as medications 
which may affect the LUT should be addressed.  
(Level 4 - Grade D). 

6. Referral to a specialist is recommended for he-
maturia (visible or microscopic), urinary tract in-
fection (persistent or recurrent), prolapse (symp-
tomatic or below the introitus) , obstruction or re-
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tention (symptoms or findings of palpable blad-
der, hydronephrosis or obstructive renal insuffi-
ciency), suspected neurological disease, mass 
(urethral, bladder or pelvic - benign or malig-
nant), fistula (urinary or bowel), faecal inconti-
nence, a history of prior pelvic surgery or radia-
tion (incontinence, oncologic)  (Level 4 - Grade 
D). 

3. INTIAL ASSESSEMENT – 
GENERAL RESEARCH 
RECOMMENDATIONS 

1. Standardisation of the ‘definition of symptoms’ 
and the ‘measurements of symptom frequency, 
severity and bother’ are essential for patient care 
and research.  Continued research into the ap-
propriate scales and metrics should be accom-
panied by a significant attempt to establish best 
practice guidelines for their use and a consensus 
on the adoption of universal standards. 

2. Recognition and resolution of the differences in 
common language usage and scientific utilisa-
tion of terms should continue.  Resolution of the 
differences in definitions and metrics between 
recognised societies and agencies is essential 
for communicating data with respect to patient 
care, research, and treatment outcomes. 

3. Research into the development of accurate 
measures to objectify subjective symptoms such 
as “urgency” and other bladder sensory symp-
toms. 

4. Development, standardisation, and universal 
adoption of symptom assessment tools (ques-
tionnaires) to improve the diagnostic accuracy of 
lower urinary tract symptoms. (Refer to section 
5B of this committee’s report) 

5. Validation of the accuracy of specific compo-
nents of the history and physical findings to es-
tablish an accurate diagnosis and toº initiate non-
invasive conservative or pharmacological ther-
apy.  In addition, to further identify components 
that would indicate the need for more invasive 
testing, complex therapeutic interventions, and 
indications prior to / or as a result of referral. 

6. Creation and institution of evidence based guide-
lines for the referral of patients to a specialist are 
needed to improve the efficiency of the 
healthcare system in treating the large burden of 
disease. (See Epidemiology, Committee 1). The 
institution of conservative measures and phar-
macology are in the domain of the primary care-
giver. Further improvement in the ability to define 
the index patient, but more importantly the sub-
groups of patients who will require more complex 
specialist therapy, will aid in counselling and re-
ferral at the primary level.  In addition, refining 
the true risks for significant underlying disease 

noted while obtaining the history, or during the 
examination or laboratory findings will improve 
resource utilization. 

 GENERAL POPULATIONS  

1. INITIAL ASSESSMENT OF 
URINARY INCONTINENCE 

Individuals with UI can be identified through routine 
screening, or the patient may initiate discussion about 
incontinence problems. The initial assessment of UI 
should help the health care provider to understand 
the type of incontinence, while identifying potentially 
modifiable contributing factors. Most primary treat-
ment options, such as lifestyle modifications and be-
havioral treatments, do not vary by type of UI. How-
ever, it is important to determine the type of UI since 
some treatment options do vary according to inconti-
nence. Equally important, establishing the type of UI 
will lead the health care provider to a list of possible 
underlying causes, or differential diagnosis of the uri-
nary symptoms. Most causes of UI are non-life threat-
ening, however symptoms of incontinence may also 
herald life-threatening or more severe disease such 
as bladder cancer when associated with haematuria; 
when more specialized testing will be required imme-
diately. Finally, assessing the level or bother and de-
sire for intervention from information obtained from 
the patient or caregiver is essential for guiding the na-
ture of the treatment plan. 

1.1. History 
Taking a careful clinical history is fundamental to the 
clinical process. Some studies have indicated that pa-
tient history alone is not completely accurate as the 
sole determinant of incontinence type (11, 12). How-
ever, Martin et al. (13) in a systematic review  and 
meta-analyses on the methods for diagnostic assess-
ment of urinary incontinence, suggested that women 
with urodynamic stress incontinence (USI) can be 
correctly identified in primary care from clinical history 
alone with a sensitivity of 0.92 (95% C.I.: 0.91- 0.93) 
and specificity of 0.56 (0.53- 0.60); symptoms of urge 
incontinence were found to be 0.61 (0.57- 0.65) sen-
sitive and 0.87 (0.85-0.89) specific for the diagnosis 
of detrusor overactivity.  

Despite the lack of formal evidence, there is universal 
agreement that taking a history should be the first 
step in the assessment of anyone with UI(1, 14).  

The general history should include questions relevant 
to establish the type of UI and to precipitating and ag-
gravating factors of urinary loss, time of onset and du-
ration of symptoms, severity, degree of bother and fi-
nally the association with voiding, storage and other 
urinary symptoms.  
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The incontinence first should be characterized sub-
jectively. Does the leakage occur: With physical ac-
tivity? With a sense of urgency? Without sensory 
awareness? If the nature of the incontinence is 
mixed, does one component cause more bother or 
occur more frequently than the other? Secondly, the 
leakage should be quantified if possible. Appraisal of 
the degree of leakage before therapy can be helpful 
during postoperative assessment of treatment im-
pact. For the purposes of routine outpatient assess-
ment, this quantification can be achieved based on 
the number of pads used per day or the frequency of 
clothing changes because of urinary leakage. 

Acute symptoms can be defined by documenting pat-
terns of fluid intake and output, acute infection, recent 
surgery or trauma. Chronic symptoms should prompt 
queries about a history of congenital abnormalities, 
neurological disease, relevant surgery or general 
health issues. History should also identify patients 
who need rapid referral to an appropriate specialist. 
These include patients with associated pain, haema-
turia, a history of recurrent urinary tract infection 
(UTI), pelvic surgery (particularly prostate surgery) or 
radiotherapy, constant leakage suggesting a fistula, 
voiding difficulty or suspected neurological disease 
(Red Flag Symptoms).  

The voiding pattern should also be defined. What is 
the frequency of urination during the day and during 
the night? Are there any voiding symptoms and/or 
storage symptoms? Previous surgery such as pelvic 
or back surgery and, in males, prostate or urethral 
surgery for benign or malignant disease should be in-
vestigated.  

Information should be obtained concerning medica-
tions with known or possible effects on the lower uri-
nary tract. The general history in women should also 
include assessment of menstrual, obstetric, sexual, 
gynaecological and bowel function. It is also helpful 
to determine the impact that the leakage has on the 
patient’s daily life and activities if incontinence limits 
the individual’s activity and if the patient made life-
style changes because of the threat of leakage. Fi-
nally, it is important to emphasize the importance of 
establishing patient expectation of treatment and an 
understanding of the balance between the benefits 
and risks/burden of available treatment options (see 
Committee Report (5B)).  

The reader is referred to the report on Epidemiology 
(Cmte. 1) for specific risk factors to be considered 
during the medical history, and to the report on Frail 
Elderly (Cmte. 11) for a list of co-morbidities and med-
ications that can cause or contribute to UI. 

A later section of this Committee Report (5B) pre-
sents a complete review and evaluation of question-
naires that are applicable for clinical and research use 
in evaluating patient symptoms. Structured condition 
specific questionnaires may be utilised, and may be 
either clinician or self-administered. Use of question-
naires may facilitate disclosure of embarrassing 

symptoms, ensure that symptoms are not omitted, 
and standardise information for audit and research. 

In the absence of questionnaire use, Table 1 summa-
rises key questions for the initial assessment of uri-
nary incontinence based on the expert opinion of this 
committee. Note that the committee strongly encour-
ages the use of standardised questions. 

1.2. Bladder Diaries  
The micturition time chart records the timing of voids 
in 24 hours. The term frequency-volume chart is used 
to describe a chart that records the time of each mic-
turition and the volume voided for at least 24 hours. 
The bladder diary may include fluid intake, inconti-
nence episodes, pad usage, the degree of inconti-
nence as well as a record of episodes of urgency and 
sensation and activities performed during or immedi-
ately preceding the involuntary loss of urine. There-
fore, bladder diaries are most suited for the purpose 
of comprehensive evaluation of urinary incontinence. 
However, documentation of the frequency of an indi-
vidual’s lower urinary tract symptoms and the voided 
volume for at least 24 hours can already be extremely 
helpful in the initial assessment of urinary inconti-
nence, although 2-3 days of recording generally pro-
vide more useful clinical data. Moreover, a diary may 
be therapeutic as it provides insight into bladder be-
havior and it can be utilised to monitor the effective-
ness of treatment during follow-up. 

A frequency-volume chart (FVC) or bladder diary 
(BD), if properly completed, can confirm all of the fol-
lowing information. 

a) Daytime urinary frequency: Number of voids by 
day (wakeful hours including last void before 
sleep and first void after waking and rising). 

b) Nocturnal frequency/nocturia: Number of times 
sleep is interrupted by the need to micturate. 
Each void is preceded and followed by sleep. 

c) Twenty-four-hour frequency: Total number of 
daytime voids and episodes of nocturia during a 
specified 24-hr period. 

d) Twenty-four-hour urine production: Summation 
of all urine volumes voided in 24 hr. 

e) Maximum voided volume: Highest voided vol-
ume recorded. 

f) Average voided volume: Summation of volumes 
voided divided by the number of voids. 

g) Median functional bladder capacity: Median 
maximum voided volume in everyday activities. 

h) Polyuria: Excessive excretion of urine resulting 
in profuse and frequent micturitions, defined as 
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greater than 2.8 L of urine during 24 hours for an 
individual weighing 70 kg. 

i) Nocturnal urine volume: Cumulative urine vol-
ume from voids after going to bed with the inten-
tion of sleeping to include the first void at the time 
of waking with the intention of rising (excludes 
last void before sleep). 

j) Nocturnal polyuria: Excess (over 20–30% age 
dependent) proportion of urine excretion (noctur-
nal voided volume/total 24 hr voided volume x 
100%) occuring at night (or when the patient is 
sleeping)(15) 

However, it should be noted that there are some lim-
itations to the use of a frequency-volume chart or 
bladder diary. There is no evidence that the results of 
these charts provide a valid prediction of the type of 
urinary incontinence experienced by each patient (16, 
17). Some patients may have difficulty completing the 
diary in a reliable, meaningful or timely fashion, espe-
cially when increasing the complexity or the amount 
of time (days) required to complete the diary (18). The 

bladder diary may not yield information about the evo-
lution of incontinence episodes that occurs less fre-
quently than once per day(18, 19). 

Several studies have compared patients’ preference 
for, and the accuracy of, electronic and paper voiding 
diaries in voiding dysfunction(20-24) , but the utility of 
electronic diaries has not been fully clarified yet. 

Due to intraindividual variation, FVC recordings differ 
on different days. The more days recorded, the more 
likely it will be that the recordings will capture the 
whole spectrum of variation. Few data have been re-
ported on the intraindividual variation of FVC param-
eters(25) (26, 27) . However, these variations have 
been used in statistical analysis leading to statements 
on the optimal duration of FVCs. Recommendations 
for diary duration vary considerably including 24 
hours, 3 days or 7 days; this inconsistency is partially 
explained by differences among study populations, 
based on diagnosis, age, sex, and geography, and by 
differences in methods of analysis and in interpreta-
tion of the results. In a mini-review on the reliability of 
FVCs, Yap et al argued that using FVCs of 3 days or 

Table 1: Key Questions in the Initial Assessment of Urinary Incontinence 

Stress urinary incontinence: Do you sometimes leak urine when you cough or sneeze or when you exert 
yourself, such as when lifting a heavy object? 

Urgency urinary incontinence: Do you sometimes feel an urge to void that is so sudden and strong that you 
sometimes don’t make it to the bathroom on time? 

How long have the symptoms been present? 

How often do you leak urine and how much do you leak? (Do you need protections and how many during day and 
night? 

Circumstances surrounding urine leakage e.g. sexual activity, change in position, provocation by running 

water or ‘key in the latch’? 

Nocturnal symptoms or enuresis? 

Association with other lower urinary tract or pelvic organ prolapse symptoms? 

Impact on personal and social life? 

Amount and type of fluid intake e.g. coffee, tea, alcohol? 

Episodes of urinary tract infection or haematuria? 

Previous treatment attempts (successful and unsuccessful)? 

Mobility problems? 

Cognitive deficits? 

Neurological deficits? 

Problems with constipation or faecal incontinence? 

Number of pregnancies and the type of delivery, with complications? 

Previous prostate, pelvic or abdominal surgeries or radiation treatment? 

Coexisting diseases (diabetes, heart disease, neurological impairment)? 

Types of medications consumed? 
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longer might be the most defensible policy, but they 
found no evidence that compliance rates had been 
accounted for in the studies reviewed (28). They con-
cluded that in some reports reliability was overesti-
mated. Another review by Bright et al focusing on the 
validation of FVCs summarised that excessive dura-
tion reduces patient compliance, but too short a dura-
tion may produce unreliable measurements [(17) 

The choice of diary duration may not only be based 
upon better validity or reliability but also on the possi-
ble behavioural therapeutic effect of keeping a diary 
(29-31). Recently, Bright et al have described the de-
velopment of the first validated bladder diary for the 
assessment of LUTS in both male and female adults, 
using a psychometric validation methodology. The re-
sulting bladder diary is recommended for use over a 
3-d period and has been accepted as the ICIQ blad-
der diary. Urinary incontinence is assessed by the re-
cording of pad use. The ICIQ bladder diary has been 
validated using a British English-speaking population 
and as with all such tools, will require cultural adapta-
tion and linguistic validation for other languages using 
the formal ICIQ protocol (30, 31). The sample vali-
dated ICIQ bladder diary is illustrated with the instruc-
tions for use in Chapter 24.  

In conclusion, voiding diaries generally give reliable 
data on lower urinary tract function. However, there 
remains a lack of consensus on diary duration and 
how well diary data correlate with some symptoms. 

1.2.1 Bladder Diary Recommendations 
1. Ask patients with urinary incontinence to com-

plete a bladder diary to evaluate co-existing stor-
age and voiding dysfunction. A bladder diary is 
recommended in order to document and com-
municate both objective information and to ob-
jectify observations by the patient during the di-
ary period. Although never completely diagnos-
tic, diary patterns may characterise normal and 
abnormal states. (Grade A) 

2. A 1-day frequency volume chart (FVC) which in-
cludes the first morning void the following day is 
a reasonable tool to gain insight into voiding hab-
its during normal daily routine. A 3-day FVC or 
diary is recommended for accurate assessment 
of LUTS and for confirming a consistent clinical 
pattern in day-to-day practice. For atypical clini-
cal patterns or clinical research, a 7-day diary 
may be recommended (most pharmacological 
studies now employ a 3-day diary as a standard 
to improve patient compliance). (Grade C) 

3. The validated ICIQ bladder diary is recom-
mended for use over a 3-d period. The inclusion 
of the diary in research studies is recommended 
and will provide ongoing evidence of validation, 
as well as the external validity of the diary. 
(Grade A) 

1.2.2 Future Research 
a) The ideal duration of a bladder diary based on 

accuracy, compliance, and the utility of the diary 
for diagnosis, the selection of therapy, and im-
proving the outcomes of therapy requires further 
investigation. 

b) The utility of paper versus electronic methods of 
recording voiding patterns requires further re-
search. 

c) The ICIQ bladder diary should be culturally and 
linguistically validated for other languages than 
British English and be included in research stud-
ies for further validation as well as determining 
external validity. 

1.3. Urgency Scale 
According to the IUGA/ICS definition urgency is : 
“Complaint of a sudden, compelling desire to pass 
urine which is difficult to defer” (2). However, in clini-
cal practice, urgency is often accompanied by other 
symptoms. Urgency, with or without urgency inconti-
nence, usually with frequency and nocturia, is the cor-
nerstone symptom of overactive bladder syndrome 
(OAB) (32); while with bladder pain, and frequency 
urgency are typical symptoms of interstitial cystitis or 
bladder pain syndrome (33). However sometimes pa-
tients with lower urinary tract symptoms may not be 
able to differentiate between normal urge (desire) to 
void and urgency (difficult to postpone)(4), further-
more, with history only it may be difficult to define the 
severity, duration and frequency of urgency(34, 35). 
Thus, it is important to have appropriate tools that al-
low accurate diagnosis, to establish tailored therapy 
and to assess the effectiveness of treatment. Severity 
questionnaires and scales have been developed spe-
cifically to assess urinary urgency, to help the patient 
to define the symptoms and severity and the physi-
cian to establish the therapy and its effects. Table 2 
and table 3 show the validated questionnaires and 
scales respectively, used to assess the urinary ur-
gency. 



 

 
 

508 

Table 2: Questionnaires To Assess Urgency (35-38) 

Questionnaire Aim of tool Items Population 
 sample 

Reliability Content 
Validity 

Construct 
Validity 
 

Concurrent 
Validity 

Discriminant  
Validity 

Responsiveness GR 

UPS (Urgency 
Perception Score) 
[35] 

Grading the urgency to 
void and assessing the 
reason why individuals 
usually void 

5  Men  
Women 
OAB + LUTS 
LUTS (without 
urgency) 
Healthy  
 

Yes  Yes Yes  Yes   B 

UQ (Urgency 
Questionnaire) [36] 

Severity of urgency 
and urge incontinence 
Impact of urgency and 
urge incontinence on 
the quality of life 
Discomfort of urgency 
with VAS scale 
 

15  
+ 
10 
VAS 
 

 
Women 
OAB 

Yes yes Yes Yes Yes  Yes A 

USIQ-QoL (Urgency 
Severity 
and Life Impact 
Questionnaire-
Quality of life) [37] 

Impact of urgency on 
the quality of life 

8 Women  
Men  
OAB 

Yes  Yes  Yes .  Yes  B 

USIQ-S (Urgency 
Severity 
and Life Impact 
Questionnaire: 
Severity Symptsoms 
) [37] 

Severity of urgency  5 Women  
Men  
OAB 

Yes Yes  Yes  Yes  B 

UU Scale [38] Monitoring efficacy 
treatment 

10 Women  
Man 
• OAB 

Yes   Yes    Yes A 
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Table 3: Scales to assess the urinary urgency (39-43) 

Scale Aim of tool 
 

Degrees 
of 
urgency 

Population 
sample 

Reliability 
Test-re 
test 

Content  
validity 

Construct 
Validity 
 

Concurrent 
Validity 

Discriminant  
Validity 

Responsiveness GR 

UPS (Urgency 
Perception scale) [39] 

Severity of     
urgency 

3 Men  
Women 
OAB 

 Yes  Yes Yes   Yes  B 

 
IUSS (Indevus urgency 
Severity Scale) [40] 

Severity of 
urgency per 
void 
The ability to 
complete 
actives 

 
4 

 
Men  
Women 
OAB with 
urge 
Incontinence 

Yes  Yes  Yes Yes Yes Yes  
A 

PPIUS (Patients’ 
perception of intensity 
of urgency scale) [41]  

Severity of 
urgency 
Urgency 
incontinence 

4  Men 
Women 
Urgency 
Urge 
incontinence 

Yes  Yes     Yes  Yes A 

 
USS (Urinary 
Sensation Scale) [42] 

 
Severity of 
urgency 

 
5 

 
Men  
OAB+LUTS 
Women 
OAB 
 
 
 

  
Yes  

 
Yes  

 
Yes  

 
Yes  

 
Yes 

 
A 

URS(Urgency Rating 
Scale) [43] 

Severity of 
urgency 

5 Men Na Na Na Na Na  C 
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1.4. Urinalysis 
“Urinalysis is a fundamental test that should be per-
formed in all urological patients. Although in many in-
stances a  dipstick urinalysis provides the necessary 
information, a complete urinalysis includes both 
chemical and microscopic analysis.”  (44).  Urine dip-
stick testing, as opposed to microscopy, is satisfac-
tory for urinalysis in the diagnosis of acute uncompli-
cated cystitis (45, 46). In relation to urinary inconti-
nence, dipstick urinalysis is not a diagnostic test, but 
a screening test, utilised to detect haematuria, pro-
teinuria, glycosuria, pyuria and bacteriuria. 

Haematuria can indicate important pathology such as 
urothelial carcinoma in situ, leading to lower urinary 
tract storage symptoms including incontinence (47). 
Glycosuria is relevant, as a potential indicator of dia-
betes mellitus. This can cause symptoms via several 
mechanisms including polyuria secondary to osmotic 
diuresis. Diabetic peripheral autonomic neuropathy 
affecting bladder innervation may be associated with 
impaired bladder emptying. The clinician should note 
that a patient does not generally demonstrate glucose 
into the urine until the blood glicemia is >180 mg/dl. 
Consequently, a dipstick urinalysis may fail to reveal 
intermittently high sugars or mild diabetics. If diabetes 
is suspected, then a random or fasting blood sugar is 
preferred (48-50). 

Pyuria and bacteriuria, detected from urinary dipstick 
leukocyte esterase and nitrite tests respectively, are 
important signs of urinary tract infection. The specific-
ity and sensitivity of these latter tests for UTI is in-
creased when used together compared to either indi-
vidual test (50, 51). Even in the absence of controlled 
studies, there is general consensus that the benefits 
of urinalysis clearly outweigh the costs involved, alt-
hough the use of urinalysis should always be associ-
ated with prognostic significance (52). A positive dip-
stick urinalysis will prompt formal urine microscopy 
and culture to detect UTI prior to antibiotic treatment 
and/or the use of additional tests such as endoscopy 
and urinary tract imaging.  

Urinalysis negative for nitrite and leucocyte esterase 
reliably excludes UTI in people with UI (53)  and 
should be included, with urine culture when neces-
sary, in the evaluation of all patients with UI (Le1:GR 
A based on expert opinion). Urinary incontinence may 
occur during symptomatic UTI (level 3) (54) and ex-
isting UI may worsen during UTI (level 3) (55). 

The importance of urinalysis in the basic assessment 
of patients with urinary incontinence and lower uri-
nary tract symptoms is not dependent on gender, age 
or aetiology. Indeed, it has been recommended in the 
evaluation of geriatric patients including nursing 
home residents who are incontinent (56), in peri- and 
postmenopausal women (57), and in older women re-
porting urinary incontinence (58). In the latter context, 
it has even been observed that clinically significant 
urine samples can even be obtained from disposable 
diapers in elderly incontinent women (59). The clinical 

relevance of asymptomatic bacteriuria (without pyu-
ria) and pyuria (without bacteriuria) in the elderly is 
controversial as the rate and severity of UI was un-
changed after eradication of asymptomatic bacteriu-
ria in nursing home residents (level 2; Grade B) (56, 
60, 61). 

Recently, bacterial communities (microbiota) have 
been discovered in the female bladder and conse-
quently, the sterile urine paradigm is no longer valid. 
Emerging evidence suggests that the female urinary 
microbiota may contribute to symptoms of urinary in-
continence in women (62). Several bacterial species 
are more common in women with urgency urinary in-
continence than in asymptomatic controls (63, 64). 
For these reasons new approaches are being devel-
oped: the 16s rRNA sequence analysis and the ex-
pande quantitative urine culture protocol (64).   

1.4.1 Urinalysis - Recommendation 
1. It is considered standard to perform a urinalysis by 
either using a dipstick test or examining 

the spun sediment in incontinent patients. (Level 4- 
Grade D) 

2. If a dipstick test is used, it is recommended that a 
“multi-property” strip that includes 

fields for haematuria, glucose, leukocyte esterase 
and nitrite tests be chosen. (Level 

4 - Grade D) Dipstick is not as accurate as urine cul-
ture, being specific for infection but 

not sensitive. (Level 2 - Grade C) 

3. Additional tests available on urine dipstick strips, 
such a protein, bilirubin, ketones and 

pH, may be helpful in the broader medical manage-
ment of patients. However, they are 

not essential in the context of evaluation of the patient 
with urinary incontinence or lower 

urinary tract symptoms. (Level 4 - Grade D) 

4. Do not routinely treat asymptomatic bacteriu-
ria in elderly patients to improve urinary inconti-
nence. (Level 2; Grade B) 

 

1.4.2 Future Research 
Emerging evidence challenges the long-held para-
digm that the healthy bladder is sterile and evidence 
indicate that the human urinary tract contains micro-
bial communities; however, the role of these commu-
nities in urinary health remains to be elucidated. In-
teresting findings suggest that previously undetected 
bacteria in the bladder of women may have a role in 
UUI that will provide new opportunities for prevention 
and improvement in the treatment approaches for 
UUI (65).   
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On this basis, traditional tools for urinary bacterial as-
sessment (Urinary dipsticks and standard urine cul-
tures) seem to have significant limitations because 
they are not able to detect slow-growing bacteria. 
New diagnostic tools are developing: expanded 
quantitative urine culture and 16S ribosomal RNA 
gene sequencing and could give allow a greater in-
sight into many lower urinary tract disease including 
incontinence (66).  

1.5. Post voiding residual in the female and 
male patient 

Post-void residual (PVR) volume (also known as re-
sidual urine, bladder residual) is the amount of urine 
that remains in the bladder after representative void-
ing. It indicates poor voiding efficiency, which may re-
sult from a number of contributing factors. It is im-
portant because it may worsen symptoms and, more 
rarely, may be associated with upper urinary tract di-
latation and renal insufficiency. Both bladder outlet 
obstruction and low bladder contractility contribute to 
the development of PVR. PVR measurement can be 
accomplished within a few minutes of voiding either 
by catheterisation or by calculation of bladder volume 
using a portable ultrasound scanner. 

It is difficult to determine the normal value of post-void 
residual determination in the initial assessment of uri-
nary incontinence since most studies with data on 
PVR have not been performed in patients with UI. 
However, the populations studied have included 
some women with UI, and incontinent patients with 
neurogenic bladder disease. 

Several studies have compared volumes measured 
with portable ultrasound scanners versus catheterisa-
tion and found portable scanners to be 85-94% accu-
rate (67, 68). A study has imaged the bladder volume 
after catheterisation and found that the volume of 
urine remaining in the bladder after catheterisation 
accounted for most of the difference between the two 
measurements (67). Bimanual palpation cannot relia-
bly estimate the post-void residual urine volume (69). 
Since PVR may vary, one measurement of PVR may 
not be sufficient (70). PVR should probably be meas-
ured several times to increase its reliability. In geriat-
ric patients, Griffiths et al found a significant variability 
in PVR measurement depending on the time of the 
day, with the greatest volume occuring in the morning 
(71). A non-representative PVR is particularly com-
mon if the patient's bladder is not full enough to yield 
an urge to void. Special consideration is required in 
male patients with incontinence and bladder outlet 
obstruction, in incontinent neurogenic patients who 
may demonstrate combined disorders of storage and 
emptying (72), and preoperatively in female patients 
being considered for incontinence surgery. 

An increased PVR alone is not necessariliy a prob-
lem, but if combined with high pressures it can lead 
to upper tract problems. If related to UTI’s, PVR 
needs to be treated since UTI’s cannot be eradicated 
in the presence of an infected residual. A significant 
PVR also decreases the functional bladder capacity 

and thus contributes to urgency/frequency, urgency 
incontinence and nocturia. However, a Scandinavian 
study in nursing home residents found that an ele-
vated PVR was not associated with bacteriuria and 
incontinence (73), Since recurrent UTI’s [due to ele-
vated PVR] can be associated with urinary inconti-
nence it remains necessary to measure PVR in incon-
tinent patients with UTI. 

Review of the literature fails to show an evidence-
based specific maximum PVR that is considered nor-
mal, nor is there a minimal PVR that is considered 
abnormal. The amount of residual urine that pre-
cludes treatment by various therapies has also not 
been determined. The AHCPR guidelines state that, 
in general, a PVR less than 50 ml is considered ade-
quate bladder emptying and over 200 ml is consid-
ered inadequate emptying (expert opinion of the 
panel members) (74). 

 “Normal values” of PVR have been determined in 
several groups of non-incontinent and incontinent 
women. Gehrich et al studied 96 women (mean age 
60 ± 11 yrs) that were seen in a well-women clinic. 
These women had no history of incontinence, reten-
tion, symptomatic prolapse or neurologic disorders. 
Most (97%) had a minor (asymptomatic) degree of 
prolapse, 80% were post-menopausal and 30% had 
had a hysterectomy. The median PVR was 19 ml 
(range 0-145 ml; mean 24 ± 29 ml); only 5% had PVR 
> 100 ml. Only, age > 65 yrs was associated with 
higher PVR. This study gives some indication on what 
might be considered normal or relatively normal (75). 
Tseng et al studied 107 women with urodynamic 
stress incontinence. They found a mean PVR of 62.5 
ml by bladder scan and 38.5 ml by catheterization. 
Only 15.9% had a PVR greater than 100 ml. The PVR 
determined by bladder scan offered a sensitivity of 
64.7% and a specificity of 94.3% in detecting PVR 
greater than 100 ml (76). Haylen et al studying 
women with lower urinary tract dysfunction found that 
81% had a PVR of less than 30 ml (77). Fitzgerald et 
al studied women with urgency, frequency and urge 
incontinence: 10% had an elevated PVR of > 100ml. 
In these women with OAB, the following independent 
risk factors of increased PVR were found: vaginal pro-
lapse, symptoms of voiding difficulty and abscence of 
stress-incontinence (78). Lukacz et al found that only 
11% of women with pelvic floor disorders had an ele-
vated PVR (79). Wu and Baguley studied 319 con-
secutive patients (196 women, 123 men) in a sub-
acute general, but predominantly geriatric, rehabilita-
tion unit. 22 had been admitted with catheter and 
were excluded. Of the 297 "asymptomatic" patients, 
21.5% had PVR volumes of 150 mL or more. Patients 
with elevated PVR (> 150 ml) were significantly more 
likely to have a urinary tract infection at admission 
and have urinary incontinence on discharge (80). Mil-
leman et al retrospectively reviewed 201 women 
(mean age 55; range 20-90) who presented with com-
plaints of urinary frequency, urgency and /or urge in-
continence. 19% had an elevated PVR of more than 
100 ml (mean 211 ml; range 100-997 ml). On multi-
variate analysis the following independent predictors 
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of raised PVR were identified: age > 55 yrs [OR 3.71], 
prior incontinence surgery [OR 4.32], a history of mul-
tiple sclerosis [OR 15.32] and pelvic organ prolapse 
grade 2 or greater [OR 3.61] (81). In summary, an el-
evated PVR > 100 ml was found in 5% of women vis-
iting a well-women clinic, in 10-19% of women with 
OAB, in 11% of women with pelvic floor disorders and 
in 15.9% of women with urodynamic SUI. Overall, in-
continent women have a slightly higher risk of ele-
vated PVR compared to asymptomatic subjects. 
Does a significant PVR have an impact on the out-
come of treatment in patients with incontinence? 
Nager et al studied the predictive value of urodynamic 
measures on stress continence outcomes after sur-
gery for stress urinary incontinence. They found that 
urodynamic measures do not predict outcomes. How-
ever, since women with PVR > 150 ml were excluded 
in this study, one can only conclude that PVR vol-
umes < 150 ml did not have an adverse impact on 
stress continence outcomes (82). 

A PVR measurement is recommended in men with 
symptoms suggestive of bladder outlet obstruction. It 
is a well known clinical principle that chronic urinary 
retention can be associated with overflow inconti-
nence [ischuria paradoxa]. Apart from this there are 
unfortunately insufficient data on the role of PVR and 
its significance in male urinary incontinence. Conse-
quently, there are insufficient data to draw conclu-
sions about the association of PVR and urinary incon-
tinence in men as well as the association of PVR and 
the outcome of incontinence treatment in men. 

In the geriatric patient, a PVR should always be 
measured since it decreases functional bladder ca-
pacity and contributes to urgency/frequency, urge in-
continence and nocturia. 

PVR should probably be measured several times to 
increase its reliability. In elderly patients, Griffiths et 
al found a significant variability in PVR measurement 
depending on the time of the day; the greatest volume 
occured in the morning (71). Counter-intuitively, a 
Scandinavian study in nursing home residents was 
unable to show an association between an elevated 
PVR and bacteriuria and incontinence (73). 

1.5.1 Recommendations 
1. Varying degrees of decreased bladder emptying or 
urinary retention may be a cause of LUTS that are 
associated with symptoms of decreased urinary stor-
age. The decision to perform a PVR in disease spe-
cific sub-groups of incontinent patients should be 
based on an association of the condition with poor 
bladder emptying (Grade D), whereas in individual 
patients this decision may be based on symptoms or 
physical findings. (Grade C) 

2. Female patients who present with storage specific 
symptoms, with normal sensation and no complaints 
of decreased bladder emptying, and no anatomical, 
neurological, organ-specitic, or co-morbid risk factors 
for retention may be assessed for bladder emptying 
by history and physical examination alone, depending 

on the potential morbidity of the failure to diagnose 
and the nature of the intended therapy. (Grade B). 
Due to the increased possibility of bladder outlet ob-
strcution due to prostatic obstruction being increased 
in the male patient, the threshold for investigating re-
sidual urine in the male is significantly lower (Grade 
D). 

3. A PVR should be performed in incontinent patients 
when decreased bladder emptying is suspected, es-
pecially if treatments that decrease bladder contrac-
tility or increase outlet resistance are being consid-
ered. (Grade D) 

4. Non-invasive ultrasound measurement of PVR is 
as accurate as measurement by catheterization and 
is therefore the preferred method. (Grade A) 

5. A palpable bladder on physical examination is an 
indication for referral to a specialist (Grade D) 

1.5.2 Future Research 
1.Development of more specific indications for PVR 
testing for diagnosis and prior to instituting therapy 
based on history, physical examination, and disease 
specific findings. 

2.Further development of low cost, minimally inva-
sive, and accurate means of measurement of PVR 
that do not require catheterisation. 

 SPECIFIC POPULATIONS: 
EVALUATION OF THE FEMALE 

PATIENT 

1. ESTABLISHING THE TYPE OF 
URINARY INCONTINENCE IN WOMEN 

The aims of the assessment of women with urinary 
incontinence are the documentation and characteri-
sation of type of incontinence, its timing and its sever-
ity, the differential diagnosis, prognosis evaluation 
and planning of treatment (83). The classification of 
subjective diagnosis of urinary incontinence into 
stress, urgency and mixed incontinence is basically 
clinical. Assessment should include history, symptom 
assessment, and physical examination. A careful uro-
logical history may be helpful to make a first subjec-
tive differentiation between the types of incontinence. 
Infact as shown in Holroyd-Leduc’s meta-analysis 
(16) simple questions to diagnose stress or urgency 
urinary incontinence have high reliability in women, 
with the percent agreement between repeated ques-
tioning estimated at 90% for stress, urgency and 
mixed urinary incontinence sub-types (16). Further 
questioning on the frequency, severity of leakage and 
degree of bother, is essential for planning treatment 
and counseling of the women. The leakage should 
also be quantified if possible by using voiding diaries 
(84, 85), pad tests (the 1-hour pad test the most used) 
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(86), and evaluation of the number of pads used per 
day. Finally, a general history and medication review 
are helpful to classify the different types of inconti-
nence into uncomplicated and complicated. The defi-
nition of complicated or uncomplicated SUI is not 
widely agreed. According to FIGO’s consensus un-
complicated stress urinary incontinence (SUI) is UI 
without further storage symptoms, absence of voiding 
symptoms and without history of recurrent urinary 
tract infections (RUTI), no prior extensive pelvic sur-
gery or prior surgery for stress incontinence and no 
medical conditions that can affect the lower urinary 
tract (87). Complicated SUI doesn’t fulfil the uncom-
plicated SUI criteria (87). In a multicentre single na-
tion database (88) SUI has been defined as uncom-
plicated when the presenting history of SUI has been 
present for at least 3 months, the post-void residual 
urine volume is < 150 ml, urinalysis or urine culture is 
negative and clinical assessment of urethral mobil-
ity,with an expressed desire for surgery for SUI, and 
a positive provocative stress test. Conversely compli-
cated SUI has been defined as incontinence in 
women with previous surgery for incontinence, his-
tory of pelvic irradiation, pelvic surgery within the pre-
vious 3 months, and anterior or apical pelvic-organ 
prolapse of 1 cm or more distal to the hymen (88). 
Nevertheless several studies (11, 88) have shown 
that patient history alone is not completely accurate 
in determining the type of incontinence. Symptom as-
sessment by validated questionnaires can provide a 
very helpful complement to the patient history, to as-
sess the impact of urinary incontinence on quality of 
life, and the symptoms (89-93). In the literature there 
are no studies that prove the usefulness of physical 
examination to typify the urinary incontinence. How-
ever, it is recommended to identify risk factors as well 
as significant associated or underlying pathology, 
such as significant prolapse, obstruction, neurological 
disease and malignancy(16). 

2. GENERAL MEDICAL HISTORY 

The main goal of the general medical history in 
women with urinary incontinence is trying to identify 
all comorbidities that could initiate or worsen UI as 
well as those which could negatively impact treatment 
success. The main factors associated with urinary in-
continence are: obesity(94) (95, 96), diabetes and 
other metabolic conditions (96), neuropsychiatric dis-
orders (97-100) , heavy occupational work, smoking, 
previous pelvic surgery and constipation  (100, 101) 

Neurologic diseases, pelvic neoplasms (malignant or 
benign) and radiotherapy can also lead to inconti-
nence. Therefore, a careful surgical history should be 
taken and specific attention should be given to pain 
and other neurological symptoms, especially over the 
sacral nerve dermatomes, which could suggest neu-
rologic disease or an intrapelvic nerve entrapment. 

Pelvic pain can also be associated with apical support 
defects, endometriosis or pelvic congestion syn-

dromes. The latter two can be associated with neuro-
genic urgency, depending on localization of lesions 
and varicosities, and require specific approaches. 

Anorectal dysfunction, such as anal incontinence and 
obstructed defecation must also be carefully as-
sessed and treated simultaneously, as these symp-
toms are strongly associated with urinary inconti-
nence and may share a common aetiology and be as-
sociated with a pelvic support defect. 

A careful surgical history should be taken, especially 
for pelvic surgery and other continence procedures, 
as the former can disrupt the endopelvic fascia (102)  
or result in intrapelvic nerve entrapment, thus gener-
ating  secondary UUI (103) (104, 105). For recurrent 
SUI, there seems to be a trend for better results with 
retropubic and/or adjustable slings; however, there is 
still not enough data to recommend or refute any of 
the different management strategies for recurrent or 
persistent stress incontinence after failed suburethral 
tape surgery (105). 

3. SYMPTOM ASSESSMENT 

As classification of Urinary incontinence is clinical, a 
careful symptom assessment is mandatory and it is 
particularly important to plan the appropriate treat-
ment. Furthermore, it is important to quantify the de-
gree of leakage before and after therapy to evaluate 
the impact of the disease on quality of life, and to 
identify patients with complicated incontinence that 
need to be referred for specialised management (87). 
To achieve these objectives there are several tools 
including history and clinical assessment together 
with validated questionnaires, voiding diaries and pad 
tests.  Many validated questionnaires have been de-
veloped to assist in the evaluation of urinary symp-
toms and to help in diagnosing the type of urinary in-
continence (89-93).  They may be used in combina-
tion with history and clinical examination. The Inter-
national Consultation on Incontinence (ICI) has de-
veloped an ICI questionnaire (ICIQ) to assess pelvic 
floor function in both clinical practice and research 
settings (106, 107). It includes many modules about 
both female and male urinary symptoms or pelvic 
dysfunctions in particular urinary incontinence (ICIQ-
UI). Franco at al  (108) and Karantanis et al(109) 
showed that the short form (ICIQ-SF) correlates well 
with the 1-hour and 24-hour pad test for evaluation of 
the severity of SUI. The severity of SUI seems to be 
correlated to Intrinsic sphincter deficiency,  although 
the diagnosis is possible only by urodynamic study 
(Urodynamic valsalva leak point pressure (VLPP) < 
60 cm water believed to be diagnostic) (110).  

The Modified Gaudenz-Incontinence questionnaire 
increases the likelihood of accurately diagnosing both 
stress and urge incontinence, however this question-
naire is validated only in the Japanese language (16) 
, while the Bladder Instability Discrimination Index 
(91) and Versi’s questionnaire (111), although useful 
to diagnose urgency and stress incontinence, are 
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complex and sometimes not easily used in the practi-
cal clinical setting. The patient-completed Question-
naire for Urinary Incontinence Diagnosis(112) con-
tains 6 questions, of which 3 are intended to predict 
stress incontinence and 3 are intended to predict ur-
gency incontinence. It appears to increase the likeli-
hood of correctly diagnosing urgency incontinence 
(positive LR, 3.7; 95% CI, 1.6-9.0; negative LR, 0.27; 
95% CI, 0.17-0.42), but is not as helpful in the diag-
nosis of stress incontinence (positive LR, 2.8; 95% CI, 
1.6-4.9; negative LR, 0.21; 95% CI, 0.12-0.37)(16). 
The Urogenital Distress Inventory (113), that is a 
widely used symptom tool, is a questionnaire helpful 
to assess LUTS bother, including incontinence, in 
women. The Questionnaire for Urinary Incontinence 
Diagnosis is a reliable 6-item questionnaire able to di-
agnose stress urinary incontinence and urgency uri-
nary incontinence in a referral urogynecology patient 
population with accuracy (93). Overactive bladder 
symptom scores are also very useful for women with 
storage symptoms including urgency incontinence 
(32) (34-42) (114) (115).  

4. PHYSICAL EXAMINATION 
(FEMALE) 

The main objective of physical examination is to de-
tect signs, defined as any abnormality indicative of 
disease or a health problem, detectable on examina-
tion of the patient; an objective indication of disease; 
or a health problem. No studies were found to support 
evidence that clinical examination improves care for 
diagnosing the type of urinary incontinence (UI) in 
women. Nonetheless, there is a wide consensus rec-
ommending clinical examination as an important part 
of assessment women with UI, including: abdominal, 
neurological, gynaecological and pelvic  examination,   
with the  purpose of detecting associated or underly-
ing pathology that may explain lower urinary tract 
symptoms (LUTS). Height and weight should be rec-
orded so that the body mass index can be calculated 
(Kg/M2) as obesity is an important risk factor for UI  
(112, 115, 116). 

a) Abdominal examination. Observation of the abdo-
men may yield evidence of scars from previous sur-
gery or abdominal striae. Increased abdominal striae 
may be found in association with other markers of ab-
normal collagen metabolism, and are more likely in 
patients with prolapse and stress incontinence (117, 
118). 

Bladder fullness or retention may be identified by ab-
dominal palpation or by suprapubic percussion. In 
one study designed to look at the clinical utility of 
basic assessment in elderly women, palpable en-
largement indicated a post-void residual volume of at 
least 300ml (119). Other abdominal mases or ab-
dominal distension (e.g. ascites) can also be detected 
by abdominal examination. Tenderness or a mass in 
the renal area must be excluded by examination.   

b) Neurological examination. Neurological signs re-
lated to S2-4 can suggest a possible neurogenic 
lower urinary tract or pelvic floor dysfunction. Saddle 
anesthesia will occur with lesions affecting S2-S4. 
Assessment of gait, abduction and dorsiflexion of the 
toes (S3) and sensory innervation to the labia minora 
(L1-L2), sole and lateral aspect of the foot (S1), pos-
terior aspects of the thigh (S2), and cutaneous sacral 
reflexes bulbocavernosus and anal reflexes) are ad-
ditional features of the neurological exam that may be 
assessed. A rectal examination will provide a subjec-
tive assessment of resting and voluntary anal tone 
(S2-S4). For patients with possible neurogenic lower 
urinary tract dysfunction, a more extensive neurolog-
ical examination is indicated. In the elderly, full cogni-
tive and mobility assessments are also recom-
mended. An evaluation of hand dexterity should be 
performed when self-catheterisation is being consid-
ered as a treatment option for incontinence associ-
ated with chronic urinary retention. 

c) Gynaecological examination (vulva and vagina). 
There are few scientific data documenting the param-
eters of a normal pelvic examination in women of var-
ious ages and with various obstetrical histories. The 
components of the examination have not been uni-
versally agreed upon. Gynaecological examination 
should include:  inspection of the vulva, perineum and 
vagina, as well as vaginal palpation, with the evalua-
tion of pelvic floor muscle tone, muscle mass and de-
fects. The location of any vaginal pain should be 
noted and any tenderness over the course of the pu-
dendal nerve. Bimanual pelvic examination is also 
part of the gynaecological examination, with the as-
sessment of the size, location, and mobility of the 
uterus and the adnexal structures. Palpation of any 
pelvic mass or unusual tenderness is possible by vag-
inal examination together with suprapubic palpation. 

Vulval inspection allows a description of the skin and 
the presence of any abnormal anatomical features 
(atrophic changes, scars, erythema of the vulva, li-
chen sclerosis, cysts, other tumors).  With inspection 
of the external genitalia a urethral caruncle may be 
noted (a small, soft, smooth friable red outgrowth 
along the edge of the urethra) or urethral mucosa pro-
lapse (smaller eversion of the urethral urothelium, 
generally involving the posterior lip).  

Another important aspect of the examination is the 
observation of the perineal movement when the pa-
tient is asked to cough or Valsalva. This is a way to 
evaluate the pelvic floor muscles function. We can ob-
serve a perineal elevation as the inward (cephalad) 
movement of the vulva, perineum, and anus and a 
perineal descent as an outward (caudal) movement 
of the vulva, perineum, and anus. During cough or 
Valsalva maneuver the perineum should show a ven-
tral movement due of the contraction of the pelvic 
floor muscles; a downward movement might indicate 
a weak pelvic floor.  

With vaginal examination we obtain information of the 
vaginal length and mobility, presence of scarring 



 

 
SPECIFIC POPULATIONS: EVALUATION OF THE FEMALE PATIENT  515 

 

and/or pain, and level of oestrogenisation.  Vulvar 
and vaginal atrophy (VVA) is a common condition and 
is a consequence of reduced oestrogenisation of uro-
genital tract that results in a loss of vaginal elasticity, 
dryness, decreased lubrication, with associated irrita-
tion, dyspareunia, and urinary symptoms (120).  Vag-
inal atrophy can be treated with vaginal estrogen ap-
plication and this should be considered as an adjunc-
tive treatment in the management of common pelvic 
floor disorders in postmenopausal women (121, 122) 
. A urethral diverticulum presenting as a palpable 
suburethral mass, can also be detected on vaginal 
examination. The most common finding is a tender 
anterior vaginal wall mass and if the sacculation com-
municates with the urethra, it may be possible to ex-
press a purulent exudate from the urethra. Occasion-
ally, a stone may develop within the diverticulum. 
Many patients with urethral diverticula are asympto-
matic and need no treatment although symptomatic 
patients report swelling of the urethra, recurrent cys-
titis, dyspareunia, urinary incontinence, urinary drib-
bling after passing urine and voiding difficulties (123-
125).  

d) Rectal examination.  Anal sphincter tone and 
strength can be classified as good or poor, in the ab-
sence of any quantitative assessment. Ano-rectal ab-
normalities can be found by inspection and digital ex-
amination: hemorrhoids, fissure, intussusception; 
rectovaginal or anocutaneous fistula or tumor. Anal 
sphincter tear may be recognized as a clear “gap” in 
the anal sphincter. The presence or absence of fecal 
impaction may also be assessed.  

e) Specialised tests for diagnosis UI in Women 

Three special manoeuvres can be performed during 
the initial assessment of women with urinary inconti-
nence: the stress test, the Q-tip test, and the pad test.  

Stress Test. The stress test involves observation for 
urine loss when women, with a full bladder, are 
coughing forcefully or during a Valsalva maneouvre. 
If the patient leaks with the onset of the cough and 
terminates with its cessation, the test is positive and 
confirms stress incontinence.  It is an easy test to per-
form in a single visit and the results are immediately 
available. The stress test performed with coughing 
appears to be reliable. Reliability data are not availa-
ble for tests performed using the Valsalva mane-
ouvre. This procedure can be performed while the pa-
tient is in the lithotomy position, if no leakage is ob-
served, the test should be repeated in standing posi-
tion [2]. A negative supine cough test does not ex-
clude incontinence. Rimstad et al found that in the su-
pine position only 49% of the women leaked during 
the stress test (126). Earlier studies have also found 
that the supine cough test has low sensitivity (127). A 
positive stress test is helpful in diagnosing the type of 
urinary incontinence. When stress incontinence is 
suspected by the symptoms, the cough stress test is 
the most reliable clinical assessment for confirming 
the diagnosis (128). When compared with multichan-

nel urodynamic studies, the cough stress test demon-
strates good sensitivity and specificity for stress in-
continence (129-131). A detrusor contraction may oc-
casionally cause leakage during a stress test and 
thus the possibility of a detrusor overactivity. 
Kulseng-Hanssen et al have demonstrated that only 
5 of 100 stress and mixed incontinent women had a 
detrusor contraction simultaneously with stress leak-
age, and in none was detrusor over-activity the sole 
cause of leakage (132). Lagro-Janssen et al noted 
that the presence of urgency incontinence in the ab-
sence of stress incontinence excluded the possibility 
of SUI and had a high specificity for the diagnosis of 
detrusor overactivity (DO) (133). Holroyd-Leduc et al. 
reviewed existing evidence on the diagnostic accu-
racy of the stress test for stress urinary incontinence 
(16). Results from the meta-analysis revealed that a 
positive stress test increases the likelihood of a diag-
nosis of stress urinary incontinence (summary LR, 
3.1; 95% CI, 1.7-5.5), while a negative test result de-
creases the likelihood (summary LR, 0.36; 95% CI, 
0.21-0.60).  

The main limitations of this test is the variability in the 
intensity of cough and bladder volume. However, in 
women complaining of stress urinary incontinence, 
cough stress test is important as an objective meas-
ure to confirm the diagnosis, particularly when surgi-
cal treatment is planned.  

Pad test. A pad test it is a non-invasive diagnostic 
tool, involving the continuous wearing of a continence 
pad for a set period of time. The objective of pad test-
ing is to quantify the volume of urine lost by weighing 
a perineal pad before and after some type of leakage 
provocation. It is as an optional test for the evaluation 
of urinary incontinence, to distinguish continent, from 
incontinent women, but is not diagnostic of the type 
of urinary incontinence (134, 135). Holroyd-Leduc et 
al. reported that a positive pad test increases the like-
lihood of an incontinence problem (LR, 3.3; 95% CI, 
2.0-5.4), while a negative pad test makes an inconti-
nence problem much less likely (LR, 0.11; 95% CI, 
0.05-0.27) (16). Price and Noblet have demonstrated 
that in women with symptoms of predominant stress 
urinary incontinence, the cough stress test is more re-
liable than the pad test (131).  Pad tests can be di-
vided into short term tests, usually performed under 
standardized office conditions, and long-term tests, 
usually performed at home for 24–48 hours. Pad tests 
are generally performed with a full bladder or with a 
fixed known volume of saline instilled into the bladder 
before beginning the series of exercises. Only the “1 
hour pad test” has been standardized by the Interna-
tional Continence Society (ICS-pad test) (136). This 
short test is appropriate in routine evaluation of pa-
tients during initial evaluation, however it can be af-
fected by many factors, if either the patient or physi-
cian have doubts about the accuracy of the initial test, 
evaluation should be extended by an additional hour 
or repeated. The 24-hr test is more reproducible than 
a 1-hr test, but longer testing requires more prepara-
tion and a greater commitment on the part of the pa-
tient.  A pad weight gain >1 g is considered positive 
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for a 1-hour test, and a pad weight gain >4 g is posi-
tive for a 24-hour test. These values may need to be 
modified in situations of increased perspiration (137). 
There is wide variation in the pad weight gain in in-
continent women participating in clinical trials. Alt-
hough some studies have found high test-retest cor-
relations in pad tests (136, 138), some other studies 
have reported low inter-subject and intra-subject reli-
ability (139, 140). The correlation coefficient between 
total leakage during two long-term tests appears to 
exceed that of a standard 1-hour test (141, 142)  

A pad test is a good instrument for evaluating severity 
of urinary incontinence, however, it is not a perfect 
"gold standard" for UI severity. A pad test should al-
ways be interpreted in conjunction with standard self-
assessment questionnaires including the bother in-
dex. In the analysis of 1-hr pad test, an increase of 1–
10 g is classified as representing mild incontinence, 
11–50 g moderate and >50 g severe incontinence. 
Good correlation has been reported by Abdel-Fattah 
et al. between the self-assessment questionnaires 
and the 1-hr pad test (141). The King's Health Ques-
tionnaire showed a 96% sensitivity and 93% specific-
ity of a 1-hr pad test in identifying incontinent pa-
tients(141). The good correlation between self-as-
sessment questionnaires and 1-hr pad test, but not 
the 24-hr pad test supports the value in standardiza-
tion. In addition there is also good correlation be-
tween the 24-hr pad test and the International Con-
sultation on Incontinence Questionnaire—Short Form 
(ICIQ-SF) (109). The values for 24-hr pad test are 
classified as follows: Mild (4–20 g/24 hr), moderate 
(21–74 g/24 hr), and severe (>75 g/24 hr) inconti-
nence (143). However these values have to be con-
sidered with caution and they may change depending 
on the sample characteristics (eg, proportion of 
women with more severe incontinence, etc). In an-
other study comparing pad-weighing test with the In-
continence Severity Index (ISI), the mean pad-
weights (grams per 24 hours, 95% confidence inter-
vals), were : 7 for slight, 39 (26-51) for moderate, 102 
(75-128) for severe, and 200 (131-268) for very se-
vere UI. Spearman's correlation coefficient for pad 
weighing results and severity index was 0.58 (p < 
0.01), and bother increased significantly with increas-
ing severity (144). 

The main limitation of the pad test as a diagnostic tool 
for UI is the value for the cutoff of a positive test and 
the inability to distinguish between types of inconti-
nence. This limitation is especially important when 
this test is used as an outcome measure, when sur-
gical treatment of stress urinary incontinence is eval-
uated, as these women can suffer "de novo" urgency 
urinary incontinence. 

Q-tip test. Stress urinary incontinence (SUI) may be 
classified based on urethral mobility. Urethral hyper-
mobility is associated with greater surgical success 
after suburethral sling placement. Assessment of ure-
thral mobility is an essential part of pelvic examination 
in women with symptoms of SUI, especially when sur-
gery is planned. The Q-tip test has traditionally been 

used to assess the mobility of the urethro-vesical 
junction. The test involves placement of a lubricated 
cotton swab or Q-tip in the urethra to the level of the 
bladder neck while the woman is in the lithotomy po-
sition. The degree of rotation of the free end of the 
swab is then measured while the woman performs a 
Valsalva maneouvre. The free end should remain 
horizontal if no anatomical defect is present. If the 
free end moves above the horizontal, urethral hyper-
mobility is suspected, this can occur in patients with 
stress urinary incontinence. A straining angle of 30º 
or greater relative to the horizontal during Valsalva or 
cough has been considered clinically relevant and de-
fined as hypermobility (145, 146).  In a meta-analysis 
by Holroyd-Leduc et al. that examined the accuracy 
of the Q-tip test for diagnosing stress urinary inconti-
nence, only two relevant studies met the inclusion cri-
teria(16). Results of the analysis suggested that a 
positive Q-tip test does not accurately predict the di-
agnosis of stress urinary incontinence in women.  

Although the Q-tip test is a useful tool, it may be un-
comfortable for many women due to the insertion of a 
rigid cotton tipped swab into the urethra. The identifi-
cation of visual examination tool to determine urethral 
hypermobility would help to eliminate this uncomfort-
able test. A study has compared the diagnostic accu-
racy of the Q-tip test with visual urethral mobility ex-
amination (VUME) and concluded that VUME is a di-
agnostic alternative to Q-tip test for the initial assess-
ment of urethral hypermobility when performed by an 
experienced operator and is preferred by 
women(147) .  A recent publication comparing a vag-
inal swab test with the urethral Q-tip test has demon-
strated that the vaginal swab test, with a cotton-tipped 
swab placed in the vagina 3 cm proximal to the exter-
nal meatus in the midline at rest, is equivalent to the 
standard Q-tip test in measuring urethral mobility with 
less discomfort for patients (148).  

Another noninvasive method to identify women with 
urethral hypermobility is translabial ultrasound (149, 
150). This more specialised testing with pelvic floor 
ultrasound and other imaging techniques appears to 
be gradually replacing the Q-tip test for a more ad-
vanced assessment of bladder neck hypermobility, 
however they are limited to their cost, availability and 
special training requiered.    

5. PELVIC ASSESSMENT: PELVIC 
FLOOR STRENGTH AND PELVIC 

ORGAN PROLAPSE 

5.1. Assessment of Pelvic Floor Muscle 
Strength 

Pelvic floor muscles (PFM) play an important role in 
continence and support of the pelvic organs. Volun-
tary pelvic floor muscle contraction and relaxation 
should be evaluated during the initial assessment. 
Pelvic floor muscle function can be clinically as-
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sessed by several different methods, including in-
spection, visual palpation, ultrasound, electromyogra-
phy (EMG), dynamometry and manometry (151-154). 

Due to the location of the PFM inside the pelvis, the 
evaluation of the PFM function is difficult only by ob-
servation. Vaginal palpation is an accepted method to 
evaluate muscle tone and strength and is perhaps the 
most accessible and valid measure of PFM function 
(155, 156). PFM contractility measured by digital vag-
inal palpation can be scored according to the Modi-
fied Oxford Scale (MOS)(157).  According to the joint 
guidelines published by IUGA/ICS in 2010, pelvic 
floor muscle strength is qualitatively defined by the 
tone at rest and the strength of a voluntary or reflex 
contraction as strong, normal, weak or absent, or by 
a validated grading symptom (2). Any or all of the fol-
lowing factors can be assessed including muscle 
strength (static and dynamic), voluntary muscle relax-
ation (absent, partial, complete), muscular endurance 
(ability to sustain maximal or near maximal force), re-
peatability (the number of times a contraction to max-
imal or near maximal force can be performed), dura-
tion, coordination, and displacement. If possible, it is 
desirable to document findings for each side of the 
pelvic floor separately to allow for any unilateral de-
fects and asymmetry. The ICS report into the stand-
ardization of terminology of pelvic floor muscle func-
tion and dysfunction (158) classifies the pelvic floor 
muscles according with the ability to contract in: 

a) Normal pelvic floor muscles: Pelvic floor muscles 
which can voluntarily and involuntarily contract and 
relax. 

b) Overactive pelvic floor muscles: Pelvic floor mus-
cles which do not relax, or may even contract when 
relaxation is functionally needed, for example, during 
micturition or defaecation. 

c) Underactive pelvic floor muscles: Pelvic floor mus-
cles which cannot voluntarily contract when this is ap-
propriate (155) . 

d) Non-functioning pelvic floor muscles: Pelvic floor 
muscles where there is no action palpable.  

The morphology and integrity of the pelvic floor mus-
cles, including the puborectalis muscle, may be also 
assessed by palpating its insertion on the inferior as-
pect of the os pubis. If the muscle is absent 2–3 cm 
lateral to the urethra, i.e., if the bony surface of the os 
pubis can be palpated as devoid of muscle, an “avul-
sion injury” of the puborectalis muscle is likely (159). 
This finding is significantly associated with a reduc-
tion in MOS, as disconnection of a muscle from its 
insertion results in functional impairment. Studies in 
symptomatic women have showed an association be-
tween avulsion and reduced contractile strength (160, 
161). All these studies demonstrated that MOS grad-
ing is strongly associated with subjective and objec-
tive measures of pelvic floor dysfunction, both clini-
cally and sonographically, however it appears that 
MOS obtained by simple digital palpation might be a 
more valid measure of PFM contractile function than 

ultrasound measures of tissue dsplacement (154, 
162).  

5.2. Assessment of Pelvic Organ Prolapse 
Assessment of pelvic organ prolapse described in 
this section is in accordance with the joint guidelines 
produced by IUGA/ICS in 2016 (163, 164). Pelvic or-
gan prolapse (POP) as a sign is defined as the de-
scent of one or more of the anterior vaginal wall, pos-
terior vaginal wall, the uterus (cervix) or the apex of 
the vagina (vaginal vault or cuff scar after hysterec-
tomy). Urinary incontinence and pelvic organ pro-
lapse are separate clinical entities that often coexist. 
It is important to assess pelvic organ prolapse in a 
woman with incontinence, because repair of one pel-
vic support defect without repair of concurrent symp-
tomatic pelvic support defects can predispose to ac-
centuation of unrepaired efects and new symptoms. 
Significant pelvic organ proplase can obstruct voiding 
and defaecation. The term stress incontinence on 
prolapse reduction (occult or latent stress inconti-
nence) describes the development of stress urinary 
incontinence after the reduction of co-existent pro-
lapse by surgical repair or pessary insertion (163, 
164).   

The presence of any sign of POP should be corre-
lated with relevant POP symptoms, commonly this 
correlation would occur when the prolapsed organ 
reaches the level of the hymen or beyond (165, 166). 
All examinations for pelvic organ prolapse should be 
performed with an empty bladder (and if possible an 
empty rectum).  An increasing bladder volume has 
been shown to restrict the degree of descent of the 
prolapse (167). The choice of the woman's position 
during examination, e.g. left lateral (Sims), supine, 
standing or lithotomy is that which can best demon-
strate POP in that patient and which the woman can 
confirm as the maximal extent she has perceived e.g. 
by use of a mirror or digital palpation (168). The de-
gree of prolapse may be worse after a lengthy time in 
the upright position. 
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Pelvic organ prolapse staging. Each aspect of POP, 
uterine (cervical) prolapse, anterior vaginal wall 
(compartment), posterior vaginal wall (compartment), 
vaginal vault (cuff scar) prolapse can and should be 
subject to a clinical staging. The hymen always re-
mains the fixed point of reference for prolapse de-
scription. According with the IUGA/ICS guidelines for 
POP in 2016 (163, 164) , the following stages are 
considered: 

Stage 0: No prolapse is demonstrated. 

Stage I: Most distal portion of the prolapse is more 
than1 cm above the level of the hymen. 

Stage II: Most distal portion of the prolapse is situated 
between 1 cm above the hymen and 1cm. below the 
hymen. 

Stage III: The most distal portion of the prolapse is 
more than 1 cm below the plane of the hymen but 
everted at least 2cm less than the total length. 

Stage IV: Complete eversion or eversion at least 
within 2 cm of the total length of the lower genital tract 
is demonstrate 

Uterine/ cervical prolapse: Observation of descent of 
the uterus or uterine cervix. 

Anterior vaginal wall (compartment) prolapse: Obser-
vation of descent of the anterior vaginal wall (com-
partment). Most commonly this might represent a 
bladder prolapse (cystocele). Higher stage anterior 
vaginal wall prolapse will generally involve descent of 
uterus or vaginal vault (if uterus is absent). Occasion-
ally, there might be an anterior enterocele (hernia of 
peritoneum and possibly abdominal contents), most 
commonly after prior hysterertomy or reconstructive 
surgery.  

Posterior vaginal wall (compartment) prolapse: Ob-
servation of descent of the posterior vaginal wall. 
Commonly, this would represent rectal protrusion into 
the vagina (rectocele). Higher stage posterior vaginal 
wall prolapse after prior hysterectomy will generally 
involve some vaginal vault (cuff scar) descent and 
possible enterocele formation. Enterocele formation 
can also occur in the presence of an intact uterus.  

Vaginal vault (cuff scar) prolapse: Observation of de-
scent of the vaginal vault (cuff scar after hysterectomy 

Pelvic organ prolapse quantification (POP-Q). The 
need for an objective, site-specific method of quanti-
fying and staging POP led to the design and valida-
tion of the POP-Q system. The original description of 
the POP-Q was by Bump et al in 1996 and is shown 
in figures 1, 2 and 3 (169) . This standardised system, 
which represents a reliable and internationally ac-
cepted tool for describing the anatomic position of the 
pelvic organs, has been validated in the dorsal lithot-
omy, standing, upright and lateral position(170-172). 

 

The POP-Q records defects relative to the hymeneal 
remnants in centimetre gradients. These measure-
ments are further staged according to the most distal 
defect. The POP-Q system for POP considers the an-
atomic position of six defined points (two on the ante-
rior vaginal wall, two in the superior vagina, and two 
on the posterior vaginal wall) measurement are in 
centimetres (cm) above or proximal to the hymen 
(negative number) or cm below or distal to the hymen 
(positive number), with the plane of the hymen being 
defined as zero (O). For example, a cervix that pro-
truded 3 cm distal to the hymen would be + 3 cm. All 

 
Figure 1: The six sites (Aa, Ba, C, D, Bp and Bp), the 
genital hiatus (gh), perineal body (pb) and total vag-
inal length (tvl) used cm above or proximal to the hy-
men (negative number) or cm below or distal to the 
hymen (positive number) with the plane of the hy-
men being defined as zero (0). Alternatively, a three 
by three grid can be used to organize concisely the 
measurements as noted in Figure 2. 

 
Figure 2: Grid presentation of POP-Q measurements 
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points are measured on maximal straining (except to-
tal vaginal length). The POP-Q as a system for quan-
titative prolapse description defines also other land-
marks and measurements: The genital hiatus (GH) is 
measured from the middle of the external urethral me-
atus to the posterior margin of the hymen. The total 
vaginal length (TVL) is the length of the vagina (cm) 
from posterior fornix to hymen when Point C or D is 
reduced to its full normal position. The perineal body 
(PB) is measured from the posterior margin of the hy-
men to the mid-anal opening. 

Anterior vaginal wall prolapse is defined as descent 
of the anterior vagina so that the urethra-vesical junc-
tion (a point 3cm proximal to the external urinary me-
atus) or any anterior point proximal to this is less than 
3cm above the plane of the hymen.  On vaginal ex-
amination, there is a loss of the transverse crease be-
tween the lower and middle thirds of the anterior vag-
inal wall and descent of the anterior vaginal wall. An-
terolateral protrusion into the vaginal canal may rep-
resent unilateral or bilateral detachment of the pubo-
cervical fascia along the anterolateral vaginal sulcus 
from its attachment to the arcus tendineus fascia pel-
vis (white line). Central protrusions of the anterior 
vaginal wall may represent defects in the pubocervi-
cal fascia below the trigone and base of the bladder. 
Advanced prolapse of the upper anterior vaginal wall 
may obstruct a well-supported bladder neck. The two 
anterior vaginal wall points are as follows:  

 Point Aa located in the midline of the anterior vaginal 
wall three (3) cm proximal to the external urethral me-
atus. By definition, the range of position of Point Aa 
relative to the hymen is −3 to +3 cm.  

Point Ba that represents the most distal (i.e., most de-
pendent) position of any part of the upper anterior 
vaginal wall from the vaginal cuff or anterior vaginal 
fornix to Point Aa. By definition, Point Ba is at −3 cm 
in the absence of prolapse and would have a positive 
value equal to the position of the cuff (Point C) in 
women with total uterine prolapse or post-hysterec-
tomy vaginal eversion. 

Prolapse of the apical segment of the vagina is de-
fined as any descent of the vaginal cuff scar (after 
hysterectomy) or cervix, below a point that is 2cm less 
than the total vaginal length above the plane of the 
hymen. In some women, the intravaginal portion of 
the cervix may become elongated and cause the cer-
vix to extend into the lower vaginal canal, simulating 
prolapse; however, the uterine fundus may have 
good support. In other women, the uterus may pro-
lapse fully outside the hymen as uterine procidentia. 
Following hysterectomy, the vaginal cuff may be well 
supported or may prolapse fully outside the hymen, 
along with other vaginal segments. The two superior 
vaginal points are as follows:  

Point C that represents either the most distal (i.e., 
most dependent) edge of the cervix or the leading 
edge of the vaginal cuff (hysterectomy scar) after total 
hysterectomy.  

Point D that represents the location of the posterior 
fornix in a woman who still has a cervix. It is included 
as a point of measurement to differentiate suspen-
sory failure of the uterosacral-cardinal ligament “com-
plex” from cervical elongation. When the location of 
Point C is significantly more positive than the location 
of Point D, this is indicative of cervical elongation 
which may be symmetrical or eccentric. Point D is 
omitted in the absence of the cervix. 

Posterior vaginal wall prolapse is defined as any de-
scent of the posterior vaginal wall so that a midline 
point on the posterior vaginal wall 3cm above the 
level of the hymen or any posterior point proximal to 
this, less than 3cm above the plane of the hymen. 
Posterior protrusions into the vaginal canal are most 
commonly caused by defects in the recto-vaginal fas-
cia allowing protrusions of the small bowel (entero-
coele) and/or rectum (rectocele). Normally, the ante-
rior vaginal wall lies upon the posterior vaginal wall. 
Therefore, protrusions of the posterior vaginal wall 
can affect the function of the urethra and bladder that 
lie upon the anterior vaginal wall. For example, distal 
loss of support in the posterior segment may result in 
a bulge that compresses the urethra and affects void-
ing. The two posterior vaginal wall points are as fol-
lows:   

Point Ap is located in the midline of the posterior vag-
inal wall three (3) cm proximal to the hymen. By defi-
nition, the range of position of Point Ap relative to the 
hymen is − 3 to +3 cm.  

Point Bp represents the most distal (i.e., most de-
pendent) position of any part of the upper posterior 
vaginal wall from the vaginal cuff or posterior vaginal 
fornix to Point Ap. By definition, Point Bp is at −3 cm 
in the absence of prolapse and would have a positive 
value equal to the position of the cuff in women with 
total post-hysterectomy vaginal eversion.  

The POP-Q system has not been widely adopted in 
clinical practice particularly by non-urogynaecol-
ogists; owing somewhat to difficulty in learning the as-
sessment (173, 174). A simplified version of the POP-

 
Figure 3: Simplified POP-Q 
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Q was published by Swift in 2002, whereby the ordi-
nal staging system of the original scale was retained 
(175) . This is based on the POP-Q with similar ordi-
nal staging but with only four points measured instead 
of nine. There is no Stage 0; it is combined with Stage 
1. It is undertaken in the dorsal lithotomy position with 
patient forcefully bearing down, performing Valsalva 
or coughing. Four points used: Point Ba in the ante-
rior vaginal segment (estimated around 3 cm proxi-
mal to hymenal remnants). Point Bp in the posterior 
vaginal segment (estimated around 3 cm proximal to 
hymenal remnants). Point C (cervix).  The apex / pos-
terior fornix is Point D in non-hysterectomized women 
and point C in hysterectomized. (Fig.3). The inter-ob-
server correlation of the simplified POP-Q was inves-
tigated in a secondary analysis of data from a large 
multicenter study. Weighted kappa statistics for the 
four POP-Q sites ranged from 0.53 (indicating poor 
agreement) to 1.0 (denoting excellent agreement) 
(176, 177).  

Despite the difficulties highlighted with the adoption 
of the POP-Q, reproducibility and reliability of the as-
sessment system have been demonstrated (178, 
179). Hall et al demonstrated that the examination 
could be completed within four minutes by new learn-
ers and two minutes by clinicians experienced with 
the assessment (70) . With experienced practitioners, 
POP-Q staging performed using the measurement 
technique and estimation based on clinical examina-
tion are not significantly different (180). Parnell et al 
have described a POP-Q model in order to teach the 
POP-Q examination(181). 

The relationship between anatomical defects meas-
ured by the POP-Q and lower urinary tract symptoms 
or other pelvic floor symptoms in women with pelvic 
floor disorders has been investigated and the symp-
tom feeling of a bulge in the vagina is the only symp-
tom that correlated with POP-Q in all vaginal compart-
ments (182-185) . A recent published study demon-
strates that the sensitivity and specificity of this symp-
tom were 60% and 83% when point Ba was 1 cm be-
low the hymen. Whereas they were 55% and 83% 
when point C was 3 cm above the hymen (186). 

The correlation between posterior compartment pro-
lapse measured by POP-Q and obstructed defecation 
symptoms has been also investigated; the best-de-
signed studies utilizing validated measures show a 
significant association between presence of posterior 
compartment prolapse and specific obstructed defe-
cation symptoms, most significantly splinting, strain-
ing, and incomplete emptying (187, 188) . A retro-
spective study by Collins et al showed that a point Bp 
value of >-5 on the POP-Q, was found to be strongly 
correlated with defaecatory dysfunction with symp-
toms of stool trapping and incomplete evacuation ac-
cording with the CRADI-8 score(189).  

The POP-Q has been used for the linguistic validation 
of condition specific health related quality of life ques-
tionnaires such as the Prolapse Quality of life (P-
QOL) (190, 191), Pelvic Floor Distress Inventory 

(PFDI)(192-194), Pelvic Organ Prolapse/Urinary In-
continence Sexual Questionnaire (PISQ12) (195), 
Pelvic Organ Prolapse/Incontinence Sexual Ques-
tionnaire, IUGA-Revised(PISQ-IR) (196-202), and  
validation of the Patient Global Impression of Im-
provement (PGI-I) for urogenital prolapse(202). 

An advantage of the widespread adoption of the 
POP-Q system is the capability to compare results 
and surgical outcomes of different studies. The POP-
Q has been used to define improvement in POP after 
surgical interventions in a number of studies; includ-
ing vaginal mesh or abdominal mesh(203-236), lapa-
roscopic techniques(237-240),  colpocleisis(241-
244),  sacrospinous fixation(244-246), and collagen 
coated mesh repairs(247-249).   

The quantification of POP using the POP-Q was com-
pared with dynamic MRI; the results showed that cor-
relations of the anterior compartment were good to 
moderate, compared with central and posterior com-
partment that were poor to moderate. Correlations 
were independent of the POP-Q staging measure-
ments (250-253). The agreement of MRI-based POP 
staging with the POP-Q is excellent, but the added 
clinical value is questionable due to poor association 
with clinical findings and pelvic floor symptoms (251).  
The relationship between clinical assessment of fe-
male pelvic organ prolapse using the POP-Q and dy-
namic 2D transperineal ultrasound (TPUS) has been 
also investigated. It was observed that the accuracy 
of pelvic floor US staging was limited and that clinical 
assessment remains the gold standard(252). An ob-
servational study using POP-Q and pelvic ultrasound 
for the assessment of the type of cystocele, analysed 
the agreement between physical POP-Q and the 
Green radiological classification of cystocele. Kappa 
co-efficients ranged between 0.56-0.54 and 0.32-
0.79 for clinical and ultrasound diagnosis respec-
tively. The clinical utility of these findings has not 
been established(253, 254).  A recent study com-
pared clinical examination and imaging findings, es-
pecially regarding cut-offs for the distinction between 
normal pelvic organ support and prolapse. The con-
clusion was that the proposed cut-offs for 'significant 
prolapse' on ultrasound and POP-Q (Ba ≥ -0.5 and 
cystocele ≥ 10 mm below the symphysis pubis, C ≥ -5 
and uterine position of 15 mm above the symphysis 
pubis, are plausible and mutually consistent (254, 
255). 

General recommendations in the female patient  

A global evaluation for women is essential for an ef-
fective treatment and prevention of recurrence of UI, 
especially in patients with other comorbidities. Identi-
fying and treating those symptoms are directly related 
of treatment success and resolution of symptoms, as 
well as their recurrence. 

Pain and urgency must be carefully assessed, as they 
may indicate that incontinence can be secondary to a 
neurologic or other functional conditions.  
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Urethral mobility can be assessed using the Q-Tip 
test and predict success/failure of TOT. 

A ring pessary test, VLPP and MUCP have been ad-
vocated to elucidate pelvic support-related inconti-
nence/symptoms and predict the outcome of a surgi-
cal procedure, but their predictive values still need to 
be assessed.  

 SPECIFIC POPULATION: 
EVALUATION OF THE MALE 

PATIENT 

1. CHARACTERISTICS OF MALE 
LUTS 

In the male population, Lower Urinary Tract symp-
toms (LUTS) may present with dysfunction of the stor-
age and emptying phase as well as with post micturi-
tion signs or symptoms. These symptoms can be 
non-specific in presentation and are multifactorial in 
origin. LUTS are a progressive and age related but 
not sex or organ-specific. They cause significant 
bother and impair quality of life (256, 257). Tradition-
ally LUTS were thought to be secondary to bladder 
outlet obstruction due to prostatic enlargement; how-
ever, recent scientific evidence failed to show this re-
lationship(257). Often, LUTS are unrelated to 
changes in prostatic size.  Current research is aimed 
at understanding the impact of the bladder itself in 
LUTS. Bladder dysfunctions, such as Detrusor Un-
deractivity, Detrusor Overactivity and other functional 
abnormalities can contribute significantly to 
LUTS(258).   

In vitro as well as in vivo animal studies show a cor-
relation between oxidative stress and ischemia with 
changes in bladder contractility in animals(259, 260). 

LUTS are strongly associated with ageing and repre-
sent a major health burden for the patient and the so-
ciety. Several epidemiological reports have demon-
strated that storage symptoms (including urinary ur-
gency and urinary urgency incontinence) defined as 
overactive bladder syndrome also increases with age 
in men. LUTS are often under-diagnosed and under-
treated and still unfortunately often accepted as part 
of ageing. In regards to urinary incontinence, epide-
miological studies have shown that obesity is an in-
dependent risk factor for incontinence. Several stud-
ies indicated that each 5-unit increase in body mass 
index (BMI) above normal weight is associated with a 
40% to 70% increased odds of urinary incontinence 
in a 5 to 10 yearstime period [296]. There is a gender 
disparity as the correlation between obesity and uri-
nary incontinence is higher in women, with 60 to 70% 
of incidence of urinary incontinence among severely 
obese women. Although the incidence appears lower 
in men, is still quite relevant, as 24% of severely 
obese men have urinary incontinence(261). Obesity 

is a potentially modifiable condition. A recent meta-
analysis confirmed that weight loss is associated with 
a reduction on incidence and severity of urinary in-
continence among women and men. Specifically, in 
male population, obesity appears to be more fre-
quently associated with urgency incontinence(261).  

Chronic prostatic pain syndromes (e.g. non-bacterial 
chronic prostatitis) and other pelvic floor dysfunctions 
can also present with a component of symptoms com-
patible with a component of symptoms compatible 
with storage symptoms. In younger men, primary 
bladder neck dysfunction is a common cause of 
LUTS, with or without pelvic pain.  Functional abnor-
malities of striated sphincter relaxation may also oc-
cur in young men. The complexity of the presenting 
symptoms and the various differential diagnoses 
mandate a thorough basic assessment of the lower 
urinary tract in men to plan optimal therapeutic inter-
vention. 

Recent epidemiologic studies and meta-analyses 
confirm a high prevalence of LUTS in the community. 
There is an increased prevalence of LUTS with age-
ing(262). The incidence appears to be of 3.5% in men 
in the fourth decade of life, while in men over age of 
85 the incidence is higher than 30%.  These epidemi-
ologic data are confirmed by the finding that in the 
time period from 1992 to 2001 there was an increase 
of medical treatment for male LUTS from less than 
2% to more than 10%. In the same time frame, there 
was also an increase in the time between the first di-
agnosis of LUTS and the time to surgery. The Multi-
national Survey of the Aging Male (MSAM-7) sur-
veyed over 12 000 men age 50 to 80 in mayor coun-
tries of Western Europe and USA [297].  Across all 
countries, prevalence increased from 22% in men 
aged 50–59 years to 45% in men aged 70–80 years . 
31% of men reported moderate-to-severe LUTS 
(34% in the USA and 29% in Europe). Interestingly, 
despite the fact that 19% of men with LUTS present 
with complaints, only 10% received and appropriate 
medical treatment (263).  

Based on the Integrated Health Care Information So-
lutions (IHCIS) database, LUTS are among the most 
frequent reasons for medical consultation among the 
male population over 50.  The fourth most common 
diagnosis in this population is BPH, after coronary ar-
tery disease, hyperlipidemia, hypertension and diabe-
tes mellitus(264). 

LUTS have a significant impact on quality of life but 
also on potentially life-treating conditions such as falls 
in elderly population. As reported by Parsons et al. 
moderate and severe LUTS independently increase 
the 1-year risk of falls, particularly recurrent falls, in 
community-dwelling older men(265). In their study of 
5,872 participants in the Osteoporotic Fractures in 
Men study were assessed for LUTS, using the AUA 
symptom score. Patients with moderate LUTS were 
found to have 11% higher risk of at least one fall, 
while the risk of fall increased to 33% in subjects with 
severe LUTS(265) . Falls in the elderly population 
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might have serious consequences and screening el-
derly patients for LUTS by primary care providers 
should be assessed routinely.   

2. MALE INCONTINENCE  

Improvement in early detection of prostate cancer 
has led to an increase of men treated for this condi-
tion. The rate of post-prostatectomy incontinence 
(PPI) is difficult to determine because of the varying 
definitions of incontinence, but approximately one in 
five men require the use of pads in the long term after 
radical prostatectomy (RP)(266).  Incontinence has a 
significant negative impact on quality of life. This po-
tential complication is also patients’ greatest fear, es-
pecially in the youngest subset of patients (65 years 
or younger), requiring RP(267). Robot-assisted lapa-
roscopic prostatectomy (RALP) was introduced with 
the aim of improving surgical outcomes, but con-
trolled or randomized studies on the long-term effects 
are few and present knowledge of effectiveness is 
based mainly on case series or registry data(268).  

The Swedish LAP PRO trial brings some very useful 
insights into answering the question of true incidence 
of PPI and whether there are any differences across 
techniques. In summary, this trial focused on the pri-
mary end point of urinary incontinence 12 months af-
ter RALP, as reported by the patients (to reduce the 
potential bias of Surgeon-Patient relationship)(269). 
Notably, this study recruited only patients for high vol-
ume surgeons, those with more than 100 procedures 
done, to avoid the bias of the single surgeons learn-
ing curve.  The study recruited 4000 patients and the 
final analysis included 2625 patients. 778 patients un-
derwent an open retropubic radical prostatectomy 
(RRP) and 1847 underwent RALP. The study showed 
that patients classified as having urinary incontinence 
ranged from 20% to 56% after RRP and from 21% to 
57% after RALP. The percentage of incontinence was 
even higher if a definition of dryness was combined 
with no use of pads and zero leaks(269).   

Catalona et al. showed that incontinence after pros-
tate surgery was primarily dependent on the age of 
patients(270). The older the patient, the more likely 
he is to be incontinent and to never regain urinary 
control. For 40-49 year olds only 3% (12/358) had 
long term incontinence but that increased to 8% 
(48/632) in 50-69 year olds 8% (48/632) and 13% 
(38/282) in men over age 70; for an overall preva-
lence of 7.7%(270).  

Special consideration is needed for irradiated pa-
tients as the success rate and incidence of post in-
continence surgery differ significantly from non-irradi-
ated patients.  The revision rate of Artificial Urinary 
Sphincter (AUS) surgery, a procedure done for PPI, 
was significantly higher in irradiated versus non irra-
diated men (mean 37.3 versus 19.8%; p <  0.007) af-
ter a mean follow-up of  38.4 months(271). Revision 
is typically performed for infection, erosion or urethral 
atrophy. Persistent urinary incontinence was also 

more than twice as likely in irradiated versus non-ir-
radiated men (29.5 versus 12.1%; P = 0.003) with an 
odds ratio of 2.08(271). Radiation induced changes 
involving the bladder neck and urethral tissue, such 
as fibrosis, are considered to be the primary etiology 
for the development of incontinence. Surprisingly, the 
timing of radiation therapy does not seem to have any 
influence on the incidence of urinary incontinence. 
Similar rates of incontinence are reported in early and 
late radiation therapy after radical prostatectomy.  
Sowerby and colleagues reported the incidence of 
urinary incontinence to be 24.5% in men who under-
went radiation less than 6 months from surgery and 
23.3% in men with radiation greater than 6 months 
after prostatectomy(271).  

Urgency incontinence is a failure of bladder storage 
usually due to the underlying pathology of detrusor 
overactivity (DO). Urgency incontinence commonly 
presents as part of the overactive bladder (OAB) syn-
drome. OAB is described as urinary urgency, with or 
without urgency incontinence, usually with frequeny 
and nocturia, in the absence of infection or other ob-
vious pathology [1]. In men, OAB symptoms often co-
exist with emptying phase LUTS. Men with emptying 
phase LUTS such as poor flow and hesitancy are of-
ten assumed to have benign prostatic obstruction, 
though research has shown they may not. 

  

3. SYMPTOM ASSESSMENT 

Symptom assessment in men with incontinence 
should identify and exclude patients with complicated 
incontinence, who need to be referred for specialised 
management. Complicated incontinence comprises 
patients with recurrent incontinence after failed previ-
ous surgery, with total urinary incontinence, and/or 
with associated symptoms such as pain, haematuria, 
recurrent urinary tract infection, voiding symptoms, 
and/or a history of previous pelvic radiotherapy or 
radical pelvic surgery(272).  

Because the occurrence of LUTS in men does not 
necessarily indicate concomitant prostate enlarge-
ment and/or obstruction, specific modalities should 
be used to ascertain the potential for the aetiologic 
role of these entities. A variety of symptom scores 
have been described to assess male patients with 
LUTS. It is important that symptom scores have a 
wide applicability across a number of different cul-
tures and languages. Ideally, symptom scores should 
also help to determine the underlying etiology of 
LUTS (for example, BOO, DO, impaired detrusor con-
tractility); however, this is made difficult by the fact 
that different conditions can produce similar or even 
identical symptoms. Each symptom score has ad-
vantages and disadvantages, but it is clear that the 
worldwide use of such scores has helped in evaluat-
ing symptoms, treating patients, and communicating 
findings globally. Symptom scores have been used in 
male LUTS for a variety of the purpose. 1) to assess 
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symptom severity, 2) to examine the relationships be-
tween clinical measure/ test results and scores from 
symptom and  quality of life (QOL) questionnaires, 3) 
to predict to treatment, 4) to assess the outcome of 
treatment. 

The following symptom scores for male LUTS have 
been evaluated.  

Table 4 Symptom Questionnaires for Male-LUTS 

The IPSS: symptoms and QOL impact of LUTS 
The International Consultation on Incontinence 
Modular Questionnaire-Male-LUTS (ICIQ-MLUTS): 
symptoms of LUTS and urinary incontinence 
The Danish Prostatic Symptom Score (DAN-PSS): 
symptoms of LUTS and urinary incontinence 
The OAB Symptom Score (OABSS) 
The core LUTS Score (CLSS): symptoms of LUTS 
The Urgency and Nocturia Scoring TOOL (UWIN): 
symptoms of LUTS 

 

Three questionnaires with a high level of psychomet-
ric validity and reliability are the IPSS, the ICS’s ICS-
male questionnaire (now known as the ICIQ-MLUTS), 
and DAN-PSS. Although each was designed with the 
same purpose, only six symptoms are common to all 
three, including incomplete emptying, urgency, de-
creased stream, frequency and nocturia. 

In men, the American Urological Association symp-
tom score for BPH (AUA-7) is most commonly used 
in North America for assessment of subjective symp-
toms. However, equally reproducible data can be ob-
tained from the International Prostate Symptom 
Score (IPSS)(273), the ICSmale questionnaire (now 
renamed the ICIQMLUTS, long and short forms, as 
part of the ICIQ modular questionnaire: 
www.iciq.net). 

The IPSS has been the most widely used (in many 
countries and languages), but one of the major criti-
cism of the IPSS is the fact that it is not disease or 
condition specific. In addition, it neglects the symp-
tom of urgency incontinence, a symptom that pro-
duces significant bother. Urgency incontinence is an 
important symptom, particular in regard to therapeutic 
outcome in BPO patients.  The prevalence of this 
symptom was also reported as common by the ICS-
“BPH” study group and was higher in men with BOO 
than in those without (274).  

ICIQMLUTS (ICSmale-SF) is slightly longer (14 ques-
tions), but takes into account the symptom of urgency 
incontinence, and in fact may be divided into voiding 
(ICS-male-VS) and incontinence (ICS-male-IS) sub-
scores (275). Thus, it is particularly a questionnaire 
for assessment of the occurrence and bothersome-
ness of a wide range of LUTS in man. However, to 
date, it has not been as widely used as the IPSS, but 
may be more widespread use as part of the ICIQ 
Modular Questionnaire. 

As the concept of OAB has become widespread, a 
simple symptom questionnaire to quantitatively as-
sess OAB symptoms, the OABSS, was developed 
and psychometrically validated. Overactive bladder 
symptom scores are also very useful for male patients 
with storage symptoms including urgency inconti-
nence(276, 277). Other new symptom question-
naires to assess male-LUTS include UWIN and the 
CLSS.   

Ten LUTS (increased daytime frequency, nocturia, 
urgency, urgency incontinence, stress incontinence, 
slow urinary stream, straining, a feeling of incomplete 
emptying, bladder pain, and urethral pain) were se-
lected as core symptoms from 25 LUTS defined by 
the ICS committee, and symptom questionnaire to 
assess the core symptoms we developed as the 
CLSS (277). Symptoms were scored according to 
their frequency and severity. The CLSS questionnaire 
was confirmed to show good test-retest reliability. 
The CLSS was compared with IPSS in men with 
LUTS, and it was suggested that the CLSS is more 
comprehensive than IPSS for symptom assessment 
of men various diseases and conditions (278). The 
CLSS provides overall assessment of relevant symp-
toms without omission, and may be useful for new pa-
tients, patients with multiple diseases, and patients 
without a definite diagnosis, as well as before and af-
ter intervention that may cause other symptoms.  

Among LUTS, urgency, nocturia, and hesitancy are 
most bothersome, whereas weak stream, urgency, 
and frequency are the most prevalent in pooled pop-
ulations being evaluated for BPH(279). Postmicturi-
tion dribbling is often provoked by an obstructing dis-
ease such as BPH or urethral stricture but can also 
be a symptom of a urethral diverticulum. As yet there 
is no validated symptom questionnaire that assessed 
post-micturition symptoms (post-micturition dribble 
and post-micturition incontinence).  

To determine the cause of post-prostatectomy incon-
tinence, many studies have stressed the lack of relia-
bility of symptoms and emphasized the important role 
of urodynamic testing(280, 281). Nevertheless, valu-
able information can be gained from a careful history 
with regard to incontinence, especially when related 
to sphincter dysfunction. The symptom of stress in-
continence is highly predictive of the presence of 
sphincter dysfunction. Chao and Mayo found that 67 
of 71 men with post-prostatectomy incontinence sec-
ondary to sphincteric dysfunction complained of the 
symptom of stress incontinence(282). Similarly, Fi-
cazzola and Nitti found 95% positive predictive value 
and a 100 % negative predictive value for symptom 
of stress incontinence(283). Urgency incontinence as 
a predictor of bladder dysfunction doesn’t seem to be 
as valuable, and the presence of bladder dysfunction 
cannot be determined accurately without urodynamic 
testing(282, 283). 

An important aspect of the assessment of male incon-
tinence should be a description of the type and sever-
ity of incontinence and precipitating events, Severity 
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may be determined by the number of episodes per 
day, the need for protection (e.g., pads, penile clamp, 
external catheter), and the impact of incontinence on 
activities of daily living. Bladder diaries and pad tests 
can quantify severity.  

A bladder diary (or frequency volume chart) kept for 
3 to 5 days may be useful in almost all male patients, 
especially in those with OAB. The time and voided 
volume are recorded for each micturition during sev-
eral 24-hour periods. Bladder diary completion by the 
patient provides useful evidence about the normal uri-
nary habits of the patient, including giving some esti-
mate of bladder capacity and diurnal and nocturnal 
frequency, urgency and stress incontinence. It also 
helps to identify patients with nocturnal polyuria or ex-
cessive fluid intake which are common in the aging 
male. The data obtained from frequency-volume 
chart provide a strong correlation to cystometric ca-
pacities and are reasonably immune to the effect of 
detrusor overactivity in men with LUTS(284). 

The 24 hour pad test is an excellent test to quantitate 
the amount of urine leakage in men. Since most pa-
tients use different size and type of pads，it is difficult 
to compare number of pad/day per patient. Further-
more，some patients are very disturbed by any leak-
age at all and change the pad very frequently, before 
they are saturated. The other distinction to be made 
is between a safety pad and true urinary inconti-
nence. In general, the each 1g weight equals 1 ml 
urine loss. It is proposed to use a cut-off value of 250 
g of urine to categorize minor from more troublesome 
or severe leakage(285). Recently, Machold et al. sug-
gested that the technical feasibility of the 20-min pad 
test to evaluate post-prostatectomy incontinence was 
excellent. The results correlated significantly with 
both the self-assessment via questionnaire (r =0.63; 
p <0.001) and the 1-hour pad test (ICS; r =0.66; p < 
0.001). Moreover, it was highly reliable (r = 0.74; p 
<0.0005) with excellent patient acceptance (286). 

4. PHYSICAL EXAMINATION 

The assessments focus on general physical exami-
nation, digital rectal examination (DRE) and neuro-
logical testing of the perineum and lower extremities. 

In a general physical examination, specific attention 
should be placed on the evaluation of surgical scars, 
the presence or absence of a distended bladder and 
excoriation of the genitals secondary to urinary incon-
tinence. Abdominal palpation should be performed to 
evaluate bladder distension, especially in elderly in-
continent men, who may have overflow leakage due 
to obstruction. In patients suspected of urinary reten-
tion, post-void residual volume should be measured. 
The examination should also include external genita-
lia, location of the urethral meatus, retractability of the 
foreskin and evidence of congenital malformation. 
The evidence of urethral discharge after abdominal 
straining (a Valsalva manoeuvre) or coughing in ei-

ther the supine or upright position should be evalu-
ated so that the presence of stress incontinence can 
be ascertained. 

A focused neurological examination is also highly rec-
ommended. In a patient suspected of neurogenic 
bladder, evaluation of perineal sensation and lower 
extremity neuromuscular function, and anal sphincter 
tone, which is often decreased in neurogenic patients 
is important (287). A focused neurogenic examination 
should also assess the patient’s general mental sta-
tus and ambulatory status.  

DRE should include palpation of the prostate to as-
sess size, symmetry and consistency of the gland and 
its relation to the pelvic sidewall and the rectum. En-
larged, indurated and painful prostate may imply 
BPH, prostate cancer and prostatitis, respectively. 
The locally advanced prostatic cancer can also pro-
duce OAB-like symptoms including incontinence. 
DRE may exclude prostatic cancer, although its spec-
ificity and sensitivity is low(288). The DRE is 53% 
sensitive and 85% specific for identifying underlying 
prostate cancer when abnormalities (i.e. induration or 
nodule) are present(289). Furthermore, abnormal 
rectal tone can raise suspicion of an occult neuro-
genic disorder that may be contributing a patient`s 
symptoms. DRE tends to underestimate the true 
prostatic size: if the prostate feels large by DRE, it 
usually also is found to be enlarged by ultrasound or 
other measurement technique(290, 291). Prostate 
volume has been associated with the risk of BPH pro-
gression (292) and response to treatment (293). It 
has been reported that men with BPH with idiopathic 
detrusor overactivity showed a significantly higher in-
cidence (54%) of intravesical protrusion of the pros-
tate(294). This finding suggests that intravesical pro-
trusion may in some way increase afferent impulses 
from the prostate and alter the stability status of the 
bladder. Occasionally tumors of the anal canal can be 
diagnosed while performing DRE of the prostate. 

4.1. Urinalysis and Urine Cytology 
All patients undergoing an evaluation for LUTS due to 
BPH should have a urinalysis performed to evaluate 
for UTIs or other uropathology. The most significant 
findings would include evidence for pyuria, bacteriu-
ria, and/or hematuria. Bladder cancer, carcinoma in 
situ of the bladder, urinary tract infections, urethral 
strictures, and bladder stones can cause OAB-like 
symptoms including incontinence in aged men. Alt-
hough haematuria or pyuria is not universally present 
in those conditions, urinalysis is important to rule out 
these conditions. Urinalysis is not a single test; com-
plete urinalysis includes physical, chemical, and mi-
croscopic examinations. Dipstick urinalysis is cer-
tainly convenient but false-positive and false negative 
results may occur. It is considered an inexpensive di-
agnostic test able to identify patients with urinary tract 
infection as indicated by the presence of leucocyte 
esterases and nitrites. A substantial proportion of 
older patients with chronic OAB-like symptoms have 
significant bacteriuria, sometimes accompanied by 
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pyuria. In men, recent urinary tract infections were as-
sociated with OAB without urgency incontinence 
(prevalence ration=2.9; 95% CI: 1.6-5.0) (295). How-
ever, infection may exist in the absence of pyuria and, 
in the elderly population, pyuria may develop in the 
absence of urinary tract infection.  

Microscopic haematuria can be easily identified by 
dipsticking because of the presence of haemoglobin. 
The detection of haematuria is important because the 
condition is associated with a 4-5% risk of diagnosing 
urological disorder or malignancy within 3 years.  

A systemic review and economic evaluation of diag-
nostic tests and algorithms used to investigate hema-
turia concluded that the evidence based on which to 
determine the ideal means of investigating hematuria 
was insufficient(296). However, because of the high 
prevalence of urinary tract infection and the increase 
of LUTS in the presence of urinary tract infection, var-
ious guidelines on the management of patients with 
LUTS suggestive of BPO, and urinary incontinence, 
endorse the use of urinalysis in primary care manage-
ment (297, 298). 

Urine cytology is also recommended in male patients 
with haematuria and a predominance of storage 
symptoms, especially with a history of smoking or 
other factors, to aid in the diagnosis of bladder carci-
noma in situ and bladder cancer 

4.2. Measurement of the Serum Creatinine 
Epidemiological studies in community dwelling men 
have shown the absence of any association between 
BPO/BPE and chronic kidney disease(297, 299) sug-
gesting that screening for renal function is not justified 
in male patients. Diabetes and arterial hypertension 
appear to be the most important causes of elevated 
serum creatinine in men with BPH and renal fail-
ure(297). Data from the MTOPS study showed that 
the risk of developing de novo renal failure in men 
with LUTS is low (less than 1 %) suggesting that is 
not necessary to monitor renal function in patients 
with LUTS / BPO(292). However, a study examining 
the association between(299) LUTS and glomerular 
filtration rate (GFR) in men concluded that in older 
men without obvious enlargement of the prostate, as 
LUTS became more severe, GFR fell (300). 

4.3. Measurement of the Serum 
Prostatespecific Antigen (PSA) 

In most patients, a normal DRE may be sufficient to 
exclude locally advanced cancer as a cause of LUTS 
or OAB. There is no consensus as to the measure-
ment of prostate specific antigen (PSA) in patients 
with LUTS. The rationale for measuring PSA is two-
fold: to screen for prostate cancer [337] and to meas-
ure a parameter with prognostic value for the progres-
sion of BPH and the response to treatment [328,329]. 
Because prostatic cancer is one of the potential 
causes of LUTS or OAB in men, PSA (together with 
DRE) is a relatively sensitive way to exclude prostatic 
cancer as a diagnosis(301, 302). PSA measurement 

is recommended in men with LUTS and a life expec-
tancy of over 10 years in whom the diagnosis of pros-
tate cancer would change the management of pa-
tient’s symptoms. Given the uncertainties surround-
ing prostate cancer detection physicians must use 
clinical judgment in determining which patients 
should or should not undergo transrectal ultrasonog-
raphy and prostate biopsy in response to a particular 
PSA (303).  

However, it is important to understand that about 25% 
of men with BPH have a serum PSA greater than 4 
ng/ml. Because of the overlap between serum PSA 
values in men with BPH and those with clinically lo-
calised prostate cancer, other parameters (PSA ve-
locity, free/total PSA ratio, complexed PSA and PSA 
density) will assist diagnostic specificity (304, 305). It 
has been suggested that a relationship between initial 
PSA level and subsequent prostate cancer detection 
with a stepwise increase in cancer detection rate 
(from <1% to 58%) in patients with <1.0 ng/ml, 1.1-
2.5, 2.6-4.0, 4-1-10.0 and >10 ng/ml PSA value in 
over 26.000 patients enrolled in a screening pro-
gram(306, 307). In addition, Thompson reported data 
on prostate cancer prevalence from the prostate can-
cer prevention trial (307) confirming a stepwise in-
crease in the risk of having a prostate cancer in pa-
tients with serum PSA from 0.5 to 4.0 ng/ml but show-
ing the limitation of the current threshold of 4.0 ng/ml. 
Change of PSA threshold from 4.0 to 2.0 ng/ml has 
been proposed but currently no consensus exists 
(308).  

In addition, serum PSA is a reasonable predictor of 
prostate volume in men with LUTS and can be used 
in this capacity in clinical decision making(303). It has 
been reported that the role of IPSS score in the as-
sessment of BOO is questionable, and that the grade 
of obstruction is more related to prostate volume, 
PVR, and Qmax(309). It has been demonstrated that 
moderate-to-severe LUTS in men can result in uri-
nary retention. The incidence of retention in men with 
untreated LUTS in community-based trials is 6.8 per 
1000 during longitudinal follow-up of 4 years(310) . If 
only patients with moderate-to-severe symptoms are 
considered, the rate of retention increases to 25 per 
1000(311). In a meta-analysis of predictors of reten-
tion in pooled groups of placebo patients from clinical 
trials of men with LUTS undergoing active interven-
tions (4300 patients), Roehrborn et al. found PSA and 
prostate volume to be strong independent predictors 
of urinary retention and the need for surgery in men 
with LUTS followed up longitudinally in clinical trials 
(291, 312). 

Laniado et al have also tested the hypothesis that 
PSA level could be used to predict the presence or 
absence of BOO, evaluated by pressure flow studies 
(313). In patients with LUTS, those with a PSA more 
than 4 ng/ml are significantly more likely to have 
some degree of BOO. Conversely patients with PSA 
less than 2 ng/ml have a 33% risk of BOO. 



 

 
526  COMMITTEE 5A. INITIAL ASSESSMENT OF URINARY INCONTINENCE IN ADULT MALE AND FEMALE PATIENTS 
 

Recommendations 
A variety of symptom scores have been described to 
assess patients with Male-LUTS. The IPSS, ICIQ-
MLUTS, and DAN-PPS have been the most tested 
and were found to reproducible, valid, and sensitive 
for initial assessment. (Level 2). However, the IPSS 
neglects of symptom of incontinence. 

Urinalysis is recommended in patients with male-
LUTS. There are currently insufficient evidences to 
recommend routine measurement of serum creati-
nine and post-void residual urine in male patients with 
incontinence 

In addition to DRE, PSA measurement is recom-
mended in selected male patients with OAB. 

Future Research 
1. Improve the understanding of the underlying path-
ophysiology and contributory clinical factors involved 
in the development and treatment of detrusor overac-
tivity in the male patient, especially in differentiating 
the condition from female patients. 

2. Development of simple, non-invasive, cost-effec-
tive methods to determine the contribution of bladder 
storage and bladder emptying abnormalities in male 
patients. 
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 INTRODUCTION 

The last update of the International Consultation on 
Incontinence report broadened the scope of this re-
view to include all patient-reported outcomes, not just 
health-related quality of life. This chapter updates the 
previous literature reviews of Patient Reported Out-
come Assessments (PROs), for lower urinary tract 
symptoms (LUTS) and bowel incontinence outcome 
measures, in addition to providing recommendations 
for questionnaire selection for use in clinical practice 
and research. In addition, this summary will review 
the purpose and content of the ICI questionnaire 
(ICIQ) modules. The expansion of this review to in-
clude all types of patient reported outcomes (PRO) is 
an important step in recognising the conceptual dif-
ferences of various PROs each with different assess-
ment goals. A PRO is defined as “any report of the 
status of a patient’s health condition that comes di-
rectly from the patient, without interpretation of the 
patient’s response by a clinician or anyone else”([1]1). 
PROs measure different aspects of disease and ther-
apeutic impact such as: symptom frequency or symp-
tom bother, health-related quality of life (HRQL), 
treatment satisfaction, or work productivity measures 
(Figure 1). An essential component of selecting a 
PRO for use is to ensure that the selected PRO is 
consistent with the objective of the study or clinical 
purpose. For example, if the goal is to assess treat-
ment satisfaction, then a treatment satisfaction meas-
ure should be incorporated into the study design or 
as a clinical outcome. The matching of appropriate 
PRO selection with desired outcomes is critical to 
success when assessing PRO’s and will be reviewed 
further in this chapter. 

Ultimately, the last decade has been one of tremen-
dous growth in the area of PROs with influences from 
scientific and regulatory communities. As such, the 
ICI will endeavour to continually update the recom-
mendations it offers on the basis of emerging data 
and published evidence based on the recommenda-
tions of the prior reviews. 

1. SELECTING PRO MEASURES FOR 
CLINICAL TRIALS AND CLINICAL 

PRACTICE 

How does a researcher choose which instruments are 
most appropriate for a particular research study and/ 
or clinical assessment? The following section provides 
general guidelines for use in conducting PRO assess-
ments in clinical trials or other research investigations 
related to urinary or faecal incontinence. 

As there are many available PROs, it is of utmost im-
portance to select the PRO measure that is relevant 
and applicable to one’s desired outcome. If an inter-
vention is designed to reduce symptom bother, then 
a relevant PRO would be a symptom bother measure. 
Multiple PROs can be included in clinical practice or 

in a research study; however the designation of the 
PRO as a primary, co-primary, secondary, tertiary or 
exploratory endpoint must be noted. In addition, is-
sues of staff and participant burden, time constraints, 
and resources should be considered in the selection 
of a PRO measure. Once it has been decided which 
outcomes are to be assessed it is important to choose 
a questionnaire that has been scientifically developed 
and validated. Principles of validation and question-
naires that have been validated are presented in this 
chapter. 

  

“Outcomes” Claims Classification 

 
Figure 1: Patient-Reported Outcomes Assessment 
Areas. Burke L, Evidence Review Branch DDMAC, 
FDA; DIA Workshop on Pharmacoeconomic and 
Quality of Life Labelling and Marketing Claims New 
Orleans October 3, 2000 

2. SELECTING PRO MEASURES FOR 
RESEARCH STUDIES 

2.1. Study Design 
There are several protocol concerns that must be 
taken into account when using PRO measures in re-
search studies, including the length of the study, the 
frequency of contact with the study participants, the 
timing of clinical assessments, the complexity of the 
study design, the number of participants enrolled, and 
participant and staff burden. The goal of the PRO as 
sessment is to “fit” the PRO measures to the protocol 
without compromising either the study objective or 
design. For example, if the study design is complex 
with frequent participant contacts and multiple clinical 
measures, it may be necessary to keep the PRO 
measures at a minimum or to reduce the number of 
times the PRO is assessed (e.g. baseline and end of 
study rather than during all participant contacts) to 
minimise participant and staff burden. At the same 
time, however, PROs must be viewed as an important 
variable in the overall trial design and should not be 
devalued in the data collection process. Consequently, 
PRO measures cannot be altered or reduced to ac-
commodate study design as such alterations may 
yield less reliable measures or may seriously diminish 
the integrity of the overall study design and yield use-
less information. Having well developed research 
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goals and questions regarding PROs will help to guide 
clinicians in the selection of measures for a study. The 
aim is to develop a conceptually adequate, yet practi-
cal PRO battery given the study population, the spe-
cific intervention, and the study design. 

The frequency with which a PRO will need to be as-
sessed in a research study will depend upon the na-
ture of the condition or intervention being investigated 
and the expected effects (both positive and negative) 
of the treatment. At a minimum, as with all measure-
ments collected in a research study, a baseline and 
end of study assessment should be completed. In ad-
dition, PRO assessments should be timed to match 
expected changes in functioning due to either the in-
tervention, the condition or the disease itself. Timing 
follow-up assessments to coincide with typical patient 
follow-up visits, if appropriate, may also reduce the 
costs involved in the  follow-up PRO assessments. 

2.2. Study Population 
It is critical to specify key population demographics 
that could influence the choice of instruments, the rel-
evant dimensions of the PRO to be assessed, and the 
mode of administration. Thus, age, gender, educa-
tional level, language spoken, and cultural diversity 
should be carefully considered prior to selecting PRO 
measures. For example, a cohort of patients over the 
age of 70 may have more visual problems than mid-
dle-aged persons, making self-administered ques-
tionnaires potentially inadvisable. Ethnically diverse 
groups also require measures that have been vali-
dated across different cultures and/or languages. 

In clinical trials, it is also important to consider how 
the disease or condition will progress and affect the 
outcomes of patients in the control group as it is to 
understand the effects of the study treatment. For ex-
ample, in patients with incontinence assigned to a 
placebo-control arm of a study, one might expect a 
symptom to worsen and thus have an effect on daily 
functioning. The point is to select PRO measures that 
are sufficiently sensitive to detect changes in both the 
treatment and the control group patients. Use of the 
same measures for both groups will ensure an unbi-
ased and comparable assessment. 

2.3. Intervention 
There are three major factors related to the interven-
tion that are relevant to PRO assessment, and there-
fore require careful consideration: 1) the positive and 
adverse effects of treatment; 2) the time course of the 
effects; and 3) the possible synergism of the treat-
ment with existing medications and conditions. It is 
crucial to understand how a proposed treatment can 
affect patient outcomes in both positive and negative 
ways. For example, some drug therapies may relieve 
LUTS but produce side effects like dry mouth or sex-
ual dysfunction. 

In addition, the time course of an intervention’s effects 
on PROs is also critical both in terms of the selection 
of measures and the timing of when PRO measures 

are administered to study  participants. For example, 
in a trial comparing coronary artery bypass graft 
(CABG) surgery to angioplasty, an assessment of 
PRO one week post-intervention might lead to an in-
terpretation that the surgical arm had worse out-
comes than angioplasty for  PRO  since the individu-
als in this arm of the trial would still be suffering the 
effects of the surgical procedure (for instance, sore 
muscles and surgical site discomfort) which could 
overwhelm any benefits  associated  with CABG. 
However, at six months post-intervention, the bene-
fits of CABG surgery such as, relief from angina might 
be more profound than the benefits received from an-
gioplasty. Thus the timing of when PROs are as-
sessed could influence how one interprets the bene-
fits (or negative effects) of the interventions. 

Finally, it is important to have a clear understanding 
of the current medications the patient population is 
likely to be taking prior to randomisation to the study 
treatment, and how these medications might interact 
with the trial intervention, (either a pharmacological or 
behavioural intervention), to influence patient out-
comes. 

3. TYPES OF PRO MEASURES 

There are two types of PRO measures: generic and 
condition-specific. Generic measures are designed to 
assess outcomes in a broad range of populations 
(e.g., both healthy as well as ill individuals). These in-
struments are generally multidimensional, and as-
sess at least the physical, social and emotional di-
mensions of life. An example of this type of instrument 
is the Medical Outcomes Study SF-36 Health Status 
Profile [2]2. A second type of measure is condition-
specific (e.g., instruments designed to assess the im-
pact of specific diseases, conditions, age groups, or 
ethnic groups). Condition-specific measures can be 
similar to  generic  instruments  in that they assess 
multiple outcome dimensions, but condition-specific 
measures also include items more specific to the par-
ticular condition or population being studied. Exam-
ples of condition specific instruments in urology and 
urogynaecology include the Incontinence Impact 
Questionnaire [3]3, the King’s Health Questionnaire 
[4]4, and the OAB-q [5]5. 

In general, it is now common to include condition spe-
cific outcome measures in clinical trials due to their 
enhanced sensitivity to change and the need to mini-
mise participant burden. Importantly, the type of in-
struments selected for inclusion in a research study 
will depend on the goals of the intervention and the 
specific research questions to be addressed. In prac-
tice, clinical trials that include PROs usually incorpo-
rate a combination of PRO measures most relevant 
to the study population and intervention, if applicable, 
being mindful of resource constraints and staff and 
participant burden. 
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3.1. Quality-adjusted Life Year (QALY) 
Increasingly HRQL outcome measures are being 
used in the development of quality-adjusted life year 
(QALY) measures. A QALY is a universal health out-
come measure applicable to all individuals and all dis-
eases, which combines gains or losses in both life 
quantity (mortality) and life quality (morbidity) and en-
ables comparisons across diseases and programs. 
QALYs are widely used for cost-utility analysis [6]6. In 
the past decades, economic evaluation has been in-
creasingly important for the decision maker to decide 
which treatment or intervention is more cost effective, 
in order to allocate limited healthcare resources 
soundly. Economic evaluation aims to compare inter-
ventions in terms of their costs and benefits, including 
their patient outcome impact. Health benefits can be 
quantified as QALYs which have become a standard 
measure and are now recommended in most of 
health economics guidelines as the method of choice 
[7]7. The economic chapter contains additional infor-
mation regarding QALYs, as do the following refer-
ences: [88, 99]. 

4. LITERATURE SEARCH STRATEGY 

For the current version of this chapter the previous 
literature search was updated. A number of data-
bases were accessed, electronically, with specific 
search criteria, such as validation work from the pe-
riod January 2006 through August, 2016. Age and 
gender limits were not specified. Databases used in-
cluded Pub-Med/MEDLINE, and websites accessed 
included oab.com, proqolid.com, ncbi.nlm. nih.gov 
and mapi-institute.com.  

The following key words were used separately and/or 
in combination: “urinary incontinence”, “urinary symp-
toms”, “urgency”, “overactive bladder”, “stress incon-
tinence,” “incontinence,” “questionnaire,” “epidemiol-
ogy,” “prostate,” “prolapse,” “faecal,” “bowel,” “anal,” 
“quality of life,” “sexual,” “geriatric,” “paediatric,” “sat-
isfaction,” “symptom bother,” “goal attainment”, 
“screener,” and “generic.” Questionnaires evaluated 
in this chapter were updated with any new information 
if new validation work was found. New questionnaires 
not in the previously updated resource tool were 
added to appropriate sections if they were validated 
and relevant with regard to the search terms specified 
above. Grades were evaluated for correctness, 
based on previous and new validation work, and 
modified if and when necessary to demonstrate any 
changes with respect to instrument validation. 

 THE MEASUREMENT OF 
PATIENT- REPORTED OUTCOMES 

(PROS) OF INCONTINENCE, 
OTHER LOWER URINARY TRACT 

SYMPTOMS, AND BOWEL 
PROBLEMS 

The symptom impact of urinary incontinence and 
other lower urinary tract symptoms (LUTS) as well as 
bowel problems and the treatment benefit of any mo-
dality in this field can be assessed in several ways. 
While taking a detailed clinical history is the most tra-
ditional method, patient-completed tools have gained 
more importance and proved their reliability in the 
symptom and outcome assessment such as voiding 
diaries and validated questionnaires. 

Patient self-completed questionnaires or patient re-
ported outcomes (PROs) build the basis of the pa-
tient-centered healthcare system and represent the 
most important clinical review of symptom impact and 
treatment benefit from a patient perspective [1010, 
1111]. PROs or the synonymously used new term pa-
tient reported outcome measures' (PROMs) provide 
a method for the standardised collection of data, or 
an objective assessment of subjective phenomena, 
from patients relating to incontinence, other LUTS, 
and bowel problems. Clinicians' assessments of pa-
tients' outcomes have often been shown to underes-
timate the degree of bother perceived by patients, 
and to focus on issues of lesser importance to pa-
tients [1212]. 

1. BASIC DEFINITIONS AND 
TERMINOLOGY 

It is important to understand the advances in termi-
nology of outcome measures that are categorized in 
3 groups: clinical, humanistic and economical [1313]. 
The humanistic outcome measures may focus on role 
performance and emotional status, whereas econom-
ical outcomes on expenses and saving. The clinical 
outcomes measure cure or survival and they can be 
further sub-classified as clinician reported, caregiver 
reported, physiological (e.g. urodynamic improve-
ment) or patient reported. If the patient is observed 
for the outcomes by a clinician, researcher or care-
giver then the outcomes are termed observer re-
ported outcomes (OROs) [1414]. Proxy reported out-
come is a measurement based on the report by 
someone other than the patient reporting as if he or 
she is the patient and are different from a PRO or 
ORO [1515]. 

According to US-FDA, a PRO is any report of the sta-
tus of a patient's health condition that comes directly 
from the patient, without interpretation of the patient's 
response by a clinician or anyone else [15]. The Eu-
ropean Medicines Agency’s (EMA’s) Reflection Pa-
per on the Regulatory Guidance for the Use of Health 
Related Quality Of Life (HRQL) Measures in the Eval-
uation of Medicinal Products defines a PRO similarly 
as “any outcome directly evaluated by the patient and 
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based on patient’s perception of a disease and its 
treatment[s)” [1616]. 

Although PROs are commonly used as an umbrella 
term to also include health related quality of life 
(HRQOL) some authors consider PROs to differ from 
HRQOL measurements for the following reasons. 
Firstly, HRQOL is multidimensional whereas a symp-
tom is a one-dimensional property. Secondly, PROs 
are directly related to disease and treatment effect 
compared to HRQOL where there is an indirect rela-
tion to them. Thirdly, in the case of PRO concepts 
symptoms are often considered for behavioral objec-
tive measures but seldom for HRQOL. Thus, PRO 
concepts are simple whereas the concepts are com-
plex in HRQOL [11]. 

The US-FDA has described the basic definitions re-
lated to PRO that are shown in Table 1 [15]. PRO 
instruments can also be classified as generic, dis-
ease specific, dimension specific, region/site specific, 
individualized, utility measures, and summary items 
having their own advantages and disadvantages 
[11,1717].  

Since the last ICI, electronic PROs (ePRO) have 
gained more importance since clinical trial managers 
and regulators prefer electronic collection of PRO 
data directly from the patient for PRO-based end 
points [1818]. It has been suggested that ePRO leads 

to improved data quality, more complete data, less 
subject and administrative burden, as well as better 
implementation of skip patterns [1919,2020]. Further-
more, it has been shown that electronic data collec-
tion yields more reliable and accurate data, allowing 

a stronger test of the study objectives and a better 
picture of the patient's experience [20]. 

2. PRO QUESTIONNAIRE 
DEVELOPMENT AND VALIDATION 

PRO questionnaires can be used to record the pres-
ence and severity of urinary and bowel symptoms, as 
well as the impact of symptoms on everyday activities 
and health-related quality of life (HRQL) and satisfac-
tion with treatment, etc. To ensure that the results ob-
tained with PROs are clinically useful, data must be 
gathered using valid and reliable instruments. 
Prasanna et al have reported the characteristics of an 
ideal PRO instrument that are shown in Table 2 [11]. 
Questionnaire design and development is not a sim-
ple process. Developing such instruments requires a 
multistep, structured process that incorporates cogni-
tive psychology, psychometric theory, and patient 
and clinician input. The process begins by determin-
ing the intent and purpose of the PRO and culminates 
in studies that demonstrate the measure's validity, re-
liability, and responsiveness. The specific steps re-
quired for developing a PRO questionnaire are out-
lined in the following section and are shown in Figure 
2 and each step is further detailed in Table 3 [15]. 

The development of a PRO is a rigorous, scientific 

process to provide confidence that the PRO is meas-
uring what it is intended to measure, that it does this 
reliably, and is appropriate for use in the patient or 
population group under investigation. The final instru-
ment must have demonstrated validity and reliability 
in the intended target population. PROs need to be 

 
Figure 2: Five-step development of PRO instrument (adapted from ref 6) 
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developed with patient and clinician input and have 
the psychometric, or measurement, properties of the 
PRO evaluated to determine that it is a valid outcome 
measure. To be a useful measurement tool, a PRO 
instrument must also be easy to administer, reliable, 
and valid. Only PROs that have undergone this pro-
cess and have published validation data are dis-
cussed in this chapter. 

2.1. Determining Questionnaire Intent and 
Purpose 

The first task in developing a PRO measure is to de-
termine why the instrument is needed. Given the cur-
rent number of disease-specific questionnaires avail-
able in the field of incontinence and related pelvic dis-
orders, a new PRO measure must fill a need that has 
not already been met by an existing instrument. Once 
the need for the measure is recognized, its purpose 
and clinical usefulness need to be considered be-
cause the purpose dictates the validation design pro-
cess. For example, a symptom and a treatment satis-
faction measure would be developed and validated 
differently because the outcome is different. 

The development stage would focus on the outcome 
of interest (e.g., symptoms patients experience and 
the significance of each symptom, or what issues pa-
tients consider when determining how satisfied they 
are with treatment) with the items derived from the 
patient perspective and relating to the outcome of in-
terest. Validation efforts would include designing a 
study focused on the outcome of interest with the ap-
propriate patient inclusion/exclusion criteria to en-
hance generalizability while maintaining internal con-
sistency and providing opportunities to test—at a min-
imum—reliability and validity. 

2.2. Developing the Items 
Designing a clinically useful PRO measure involves 
more than just developing a series of questions. In 
addition to clinician input and literature review, ques-
tionnaire items must be generated from a patient per-
spective and include patient views. This is obtained 
through focus groups or one-on-one interviews to 
provide qualitative data on issues pertinent to pa-
tients and to identify the words patients use to de-
scribe their symptoms or disease impact. Focus 
groups and one-on-one interviews should be carefully 
planned to address the goals of the questionnaire be-
ing developed. For example, if a measure is intended 
to assess symptom bother, interview questions 
should pertain to the patient's symptom experience. 
Importantly, rather than using clinical terminology 
which patients may not comprehend, the words used 
during the focus groups or interviews should be com-
mon to patients. The results of the qualitative patient 
interviews lead to item generation. After items are 
generated, the newly drafted questionnaire should be 
reviewed by other patients and experts to ensure its 
readability and content validity. 

An alternative approach to questionnaire develop-
ment is to adapt an existing measure to meet the 
needs of the desired questionnaire. Patients need to 
be involved in the questionnaire adaptation to ensure 
that the revised measure is pertinent to the population 
of interest. The adapted questionnaire must be vali-
dated on its own in the target population as the valid-
ity of the original questionnaire does not apply to an 
adapted measure. 

For newly developed and adapted questionnaires, 
think out loud interviews or cognitive interviews 
should be used to ascertain the correctness and va-
lidity of the revised questionnaire. In a think out loud 
interview, patients are asked to review a question and 
describe what they are thinking as they cognitively 
process the question; the patients think out loud 
about what the question means to them and how they 
think through their response to the question. For a 
cognitive interview approach, patients review and re-
spond to the questionnaire items, and then they are 
interviewed about what each item meant to them as 
they completed the questionnaire. Both approaches 
provide information about what patients consider 
when responding to each question. 

2.3. Determining the Mode of Administration 
of a Questionnaire 

When generating the PRO items, the mode of admin-
istration must be considered. Will the measure be 
completed by the patient (i.e., self-administered) or 
administered by an interviewer (i.e., interviewer-ad-
ministered)? How the questionnaire will be completed 
needs to be determined before the validation stage 
because mode of administration can affect patient re-
sponses. For highly personal or intimate questions, a 
self-administered questionnaire is recommended to 
avoid response bias. Questionnaires that are self-ad-
ministered are preferable to interviewer-administered 
questionnaires because the data collection burden is 
reduced and patients are more likely to provide unbi-
ased information on self-administered question-
naires. Importantly, if a questionnaire has been vali-
dated for a particular mode of administration (self-ad-
ministered pen and paper), this does not make the 
questionnaire valid for all modes of administration 
(e.g. electronic administration via web or hand held 
device). Should the mode of administration change 
from the original validation, processes must be under-
taken to ensure no change in meaning or content 
have occurred with the format change. Guidelines for 
this type of adaptation are clearly outlined by Coons 
et al (2009) [2121]. 

2.4. Questionnaires' Psychometric 
Properties 

All PRO measures must demonstrate reliability, valid-
ity, and responsiveness, which are described in detail 
below. This can be accomplished in several ways: 
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Perform a stand-alone cross-sectional study to vali-
date the questionnaire in the patient population for 
which it was designed; 

Administer the untested questionnaire in a clinical 
study and use the baseline data to perform psycho-
metric validation (the end-of-study data can also be 
used to evaluate responsiveness); or 

Perform a stand-alone longitudinal study with an in-
tervention to determine the instrument's psychomet-
ric performance and responsiveness in a non-clinical 
trial setting. 

The following psychometric properties must be tested 
for and demonstrated in a validated questionnaire. 

Reliability refers to the ability of a measure to pro-
duce similar results when assessments are repeated 
(i.e., is the measure reproducible?). Reliability is crit-
ical to ensure that change detected by the measure 
is due to the treatment or intervention and not due to 
measurement error [2222]. One measure of reliability 
is the questionnaire's internal consistency, which in-
dicates how well individual items within the same do-
main [or subscale) correlate. Cronbach's alpha coef-
ficient is used to assess internal consistency reliabil-
ity, with higher alphas indicating greater correlation. 
Typically, Cronbach's alpha should be greater than 
0.70 to indicate good internal consistency reliability 
[22, 2323]. If the item-to-total alpha is less than 0.20, 
the question should be removed or rewritten. 

Test-retest reliability, or reproducibility, indicates 
how well results can be reproduced with repeated 
testing. To assess test-retest reliability, the same pa-
tient completes the questionnaire more than once, at 
baseline and again after a period of time during which 
the impact of symptoms is unlikely to change (e.g., a 
few days or weeks) [22, 23]. The Spearman's corre-
lation coefficient and intraclass correlation coefficient 
are used to demonstrate reproducibility. For group 
data, a Spearman's correlation coefficient or an intra-
class correlation coefficient of at least 0.70 demon-
strate good test-retest reliability [22, 23]. 

Inter-rater reliability indicates how well scores cor-
relate when a measure is administered by different 
interviewers or when multiple observers rate the 
same phenomenon [22]. Demonstration of inter-rater 
reliability is not necessary for self-administered ques-
tionnaires but is necessary for instruments based on 
observer ratings or using multiple interviewers. A cor-
relation of 0.80 or higher between raters indicates 
good inter-rater reliability [22]. 

Validity refers to the ability of an instrument to mea-
sure what it was intended to measure [22, 23]. A 
measure should be validated for each specific condi-
tion or outcome for which it will be used. For example 
a measure designed to assess stress incontinence 
would not be valid for OAB unless it were specifically 
validated in patients with OAB symptoms. 

Content validity, convergent validity, discrimi-
nant validity and criterion validity typically are re-
quired to validate a questionnaire [22, 23].  

Content validity is a qualitative assessment of 
whether the questionnaire captures the range of the 
content it is intended to measure [22, 23]. For exam-
ple, does a measure of symptom severity capture all 
the symptoms that patients with a particular condition 
have, and if so, is the measure capturing the items in 
a manner meaningful to patients in language patients 
can understand? To obtain content validity, patients 
review the measure and provide feedback as to 
whether the questions are clear, unambiguous, and 
comprehensive. 

Convergent validity is a quantitative assessment of 
whether the questionnaire measures the theoretical 
construct it was intended to measure [22, 23]. Con-
vergent validity indicates whether a questionnaire has 
stronger relationships with similar concepts or varia-
bles. Stronger relationships should be seen with the 
most closely related constructs and weaker relation-
ships seen with less-related constructs [22, 23]. 

Discriminant validity indicates whether the ques-
tionnaire can differentiate between known patient 
groups (e.g., those with mild, moderate, or severe dis-
ease) [22, 23]. Generally, measures that are highly 
discriminative are also highly responsive. 

Criterion validity reflects the correlation between the 
new questionnaire and an accepted reference, or 
gold standard [22, 2424]. One difficulty in establishing 
criterion validity is that a gold-standard measure 
might not be available [22, 24]. When criterion validity 
can be established with an existing measure, the cor-
relation should be 0.40 to 0.70; correlations ap-
proaching 1.0 indicate that the new questionnaire 
may be too similar to the gold-standard measure and 
therefore redundant [22, 24]. 

Responsiveness indicates whether the measure can 
detect change (for better or worse) in a patient's con-
dition [2525]. An aspect of responsiveness is deter-
mining not only whether the measure detects change 
but whether the change is meaningful to the patient. 
This can be done by determining the minimal im-
portant difference (MID) of the measure. The MID is 
the smallest change in a PRO questionnaire score 
that would be considered meaningful or important to 
a patient [2626]. A treatment that is statistically signif-
icantly better than another may not necessarily have 
made a meaningful difference to the patient; the MID 
indicates whether the treatment made such a differ-
ence from a patient perspective. 

Unfortunately, there is no scientific test for MID as it 
is an iterative process that involves two methodolo-
gies to determine the MID of a questionnaire: an an-
chor-based approach and a distribution-based ap-
proach [2727, 2828]. With the anchor-based approach, 
the MID is determined by comparing the measure to 
other measures (or "anchors") that have clinical rele-
vance [27]. With the distribution-based approach, the 
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MID can be determined by the statistical distributions 
of the data [27], using analyses such as effect size, 
one-half standard deviation, and standard error of 
measurement [27, 28, 2929]. 

Another methodology to evaluate treatment benefit is 
to examine the cumulative distribution function (CDF) 
of responses between treatment groups. The CDF 
provides plots to examine the treatment effect and 
mean improvements by treatment group to see if the 
mean improvement varies by patient subsets [15, 29]. 

2.5. Linguistic and Cultural Validation 
Increasingly, PRO questionnaires are required to be 
used in a number of different populations and set-
tings, however, questionnaires and their psychomet-
ric properties are not necessarily transferable [3030, 
3131]. A measure that is valid and reliable for a partic-
ular language and culture may not prove to be so after 
translation. Linguistic and cultural adaptation of a 
questionnaire can occur during the development 
phase before validation, or it can be done after the 
questionnaire is validated in the language in which it 
was initially developed, with the latter being the more 
common approach. Ensuring the linguistic and cul-
tural validity of a questionnaire is especially important 
for measures used in multinational clinical trials [30, 
31]. 

The principal steps in adapting a measure for differ-
ent languages and cultures are as follows: 

two forward translations of the original instrument into 
the new language; 

quality-control procedures that may include a back-
ward translation (translating the instrument back into 
the original language) [31]; 

adjudication of all translated versions; 

discussion by an expert panel to ensure clarity of the 
translated questionnaire; and 

testing the translated instrument in monolingual or bi-
lingual patients to ensure that it measures the same 
concepts as the original instrument [31, 3232]. 

However, if a backward translation of the measure 
does not produce a semantically equivalent instru-
ment, then the instrument may need to be developed 
in the target language, rather than just translated [31]. 

After cultural and linguistic validation, PROs should 
also be psychometrically validated within the target 
language. Thus, reliability, validity, and responsive-
ness need to be assessed with each language trans-
lation to confirm the same measurement properties 
are present in the translated language(s) to ensure 
psychometric equivalence. If psychometric equiva-
lence is not present (e.g., not achieving similar or bet-
ter results in new language translation), the cultural 
and linguistic translations need to be reevaluated and 
perhaps a new instrument may need to be developed. 

The ICIQ questionnaires and many of the other ques-
tionnaires discussed in this chapter have multiple lin-
guistically validated versions making them useful for 
International implementation. It is also important to 
note that the step after linguistic validation, demon-
strating psychometric equivalence, should also be 
demonstrated to ensure that the PRO performs 
equivalently in different languages and cultures (e.g., 
Coyne et al. 2008 [3333]). 

2.6. Regulatory Oversight 
As clinicians and scientists have begun to appreciate 
and accept PROs as appropriate outcome measures, 
regulatory authorities have issued guidance docu-
ments on current best practices in the development 
and implementation of PRO in clinical trial settings 
[15, 3434, 3535]. For PROs to be acceptable outcome 
measures for regulatory authorities, documentation of 
measurement properties must be present as well as 
evidence of inclusion of the patient perspective and 
understanding of the PRO and a cohesive conceptual 
framework that stipulates how the PRO is related to 
the intervention. While PROs within this document 
may have a "recommended" status, they may not 
meet all of the required regulatory guidelines and may 
require additional validation work either from a quali-
tative or quantitative perspective. It is strongly sug-
gested that regulatory authorities be contacted early 
in the process of selecting a PRO for clinical trials to 
ensure regulatory acceptance of the PRO. 

2.7. Questionnaire Development -  
Conclusion 

PROs are the most suitable method for assessing the 
patient's perspective of their lower urinary tract, vagi-
nal and bowel symptoms [2736]. Questionnaires may 
be long and detailed for use in research, but need to 
be short and easy to use to be relevant for clinical 
practice. In addition to being valid and reliable, they 
need to be easy to complete, and, if they are being 
used to measure outcome, sensitive to change. De-
veloping a new questionnaire and testing it thor-
oughly takes a great deal of time and is only neces-
sary if there is not an existing instrument available. 

There are many questionnaires currently available for 
use and these have been reviewed and described 
with recommendations from the Committee for their 
use in the last four ICI reports. 

The major purpose of the ICI has been to provide a 
definitive international review and consultative opin-
ion regarding the recommended measures to assess 
patient reported outcomes within the area of urinary 
incontinence and LUTS. To this end since the First 
Consultation, the ICI has worked to develop a modu-
lar format for the various patient reported outcomes 
allowing clinicians and researchers to select interna-
tionally recommended questionnaires for the assess-
ment of their patients in both clinical practice and clin-
ical trials. In this sixth ICI review, the ICIQ modular 
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questionnaires (supported by the International Con-
sultation) are presented in detail and their use evalu-
ated. Whilst some of the modular questionnaires are 
still currently under full evaluation their content and 
format are presented within this chapter. 

 RECOMMENDED PRO 
QUESTIONNAIRES 

GRADES OF RECOMMENDATION 
FOR QUESTIONNAIRES 2016 

As with previous Consultations, the Committee con-
tinues to use three grades of recommendation. How-
ever, we have added a + sign to indicate when pub-
lished content validity is available for an instrument: 

Questionnaires were 'highly recommended' and 
given a Grade A if the Committee found "Published 
data indicating that the questionnaire is valid, reliable 
and responsive to change following standard psycho-
metric testing. Evidence must be published on all 
three aspects and questionnaires must be relevant 
for use with persons with incontinence. Grade A + in-
dicates there is additional evidence of published 
content validity." 

Questionnaires were "recommended" and given a 
Grade B if the Committee found "Published data in-
dicating that the questionnaire is valid and reliable fol-
lowing standard psychometric testing. Evidence must 
be published on two of the three main aspects (usu-
ally validity and reliability). Grade B + indicates 
there is additional evidence of published content 
validity." 

Questionnaires were considered to have "potential" 
and given Grade C if the Committee found "Published 
data (including abstracts) indicating that the question-
naire is valid or reliable or responsive to change fol-
lowing standard psychometric testing. Grade C + in-
dicates there is additional evidence of published 
content validity." 

The Committee decided that evidence published in 
abstracts or posters could be used to indicate a de-
veloping questionnaire's potential, but was not suffi-
ciently peer-reviewed to provide the basis for a 
stronger recommendation. 

As decided in the Fourth Consultation the recommen-
dation will be to preferably utilize questionnaires from 
the ICIQ modules described in detail below. Many, 
but not all, of these questionnaires are Grade A or A+ 
questionnaires by previously stipulated criteria. 
Within the description of the ICIQ modules below the 
grade assigned to each module is indicated. 

Should none of the modular questionnaires be 
deemed appropriate for specific research or clinical 
purposes, ICI's recommendation is to use a Grade A+ 
or A questionnaire as previously recommended. 

When no suitable instrument exists a Grade B or C 
questionnaire, performing additional validation as in-
dicated prior to use if feasible, should be used. 

For UI and Ul/LUTS, the Committee examined the 
quality of the psychometric evidence. Only where 
published data were scientifically sound was the label 
'with rigor' allowed. Where the Committee had con-
cerns about the quality of evidence, this is noted in 
the descriptions of the questionnaires below. The 
Committee considered that the number of high quality 
questionnaires means that there are now sufficient 
questionnaires for most purposes and it is not neces-
sary to encourage the development of new question-
naires, except for particular patient groups (see be-
low). 
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Table 1: Important definitions of PRO according to US-FDA Industry Guidance (Ref 15) 
PRO instrument 

 

(i.e., a questionnaire plus the information and docu-
mentation that support its use) is a means to capture 
PRO data used to measure treatment benefit or risk 
in medical product clinical trials. 

PRO concept 

 

It is nothing but the thing or event being measured. 
It can be called as the specific goal of the instrument. 

e.g. symptom or group of symptoms 

PRO domain 

 

A subconcept represented by a score of an instru-
ment that measures a larger concept comprised of 
multiple domains. 

e.g. depression 

PRO item 

 

An individual question, statement, or task (and its 
standardized response options) that is evaluated by 
the patient to address a particular concept. 

e.g. Are you feeling depressed? 

Conceptual framework 

 

The conceptual framework explicitly defines the con-
cepts measured by the instrument in a diagram that 
presents a description of the relationships between 
items, domain (sub-concepts) and concepts meas-
ured and the scores produced by a PRO instrument. 

Endpoint 

 

The measurement that will be statistically compared 
among treatment groups to assess the effect of treat-
ment and that corresponds with the clinical trial's ob-
jectives, design, and data analysis. 

End point model 

 

A diagram of the hierarchy of relationships among all 
endpoints, both PRO and non-PRO, that corre-
sponds to the clinical trial's objectives, design, and 
data analysis plan. 

Conceptual equivalence 

 

It is the equivalence in relevance and meaning of the 
concepts being measured in different languages and 
/or cultures. 

Health Related Quality of Life 

 

In simple words HRQOL can be defined as personal 
health status of the individual. Actually, it is a multi-
domain concept which represents the patient's gen-
eral perception of the effect of illness and treatment 
on various aspects of life such as physical, psycho-
logical, and social. Some other aspects also can be 
predicted to affect HRQOL like- economical, disease 
symptoms, adverse drug reactions, patient-educa-
tion, disease-treatment given to the patient. 

 

Table 2: Ideal properties of PRO instrument (adapted from ref 20) 
To be specific to the concept being measured. 
To be based on end-point model. 
To have conceptual equivalence. 
To be based on the conceptual framework. 
To contain optimum number of items. 
To have easy and specific measurement properties i.e. use of the scales which is easiest for the intended 
population to understand. 
To have proper evidences for the conceptual framework. 
To maintain the confidentiality of the patient. 
To be reproducible. 
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Table 3: A detailed description of PRO development phases (Adapted from ICI 2013 and ref 6) 
Theorization of a conceptual framework Outline hypothesized concepts and potential claims 

Determine intended population 
Determine intended application/characteristics (type 
of scores, mode and frequency of ad ministration) 
Perform literature expert review 
Develop hypothesized conceptual framework 
Place PROs within preliminary endpoint model 
Document preliminary instrument development 

Adjustment of the conceptual framework and 
outlining instrument 

Obtain patient input 
Generate new Items 
Select recall period, response options and format 
Select mode/method of administration/data 
collection  
Conduct patient cognitive interviewing 
Pilot test draft instrument  
Document content validity 

Authentication of the framework and evaluation of 
further measurement properties 
 

Confirm conceptual framework with scoring rule 
Assess score reliability, construct validity, and 
ability to detect change 
Finalize instrument content, formats, scoring, 
procedures and training materials 
Document measurement development 

Collect, examine and interpret data Prepare protocol and statistical analysis plan {final 
endpoint model and responder model) 
Collect and analyze data 
Evaluate treatment response using cumulative 
distribution and responder definition 
Document interpretation of treatment benefit in 
relation to claim 

Adapt the PRO instrument 
 

Change wording of items, populations, response 
options, recall period, or mode/method of 
administration/data collection  
Translate and culturally adopt to other languages 
Evaluate modifications as appropriate 
Document all changes 
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 INTERNATIONAL 
CONSULTATION ON 

INCONTINENCE MODULAR 
QUESTIONNAIRE (ICIQ): WHAT IS 

THE ICIQ? 

The ICIQ modular questionnaire was developed to 
meet the need for a universally applicable standard 
guide for the selection of questionnaires for use in 
clinical practice and clinical research for lower pelvic 
dysfunction [3737, 3838].It was recognised that there 
were many good validated questionnaires each de-
veloped for a specific purpose and each subtly differ-
ent. Although developers of the questionnaires were 
familiar with their content and use, the increasing 
number of questionnaires made appropriate selection 
difficult and limited the ability to compare similar clin-
ical and research data due to different data collection 
methods. 

The decision to develop standard questionnaire mod-
ules was taken by the Committee after the first ICI 
meeting in 1998, and resulted in the development of 
the ICIQ core questionnaires discussed in this sec-
tion. 

An international advisory board was established to 
continue the development of the modular ICI ques-
tionnaire outside the limits imposed by triennial con-
vening of the ICI Committee. The advisory board con-
sisted of clinicians and researchers with experience 
in the design and use of questionnaires representing 
the major societies involved in the assessment and 
research of lower genital tract, lower urinary tract and 
bowel function. The ICIQ modular questionnaire was 
then established. Researchers who have developed 
questionnaires that they would like to be reviewed by 
the advisory board for inclusion should send the 
questionnaires and relevant publications to 
www.iciq.net. The project is a series of living docu-
ments that will be continually updated. 

1. AIMS AND OBJECTIVES 

The ICIQ’s objective is to provide international con-
sensus on the use of patient completed question-
naires for the assessment of lower pelvic symptoms 
and their impact on patient’s lives. Three aims under-
pin the ICIQ in order to achieve clarity over question-
naire use: 

To recommend high quality self-completion question-
naires according to evidence of validation as stipu-
lated by the five prior ICI Committees; 

To promote wider use of questionnaires to standard-
ise assessment of lower urinary tract and pelvic dys-
function and its impact on patients’ lives, in order to; 

Facilitate communication in different patient settings 
and different patient groups both in clinical practice 
and wider clinical research. 

The ICIQ recognised that many high quality published 
questionnaires already existed and, with permission 
from the authors, those instruments were adopted 
into the modular project. It was not possible to adopt 
all available questionnaires and where more than one 
option existed, the most appropriate questionnaire for 
the purpose was included. Where high quality ques-
tionnaires were not available, the need to develop a 
new questionnaire was acknowledged. Question-
naires are developed according to rigorous method-
ology which complies with industry-standard guid-
ance for PRO development [1]. Collaborative efforts 
to develop new questionnaires are welcome and en-
couraged. 

The ICIQ’s international nature requires that linguisti-
cally validated translations are available. More than 
50 language versions of various modules have been 
validated to date and conducted according to estab-
lished protocol.[39]39 

Sixteen ICIQ modules/questionnaires are currently 
available for use, with further modules in develop-
ment (discussed in detail below). Clinicians or re-
searchers are able to select module(s) to meet the 
particular requirements of their study or clinical prac-
tice. In order to simplify this selection process, mod-
ules have been categorised as shown in Figure 3. It 
must be stressed that although multiple question-
naires can and probably should be used they must be 
used in the format in which they were originally de-
signed and the questionnaires cannot be merged to-
gether as this may affect their measurement capabil-
ity. 

In recent years, increasing advances have been 
made in the area of electronic documentation, partic-
ularly with regard to patient care. It is recognised that 
questionnaires requiring written completion by hand 
may lack versatility and therefore prevent uptake of 
the ICIQ, hampering attempts to promote standardi-
sation of evaluation. Evaluations of electronic ICIQ 
modules have been completed, indicating equiva-
lence of their measurement properties and accepta-
bility to the target audiences.[40]40 Cognitive inter-
viewing was conducted with participants representa-
tive of potential respondents, namely men and 
women with lower urinary tract symptoms of varied 
cause and of varying age. Further participants com-
pleted electronic and paper versions of the question-
naires, in a randomised order, to provide comparison 
data and the opportunity to compare completion over 
the telephone was also included. Electronic versions 
demonstrated excellent equivalence with their paper 
counterparts, supporting use of these formats as long 
as they are prepared in the specific ICIQ format. Tel-
ephone completion was found to produce slightly 
poorer correlations although acceptable equivalence 
was still observed. This is as expected as these ques-
tionnaires are intended for self-completion but this  
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Figure 3: The ICIQ Modular Structure 

CONDITION RECOMMENDED 
MODULES 

OPTIONAL 
MODULES 

RECOMMENDED ADD-ON MODULES 

A)  Core modules QoL Sexual 
Matters 

Post-
Treatment 

Urinary Symptoms Males: ICIQ-MLUTS 
Females:  ICIQ-
FLUTS 

Males: ICIQ-
MLUTS LF 
Females: 
ICIQ-FLUTS 
LF 

ICIQ-
LUTSqol 

Males: ICIQ-
MLUTSsex 
Females: 
ICIQ-
FLUTSsex 

ICIQ-S* 

(satisfaction) 

 ICIQ-Bladder diary    
Vaginal Symptoms ICIQ-VS  ICIQ-VSqol*  
Bowel Symptoms ICIQ-B ICIQ-IBD   
Urinary 
Incontinence 
 

ICIQ-UI SF 
 

ICIQ-UI LF* ICIQ-
LUTSqol 
 

Males: ICIQ-
MLUTSsex 
Females: 
ICIQ-
FLUTSsex 

CONDITION B)   Specific 
Patient Groups 

 QoL Sexual 
Matters 

Nocturia 
 

ICIQ-N  ICIQ-Nqol Males: ICIQ-
MLUTSsex 
Females: 
ICIQ-
FLUTSsex 

OverActive Bladder 
 

ICIQ-OAB  ICIQ-
OABqol 

Males: ICIQ-
MLUTSsex 
Females: 
ICIQ-
FLUTSsex 

Underactive 
Bladder 

ICIQ-UAB/UAB 
PRO* 

   

Neurogenic ICIQ-Neuro Bowel  ICIQ-Neuro 
bowel* 

 

Long term catheter ICIQ-LTCqol    
Children ICIQ-CLUTS*  ICIQ-

CLUTSqol* 
 

Absorbent pads   ICIQ-
Padprom* 

 

Cognitively 
impaired elderly 

ICIQ-Qoldem*    

Inflammatory bowel 
disease 
incontinence 

ICIQ-IBD    

*In development 

 

study has provided reassurance that their use over 
the telephone is acceptable if self-completion is not 
practicable.  

In this chapter, questionnaires forming part of the 
ICIQ modular format are referred to as those pre-
ferred for usage. Although many of the modules are 
Grade A or A+ questionnaires, others are still under 
various phases of development and are graded ap-
propriately. Questionnaires that are in early stages of 
development and have yet to reach Grade C are de-
scribed as “in development”. Where an ICIQ module 
is not available it is recommended that a Grade A+, 
A,B or C questionnaire is  used. 



 

 
INTERNATIONAL CONSULTATION ON INCONTINENCE MODULAR QUESTIONNAIRE (ICIQ): WHAT IS THE ICIQ?  557 

 

2. ICIQ MODULES 

2.1. Core Modules 
Questionnaires to assess the core symptoms and im-
pact on health related quality of life (HRQL) of lower 
pelvic dysfunction are contained in this section, in ad-
dition to impact on sexual matters. Core modules (Ta-
ble 4) provide evaluation of: 

• Lower urinary tract symptoms 

• Urinary incontinence 

• Vaginal symptoms 

• Bowel symptoms 

Each symptom module is intended for the compre-
hensive yet succinct measurement of symptoms and 
associated ‘bother’. The bother item attached to 
symptom items, where applicable, enables the indi-
vidual to indicate areas that cause the greatest nega-
tive impact on HRQL as perceived by them. This can 
be a more sensitive indicator of treatment goals than 
frequency of symptoms alone. The HRQL question-
naires cover specific issues that are a consequence 
of symptoms, such as life limitations and emotional 
impact. Sexual matters modules specifically evaluate 
the impact of lower urinary tract symptoms on this as-
pect from the male and female perspective. 

A further core module has been added that moves 
away from the retrospective questionnaire format in 
the form of a bladder diary. This is a fully validated 
prospective tool for the measurement of bladder 
events as they occur. 

2.2. Specific Patient Group Modules 
Questionnaires to assess specific conditions or 
symptom complexes such as nocturia, overactive 
bladder and underactive bladder, in addition to man-
agement strategies such as long term catheter and 
pad usage are contained in this section along with 
HRQL modules for these specific symptom com-
plexes where available. This category also includes 
specific patient groups, for example, children. These 
instruments contain only question items characteristic 
of the symptom complex or have been developed 
specifically for use in a diverse group, which defines 
their context of use making the items/ questionnaire 
only utilisable in that population. 

• Nocturia 

• Overactive bladder 

• Underactive bladder 

• Neurogenic 

• Inflammatory bowel disease 

• Lower urinary tract symptoms in children 

• Individuals using long term catheters 

• Individuals using absorbent pads 

2.3. Optional Modules 
This category lies within the core symptoms and in-
cludes lengthier questionnaires for more in- depth 
evaluation of lower pelvic dysfunction. Whilst these 
questionnaires are suitable for use in clinical practice, 
they have not been shortened for clinical efficiency 
and are therefore more widely used in research stud-
ies where exploration of broader associated symp-
toms may be desired. 

• Lower urinary tract symptoms 

• Urinary incontinence 

2.4. Post-treatment Module 
The ICIQ module for post-treatment satisfaction is in 
the early stages of development. Assessment of a pa-
tient’s satisfaction with treatment (behavioural, surgi-
cal or medication) provides information on treatment 
impact on their condition and life and includes their 
perception of effectiveness, tolerability and conven-
ience. It is not yet clear if satisfaction following treat-
ment can be characterised by a set of common ques-
tion items that are applicable to all lower pelvic health 
conditions. As with HRQL, there are generic and dis-
ease specific questionnaires that assess satisfaction. 
Ongoing studies will provide further evidence on 
which to make suggestions regarding post treatment 
evaluation  but  it is likely that this will encompass  
both  generic and condition specific measures. Ulti-
mately, the development of post treatment modules 
will also rely on advice from regulatory authorities 
(e.g. FDA, EMA) to ensure that measures capture a 
recognised multidimensionality of satisfaction. 

3. GUIDANCE FOR USE OF THE ICIQ 

The ICIQ recommends the use of a symptom and 
HRQL module that match the intended purpose of a 
study in order to provide a comprehensive evaluation 
of these two perspectives. The extent of burden 
placed on the respondent and the study or clinical 
outcomes must be considered however and ulti-
mately guide questionnaire selection. The character-
istics of each module are summarised below, alt-
hough more extensive information can be found on 
the project website, www.iciq.net. Modules currently 
under development are summarised in Table 5. 
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Table 4. ICIQ Module Description (continued) 

Name Scope of assessment Domains Items Grade 
ICIQ-MLUTS [41]41 
(ICSmaleSF) 

Male lower urinary tract symptoms and associated bother. Voiding 
Incontinence 
Individual items evaluating frequency and  nocturia 

 
13 

 
A 

ICIQ-FLUTS [42]42 (BFLUTS 
SF) 

Female lower urinary tract symptoms and associated  bother. Filling 
Voiding 
Incontinence 

 
12 

 
A 

ICIQ-Bladder [4343, 4444] Diary Prospective bladder events  Voided volumes 
Leaks 
Bladder sensations 
Fluid input 
Pad use 

 24 hour 
monitoring 

A+ 

ICIQ-VS [45]45 Vaginal symptoms including prolapsed and associated  bother. Vaginal symptoms 
Sexual matters 
Quality of life 

 
14 

 
A 

ICIQ-B [4646, 4747] Bowel symptoms including anal incontinence and associated   
bother 

Bowel pattern 
Bowel control 
Quality of life 

 
21 

 
A+ 

ICIQ-UI Short Form [4848] Urinary incontinence. Urinary incontinence frequency, overall  interference 
Perceived cause of  incontinence 

4 A 

ICIQ-LUTSqol[4, 48] 
(King’sHealth Questionnaire)) 

HRQL issues associated with urinary symptoms and associated 
bother. 

Life restrictions 
Emotional aspects 
Preventive measures 

 
22 

 
A+ 

ICIQ-MLUTSsex[4949] 
(ICSmale) 

Male sexual matters associated with urinary symptoms and 
associated  bother. 

Erection and ejaculation  issues 
Overall interference 

 
4 

 
A 

ICIQ-FLUTSsex[5050]  
(BFLUTS) 

Female sexual matters  associated 
with urinary symptoms and related  bother. 

Pain and leakage with sexual  intercourse 
Overall interference 

 
4 

 
A 

ICIQ-FLUTS Long Form 
(BFLUTS) 

Detailed assessment of female lower urinary tract symptoms and  
associated bother. 

Varied lower urinary tract  symptoms  
18 

 
A 

ICIQ-MLUTS Long Form 
(ICSmale) 

Detailed assessment of male lower urinary tract symptoms and 
associated  bother. 

Varied lower urinary tract  symptoms 23 A 

ICIQ-N Comprehensive assessment of symptoms of nocturia and 
associated  bother. 

Frequency 
Nocturia. 

 
2 

 
A 

ICIQ-OAB Comprehensive assessment of symptoms of overactive bladder 
and associated bother. 

Frequency 
Nocturia 
Urgency 
Urgency incontinence 

 
4 

 
A 
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Table 4. ICIQ Module Description (continued) 

Name Scope of assessment Domains Items Grade 
ICIQ-OABqol (OAB-q) [5] Detailed assessment of health- related quality of life issues 

associated with overactive  bladder. 
Coping 
Concern/Worry 
Sleep 
Social Interaction 

 
25 

 
A 

ICIQ-Nqol (NQOL)[5151,5252] Detailed assessment of HRQL issues associated with  nocturia. Issues associated with sleep  disturbance 
Life restrictions 
Preventive measures 

 
13 

 
A+ 

ICIQ-LTCqol [53]53 Detailed assessment fo HRQL associated with long term catheter 
use 

Catheter function and concern 
Lifestyle impact 

 
19 

 
B 

 

Table 5. ICIQ Description of modules in Development. 

Name Purpose Current status 
ICIQ-CLUTS [5454] 
 

Assessment of urinary symptoms in children. Validity testing published awaiting reliability and responsiveness evaluation. 

ICIQ-Padprom 
 

Assessment of use and HRQL associated with the use of absorbent pads Validity and reliability established. Requires responsiveness evaluation. 

ICIQ-UAB Assessment of underactive bladder symptoms and their impact on HRQL. Extensive qualitative development completed. Preliminary quantitative 
development undertaken. Requires responsiveness evaluation. 

ICIQ-Neurogenic Two modules in development: 
Assessment of urinary symptoms and impact on HRQL associated with 
specific management devices and related bother. 
Assessment of bowel symptoms and impact on HRQL associated with 
neurogenic disease. 
 

Initial qualitative development completed. Requires quantitative evaluation. 
Validity, reliability and responsiveness explored, awaiting publication. 

ICIQ-VSqol Detailed  assessment  of  HRQL issues associated with vaginalsymptoms and 
related bother. 
 

Initial qualitative development completed. Quantitative evaluation underway. 

ICIQ-Satisfaction Generic assessment of post- treatment satisfaction for lower pelvic 
dysfunction including surgical and  conservative intervention. 
 

Initial qualitative development completed. Quantitative evaluation underway. 
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4. ICIQ QUESTIONNAIRE 
IMPLEMENTATION 

The ICIQ modular questionnaire has attracted con-
siderable attention from both clinicians and research-
ers worldwide since its structure was finalised in 
2004. More than 2000 requests for use of the various 
modules have been documented and over 350 pub-
lished studies were identified up to June 2016. The 
most widely applied module is the ICIQ-UI Short 
Form, particularly to evaluate female urinary inconti-
nence. Reports on further validation and transla- tions 
of the ICIQ and related educational projects are grow-
ing in number. This is essential in order to achieve 
standardised evaluation of pelvic floor dysfunction, 
which is a primary aim of the initiative. 

The ICIQ has also been applied to clinical and gen-
eral practice settings, and has been adopted in na-
tional guidelines for the management of urinary in-
continence in: 

• women (NICE clinical guideline 171)  

• primary care (SIGN 79)(www.sign.ac.uk/pdf/ 
sign79.pdf)  

• included in a primary care resource pack by the 
British Society of Urogynaecology 

5. CONCLUSION 

The ICIQ modular questionnaire project 
(www.iciq.net) provides a growing series of standard-
ised questionnaires for the patient reported assess-
ment of lower pelvic dysfunction symptoms and their 
impact on patients lives. The ICIQ provides clarity 
over the selection of questionnaires by recommend-
ing only those with evidence of high quality and robust 
psychometric validation including validity, reliability 
and sensitivity to change. Testing psychometric 
equivalence of the ICIQ electronic formats also pro-
vides reassurance of their rigorous measurement ca-
pabilities in specific alternative formats. This assur-
ance provides the user with confidence in the results 
obtained, which is important in clinical practice and 
research where treatment decisions or trial outcomes 
depend on this evidence. Increasing awareness of 
the ICIQ aims to promote increased use of standard-
ised questionnaires and further evaluation of existing 
modules in order to advance the evidence base sup-
porting use of these tools. These efforts aim to in-
crease communication between clinicians and re-
searchers and enable more wide- spread compari-
sons between different treatments and patient groups 
worldwide. Collaboration with the ICIQ is encouraged 
among clinicians and researchers in order to further 
develop new and existing ICIQ modules and transla-
tions. 

 PATIENT-REPORTED 
OUTCOME (PRO) 

QUESTIONNAIRES TO ASSESS 
THE IMPACT OF URINARY 
INCONTINENCE, OAB AND 

LOWER 

1. URINARY TRACT SYMPTOMS 

There are a variety of PRO measures available for 
use in clinical practice and research that assess a 
range of concepts (e.g. HRQL, patient satisfaction, 
symptom bother, etc). Encouragingly, PROs awarded 
the highest ICI grade are being used widely in stud-
ies, with short forms that are easily accessible being 
preferred.[55]55 This section provides an overview 
and assessment of these measures. Importantly, clin-
ical practitioners and researchers need to clearly de-
termine their clinical and research objectives before 
selecting a PRO as it is these objectives and the tar-
get patient population that will help determine which 
validated PRO is appropriate to use. Tables 6 to 10 
provide a brief overview of all current PRO measures 
for urinary incontinence and LUTS, their purpose, 
psychometric properties, translation availability, and 
recommended ICI grade. 

Please note, as instrument development and valida-
tion is an ongoing process, the tables below contain 
publications through June 2016. As additional work 
may have been performed on a   instrument, it is al-
ways prudent to conduct a further literature search 
and/or contact the instrument developer prior to se-
lecting an outcome measure for your clinical practice 
or study. Further study-specific testing should also be 
considered to ensure a tool’s appropriateness for the 
intended purpose. When using a questionnaire in a 
patient group other than the group in which it was in-
itially developed, cognitive interviews with the new 
patient population should be held to review the ap-
plicability of the questionnaire to the new patient 
group. Several of the main questionnaires to be dis-
cussed below have now had modified versions pub-
lished in the literature. The Committee’s view is that 
although it may be appropriate to modify established 
questionnaires for use with some populations, it is ad-
visable to keep such modifications to a minimum, and 
to use the original versions whenever possible. Any 
modifications of established questionnaires may re-
sult in changes (sometimes substantial) in the psy-
chometric performance of the instrument, and thus all 
modified instruments should be subjected to the 
same psychometric testing as that employed in de-
veloping a completely new instrument. Specifically, 
modified instruments should report information re-
garding the instrument’s construct validity, reliability, 
and test- retest reliability, at a minimum, and sensitiv-
ity to change, in intervention studies. 
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2. HEALTH-RELATED QUALITY OF 
LIFE MEASURES 

Health-related quality of life (HRQL) measures help 
to assess the impact of disease and treatment on 
those aspects of quality of life related to health. UI is 
a symptomatic condition that has been shown to af-
fect many aspects of a patient’s life - physical, emo-
tional, and social relations and cause concern and 
burden. As such, it is important to assess HRQL in 
clinical research and practice. Table 6 provides a 
quick overview of the variety of HRQL measures 
available and their validity and characteristics to de-
termine which mea- sure is suitable for your objec-
tives. 

3. PATIENT SATISFACTION AND 
GOAL ATTAINMENT SCALING 

Patient satisfaction and Goal Attainment Scaling are 
two important but separate types of PROs that allow 
for individualised assessment of disease impact and 
treatment. Patient satisfaction is the subjective, indi-
vidual evaluation of treatment effectiveness and/or 
the service provided by the healthcare system. Goal 
attainment scaling (GAS) is a method developed to 
ascertain individual patient treatment goals and using 
those to facilitate patient-provider interaction and tai-
lor the treatment plan based on those individual’s 
goals [56]56. 

Measures of patient satisfaction can include evalua-
tion of accessibility/convenience, availability of re-
sources, continuity of care, efficacy, finances, hu-
maneness, information gathering and giving pro-
cesses, pleasantness of surroundings and perceived 
quality/competence of health care personnel [57]57. 
At its most basic level, satisfaction is a comprehen-
sive evaluation of several dimensions of health care 
based on patient expectations and provider and treat-
ment performance. As an outcomes measure, patient 
satisfaction allows health care providers to assess 
the appropriateness of treatment ac- cording to pa-
tient expectations. In chronic diseases, where pa-
tients must live with treatment, patient satisfaction 
may be the distinguishing outcome among treatments 
with comparable efficacy [58]58. 

Table 7 at the end of the chapter presents a summary 
of satisfaction instruments identified in UI, OAB and 
other LUTS. 

GAS has been used to measure clinically important 
change in several therapeutic areas. Although it was 
originally developed to assess health outcomes in 
mental health settings, it has recently been expanded 
to include evaluations in urogynaecology [5959, 6060, 
6161, 6262, 6363]. GAS has been linked to several pos-
sible benefits compared with traditional outcome 

measures, such as improved clarity concerning treat-
ment objectives for both the healthcare provider and 
the patient, active involvement of the patient in prob-
lem-solving efforts, establishment of realistic patient 
and healthcare provider expectations of treatment, 
and increased motivation of patients toward improv-
ing their health condition [56]. The end result of GAS 
is to clarify patients’ expectations for their treatment, 
document goal achievement, and eventually increase 
patient satisfaction and improve therapeutic out-
comes. 

One GAS instrument for lower urinary tract symptoms 
has been well developed, the Self Assessment Goal 
Attainment (SAGA) questionnaire. Numerous linguis-
tically validated translations are available at: 
http://www.pfizerpatientreportedoutcomes.com 
[64]64. 

4. SCREENING TOOLS 

In order to improve the detection of incontinence, 
OAB and other LUTS, several screening tools have 
been developed (Table 8). These tools help patients 
self-describe symptoms and facilitate diagnosis of 
LUTS by the clinician. Only the B-SAQ has been de-
signed to screen for general lower urinary tract symp-
toms (LUTS) rather than solely symptoms of one con-
dition. The majority of patients with LUTS have mixed 
urinary symptoms, and therefore a questionnaire 
which can detect more than one symptom complex 
may be more functional as a screening tool in clinical 
practice than a highly specific questionnaire. The 
Leicester Impact Scale (LIS), OAB-V8, OAB-SS and 
QUID are all Grade  A, short, simple to understand 
and complete, and easy to interpret. However the LIS 
is interviewer, not patient administered. Importantly, 
with screeners, responsiveness is not assessed, 
however the sensitivity and specificity of each tool is 
critical. 

5. ASSESSING SYMPTOM BOTHER 
AND OVERALL BOTHER 

Measures that can be used to assess how bothered 
patients are by urinary symptoms are included in Ta-
ble 9. The Patient Perception of Bladder Condition 
(PPBC) [65]65 and the Urogenital Distress Inventory 
are the only Grade A recommend instruments. How-
ever, there are several Grade B and C measures 
which assess bother for incontinence and  LUTS. 

6. ASSESSING THE IMPACT OF 
URGENCY 

Several instruments have been developed specifi-
cally to assess urinary urgency, which is defined by 
the International Continence Society as “the com-
plaint of a sudden compelling desire to pass urine 
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which is difficult to defer”[66]66. Urgency is the driving 
symptom of OAB [67]67, thus assessing the effect of 
treatment on this symptom and its impact on HRQL is 
important. With any measure designed to evaluate ur-
gency, patients must be able to distinguish between 
the normal desire to urinate (urge) and the difficult-to-
postpone need to urinate (urgency) [6868, 6969]. 
Wording thus becomes critical in the development of 
urgency assessment measures. Chapple and Wein 
[70]70 make a case for describing urgency as a “com-
pelling desire to void in which patients fear leakage of 
urine” as a means of distinguishing this abnormal 
sensation from the normal need to void. However, 
some patients may have a sensation of urgency with-
out fear of leakage, further complicating attempts to 
define urgency. Importantly, with some of these 
scales, patients have the option of indicating that they 
experienced UUI (an event) rather than the strongest 
feeling of urgency (a sensation) itself. Several instru-
ments have been developed to assess urinary ur-
gency these are summarised in Table 10. 

 QUESTIONNAIRES FOR 
SPECIFIC PATIENT GROUPS 

Most studies and questionnaires have been devel-
oped for use with members of the general population 
or urology/gynaecology patients with incontinence or 
POP. However, some specific patient groups may ex-
perience particular problems with incontinence (for 
example, children, frail elderly or those who are se-
verely disabled), which may require independent in-
vestigation and potentially the development of more 
specific measures or the addition of a new subset of 
items on already developed instruments. The Com-
mittee advises that researchers should use existing 
highly recommended or recommended question-
naires if possible as this aids comparison and to re-
duce the increasing proliferation of questionnaires. 
Many of the questionnaires developed below for par-
ticular conditions (e.g. prostate cancer) pre-dated the 
development of highly recommended questionnaires, 
and highly recommended questionnaires should be 
used preferentially. 

1. OLDER PEOPLE 

Urinary incontinence symptoms play an influential 
role on the overall HRQL in older people (>65) and 
causes a significant decrease in HRQL, as severe as 
that of many chronic disease states. Since the elderly 
commonly have a number of associated co-morbid 
conditions, it may be difficult to measure the impact 
of urinary incontinence with generic HRQL measures. 
The use of incontinence specific tools to measure pa-
tient-reported outcomes in the elderly, therefore, is of 
considerable importance. Validated incontinence-
specific PRO questionnaires,  such  as IIQ, I-QOL or 
KHQ, are used for clinical trials or research on urinary 
incontinence including elderly people, but their valid-
ity has not been specifically assessed in this age 

group. Okamura assessed symptoms and HRQL in 
older people (men and women)with lower urinary 
tract symptoms including incontinence, using the 
KHQ and IPSS. They demonstrated that symptoms 
and HRQL in the elderly with LUTS could be as-
sessed by IPSS and KHQ and that urinary inconti-
nence appeared to be more associated with a de-
creased HRQL in elderly women [71]71. 

On the other hand, there are a variety of factors af-
fecting older people, including physical, social, men-
tal, economic or environmental conditions, which are 
different from those of the young. In frail elderly peo-
ple with dementia or physical impairment, it may be 
difficult to assess the impact of urinary incontinence 
alone. Questionnaires specifically developed for the 
elderly may be of great importance in this respect. 
However, there is little relating to the development or 
validation of particular questionnaires for older people 
with urinary incontinence. Two questionnaires deal-
ing with older people were found and are described 
below. No questionnaires dealing with patient out-
comes specifically for frail older incontinent people 
were found. 

1.1. The Urge Impact Scale (URIS) [Grade B] 
The Urge Impact Scale (URIS) was designed and 
tested specifically for older persons with urgency in-
continence. The URIS was developed and validated 
by DuBeau et al. [72]72 and included 32 items, re-
duced to 24 items (URIS-24). The URIS-24 was psy-
chometrically assessed for validity and reliability in 
community-dwelling older (>65y) men and women 
with urgency incontinence. Cronbach’s  alpha was 
0.84 for the URIS-32 and 0.94 for the URIS-24. In as-
sessment of test-retest reliability, interclass co- effi-
cient (ICC) was 0.88. The URIS-24 had modest but 
nearly significant correlation with the number of ur-
gency incontinence episodes (rho=-0.39, p=0.05). 
Factor analysis revealed 3 component structures cor-
responding to physiological burden, perception of 
personal control and self-concept. There was no 
analysis for responsiveness. They showed that the 
URIS-24 is an internally consistent, highly reproduci-
ble tool for the assessment of the QOL impact of ur-
gency incontinence on older persons. 

1.2. Caregivers 
The Overactive Bladder Family Impact (OAB-FIM) 
scale was developed to assess the impact of OAB on 
family members of patients with OAB. This 19-item 
tool consists of 6 subscales [73]73. Four subscales (Ir-
ritation, Activities, Travel, Concern) could be used for 
all family members; however 2 additional subscales 
(Sleep, Sex) should only be administered to spouses/ 
significant others. The OAB-FIM was highly discrimi-
nating between OAB and control family members, 
with all OAB family members indicating significant im-
pact (all p<0.0001). Internal consistency reliability 
(Cronbach’s alpha >0.71) and 2-week test-retest reli-
ability (intra-class correlation coefficients >0.73) were 
high for all subscales. Concurrent validity of the OAB-
FIM was demonstrated through statistically significant 
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(p < 0.001) Spearman correlations with the OAB-q 
(coefficients ranging from 0.35 to 0.58) and the PPBC 
(0.31 to 0.56). No differences were noted on the OAB-
FIM by patient incontinence status (none, urge vs. 
mixed). OAB-FIM scores also discriminated by family 
member perceptions of OAB severity, particularly 
among the Irritation, Activities and Travel subscales. 
Correlational analyses among the OAB-FIM and rela-
tionship quality measures suggest that greater OAB 
symptom impact on the family member was associ-
ated with increased problems in the patient–family 
member relationship. The responsiveness of the 
OAB-FIM is yet to be assessed. This measure can be 
found at www. pfizerpatientreportedoutcomes.com. 

2. CHILDREN 

Some questionnaires have been developed specifi-
cally to assess issues for children and can include 
parent and child versions of the questionnaire. Enu-
resis is a particular focus in addition to specific disor-
ders such as Spina Bifida (ISI-P). See Chapter 9 
(Children) and section on ICIQ modular question-
naire. 

3. SPINAL CORD INJURED / 
NEUROLOGICAL IMPAIRMENT 

Individuals who have a spinal cord injury or are neu-
rologically damaged can experience particular diffi-
culties with incontinence and the use of various de-
vices. It would be useful to investigate whether Grade 
A questionnaires, developed for people without neu-
rological damage, can be used in this group, or 
whether additional modules or instruments are re-
quired. New instruments available in this area are de-
tailed below. 

3.1. QUALAS-A: Quality of Life Assessment 
in Spina Bifida for Adults 

The QUALAS-A was developed to evaluate quality of 
life associated with bladder and bowel disorders in 
adults with Spina Bifida [74]74. Items were generated 
through interviews and a focus group and refined to 
develop the 53 item pilot instrument. International re-
cruitment achieved a sample of 532 participants to 
evaluate validity and reliability to assist item reduc-
tion. The resulting 15 item questionnaire provides a 
comprehensive assessment organized within three 
domains: Health and relationships, Esteem and sex-
uality, and bladder and bowel.  

3.2. IUI: Incontinence Utility Index 
The IUI is a condition-specific preference-based 
measure for urinary symptoms related to neurogenic 
detrusor overactivity that provides population based 
utility scores to value health states [75]75. The instru-
ment was developed from the I-QoL and neurogenic 
module by applying Rasch modeling. 442 participants 
were interviewed to estimate social preferences and 

explanatory models identified that demonstrated ad-
equate predictive validity.   

3.3. Qualiveen: Quality of Life Related to 
Urinary Problems in Spinal Cord Injury 
[Grade A] 

The Qualiveen was developed to evaluate the spe-
cific impact of urinary dysfunction on the quality of life 
of spinal cord injury patients in France [76]76. The ini-
tial items were developed following patient interviews, 
and were then assessed for validity and reliability in 
281 spinal cord injury patients with urinary difficulties. 
The Qualiveen contains 30 items and has demon-
strated good reliability and validity [76]. Further vali-
dation of the Qualiveen has  occurred in multiple scle-
rosis patients [77]77 and it has been translated and 
validated into English [78]78, German [79]79, and Por-
tuguese [80]80. The Qualiveen has demonstrated re-
sponsiveness in multiple sclerosis patients and has a 
suggested MID of 0.5  [81]81. 

4. PROSTATE / BLADDER CANCER 

Many PRO questionnaires are available for assess-
ment in this area: Post-radical prostatectomy ques-
tionnaire [8282, 8383], Cancer Rehabilitation Evalua-
tion System - Short Form (CARES-SF) [84]84, Pros-
tate Cancer Treatment Outcome Questionnaire 
(PCTO-Q) [85]85, Prostate Cancer Specific Quality of 
Life Instrument (PROSQOLI) [86]86, Modified  South-
west Oncology Group (SWOG) [87]87, Functional As-
sessment of Cancer Therapy - (FACT-G), Bladder 
form  (FACT-B)  and  Prostate  form  (FACT-P) 
[88]88,Functional Assessment of Cancer Therapy 
Vanderviet Cystectomy Index (FACT-VCI) [89]89, 
EORTC metastatic prostate cancer [85], Changes in 
Urinary Function [90]90, Prostate-targeted Health Re-
lated Quality of Life [91]91. While it is beyond the 
scope of this chapter to review and recommend 
PROs in this area, the principles and guidelines dis-
cussed herein apply to selecting a PRO related to 
prostate and bladder cancer. 

5. LOWER URINARY TRACT 
SYMPTOMS/BENIGN PROSTATE 

DISEASE 

Many questionnaires have been developed to assess 
LUTS and benign prostate disease; however, most 
do not contain a full evaluation of UI. Perhaps the 
most widely known urology PRO is the AUA Symptom 
Index [92]92, I-PSS (International Prostate Symptom 
Score) [92, 9393]. The IPSS has been utilitised inter-
nationally to assess symptoms of prostate disease 
with documented reliability, validity and responsive-
ness. More recently a Visual Prostate Symptom 
Score [94]94 has been developed and an app version 
of the IPSS has been evaluated, providing alternative 
approaches to the assessment of symptoms associ-
ated with prostate disease [95]95. Additional PRO 
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measures for BPH are as follows: Patient-completed 
modification of the Boyarsky[96]96, BPH Impact Index 
[9797[98]98 and BPH Health-related QoL survey [99]99 
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Table 6: Health-related Quality of Life measures for Lower Urinary Tract Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade 

Purpose/Description of 
Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

BFLUTS (Bristol Female 
Lower Urinary Tract 
Symptoms 
Questionnaire). Currently 
the ICIQ-FLUTS 
(ICIQ-Female Lower 
Urinary Tract 
Symptoms); Grade A 
[42] 

34-question tool used to 
assess female LUTS, 
particularly urinary 
incontinence, measure impact 
on quality of life and evaluate 
treatment outcome 

Women, 
inconti- 
nence 

√ √ √  √  None www.iciq.net 

Contilife® (Quality of Life 
Assessment 
Questionnaire 
Concerning Urinary 
Inconti- nence); Grade B 
[100]100 

28-intem tool used to assess 
the impact of urinary 
incontinence on HRQL. 
Originally developed in 
French and designed for 
women with UI (urge, stress 
and mixed UI) 

Women, SUI √ √ (ICC 
= 0.96) 

  √  √ www.proqolid. 
org 

DAN-PSS- 
1(Danish Prostatic 
Symptom Score); Grade 
A [101]101 

15-item tool used to evaluate 
males with LUTS suggestive 
of uncomplicated BPH 

Men, BPH √ √ √  √   www.proqolid. 
org 

EPIQ 
(Epidemiology of 
Prolapse and 
Incontinence 
Questionnaire); Grade B 
[102]102 

49-item tool developed and 
validated in English and 
Spanish to assess the 
presence or absence of AI, 
OAB, SUI, and pelvic organ 
prolapse in female population 

women, PFD √ √ √ √ √ √  contact 
developer 

ICIQ-UI Short Form 
(International 
Consultation on 
Incontinence 
Questionnaire - Urinary 
Inconti- nence Short 
Form (ICIQ-UI Short 
Form); Grade A[38] 
 
 

4-item tool used to assess the 
symptoms and impact of 
urinary incontinence in clinical 
practice and research 

men and 
women, 
Urinary 
symptoms 

√ √ √  √ √ √ (8 weeks) www.proqolid. 
org 

ICSmale (ICIQ- 23-item tool used to men with √ √ √  √  √ www.proqolid. 
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Table 6: Health-related Quality of Life measures for Lower Urinary Tract Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade 

Purpose/Description of 
Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

MLUTS) 
(International Continence 
Society - Male); Grade A 
[49] 

provide a thorough evaluation 
of the occur- rence and 
bothersomeness of lower 
urinary tract symptoms and 
their impact 

LUTS 
and possible 
BPH 

     org 

 on the lives of men with        
 benign prostatic disease        
ICSQoL 8-item tool used to assess men with √ √ √  √   www.proqolid. 
(International Continence 
Society-Benign Prostatic 
Hyper- plasia study 

impact of lower urinary tract 
symptoms on the lives of men 
with LUTS 

LUTS 
and possible 
BPH 

    org 

quality-of-life);        
Grade A [103]103        
IIQ (Incontinence 30-item tool developed to Women,  √ √  √  √ (12Weeks) contact 
Impact Question- naire); 
Grade A 

describe the severity of 
incontinence in a popula- 

UI     developer 

[104]104 tion. It was validated in a       
 group of women aged 45       
 and over attending two       
 continence clinics for SUI       
 primarily. Used to assess       
 the impact of urinary       
 incontinence on HRQL.       
IIQ-7 7-item tool used to assess *validation √ √ √ √ √ √  contact 
(Incontinence Impact 
Question- naire - short 
form); Grade A [105]105 

the impact of urinary 
incontinence on HRQL 

study on 
men after 
radical 
prostatec- 

(Cronbach's 
Alpha = 0.93) 

(Spear 
man's 
Rho = 
0.99; 

    developer 

  tomy who  ICC =      
  had UI  0.75)      
IOQ (Incontinence 
Outcome Ques- 
tionnaire); Grade B 
[106]106 

27 question tool developed 
for assessing quality of life 
after surgery for stress urinary 
incontinence 

Women SUI √       
(Cronbach's 
Alpha = 0.83) 

 √ √   √ contact 
developer 
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Table 6: Health-related Quality of Life measures for Lower Urinary Tract Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade 

Purpose/Description of 
Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

I-QOL (ICIQ-Uqol) 
(Urinary Incontinence- 
Specific Quality of Life 
Instrument); Grade A 
[107107, 108108] 

22-item tool used to assess 
quality of life of women with 
UI 

women, UI √ √ √   √ √ www.proqolid. 
org 

ISI (Incontinence 
Severity Index); Grade C 
[109]109 

2-item severity measure 
recommended by the World 
Health Organization for 
studying the epidemiology of 
incontinence and other LUTS; 
Developed in an 
epidemiologic study of 28,000 
women in Norway. 

Women, SUI    √ √   contact 
developer 

ISQ (Incontinence Stress 
Index: 
ISQ-P [Patient]; ISQ-
SOPS [Staff 
Observation of Patient 
Stress]; ISQ-SR [Staff 
Reaction to UI]); Grade 
C [110]110 

40-item tool (20-items in short 
form) used to assess 
psychological stress 
associated with urinary 
incontinence 

Women √ √      www.proqolid. 
org 

ISS (Incontinence 
Symptom Severity 
Index); Grade A [111]111 

8-item instrument used for the 
self-assessment of severity of 
female urinary storage and 
voiding symptoms, rather 
than symptom bother or 
effects of on quality of life 

Females  √ (ICC 
= 0.62 
- 0.91) 

  √  √ (Duration not 
specified) 

contact 
developer 

KHQ (ICIQ- 
LUTSqol) (King’s Health 
Question- naire); Grade 
A+ [4, 48] 

21-item tool used to assess 
the symptoms impact of 
LUTS including urinary 
incontinence on HRQL. 
Developed in a clinical 
perspective to evaluate 
incontinence in women. 

UI, OAB, 
men and 
women 

√ (all domains 
except severity 
measure 
(Cronbach's 
Alpha = 0.60) 
demon- strated 
excellent IC) 

√ √ √ √ √ √ (12Weeks) www.proqolid. 
org 
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Table 6: Health-related Quality of Life measures for Lower Urinary Tract Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade 

Purpose/Description of 
Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

LIS (The Leicester 
Impact Scale); Grade A 
[127]112 

21-item tool used as a quality 
of life measure for males and 
females with urinary storage 
symptoms of urgency, 
frequency, nocturia and 
incontinence. 

men and 
women, 
LUTS 

√ √ √  √  √ contact 
developer 

LUTSS (Lower Urinary 
Tract Symptom Score)  
Grade A 
(113)113 

14-item tool used as a 
symptom evaluation for 
urinary storage symptoms (9 
items), voiding symptoms (4 
items) and associated bother 
(1 item). 

Men and 
women, 
LUTS 

√ √  √  √ √ Contact 
developer 

M-ISI (Michigan 
Incontinence Symptom 
Index) [114]114 
Grade B 

10-item tool used to measure 
urinary incontinence and its 
bother, including three sub-
domains: stress and urge 
urinary incontinence, and pad 
use  

Women, 
aged 35-64 
UI 

√  √  √ √  Contact 
developer 

MUDI (Male 
UrogenitalDistress 
Inventory); Grade B+ 
[115115, 116]116 

27-item tool used to address 
the dimension of physical 
health, focusing on bother 
from multiple symptoms 
associated with UI in men. 
Created by eliminating four 
gender specific items from 
UDI and IIQ. 

Men with 
LUTS 
following a 
radical 
prostatec- 
tomy for 
prostate 
cancer 

√  √  √   www.proqolid. 
org 

MUSIQ (Male Urinary 
Symptom Impact 
Question- naire); Grade 
B+ [115, 116] 

32-item tool used to capture 
mental/psychological health, 
social health, and global 
perceptions of function and 
well-being in men with urinary 
incontinence. 
Created by eliminating four 
gender specific items from 
UDI and IIQ. 

Men, UI √  √  √   www.proqolid. 
org 
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Table 6: Health-related Quality of Life measures for Lower Urinary Tract Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade 

Purpose/Description of 
Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

Nocturia Impact Diary 
[117]117 

12-item, 3 day diary to 
evaluate the impact burden 
associated with nocturia and 
its treatment. To be 
completed in conjunction with 
a voiding diary.  

Men and 
women with 
nocturia 

√ √ √   √ √ Contact 
developer 

N-Qol(Nocturia Quality of 
Life Questionnaire); 
GradeA+[51,118118] 

13-item tool used to assess 
the impact of nocturia on the 
quality of life of patients 

men and 
women 

√ √ √  √ √ √ www.pfizerpati 
entreportedout 
comes.com 

OAB – q SF 
(OAB-q Short Form); 
Grade A [5] [119]119 

19-item tool (shortened 
version of the OAB-q) used to 
evaluate both continent and 
incontinent symptoms of OAB 
and their impact on HRQL 

OAB, 
men and 
women 

√ √ √  √ √ √ (12 
Weeks) 

www.pfizerpati 
entreportedout 
comes.com 

OAB-q (ICIQ- 
OABqol) 
(OveractiveBladde r 
Questionnaire); Grade A 
[5, 120120] 

33-item tool used to evaluate 
both continent and inconti- 
nent symptoms of OAB and 
their impact on HRQL. 
Developed from focus groups 
of men and women, clinician 
opinion, and a thorough 
literature review 

Continent 
and inconti- 
nent OAB 

√ √ (ICC 
= 0.93 
for 
4-week 
recall 
period) 

√ √ √ √ √ (12 
Weeks) 

www.pfizerpati 
entreportedout 
comes.com 

PFDI (Pelvic Floor 
Distress Inven- tory); 
Grade A [120] 

46-item tool used to assess 
presence of symptoms and 
HRQL in women with POP; 3 
Scales (Urinary-28; 
Colorectal-17 Prolapse-16) 

Females with 
sympto- 
matic POP, 
UI 

√      
(Cronbach' s 
Alpha = 0.88) 

√ (ICC 
= 0.87) 

√   √ √ contact 
developer 

PFDI-20 (Pelvic Floor 
Distress Inventory Short 
Form); Grade A [120] 

20-item short form of the 
PFDI (Urinary-6; Colorectal-8; 
Prolapse-6) 

Females with 
sympto- 
matic POP, 
UI 

 √ (ICC 
= 0.93) 

√   √ √ www.mapi- 
institute.com 

PFIQ (PelvicFloor Impact 
Question- naire); Grade 
A [120] 

93-item functional status tool 
used to assess presence of 
symptoms and HRQL in 
women with POP; 3 Scales 
(Urinary-31, Colorectal-31, 
Prolapse-31) 

Females with 
sympto- 
matic POP, 
UI 

√      
(Cronbach' s 
Alpha = 0.98) 

√ (ICC 
= 0.86) 

√   √ √ contact 
developer 
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Table 6: Health-related Quality of Life measures for Lower Urinary Tract Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade 

Purpose/Description of 
Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

PFIQ-7 (Pelvic 21-item short form of the Females  √ (ICC √   √ √ www.mapi- 
Floor Impact 
Questionnaire Short 
Form); Grade A [120] 

PFIQ used to assess 
presence of symptoms and 
QOL in women with POP; 3 
Scales (Urinary-7, Colorectal-
7, Prolapse-7) 

with sympto- 
matic POP, 
UI 

= 0.77)    institute.com 

PRAFAB 5 item questionnaire widely women √ √ √  √ √ √ contact 
(Protection, Amount, used in the Netherlands by 

physiotherapists and 
with UI       developer 

Frequency, researchers used to         
Adjustment, Body evaluate treatment effects         
image); Grade A for UI in women         
[121]121          
UIHI (Urinary 17-item tool used to identify Elderly √ √    √  www.proqolid. 
Incontinence Handicap 
Inventory); Grade C 
[122]122 

difficulties patients may be 
experiencing because of their 
incontinence 

women, UI 
due to 
detrusor 
instability 

(Cronbach's 
Alpha = 0.87) 

  org 

UISS (Urinary 10-item tool to assess Women,  √ √ √ √  √ contact 
Incontinence Severity 
Score); 

symptom severity and impact 
of urinary incontinence 

UI      developer 

Grade A [123]123         
Urolife (BPHQoL9) 9-item tool used to assess the Men, √ √ √  √  √ www.proqolid. 
(Benign Prostatic 
Hypertrophy 

impact of BPH and its 
treatment on the quality of life 

BPH      org 

Health-Related of patients        
Quality of Life         
Questionnaire);         
Grade A [124]124         
YIPS (York 8-item tool used to measure Women, √ √ √  √  √ www.proqolid. 
Incontinence 
Perceptions 

the psychosocial aspects of 
urinary incontinence and its 

UI      org 

Scale); Grade B management        
[125]125         
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Table 7: Patient Satisfaction Measures for Lower Urinary Tract Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade Purpose/Description of Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

BSW (Benefit, 
Satisfaction with 
treatment, and 
Willingness); 
Grade B [126]126 

3 single-item tool used to capture 
patients' perceived benefit, 
satisfaction with treatment, and the 
willingness to continue treatment 

men and 
women, OAB 

    √ √ √ www.pfizerpati 
entreportedout 
comes.com 

EPI (Estimated 
Percent Improve- 
ment); Grade C 

 

Single-item tool used to gain a 
patient's improve- ment in a percent 
scale 

Women, 
UI,SUI, MUI 

     √ √ (2-4 
Weeks) 

contact 
developer 

GPI (Global Perce- 
ption of Improve- 
ment); Grade C 

 

Single-item tool used to assess 
patient's improvement 

Women, 
UI,SUI, MUI 

     √  contact 
developer 

OAB-S 
(Overactive 
Bladder Satisfac- 
tion measure); 
Grade B [127]127 

51-items to assess following 
domains: expectations, control impact 
on daily living, medica- tion 
tolerability, satisfaction and 5 overall 
assessments 

men and 
women, OAB 

√ √ √  √ √  contact 
developer 

OAB-SAT-q 
OAB Satisfaction 
questionnaire; 
Grade B [137]128 

10-item tool used to assess patients’ 
satisfaction with overactive bladder 
treatment including medication or 
non-pharmaceutical options such as 
physical therapy or biofeedback. The 
pre-medication module is designed 
assess the patient’s expectations with 
medication and impact on OAB on 
patient’s day to day life. 

Men and 
women, OAB 

√ √ √  √ √  contact 
developer 

PSQ (Patient 
Satisf- action 
Question- naire); 

   

Single-item tool used to measure how 
satisfied a subject was with a 
program 

Women, UI, 
SUI, MUI 

     √  contact 
developer 
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Table 7: Patient Satisfaction Measures for Lower Urinary Tract Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade Purpose/Description of Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

SAGA (Self- 
Assessment Goal 
Achievement 
Questionnaire); 
GAS; Grade C 
[59 127129] 

9-item tool on Goal Attainment 
related to lower urinary tract 
symptoms and the establish- ment of 
patients’ goals concern- ing their 
treatment for lower urinary tract 
symptoms (LUTS)  

Men and 
Women 
aged ≥18 
years with 
OAB 

Not 
Assessed 

Not 
As- 
sessed 

√ √ (low to 
moder- 
ate) 

√   www.pfizerpat 
ientreportedo 
utcomes.com 

TBS (Treatment 
Benefit Scale); 
Grade B [130]130 

Single-item tool used to assess the 
patient-reported benefits of treatment 
of OAB 

Men and 
Women OAB 

    √ √ √ contact 
developer 

 

Table 8: Screening Tools for Lower Urinary Tract Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade Purpose/Description of Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

3IQ (Three In-
conti- nence 
Questions Ques-
tionnaire); Grade 
C [131]131 

3-item tool used to classify urge 
and stress incontinence 

Women, UI      √ N/A None Found 

ABSST (Actiona-
ble Bladder Symp-
tom Screening 
Tool [132]132 

 Women, OAB √    √ √  Contact devel-
oper 
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Table 8: Screening Tools for Lower Urinary Tract Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade Purpose/Description of Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

B-SAQ (Bladder 
Self-Assessment 
Questionnaire) or 
Bladder Control 
Self-Assessment 
Questionnaire 
(BCSQ); Grade A 
[133]133 

8-item screening tool used for 
the presence of bother- some 
LUTS in Women 

Women √ √  √ √ √ N/A www.mapi- in-
stitute.com 

CLSS (Core 
Lower Urinary 
Tract Symptom 
Score) Question-
naire; Grade C 

134 

10-item tool used in the overall 
assessment of lower urinary tract 
symptoms 

Men & Women  √      contact devel-
oper 

ISQ (Incontinence 
Screening Ques- 
tionnaire); Grade 
B [135]135 

5-item tool developed to screen 
for incontinence in women 

Women, UI  √    √ N/A contact devel-
oper 

MESA (Medical, 
Epidemiological, 
and Social As-
pects of Aging 
Question- naire); 
Grade C [136]136 

15-item screening tool used for 
urinary incontinence in female 
pelvic medicine and reconstruc-
tive surgery patients 

Women, UI  √     N/A www.ncbi.nlm. 
nih.gov 

OAB-SS 

(Overactive Blad-
der Symptom 
Score); Grade A 
[137]137 

7-item tool used to measure 
overall symptom severity due to 
the four index symptoms of OAB 

Men and 
women, LUTS 
with or without 
OAB 

√ √ √   √ √ contact devel-
oper 
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Table 8: Screening Tools for Lower Urinary Tract Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade Purpose/Description of Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

OAB-V8 (OAB 

Awareness Tool); 
Grade A [136]138 

8-item screening tool for use in a 
primary care setting to identify 
patients who may have OAB 

Men and 
women, OAB 

√  √ √ √ √ N/A www.pfizerpati 
entreportedout 
comes.com 

OAB - V3 (OAB 

short form) A 
[139]139 

3-Item awareness tool & short-
ened version of the OAB-q/OAB-
V8 

Men and 
women, OAB, 
UUI 

√  √ √ √ √ n/a www.pfizerpati 
entreportedout 
comes.com 

PUF patient 
symptom scale 
(Pelvic Pain, Ur-
gency, and Fre-
quency); Grade C 
[147]140 

8-item tool used to evaluate of 
patients with suspected IC/PBS 

Women and 
women, 
IC/PBS 

     √ √ www.ncbi.nlm. 
nih.gov 

QUID 

(Questionnaire for 
Urinary Inconti- 
nence Diagnosis); 
Grade A [141]141 

6-item tool used to diagnose 
stress and/or urge types of uri-
nary incontinence 

Women with UI 
and SUI 

√ √ √ √  √ √ contact devel-
oper 

USP (Urinary 
Symptom Profile); 
Grade B [142]142 

13-item tool used to assess uri-
nary symptoms in male and fe-
male with stress, urge, frequency 
or urinary obstructive  symptoms  
for use in clinical practice to com-
plement clinical measures and 
diagnosis 

Men and 
women stress 
UI, urge UI, fre- 
quency, low 
stream, com-
bined symp- 
toms 

√ √ √  √ √ N/A www.mapi- in-
stitute.com 
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Table 9:  Symptom Bother Measures for Lower Urinary Tract  Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade Purpose/Description of Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

I-PSS 

(International 
Prostate Symp-
tom Score); 
Grade B [97] 

8-item tool used to capture the se-
verity of urinary symptoms related to 
benign prostatic hyperplasia. 

Originally developed from the Amer-
ican Urological Association Symp-
tom Index. 

Men √ √   √ √ √ www.proqolid. 
org 

LUSQ (Leicester 
UrinarySymptom 
Questionnaire); 
Grade A [143]143 

10-item tool used to measure the 
presence and severity of storage ab-
nor- mality symptoms of inconti- 
nence, urgency, frequency and noc-
turia 

Men and 
women 

√ √ √ √ √  √ 

(12Weeks) 

contact devel-
oper 

PGI-I and PGI-S 

(Patient Global 
Impression of Se-
verity and of Im-
provement); 
Grade A [151144, 
145145] 

Two single-item global indices used 
to measure symptom bother related 
to urinary incontinence 

Women with 
SUI 

√ √   √ √ √ 

(12Weeks) 

contact devel-
oper 

PMSES (Broome 
Pelvic Muscle Ex-
ercise 

Self-Efficacy 
Scale); Grade C 
[146]146 

23-item tool used to measure self-ef-
ficacy for the performance of pelvic 
muscle exercises in females and 
males 

Men and 
women 

    √ √  contact devel-
oper 

POSQ (Primary 
OAB Symptom 
Questionnaire); 
Grade C [147]147 

5-item tool used to assess which 
symptom of OAB is the most bother-
some to patients 

OAB, 

men and 
women 

 √ √     contact devel-
oper 
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Table 9:  Symptom Bother Measures for Lower Urinary Tract  Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade Purpose/Description of Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

PPBC (Patient 
Perception of 
Bladder Condi-
tion); Grade A [65] 

Single-item tool used to assess pa-
tients’ subjective impression of their 
current urinary problems. Developed 
as a global assessment of bladder 
condition 

Men and 
women 

 √   √  √ www.pfizerpati 
entreportedout 
comes.com 

PFBQ (Pelvic 
Floor Bother 
Questionnaire); 
Grade B [148]148 

9-item global instrument used to as-
sess female patients over the age of 
18 years with symptoms of urinary 
incontinence, urinary urgency, and 
frequency, urg incontinence, faecal 
incontinence, obstructed defecation, 
dyspareunia and pelvic organ pro-
lapse 

Women, 
Urinary In-
conti- 
nence, 

e  UUI, SUI 

√ √ √ √  √  contact devel-
oper 

SPI (Symptom 
Problem Index); 
Grade B [97] 

7-item tool used to measure how 
troublesome the patients find their 
urinary symptoms 

Male, BPH √ √ √     www.proqolid. 
org 

SSI and SII 
(Symptom  Sever-
ity Index and 
Symptom Impact 
Index for stress 
incontinence in 
women); Grade B 
[149]149 

3-item tool used to measure stress 
incontinence severity and impact or 
bothersome of symptoms. This 
question- naire was developed and 
administered to women undergoing 
stress inconti- nence surgery 

Women, 
SUI 

 √ √  √   www.proqolid. 
org 

UI-4 (Urinary In-
continence -4 
Questionnaire); 
Grade C [150]150 

4-item tool used to assess how pa-
tients are bothered by urinary incon-
tinence 

Women, UI     √   www.ncbi.nlm. 
nih.gov 
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Table 9:  Symptom Bother Measures for Lower Urinary Tract  Symptoms (continued) 

   Reliability Validity   

PRO 
Name/ICIQ Grade Purpose/Description of Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

UDI 

(UrogenitalDis-
tres s Inventory); 
Grade A [104] 

19-item tool used to asses symptom 
bother related to urinary inconti-
nence. UDI is a complement to the 
IIQ 

Women, UI, 
SUI 

√ √ √  √ √  contact devel-
oper 

UDI-6 

(UrogenitalDis-
tres s Inventory -
6); 

Grade A [151]151 

6-item tool used to assess LUTS, in-
cluding inconti- nence, in women. 

Women √ √ √ √ √ √ √ contact devel-
oper 
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Table 10: Urinary Urgency Measures for Lower Urinary Tract Symptoms (continued) 
   Reliability Validity   

PRO 
Name/ICIQ Grade Purpose/Description of Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

IUSS (Indevus 
Urgency Severity); 
Grade A [152]152 

Single-item tool used to quantify 
the level of urgency associated with 
each toilet void as measured during 
standard voiding diaries. 

OAB with 
urgency inconti- 
nence, men 
and women 

 √  √ √ √ √ (12 
Weeks) 

contact 
developer 

PPIUS (Patients' 
Perception of 
Intensity of Urgency 
Scale); Grade B 
[153]153[154]154 

Single-item tool used to assess 
female patient perception of 
urgency intensity in those women 
with UUI 

Women, UUI  √   √ √ √ contact 
developer 

SUIQ 
(Stress/Urge 
Incontinence 
Questionnaire); 
Grade B [155]155 

2-item tool used to differenti- ate 
between symptoms of stress and 
urge urinary incontinence 

Women, UI  √   √   contact 
developer 

U-IIQ (Urge 
Incontinence 
Impact Question- 
naire); Grade A 
[156]156 

32-item tool used to assess the 
interference of urine leakage and 
bladder problems Developed for 
use in patients with all types of 
incontinence. 

MUI, UUI √ √   √ √ √ (12Weeks) contact 
developer 

UPS (Urgency 
Perception Score); 
Grade B [157]157 

5-item OAB tool used for grading 
the urge to void and assessing the 
reason why individuals usually void 

Men and 
women 

√ √   √ √  contact 
developer 

UPS (Urgency 
Perception Scale); 
Grade B [158]158 

Single-item tool used to assess the 
severity of urgency – whether or 
not urgency, the sudden and 
compelling desire to urinate should 
have a severity measure is 
debated. 

OAB, men and 
women 

  √  √ √ √ contact 
developer 

UQ (Urgency 
Questionnaire); 
Grade B [147] 
[159]159 

15-Likert Scale Item & 4-VAS tool 
used o assess the severity and 
impact of urinary urgency 
symptoms on HRQL. VAS scale is 
used to measure the impact of 
urinary urgency on overall HRQL, 
the severity, the intensity, and the 
discomfort of urgency. 

Women, OAB √ √ √  √ √ √ (10 
Days) 

contact 
developer 
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Table 10: Urinary Urgency Measures for Lower Urinary Tract Symptoms (continued) 
   Reliability Validity   

PRO 
Name/ICIQ Grade Purpose/Description of Tool 

Population 
Sample 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

URIS-24 (Urge 
Impact Scale); 
Grade B [72] 

24-item tool used to assess of the 
impact of the most common form of 
UI in older persons 

Older persons, 
UI 

√ √ √  √   contact 
developer 

USIQ-QOL 
(Urgency Severity & 
Intensity 
Questionnaire: 
Symptom Severity); 
Grade B [160]160 

To measure severity impact from 
urinary urgency 

Females, POP, 
UI 

√   √  √  contact 
developer 

USIQ-S (Urgency 
Severity & Intensity 
Questionnaire: 
Quality of Life); 
Grade B [160] 

To measure quality of life impact 
from urinary urgency 

Females, POP, 
UI 

√     (Cronbac 
h's Alpha 
= 0.85) 

  √  √  contact 
developer 

USS (Urinary 
Sensation Scale); 
Grade B [161161, 
162162] 

5-point scale used to assess the 
impact of urgency with patients with 
OAB derivation from EMA’s 
recommended 
5-point scale 

Urologists o 
urogy- 
necologists, 
Survey 
respondents 
with OAB 
symptoms 

r √ 
(Cronbac h's 
Alpha 
= 0.85) 

 √  √ √ √ contact 
developer 

UU Scale (10-item 
Scale to Measure 
Urinary Urgency); 
Grade A [163]163 

10-item tool use to measure 
urinary urgency 

Men and 
women 

 √   √  √ contact 
developer 

U-UDI (Urge- 
Urogenital distress 
inventory); Grade A 
[156] 

9-item tool used to assess the 
extent to which the patient is 
bothered by the symptoms of urge 
urinary incontinence or mixed 
urinary incontinence with a primary 
urge component. 

Men and 
women 

 √ √  √  √ www.mapi- 
institute.com 
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Table 11: Summary of PRO Measures for Faecal incontinence and other bowel symptoms 

PRO 
Name/ICIQ Grade Purpose/Description of Tool 

Population 
Sample 

Reliability Validity 
Responsive- 
ness 
(Treatment 
Duration) 

Psycho- 
metric 
Validation 
inOther 
Languages 

Available 
Languages 

Internal 
Consistency 

Test- 
retest 

Content (Item 
Generation) Criterion Concurrent 

Discri- 
minant 

Questionnaire for 
assessment of FI and 
constipation [164]164 
Grade A 

47-item general question- naire 
for constipation and anal 
incontinence, also including 
abdominal and urinary 
symptoms and medical history 

Men and 
women 

 √  √   √ √ Contact 
www.iciq. 
net 

Bowel function 
questionnaire [165]165 
Ungraded 

28-item bowel specific 
questionnaire including 10 anal 
incontinence-specific items 

Men and 
women 

         

Faecal Inconti- nence 
Question- naire 
[166]166 
Grade C 

63-item general questionnaire 
for bowel habits including faecal 
incontinence, also urinary 
symptoms and medical history 

Men and 
women 

 √        

BBUSQ 
(Birmingham Bowel 
and Urinary Symptom 
Question- naire 
[167167, 168168] Grade 
A 

22-item questionnaire for bowel 
and urinary symptoms including 
4 faecal incontinence-specific 
items 

women √ √  √   √   

FICA (Faecal 
incontinence and 
constipation 
assessment) [169]169 
Grade B 

98-item general questionnaire 
for constipation and faecal 
incontinence, also including 
abdominal and urinary 
symptoms and medical history 

women  √  √      

PFBQ (Pelvic floor 
bother question- 
naire) [170]170 
Grade B 

9-item symptom and bother 
questionnaire for pelvic floor 
disorders 

women √ √  √ √     
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Table 12: Summary of PRO Measures for Faecal incontinence and HRQL associated specifically 

PRO 
Name/ICIQ Grade 

Purpose/Description of 
Tool 

Population 
Sample 

Reliability Validity 
Responsive- 
ness (Treatment 
Duration) 

Psycho- metric 
Validation 
inOther 
Languages 

Available 
Languages 

Internal 
Consistency 

Test- 
retest 

Content (Item 
Generation) Criterion Concurrent 

Discri- 
minant 

ICIQ-B [46, 47] 
Grade A+ 

19-item anal incontinence 
symptoms and HRQL 
questionnaire 

Men and 
women 

√ √ √ √ √  √ √ Contact 
www.iciq. net 

FIQL (Faecal 
Incontinence Quality 
of life Index) [171]171 
Grade A 

29-item faecal incontinence 
HRQL questionnaire 

Men and 
women 

√ √   √  √ √ Contact 
author 

MHQ (Manchester 
Health Question- 
naire) [172]172 Grade 
B 

31-item anal incontinence 
HRQL questionnaire 

Women √ √   √     

Bowel control self-
assessment 
questionnaire 
[173]173 Grade B 

5-item faecal incontinence 
symptom and HRQL 
questionnaire 

Men and 
women 

√ √  √ √     
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Table 13: Summary of PRO Measures for Faecal incontinence in specific patient groups 

PRO 
Name/ICIQ Grade 

 
Purpose/Description of 
Tool 

Population 
Sample 

Reliability Validity 
Responsive- 
ness 
(Treatment 
Duration) 

Psycho- 
metric 
Validation 
inOther 
Languages 

Available 
Languages 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent 

Discri- 
minant 

Postpartum flatal and 
faecal inconti- 

68-item anal incontinence 
HRQL questionnaire 

Women   √       

nence quality of life (adaptation of FIQL for   
scale [174]174 
 Ungraded 

postpartum females)   

Surgical outcome tool 
for faecal 

10-item anal incontinence 
symptoms and HRQL 

Women          

incontinence[175]175 questionnaire for evaluation  
Ungraded of incontinence surgery  
COREFO (Colorec- tal 
functionalout- come 
question- 

27-item anal incontinence 
symptom and HRQL 
questionnaire for evaluation 

Men and 
women 

√ √ √  √     

naire) [176]176 Grade B of colorectal surgery      
EBSQ (Elderly Bowel 
Symptom 
Questionnaire) [177]177 

56-item general 
questionnaire for 
gastrointestinal function 
including faecal 
incontinence, 

Men and 
women 

 √  √      

Grade B also including and medical 
history and HRQL 
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Table 14: Sexual Health and Quality of Life Measures 

PRO 
Name/ICIQ Grade 

 
Purpose/Description of 
Tool 

Population 
Sample 

Reliability Validity 
Responsiveness 
(Treatment 
Duration) 

Instrument 
Access & 
Translation(s) 

Internal 
Consistency 

Test- 
retest 

Content 
(Item 
Generation) Criterion Concurrent Discriminant 

FSFI (Female Sexual 
Function Index); Grade 
B [178]178 

19-item tool used to assess 
the effects of incontinence on 
multiple dimensions of sexual 
function in sexually active, 
adult women 

Women, 
OAB; SUI, 
MUI 

√       
(Cronbach' s 
Alpha >/= 
0.82) 

√ (r = 
0.79 - 
0.86) 

   √  contact 
developer 

ICIQ-VS 
(International 
Consultation on 
Incontinence 
Questionnaire 
-Vaginal Symp- toms); 
Grade B  
[45] 

14-item tool used to assess 
effects of vaginal symptoms 
and associated sexual matter 
on sexual quality of life for 
sexually active females 

Women √      
(Cronbach' s 
Alpha = 0.81-
0.88) 

√ √   √ (all items 
except 'leakage 
during 
intercourse') 

 contact 
developer 

PISQ 
(PelvicOrganProlap 
se/Urinary 
Incontinence Sexual 
Question- naire); 
Grade B  
[179]179 

31-item tool to assess sexual 
function after surgery in 
women with Pelvic Floor 
Dysfunction 

Females with 
Pelvic Floor 
Dysfunc- tion 

√      
(Cronbach' s 
Alpha = 0.85) 

√ (k = 
0.56 - 
0.93) 

 √  √  contact 
developer 

SFQ 
(SexualFunction 
Questionnaire); Grade 
C [180]180 

Generic Instrument used to 
assess the impact of OAB on 
sexual health/function in the 
male & female population 

men& 
women with 
OAB 

       www.pfizerpati 
entreportedout 
comes.com 

SQoL-F (Sexual 
Quality of Life–
Female); Grade B 
[181]181 

To assess the impact of 
female sexual dysfunction on 
quality of life 

women √ √   √ √  www.pfizerpati 
entreportedout 
comes.com 
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 QUESTIONNAIRES TO 
ASSESS SYMPTOMS AND HRQOL 

IMPACT OF PELVIC ORGAN 
PROLAPSE 

Women complaining of lower urinary tract symptoms 
often also complain of concomitant symptoms asso-
ciated with urogenital prolapse and there are now a 
number of validated questionnaires available to use 
in the subjective assessment of women with prolapse 
symptoms. These questionnaires should be used in 
conjunction with the clinical assessment and stand-
ardised measurement of urogenital prolapse which is 
reported elsewhere in this section. In addition, given 
the number of conservative and surgical manage-
ment options available for women with symptomatic 
prolapse standardisation of subjective outcome 
measurement is increasingly important. 

This section will review the standardised symptom 
assessment tools for pelvic organ prolapse and, 
whilst the questionnaires described do not allow the 
clinical staging or planning of prolapse treatment they 
should be used alongside more objective tools to 
measure the subjective outcome of treatment. Evi-
dence form previously reported studies [182]182 has 
shown the importance or patient reported outcome 
measures and subjective assessment may provide a 
more meaningful assessment tool when compared to 
more traditional objective measurements. The use of 
these subjective outcomes has been shown to be ro-
bust and correlated with objective assessments dur-
ing long term follow up [183]183.  

Although the number of HRQoL questionnaires avail-
able to assess impact of urogenital prolapse is not as 
great as those associated with lower urinary tract dys-
function there are now a number of recommended 
and validated questionnaires available.  However, it 
is important to consider that where specific problems 
associated with urogenital prolapse need to be con-
sidered, such as lower urinary tract symptoms or sex-
ual function, then it may be preferable to consider the 
use of one of the questionnaires designed specifically 
for that purpose. In addition, as prolapse is often mul-
tidimensional, selecting questionnaires in the modu-
lar format of the ICIQ may be more useful in clinical 
practice. 

Women who have symptomatic urogenital prolapse 
may also complain of sexual dysfunction and the Pel-
vic Organ Prolapse Urinary Incontinence Sexual 
Questionnaire (PISQ) is now available in short form 
(PISQ-12) and has been validated in Turkish [184]184, 
French [185]185, Chinese [186]186, Swedish [187]187, 
Portuguese [188]188, Iranian [189]189 and Dutch 
[190]190.  

More recently an IUGA revised version (PISQ-IR) for 
both sexually active and inactive women has been re-
ported and has now been been validated in 

French[191]191,Japanese[192]192, Arabic[193]193, 
Mandarin Chinese[194]194, Hungarian[195]195 and 
German[196]196. 

This update of the last triennial report has again ex-
amined the quality of the psychometric evidence and 
only where published data were scientifically sound 
were the questionnaires included in the overall report.  

For this current report the previous literature search 
was updated using the Pubmed/Medline databases 
from January 2013 – August 2016 in addition to the 
website mapi-institute.com. The following key words 
were used either separately or in combination; ‘ques-
tionnaire’, ‘prolapse’ and ‘quality of life’. The grading 
of questionnaires was also reviewed and updated if 
new information had become available. 

Whilst the search found no new HRQoL instruments 
for the assessment of urogenital prolapse a number 
of new linguistic validations have been reported in-
cluding Spanish [197]197, French[198]198 Per-
sian[199]199 and Polish[200]200 versions of the Pro-
lapse Quality of Life questionnaire (P-QoL). In addi-
tion the Pelvic Floor Impact Questionnaire (PFIQ-7) 
and Pelvic Floor Distress Inventory (PFDI-20) have 
recently been validated in Brazilian Portu-
guese[201]201 Swedish [187] and Danish [202]202. 

Although HRQoL questionnaires remain the most 
commonly used form of patient related outcome 
measure that are used in patients with pelvic floor 
dysfunction other measures of outcome have also 
been developed and reported. The Patient Global Im-
pression of Improvement (PGI-I) was initially devel-
oped for lower urinary tract symptoms [145] and has 
more recently been validated for use in patients with 
urogenital prolapse [144]. The use of a simple one 
answer patient reported outcome measure has also 
been used in studies using composite endpoints with 
the validated HRQoL questionnaires [203]203. 

When reviewing the available HRQoL questionnaires 
the committee examined the quality of the psycho-
metric evidence and only where the published data 
were robust were the instruments considered for rec-
ommendation [Box 1]. 

Box 1: Recommended questionnaires for the 
evaluation of symptoms and HRQoL impact of 
Pelvic Organ Prolapse 

Grade A (recommended) 

Pelvic Floor Distress Inventory (PFDI) [120] 

Pelvic Floor Impact Questionnaire (PFIQ) [120] 

Prolapse Quality of Life Questionnaire (P-QoL)204 

Pelvic Organ Prolapse Urinary Incontinence Sexual 
Questionnaire (PISQ)205,( PISQ 12)206 

Pelvic Organ Prolapse Urinary Incontinence Sexual 
Questionnaire –IUGA Revised (PISQ-IR)207 

ICIQ vaginal symptoms questionnaire (ICIQ-VS)208 
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Grade B 

The Austrian Pelvic Floor Questionnaire (AFPQ)209 

Pelvic Floor Symptom Bother Questionnaire 
(PFBQ)210 

Electronic Personal Assessment Questionnaire-Pel-
vic Floor (ePAQ-PF)211 

Grade C (with potential) 

Pelvic Floor Dysfunction Questionnaire212 

Danish Prolapse Questionnaire213 

 QUESTIONNAIRES TO 
ASSESS SYMPTOMS AND HRQL 

IMPACT OF FAECAL 
INCONTINENCE 

There are now a number of patient reported outcome 
measures which have been developed for the as-
sessment of patients with Anal Incontinence (AI) and 
Faecal Incontinence (FI). Due to the considerable 
overlap between faecal incontinence and other forms 
of pelvic floor dysfunction questionnaires used for uri-
nary and prolapse symptoms may also contain do-
mains for anal and faecal incontinence. Likewise, 
items relating to faecal incontinence may also be in-
cluded in questionnaires used to evaluate colorectal 
disease. In addition, due to the wide variation in nor-
mal bowel function within, and between individuals, 
some of these questionnaires may lack sensitivity 
and specificity for more specific bowel disorders such 
as Irritable Bowel Syndrome (IBS), Irritable Bowel 
Disease (IBD) evacuation disorder and constipation. 

Since anal incontinence, faecal incontinence and 
bowel evacuation are closely related to pelvic floor 
function it may be inappropriate to consider bowel 
function simply in terms of continence and constipa-
tion. Constipation and evacuation disorders may re-
sult from a number of different pathologies such as 
outlet obstruction and slow transit in addition to other 
mechanical, pharmacological, metabolic and neuro-
genic causes [214]214.  

Anal incontinence is known to occur in both men and 
women with the prevalence depending on age and 
the symptoms are known to be important in terms of 
the underlying pathophysiology. Faecal urgency and 
faecal urgency incontinence are thought to be asso-
ciated with the loss of voluntary control due to im-
paired external sphincter function whereas passive 
faecal incontinence is thought to be associated with 
impairment of the smooth muscle of the internal anal 
sphincter [215]215.  

This update of the last triennial report has again ex-
amined the quality of the psychometric evidence and 
only where published data were scientifically sound 
were the questionnaires included in the overall report.  

For this current report the previous literature search 
was updated using the Pubmed/Medline databases 
from January 2013 – August 2016 in addition to the 
website mapi-institute.com. The following key words 
were used either separately or in combination; ‘ques-
tionnaire’, ‘faecal’, ‘anal’, ‘bowel’ and ‘quality of life’. 
The grading of questionnaires was also reviewed and 
updated if new information had become available. 

The updated search found no new HRQoL instru-
ments for the assessment of anal or faecal inconti-
nence and, in addition there were no further validation 
studies reported on those questionnaires which were 
ungraded. Consequently the recommendations of 
this triennial report remain unchanged. 

The grades of recommendation are as outlined in pre-
vious sections. Box 2 summarises the questionnaires 
reviewed and grades of recommendation. 

Box 2: Recommended questionnaires for the 
evaluation of symptoms and HRQoL impact of 
faecal incontinence 

Grade A+ 

ICIQ-B [46,47] 

Grade A 

Faecal Incontinence Quality of Life Scale [171] 

Birmingham Bowel and Urinary Symptom Question-
naire [167,168] 

Questionnaire for assessment of Faecal Incontinence 
and Constipation [164] 

Grade B 

Colorectal Functional Outcome Questionnaire [176] 

Manchester Health Questionnaire [172] 

Bowel Control Self Assessment Questionnaire [173] 

Pelvic Floor Bother Questionnaire [216]216 

Elderly Bowel Symptom Questionnaire [177] 

Faecal Incontinence and Constipation Assessment 
[169] 

Grade C 

Faecal Incontinence Questionnaire [166] 

Ungraded 

Postpartum Flatal and Faecal Incontinence Quality of 
Life Scale [174] 

Bowel Function Questionnaire [217]217 

Surgical Outcome Tool for Faecal Incontinence [175] 

Tables 11, 12 and 13 provide details of the specific 
psychometric properties and development of each 
questionnaire 
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 QUESTIONNAIRES TO 
ASSESS SEXUAL 

FUNCTION/SEXUAL HEALTH AND 
URINARY SYMPTOMS 

Sexual dysfunction affects many people and may be 
caused by psychological, emotional or physiological 
factors, often with multifactorial and interrelated etiol-
ogies.  Sexual function may be regarded as a dimen-
sion or aspect of overall HRQL, for which a number 
of dimension-specific measures have been devel-
oped and validated. There is a wide choice of availa-
ble instruments, the selection of which will depend on 
the clinical or research setting where the instrument 
is to be employed. Established and widely used 
measures that have been shown to be valid, reliable 
and responsive are clearly desirable, however the 
feasibility and appropriateness of using a particular 
instrument in a particular setting must also be consid-
ered. A large number of different instruments exist in 
this field, which aim to evaluate specific aspects of 
sexual function and sexual health.  

While the importance of investigating male sexuality 
as part of a normal male urological assessment is es-
tablished, this has not been established for female 
evaluation. Many physicians underestimate the prev-
alence of female sexual dysfunctions and do not rou-
tinely perform an assessment of sexual wellness as a 
part of their practice [218]218, despite evidence that 
many women with LUTS have sexual problems 
[219]219 

In a comprehensive assessment of women with pel-
vic dysfunction sexual function should be investi-
gated. However it is may be a difficult issue to discuss 
during a consultation because of discomfort or em-
barrassment. Female discomfort may stem from per-
sonal embarrassment, a sense that sexual dysfunc-
tion is not a medical problem and this may be com-
pounded by a lack of time during health care visits 
[220]220. 

In addition many physicians report a lack of training 
in how to appropriately address sexual function with 
patients [221]221.  Clinicians who treat sexual prob-
lems often prefer to use unstructured rather than 
structured interviews or questionnaires in clinical 
practice as an unstructured approach allows the tai-
loring of questions to suit the couple or the individual 
being assessed.  Unstructured interviews enable the 
clinician to support patients who feel vulnerable and 
encourage discussion. In this setting, vocabulary can 
be modified, as can the level of assertiveness and the 
depth of questioning to suit the needs of the individ-
ual. This flexibility is not readily achievable with ques-
tionnaires which individuals may also find difficult to 
complete due their impersonal nature or because of 
physical or mental impairment, cultural or language 
differences. However, some patients find the discus-
sion of intimate issues with clinicians very difficult and 

questionnaires may allow these issues to be meas-
ured in private, at ease and more effectively before 
subsequently exploring questionnaire responses in 
the clinical interview itself. Therefore there is a wide 
choice of available instruments, which could help the 
physician during history taking and the selection of an 
instrument will depend on the clinical or research set-
ting where the instrument is to be employed.  

Table 14 and Table 15 outline sexual health 
measures with a Grade A, B, C rating based on the 
criteria provided above, and the linguistic validations 
of each questionnaire are also documented. 

This table includes the questionnaires useful to as-
sess female and male sexual function in patients with 
any pelvic dysfunction and urinary symptoms. Ques-
tionnaires obtaining an A+ rating demonstrate relia-
bility and validity and also that content was derived 
with patient input and responsiveness to treatment 
has been shown.  

A Rated group: the Female Sexual Function Index 
(FSFI) [178,222222,223223], the Female Sexual Dis-
tress Scale (FSDS) [224]224 , the International Con-
sultation on Incontinence Questionnaire-Vaginal 
Symptoms (ICIQ-VS) [45] and the Derogatis Sexual 
Functioning Inventory (DISFI) [225]225. These ques-
tionnaires assess female sexual function and meas-
ure the quality of a patients current sexual function-
ing.  The Menopausal Sexual Interest Questionnaire 
(MSIQ) [226]226 is also included in this group but only 
two domains. For male patients the International In-
dex of Erectile Function (IIEF) [227]227 is recom-
mended to assess men with erectile dysfunction. 
Most of the identified measures are self-reported, 
easy and quick to administer and many have various 
language versions available. The majority have also 
been previously used in incontinence populations 

B Rated group: the Daily Log of Sexual Activities 
(DLSA) [228]228, the Female sexual distress scale-re-
vised (FSDSr) [229]229, the Index of Sexual Function-
ing for women (BISF-W) [230]230, the Change in Sex-
ual Functioning Questionnaire (CSFQ) 
[231231,232232],and the Sexual Interest and Desire In-
ventory Female (SIDI-F) [233]233. They assess the 
sexual dysfunctions in women with sexual desire dis-
order and functional sexual arousal disorder. The Pel-
vic Organ Prolapse Urinary Incontinence Sexual 
Question (PISQ-12) [179] assesses sexual function 
after surgery in women with Pelvic Floor Dysfunction 
and has been validated in women with urinary incon-
tinence and pelvic organ prolapse. The Sexual Qual-
ity of Life–Female (SQoL-F) [181] is useful to assess 
the impact of female sexual dysfunction on quality of 
life, while the Sexual Satisfaction Scale for Women 
(SSS-W) [234]234 measures the women’s sexual sat-
isfaction and distress in patients with pelvic floor dys-
function. The Sexual Function Questionnaire (SFQ) 
[180] is an instrument for both partners. This ques-
tionnaire also addresses some of the consequences 
of female sexual dysfunction for the woman, her part-
ner and their relationship. Both the physical and the 
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cognitive aspects of sexual response are evaluated 
within the SFQ items. The Male Sexual Health Ques-
tionnaire (MSHQ) [235]235 assesses sexual function 
and satisfaction in older men with urogenital symp-
toms of LUTS and sexual dysfunctions. 

C Rated group:  The Women's Sexual Interest Diag-
nostic Interview--Short Form (WSID-SF) [228] is used 
to assess sexual function in adult women with hypo-
active sexual desire disorder, The Pelvic Organ Pro-
lapse/Incontinence Sexual Questionnaire, IUGA-
Revised (PISQ-IR) [236]236, and the Sexual Health 
Outcomes in Women Questionnaire (SHOW-Q) 
[237]237 to assess the impact of pelvic problems on 
sexual desire, frequency, satisfaction, orgasm, and 
discomfort.  

The choice of which tool to use will be dependent on 
the type of patient, age, type of pelvic dysfunction and 
on research hypothesis. For instance, if you wanted 
to assess impact of OAB on sexual function e.g. 
arousal in women then the FSFI should be used ra-
ther than the SQOL-F because the FSFI has a spe-
cific arousal domain whereas the SQOL-F assesses 
sexual quality of life. 

Table 15. Additional Sexual Health and Quality of 
Life Measures (separate document) 

 RECOMMENDATIONS FOR 
RESEARCH 

1. The selection of a PRO questionnaire must re-
flect study purpose and objectives. 

2. Grade A recommended questionnaires should 
be used in all clinical trials evaluating treatments 

3. The inclusion of the ICIQ modules is preferred in 
all studies in order to standardize outcome as-
sessment 

4. Continued PRO development, refinement, and 
usage should accurately and adequately report 
on the methods, samples, statistical analyses 
and psychometric properties of questionnaires in 
scientific journals. This includes documentation 
of validity, reliability and responsiveness and 
consequently the quality of each study can be 
assessed. 

5. Researchers are encouraged to use existing 
questionnaires and refine for specific popula-
tions when required; such as frail elderly and 
children. 

6. Researchers are also encouraged to participate 
in collaborative work with the ICIQ project allow-
ing the development and refinement of modules 
and translations. 
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ABBREVIATIONS 

ARM anorectal malformation 

AUS artificial urinary sphincter 

BOO bladder outflow obstruction 

BoNT-A botulinum neurotoxin -A 

BPH benign prostatic hyperplasia 

CIC clean intermittent (self) catheterisation 

DHIC detrusor hyperactivity (=DO) 
& impaired contractile function (=DU) 

DO (urodynamic) detrusor overactivity 

DU (urodynamic) detrusor underactivity 

EMG electromyogram/electromyography 

ICI International Consultation on 
Incontinence 

ICS International Continence Society 

ICCS International Childrens Continence 
Society 

IPSS International prostate symptom score 

LPP leak point pressure 

LUT lower urinary tract 

LUTD lower urinary tract dysfunction 

LUTS lower urinary tract symptoms 

MMC myelodysplasia / meningomyelocele / 
(occult) spinal dysraphism 

MS multiple sclerosis 

MUCP maximum urethral closure pressure 

NLUTD neurogenic lower urinary tract dysfunction 

OAB-S overactive bladder syndrome 

POP pelvic organ prolapse 

PVR post-void residual urine (volume) 

PUV posterior urethral valves 

RRP (robot assisted -laparoscopic) radical 
retropubic prostatectomy 

QoL quality of life  

SCI spinal cord injury  

sd standard deviation 

SUI  stress urinary incontinence 

SUI-S stress urinary incontinence syndrome 

TOT trans obturator tape 

TURP transurethral resection of the prostate 

TVT tension-free transvaginal retropubic tape 

UDS urodynamic studies / urodynamic 
investigation / urodynamics 

UPP urethral pressure profile/profilometry 

UPR urethral pressure reflectometry 

URP urethral retro-resistance pressure 

UI urinary incontinence 

USUI urodynamic stress urinary incontinence 

UTI urinary tract infection 

UUI urgency urinary incontinence 

UUT upper urinary tract 

VV voided volume  

VUDS video urodynamic study 

VUR vesico ureteral reflux 

INTRODUCTION 

This chapter is based on the ‘Urodynamic Testing’ 
chapter from the previous (ICI2013) consultation. The 
fifth consultation, ICI2013, updated the evidence for 
the technical performance, clinical utility and respon-
siveness to treatment of UDS for patients with UI. 
Testing for faecal incontinence was not included in 
the dynamic testing ICI2013. This ICI2016 chapter 
starts with a summary of the ICI2013 recommenda-
tions and conclusions in each of the paragraphs and 
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then provides relevant updates where from where we 
have evaluated the current evidence. Finally, the up-
dated ICI2016 conclusions and recommendations are 
presented. Outdated references have been removed 
and new literature references are added. Publications 
less than one year before the consultation were 
deemed not to have stood the ‘test of time’ and so 
have not been included.  

The primary aim of this chapter is to present what 
tests might be performed to elucidate the mechanism 
that causes UI in the individual and to make recom-
mendations for practice. To this end, we present an 
overview of the best available recent scientific evi-
dence about the role of UDS in clinical practice for 
patients presenting with UI. Based on the above, we 
provide recommendations, and the strength of the 
recommendation (A to D), for the current state of di-
agnostic assessment of the patient, or groups of pa-
tients with UI. 

Each of the recommendations of the preceding con-
sultation is re-evaluated and the discussion ends with 
new or renewed conclusions (with a level of evidence 
that follows the Modified Oxford Scale). Following on 
from that we present our new (ICI2016) graded rec-
ommendation(s) where necessary after considered 
judgement of the evidence (discussion). Where 
deemed useful we suggest topics(s) for research. 
Conclusion, recommendation and suggestions for re-
search are highlighted in the text and are therefore 
suitable for ‘express reading’. 

The chapter considers the evidence around UDS for 
patients with signs and symptoms of UI by reviews of 
the literature regarding clinical UDS of diverse patient 
groups with UI; which include the following discrete 
groups; Women, men, children, neurogenic lower uri-
nary tract dysfunction (NLUTD) and the frail elderly. 
UDS of voiding dysfunction is not addressed specifi-
cally and only described where deemed relevant 
(more specific: when related to the UI). 

 WHAT ARE URODYNAMIC 
STUDIES AND WHAT SHOULD, IN 

GENERAL BE THE ROLE OF 
URODYNAMIC STUDIES IN 

CLINICAL PRACTICE?  

INTRODUCTION 

Urodynamic testing should be performed to objec-
tively measure and document the entire LUT function 
and/or dysfunction. UDS should be done only when it 
can have therapeutic consequences; will change the 
patient’s management and/or when part of a surveil-
lance or a research program. For this, the individual 
patient’s symptoms, including their impact in terms of 
bother and degree of hinder they cause as well as the 

impact of other relevant circumstances (like e.g. 
comorbidity or operability) should be kept in mind. 
UDS can show signs, not presented, such as e.g. 
(significant) postvoid-residual urine (PVR) or detrusor 
underactivity (DU), which may be relatively unnoticed 
by the patient, even when neurologically intact. UUT 
signs (dilatation) can exist or develop without any 
(new) symptoms, especially, but not uniquely in pa-
tients with relevant neurological abnormalities. Fur-
thermore, the patient can present with complaints 
such as, 'urinary frequency', 'nocturia' or 'recurrent 
UTIs', which are difficult or impossible to reproduce in 
the usual UDS- laboratory. Nevertheless, in the usual 
setting of a UDS a feature of LUT function or dysfunc-
tion may be observed/measured that is relevant to 
these unnoticed phenomena and (therefore) explain-
ing the person’s symptoms. Finally, UDS may provide 
a basis for the prevention of (signs or) symptoms to 
arise that are at the time of the testing not presented 
by the patient; e.g. urinary retention or UUT dilatation 
or deterioration. 

UDS allows direct assessment of LUT function by the 
measurement of relevant physiological parameters 
(ICS-ST20021 2) and invasive UDS is defined as any 
test that is invasive, i.e. involving insertion of one or 
more catheters or any other transducers into the blad-
der and/ or other body cavities, or insertion of probes 
or needles, for example for (needle-) EMG measure-
ment3 (ICS-GUP2016). 

The point of a clinical /biological test is that it will show 
a result on a continuum between what is considered 
normal physiology and pathology; and UDS is no ex-
ception to this. The key to determining the cause of 
the signs and/or symptoms of LUTD will be to repro-
duce the function and the dysfunction of the LUT of 
the individual patient. The implicit consequence of 
this is also that ideally at least one complete filling 
(storage) and pressure-flow (voiding) cycle, that ade-
quately represents the patients problem (e.g. with re-
gard to volumes) including post voiding features, 
(PVR, or after contraction) should be tested, ana-
lysed, and documented, even if only storage or only 
voiding signs or symptoms have been expressed by 
the patient. Last but not least: when LUT sensation is 
altered, as is frequently in patients with NLUT, the 
symptoms are even less reliable than those of pa-
tients with intact sensation, making UDS as an objec-
tive evaluation to advise or justify a specific manage-
ment even more important. 

The role of UDS in broad clinical perspective can be: 

a. To identify all factors that contribute to the LUT-
dysfunction signs (e.g. UI) and/or are the origin 
of the symptoms (e.g. frequent voiding) and as-
sess their relative importance; 

b. To obtain information about all other aspects of 
LUT function or dysfunction; whether or not ex-
pressed as a symptom or recognisable as a sign; 
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c. To allow a prediction of the possible conse-
quences of LUT D for the UUT; 

d. To allow a prediction of the outcome, including 
undesirable side effects, of a contemplated treat-
ment; 

e. To confirm the effects of intervention or under-
stand the mode of action of a particular type of 
treatment for a LUTD; especially a new and/or 
experimental (not routine) one; 

f. To understand the reasons for failure of previous 
treatments for UI, or for LUTD in general (after 
unsatisfactory treatment). 

UDS is the gold standard to assess LUT function and 
dysfunction. Some studies have challenged UDS with 
a clinical diagnosis as the comparator. Specifically, 
the ‘clinical diagnosis of SUI’ was used as a predictor 
of outcome of suburethral tapes in a very selected 
group of patients.4 When this clinical diagnosis – not 
standardized in general and not for these trials- had 
been compared with one specific element (filling -cys-
tometry) of the –not (always ICS) standard- UDS di-
agnosis (and also including patients with DO5 neither 
way of diagnosis has been superior for the patients 
recruited in this study with signs and/or symptoms of 
SUI-S. The question remains whether the overall out-
come of the surgery (or alternatives for some of the 
patients) could have been better than the ±65% over-
all success rate (dry, without other symptoms e.g. fre-
quent voiding), when a more structured clinical as 
well as UDS diagnosis and/or analysis had been used 
in these studies.4 6 

CONCLUSION 

UDS in clinical practice evaluates a person's LUT 
function with at least one complete and representa-
tive filling-voiding-post voiding cycle by testing with 
relevant pressures and flowmetry. UDS includes 
quality control, subsequent analysis, and systematic 
documentation.  

1. UROFLOWMETRY 

This is the non-invasive measurement of urine flow 
rate applicable for both women and men, as well as 
for children. The general principles are identical alt-
hough voiding position is relevant,7 and a small series 
of young men voiding in the healthy range shows that 
time after ejaculation may play a role.8 Uroflowmetry 
is also relevant for patients with neurological abnor-
malities, when they are able to (and do) use a toilet in 
the daily life situation. The patient voids into a flow 
meter in private, ideally with a normal to strong (but 
not uncomfortable) desire to empty their bladder.9 10 
Urine flow rate is continuously measured and dis-
played graphically. Various parameters from the trace 
are automatically calculated and printed out together 
with the trace. After control for artefacts in automated 
calculations, the maximum flow rate, the volume 

voided and shape of the curve are usually the princi-
pal determinants of whether or not the patient is emp-
tying their bladder in a normal way. Flow rate- volume 
dependency should be considered. If an abnormal 
voiding occurs, it is good clinical practice to repeat the 
assessment to attempt to reproduce normal behav-
iour. Several factors, such as patient apprehension, 
can give an abnormal recording in patients who have 
no voiding difficulty. Asking the patient about what 
she or he thinks about the voiding; whether the void-
ing was an adequate representation of their usual 
voiding, (if possible: comparison with the usual void-
ing diary -volume) must be regarded as good urody-
namic practice. Repeating the assessment can re-
move such confounding factors. Unambiguous and 
careful instruction of the patient, privacy and a short 
meatus to flowmeter distance are all inherently rele-
vant.11The committee has not found any relevant 
technical changes or innovations to uroflowmetry 
equipment since 2013. 

2. FILLING CYSTOMETRY 

This is the measurement of the pressure inside the 
bladder to assess its storage capabilities. It is an in-
vasive test which involves a catheter being placed 
into the bladder, usually transurethrally, and another 
catheter being placed rectally, vaginally or through an 
abdominal stoma to measure abdominal pressure. 
Subtracting the indirectly measured abdominal pres-
sure (pabd) from the pressure measured inside the 
bladder (intravesical pressure, pves) gives a represen-
tation of pressure changes due to the action of the 
detrusor smooth muscle, the detrusor pressure, pdet 
(= pves –pabd). During this assessment, the bladder is 
usually filled with normal saline solution, or x-ray con-
trast solution in the case of VUDS, either through a 
separate catheter placed transurethrally or through 
the filling channel of a dual lumen catheter, if used. 
Usually the filling rate is much faster than physiologi-
cal bladder filling (which is 1-2mL/min) and therefore 
referred to as non-physiological in ICS terms. The 
bladder will become filled in about 10 minutes when 
a 10% of ‘estimated usual capacity –based on voiding 
diary (taking into account the PVR whenever possi-
ble)-’ is taken as the filling rate (mL/m).3  

The intravesical, abdominal pressure and the calcu-
lated detrusor pressure are monitored as the bladder 
is filled and before the patient has been given ‘per-
mission to void’. The storage ability of the bladder is 
assessed in terms of the volumes required to elicit 
various sensations from the patient, its cystometric 
capacity, its compliance (passive muscle adaptation 
to volume stretch and detrusor muscle relaxation), 
and the presence or the absence of phasic detrusor 
pressure rises. The filling (storage) phase of cystom-
etry is the when USUI can be assessed by means of 
coughing or straining, on the request of the clinician.12 
Good urodynamic practice demands that all three of 
abdominal, intravesical and detrusor pressures are 
evaluated to diagnose urinary bladder storage func-
tion. The committee has not become aware of any 
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changes after 2013 in technique of cystometry. Pelvic 
muscle EMG during cystometry is not ICS standard 
and not further discussed in this chapter (see chapter 
on imaging and neurophysiological testing for this). 
Alternatives for ICS standard water (saline) filled 
catheters and tubing are being evaluated and will be 
discussed in a separate paragraph. Specific attention 
to artefact and errors merits attention and has been 
included in the update of the ICS Good Urodynamic 
Practices.13 14 15 

3. PRESSURE-FLOW STUDIES 
(VOIDING CYSTOMETRY) 

This is a measurement of the mechanics of micturi-
tion. When the filling phase of cystometry is complete, 
the patient is given ‘permission to void’ and will empty 
their bladder into a flow meter whilst intravesical, ab-
dominal and detrusor pressures are being recorded. 
The simultaneous measurement of flow rate and 
pressure enables voiding to be assessed and pres-
sure flow analysis can help determine whether a slow 
urine stream is due to BOO or to DU or to a combina-
tion of both. Pressure-flow studies can also assist in 
the diagnosis of detrusor-sphincter dyssynergia and 
a clearer description of dysfunctional voiding and/or 
quantification of outlet dynamics during voiding. Sim-
ilar precautions as for uroflowmetry must be taken re-
garding representativeness, artefacts and patient ap-
prehension. Since 2013 no new studies have been 
published about the technique of pressure flow test-
ing. Analysis of pressure flow regarding detrusor (un-
deractive –DU-) contraction or ‘contractility’ during 
voiding has received increased attention and is sug-
gested to be of future relevance.16 17 

4. URETHRAL PRESSURE 
PROFILOMETRY  

This is a test to estimate the urethra and the sur-
rounding structures’ ability to maintain a closed blad-
der outlet, allowing the body system to contain urine 
within the bladder. A catheter is placed transurethrally 
into the bladder and then withdrawn along the urethra 
(usually by a mechanical puller at a constant rate). 
Catheters that use water perfusion but also catheters 
with microtip pressure sensors or catheters with air 
filled (‘charged’) balloons are used to this aim. The 
pressure along the length of the urethra is measured 
and interpreted relative to the pressure inside the 
bladder or abdomen. The maximum pressure meas-
ured in the urethra is assumed to give an indication of 
the urethral closure function. The clinical relevance of 
UPP is frequently discussed in the literature and al-
ternative technical systems to measure urethral pres-
sure or function have been published and will be dis-
cussed in following paragraphs. 

5. ABDOMINAL LEAK POINT 
PRESSURE 

This test estimates the urethra’s ability to contain 
urine within the bladder. Intra-abdominal pressure is 
measured whilst the patient is asked to increase their 
abdominal pressure by Valsalva or by coughing. The 
abdominal pressure required to produce leakage 
from the bladder gives an indication of the closure 
function of the urethra. Diverse methods as well as 
reference pressures are used. New evidence (since 
ICI2013) for the relevance of LPP measurements and 
variants of LPP will be discussed in the specific para-
graphs of this report. 

 TECHNOLOGICAL 
INNOVATIONS IN URODYNAMIC 

STUDIES 

1. CATHETERS FOR PRESSURE 
MEASUREMENT 

Traditionally, UDS is done with water-filled catheters 
and tubing and external pressure sensors and this 
has become the ICS Standard method. A variety of 
catheter-tip microtip or optical sensors have been 
evaluated in the past and new sensors are being de-
veloped. Also, sensors that are placed in the bladder 
wall (not lumen) itself are tested in animal labs. Sin-
gle-use, air-filled catheters have been developed for 
clinical use and are discussed here.  

Air filled catheters have a small balloon on the tip and 
a lumen attached to a pressure system. After intro-
duction, the balloon is ‘charged’ with air and meas-
urement can take place. Air filled catheters (T-Doc® 
Air chargedTM catheters, Laborie, Mississauga, Can-
ada) can be used for intravesical, intra-urethral as 
well as for abdominal pressure measurement in UDS 
and are CE (Conformité Européenne) marked and 
FDA (US-Food and Drug Administration) approved 
for their technical safety for use in human. 

1.1. Conclusions and Recommendations 
2013 

ICI2013 concluded that air-filled catheters may pro-
vide an acceptable alternative to other techniques for 
measuring the urethral closing pressure, although 
studies to show whether air-filled catheters provide 
an alternative to water-filled lines for measuring in-
travesical and intra-abdominal pressure in UDS were 
not available at that time. The recommendations of 
the ICI2013 were that investigators planning to use 
air-filled catheters for intravesical and intra-ab-
dominal pressure in UDS are advised to check for 
themselves that they have an equivalent performance 
to their current system for measuring pressure. 
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ICI2013 also advised evaluation of how their system 
compares to the standard reference values for clinical 
relevant limits of pressures obtained with the ICS 
standard water-filled systems. 

Studies comparing measurement of urethral pressure 
by air-filled catheters with measurement by microtip 
catheters have indicated that the values obtained are 
statistically significantly different, but are more repro-
ducible with the air-filled systems. 18 19 20 In laboratory 
bench-top studies, water-filled catheters were re-
ported to act as an under damped system, and sen-
sitive to motion artefacts, whilst air-filled catheters 
acted as an over damped system; while less sensitive 
to artefacts, they were slower in response.21 Another 
report concluded however that the signal could be ad-
justed to compensate for this difference.22 Air-filled 
catheters have several practical advantages over wa-
ter-filled pressure lines because there is no hydro-
static pressure effect (as is occurring in –the tubing of 
- a water-filled system) to account for, so that there is 
no need to position external sensors at a standard 
reference level. (Which is the level of the symphysis 
pubis by ICS convention.) Air filled system have no 
requirement to fluid flush the system to exclude air, a 
process that is essential in a water-filled tubes pres-
sure-sensing environment. Also, there are no pres-
sure (tube wagging or knocking) artefacts produced 
when the patients move. In order to compare water-
filled systems with the air-filled systems during live 
UDS, two studies conducted pressure measurements 
in female patients with both systems simultaneously, 
one study with 20 patients23 and one with 51 pa-
tients.24 Both studies reported that the systems were 
not interchangeable, since values obtained from each 
were significantly different, the larger study stating 
that pdet values could vary between systems by up to 
10 cmH2O (the 95% limits of agreement). Pressure 
offset, as observed, differences are not particularly 
relevant in (urodynamic graph) pattern analysis, how-
ever when absolute (subtracted) pressures become 
relevant as in pressure flow analysis or urethral pres-
sure profiles the possibility of clinically relevant differ-
ences exists. Studies that refute or confirm this are 
not yet available. Thus, more recently, a review paper 
has recommended that further validation of measure-
ment techniques with air-filled systems should be 
done before its clinical similarity can be established.25 
Further research must be carried out in order to iden-
tify what has caused the observed differences in pres-
sure readings obtained, by evaluating the potential 
sources in the air-filled system however also in the 
(ICS standard) water-filled system.  

1.2. Conclusions 

• Air-filled catheters may provide an acceptable al-
ternative to other techniques for measuring the 
pressure closing the female urethra however 
normal –or reference- values have not been es-
tablished. (level 3) 

• Studies show that air-filled catheters record dif-
ferent pressure values to water-filled lines in 

UDS and are therefore not interchangeable. 
(level 2) 

• Air-filled cathters have not been tested in men or 
in children, or in patients with NLUTD. 

1.3. Recommendation (Grade C) 

• Investigators planning to use air-filled catheters 
for intravesical and intra-abdominal pressure in 
UDS are advised to check for themselves that 
they have an equivalent performance to their cur-
rent system for measuring pressure. 

• Investigators planning to use air-filled catheters 
for intravesical and intra-abdominal pressure in 
UDS are advised to check for themselves how 
the performance of their system compares to the 
standard reference values for clinical relevant 
limits (of pressures obtained with the classical 
systems). 

• Clinicians using UDS should be well aware of the 
technical demands of measuring with a water-
filled –external pressure system and should be 
able to (prevent and correct and) recognize 
these, also in post test evaluation.  

1.4. Topic for Research 

• Studies to compare the performance of air-filled 
catheters with (ICS- standard) water-filled pres-
sure lines in the measurement of intravesical and 
intra-abdominal pressure during filling and void-
ing cystometry, to include ‘fast’ events such as 
coughing, in male, neurological and paediatric 
patients as well as analysis of test-retest reliabil-
ity. 

• Studies to determine the cause(s) of the earlier 
observed differences in pressure readings be-
tween water-filled and air-filled systems. 

• Studies to determine the clinical relevance of dif-
ference in pressure readings between water-
filled and air-filled systems. 

• Studies to demonstrate the technical stability and 
clinical reliability of practice with the water- filled 
external pressure reference UDS systems. 

• Studies to establish standard values for filling 
cystometry and pressure flow study in women. 

2. OBJECTIVE ASSESSMENT OF 
BLADDER SENSATION 

2.1. Conclusions and Recommendations 
2013  

Based on published results ICI2013 noted that there 
was a significant variation in clinical practice to deter-
mine bladder filling sensation landmarks and maxi-
mum cystometric capacity despite the standardisa-
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tion of terms. The committee concluded that strate-
gies to derive bladder filling sensation parameters in 
a more automated and objective way (with patient 
controlled electronic analogue scale registration), 
have been showing plausible and applicable results. 
ICI2013 stated that these were however not suffi-
ciently tested with regard to reliability, relevance, in-
vestigator independency or test retest robustness. 

Bladder sensation during UDS is usually recorded by 
the simple expedient of asking the patient to inform 
the investigator when they experience different sen-
sations. This is ICS standardised, but subjective, 
measurement that can be confounded by the investi-
gators inadvertently or deliberately distracting the pa-
tient whilst bladder filling is being carried out. Investi-
gators can also bias the measurement by inadvertent 
prompting, or by causing too much ‘concentration’ 
and unrepresentative awareness of the patient.26 
Bladder filling sensation has received increasing at-
tention since urinary urgency and early filling sensa-
tion are clinically important and some treatments are 
believed to influence LUT sensation.27 28 

A patient-activated, keypad 'urge score' device to 
measure sensations during bladder filling was intro-
duced29 that provided reliable and repeatable 
measures of different bladder sensations, however 
this never found its way into clinical routine. Filling 
sensations during conventional UDS were marked on 
a body map and this study suggested that women’s 
bladder sensations vary in relation to their bladder 
condition.30 

Daily life bladder sensation can be evaluated by a 
sensation related bladder diary and during cystomet-
ric bladder filling. 185 women with SUI-S, OAB-S or 
mixed UI filled out a 3-day bladder diary grading blad-
der sensation and measuring VV at each micturition. 
The maximum cystometric sensation (FS and ND) 
volumes were significantly larger than the diary VVs 
for corresponding bladder sensations, and this in all 
groups, leading to the conclusion that symptoms re-
late more to the diary.31 In the development of the 
ICIQ bladder diary, the data from 264 patients diary 
recordings of urinary urgency showed weak agree-
ment with questionnaire responses and UDS obser-
vations.32 Although cystometry is regarded the gold 
standard to asses bladder filling sensation there is a 
paucity of evidence regarding its clinical relevance; 
also the question whether cystometry or alternative 
(diary –like) evaluations are more relevant remains 
unanswered. 

Research has provided some in vivo evidence of the 
specific brain areas that are involved in LUT sensa-
tion, control and modulation, but this type of observa-
tions cannot yet be regarded as a replacement of cys-
tometry, because up to now no brain pattern has been 
shown to correlate with a specific UDS abnormality.33 
34 

Many studies consistently show that the correlation 
between objective and subjective features of detrusor 

adaptation to volume increment, bladder propriocep-
tion and the subjective interpretation of filling is 
weak.35 36 37 38 39 40 41 In fact these observations also 
demonstrate that UDS is adding new and objective 
diagnostic information to what has been gathered 
with history, voiding diary and clinical investigation. 
Both UDS, as well as signs and symptoms, are rele-
vant to select further treatment, for instance in the 
identification of DU.42 

2.2. Conclusion (Level 3-4) 

• Based on published results, a significant varia-
tion exists in clinical practice to determine blad-
der filling sensation landmarks and maximum 
cystometric capacity, despite the standardisation 
of terms. 

• Strategies to derive bladder filling sensation pa-
rameters in a more automated and objective 
way, have been published and show plausible 
and applicable results, however these have not 
been sufficiently tested regarding reliability, rele-
vance, investigator independency or test retest 
robustness. 

2.3. Heart Rate Variability 
Heart rate variability was evaluated to serve as a 
monitor of the autonomic nervous system as an ob-
jective measure (indicator) for LUTD and/or bladder 
filling sensation, without arriving at a clinical applica-
tion yet.43 44 45 

2.4. Conclusions (Level 3-4) 

• None of the analysis or testing methods of the 
autonomic nervous system has, to date, shown 
any relevance for the objective diagnosis of LUT 
function in neurologically intact persons.  

3. NON-INVASIVE PRESSURE (& 
FLOW) MEASUREMENTS 

Non-invasive measurements of bladder pressure dur-
ing voiding in men by the penile cuff or condom cath-
eter have been shown to correlate with traditional in-
vasive measurement of bladder pressure. ICI2013 
concluded (grade B) that non-invasive measure-
ments of bladder or detrusor 'voiding- pressure' can 
be considered in clinical experiments in order to eval-
uate voiding function when the male patient is not re-
quired to undergo an invasive assessment of the stor-
age function of the LUT. The ICI2013 did not recom-
mend condom or penile cuff pressure, nor near infra-
red detrusor spectroscopy, for the diagnosis UI, or of 
LUTD. 46 47 Recently a device to measure isovolumic 
(maximum) pressure during voiding at the location of 
the fossa navicularis. The pressures obtained corre-
lated with BOOI based on detrusor pressure at maxi-
mum flow rate, but have not been tested for relevance 
for UI.48 49 Measurement of perineal noise during 
voiding as another way of non-invasively quantifying 
male BOO has been evaluated but has also not 
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demonstrated relevance for the diagnosis of (male) 
UI.50  

Transabdominal wall near-infrared spectroscopy was 
used to detect the haemodynamic changes that are 
associated with detrusor contractile activity. This has 
been demonstrable in a highly selective set of feasi-
bility recordings and may lead the way for non-inva-
sive detection of detrusor (over-) activity.51 52 Another 
group has however not been able to replicate this.53 
The use of perineal ultrasound to detect turbulent flow 
in the male urethra has been reported.54 Both near 
infrared spectroscopy and perineal ultrasound have 
not been tested, or are not applicable, for patients 
with UI. 

3.1. Conclusions (Level 3) 

• Non-invasive measurements of bladder pressure 
during voiding in men by the penile cuff or con-
dom catheter have been shown to correlate with 
traditional invasive measurement of bladder 
pressure. None of these studies have shown any 
applicability in the diagnosis of UI.  

• Near-infrared detrusor spectroscopy has in very 
selected recordings shown a relation with detru-
sor (over)activity but this has not been reproduc-
ible in an independent clinical follow up evalua-
tion. 

3.2. Recommendation (Grade B) 

• The committee endorses that in clinical experi-
ments non-invasive measurements of bladder or 
detrusor pressure may be considered in order to 
evaluate voiding function when the male patient 
is not required to undergo an invasive assess-
ment of the storage (and continence) LUT func-
tions. 

• The committee does not recommend condom or 
penile cuff pressure, nor near infrared detrusor 
spectroscopy, for the diagnosis of UI, or of LUTD. 

4. URETHRAL RETRO-RESISTANCE 
PRESSURE 

In the measurement of urethral retro-resistance pres-
sure (URP), a small meatal plug is inserted just inside 
the female urethra and saline is pumped into the ure-
thra until the pressure reaches the value sufficient to 
overcome the resistance offered by the urethra when 
the fluid flows into the bladder. The pressure required 
to achieve and maintain an open bladder outlet is 
taken to be a measure of urethral closure function. 
The basic principle behind the technique has its ori-
gins in 1923 when Bonney made an attempt to meas-
ure the efficiency of urethral closure.55 Slack et al 
studied 258 SUI-S women with the URP technique in 
comparison with MUCP and Valsalva LPP. The URP, 
in a group of 61 women, without symptoms of UI and 
who had negative standing UI tests, was significantly 
higher than in a group of women with SUI-S who had 

been tested previously.56 This study also provided 
some test-retest data, which showed that URP meas-
urements were consistent in individuals. Measure-
ments of URP on 165 women with various UDS diag-
noses were published subsequently.57 Women with 
USUI had significantly lower URP than women with 
competent urethral sphincters. In the mixed symp-
toms group, URP mean values were not significantly 
different from those with DO competent sphincters, or 
those with USUI. The authors concluded that whilst 
there are significantly different URP measurements 
between women with DO and those with USUI, URP 
is not a diagnostic tool. An analysis of URP in 48 
women with (clinical) SUI-S and also USUI, without 
pelvic organ prolapse (POP) before and after anti-UI 
surgery (colposuspension n = 8, TVT n = 6, TOT n = 
34) and another study to compare URP with ‘estab-
lished measures of UI severity’ showed that preoper-
ative URP did not correlate with SUI-S in all women, 
had no predictive value and did not correlate with the 
outcome of anti-UI surgery.58 59 As for women, retro-
grade pressures are obtainable for men also and 
have shown to correlate with 24-hour pad test vol-
ume.60  

4.1. Conclusion (Level 2/3) 

• After positive first reports of urethral retro-re-
sistance pressure measurements it was shown 
that this measurement does not give any better 
information about urethral closure function than 
the urethral pressure profile or Valsalva LPP.  

4.2. Recommendation (Grade B/C) 

• The committee recommends that urethral retro-
resistance pressure measurements are not used 
in clinical routine as an alternative to cystometry 
or (whn deemed necessary for) urethral pressure 
measurements made with conventional urody-
namic equipment to diagnose female UI. 

5. URETHRAL PRESSURE 
REFLECTOMETRY 

Urethral pressure reflectometry was evaluated in an 
in vitro study for the simultaneous measurement of 
cross-sectional area and pressure in a collapsible bi-
ological tube to assess the female urethra.61 The 
team postulated that these parameters had the po-
tential to provide more physiological information 
about the urethra than could be obtained from con-
ventional urethral studies. These investigators com-
pared UPR with urethral pressure profilometry (UPP) 
in 143 women (105 patients and 38 healthy volun-
teers).62 UPR was measured supine, both while re-
laxed and during 'squeeze', and while upright and re-
laxed, and compared with UPP using the perfusion 
technique, with the patient supine and relaxed. Short-
term reproducibility and long-term reproducibility 
were also assessed. The authors showed that UPR 
measured the same pressure as UPP but the UPR 
was more reproducible, however clinical relevance of 
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this observation was not specifically discussed. Sub-
sequently UPR parameters of in 30 SUI-S women 
and 30 volunteers (23 'continent' and 7 'nearly conti-
nent') were reported and compared with UPP.63 A 
feasibility study using the technique has now been re-
ported in 10 male patients.64  

5.1. Conclusion (Level 3) 

• Preclinical measurements of urethral pressure 
reflectometry opening pressure and cross sec-
tional area (‘dynamics’) have provided some in-
sight into urethral closure function and dynamics, 
but, as yet have no clinical relevance in the diag-
nosis of UI.  

5.2. Recommendation (Grade C) 

• The committee recommends that urethral pres-
sure reflectometry is not used in clinical practice 
for the diagnosis of UI before clinical relevance, 
non-inferiority and/or superiority over current 
UDS has been demonstrated.  

6. ULTRASOUND IMAGING 

Imaging and ultrasound in relation to UI will be dis-
cussed in a separate chapter of this book. We will 
only give a short summary of ultrasound in relation 
with UDS observations. 

The measurement of detrusor wall thickness has 
been used in several studies as a screening test for 
DO or for BOO with a variety of measurement tech-
niques using transvaginal, transabdominal or trans 
perineal ultrasound. Different protocols were used 
and measured different parts of the bladder. This has 
resulted in contradictory data. Some data showed a 
smaller cystometric capacity in OAB-S -wet or DO, 
and an association between increased detrusor wall 
thickness and DO on UDS. Also, observations of an 
association of ultrasound detrusor wall thickness and 
BOO have been reported. Most researchers conclude 
that overlap of the results and the relatively low pre-
dictive value should be improved before bladder wall 
thickness is used in clinical practice.65 66 67 68 69 70 71 
72 73 74 75 76 Especially the specificity of detrusor wall 
thickness for UI (or DO) is not determined and prob-
ably unlikely. Studies of specific (other) patient 
groups have been reported. One, in SCI patients, 
concluded that detrusor wall thickness could not be 
used in such patients77 and another in nocturnally en-
uretic children suggested that detrusor wall thickness 
could be applied as a screening tool to select children 
with DO.78  

Twenty men (mean ± SD age 66 ± 6 years) with LUTS 
were included in a study to evaluate radio frequency 
ultrasound imaging -detrusor wall strain. This bladder 
wall strain correlated positively with detrusor pressure 
in some patients with a (urodynamic) isovolumic 
and/or voiding detrusor contraction. It has however 

been difficult to continuously measure the bladder 
wall in a large proportion of the patients.79  

6.1. Conclusion (Level 3) 

• There is some evidence that detrusor wall thick-
ness is related to BOO as well as to DO. 

• There is no evidence that ultrasound detrusor 
wall thickness analysis can discriminate between 
DO (with or without UI) and BOO. Detrusor wall 
thickness has a relatively low predictive value to 
discriminate from normal LUT function. 

• There is a large overlap between normal and ab-
normal values in detrusor wall thickness and a 
lack of standardisation in ultrasound detrusor 
wall thickness measurement. 

6.2. Recommendation (Grade C) 

• The committee recommends that ultrasound de-
trusor wall thickness not be used in routine clini-
cal practice for the diagnosis of LUTD related to 
UI.  

 URODYNAMIC STUDIES: 
NORMAL VALUES, RELIABILITY 

AND DIAGNOSTIC 
PERFORMANCE; 

REPRODUCIBILITY AND 
RELIABILITY OF URODYNAMIC 

STUDIES (ESPECIALLY 
UROFLOWMETRY CYSTOMETRY 
AND PRESSURE-FLOW STUDY) 

1. CYSTOMETRY: NORMAL VALUES 
AND TEST RETEST VARIATION 

1.1. Conclusions and Recommendations 
2013  

The ICI2013 concluded that various studies have 
been helpful in giving normal values and test retest 
variation of UDS parameters in healthy volunteers. 
But also, that there has been some evidence that 
evaluation of filling sensation may be different be-
tween laboratories, (thus: ‘may be observer depend-
ent’), making data exchange as well as generalization 
and interpretation of published data difficult. The 
ICI2013 recommended (Grade B) that investigators 
and clinicians bear in mind the results of UDS in 
healthy persons and to recognize ‘normal’ test-retest 
variation as well as the differences and/or variations 
between ‘usual lower urinary tract behaviour’, ambu-
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latory monitoring and office UDS. The ICI2013 fur-
thermore suggested that clinicians should be suffi-
ciently aware of the normal variation, and normal val-
ues of LUT function and UDS and recommended fur-
ther standardisation and a practical objective means 
of recognizing and recording the parameters relevant 
to sensation during bladder filling.  

The ICI2013 has reported that several studies have 
been showing test retest variation of ±10-15% for var-
ious parameters (volume, pressure or flow) and ob-
servations; It was concluded that this can be re-
garded as the physiological variation of UDS. How-
ever also was concluded that various studies demon-
strated clinically relevant practice variation and inter-
rater/observer variation. In ICI2013 the committee 
recommended (grade B) that investigators and clini-
cians consider the inherent physiological variability of 
UDS and furthermore that investigators and clinicians 
evaluate the representativeness of the tests (which is 
an evaluation based on the patient’s perception as to 
how well the tests have reproduced their usual LUTS 
and (dys)function, helped e.g. by the voiding diary. 
The ICI2013 had recommended that examiners strive 
towards maximal representativeness. Also, the 
ICI2013 recommended the sitting/upright position 
during cystometry to be most sensitive to reproducing 
DO. The ICI2013 recommended persistent attention 
to the standardisation of techniques, to education, 
and to practice quality evaluation, and consistency of 
interpretation of results, especially to reduce intra and 
inter-practice variation and inter–observer variability.  

1.2. New Evidence 2016 
The committee has not found new evidence regard-
ing normal values of urodynamic tests.  

The committee has also not found new evidence 
about test retest reliability of standard UDS. One 
health care system has proposed a national quality 
standard for UDS.80 

1.3. Conclusions  
The committee concludes that limits of normality of 
urodynamic tests are well established. (level 2) 

The committee also concludes that precise limits for 
abnormal (reduced) compliance are not exactly 
known. (level 3) 

The committee concludes that LPP has many varia-
tions (also without cystometry) and that standardiza-
tion of technique(s) is lacking. (level 3) 

1.4. Discussion 
Normal function and physiology of the LUT is the ba-
sis for diagnosis of abnormality and dysfunction. 
Based on the commonly accepted limits of normality 
a specific dysfunction can be diagnosed.  

There is a risk for UTI after UDS. A systematic review 
evaluated nine randomized controlled trials and con-
cluded that prophylactic antibiotics did reduce the risk 

of bacteriuria after UDS but there was not enough ev-
idence to suggest that this effect reduced sympto-
matic UTI.81 

1.5. Recommendations (Grade C) 
Persons diagnosing LUT function and dysfunction 
should be sufficiently aware of normal variation in the 
results of UDS. Persons should also be sufficiently 
aware of normal values and normal variation of LUT 
function and dysfunction. 

Routine antibiotic prophylaxis should not be pre-
scribed for UDS testing; the procedure should be per-
formed sterile and aseptic as per good clinical prac-
tice. 

2. REPRODUCIBILITY OF 
AMBULATORY URODYNAMIC 

STUDIES 

2.1. Conclusions and Recommendations 
2013  

At the time of ICI2013 there has not been published 
data on the reproducibility or test retest differences of 
ambulatory UDS. Recently test-retest repeatability of 
the UDS parameters commonly utilized in ambulatory 
UDS for patients with NLUTD was evaluated on 64 
consecutive patients with stable SCI who underwent 
two AM studies 24 hr apart. AM parameters were re-
liable for the reproduction of the main UDS parame-
ters investigated in patients with NLUTD, except for 
the end filling detrusor pressure. Balancing (zeroing) 
the abdominal and vesical pressures was reported to 
be a problem in this study.82  

2.2. Conclusion (Level 3) 
One single centre study reported reproducibility of 
some parameters resulting from ambulatory UDS for 
patients with a NLUTD. 

2.3. Discussion 
Movement artefacts, pressure calibrating, and as-
sessment of fill volume as well as prevention of uro-
dynamic catheters to dislocate are challenging in am-
bulatory monitoring and standardization of the test is 
likely of relevance.83  

2.4. Recommendations (Grade B-C) 

• The committee does not recommend ambulatory 
UDS as a routine diagnostic test for patients with 
UI. 

• The committee recommends greater attention to 
test retest differences of ambulatory monitoring 

• The committee recommends standardization of 
the practice and the (technical quality-) analysis 
of ambulatory UDS. 
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3. INFLUENCE OF CATHETER ON 
VOIDING 

3.1. Conclusions and Recommendations 
2013  

There is evidence that, in general, flow is reduced 
when voiding with a urodynamic catheter in the ure-
thra and that this reduction is partially caused by the 
size of the catheter and it has been the opinion of 
ICI2013 that single catheters 6-8Fr incorporating both 
a filling channel and a pressure-sensing channel 
should be used for intravesical pressure measure-
ment during cystometry (i.e. double lumen catheters 
in the case of using water-filled pressure lines). The 
ICI2013 recommended that investigators interpret 
pressure-flow voiding parameters and the subse-
quent PVR together with the free flow (not catheter-
ised, representative) voiding parameters. Further-
more the ‘standard’ use of, as thin as possible, ‘one-
catheter-systems’ (dual lumen if water-filled) for filling 
and pressure recording during UDS was recom-
mended by ICI2013. 

The committee found one new study that confirmed 
differences between free flow and UDS (catheterized 
pressure) flow. The differences were large and VV dif-
ferences were not given, nor the voiding position or 
representativeness were reported.84 A small single 
centre series concluded that the effect of a 4Fr cath-
eter has been negligible.85  

3.2. Conclusion (Level 3)  
Recent studies have confirmed that the transurethral 
catheter that is necessary for pressure flow caused 
an effect on voiding and flow rate that is more or less 
proportional to the size of the catheter.  

3.3. Discussion 
Both test retest variation as well as variation in cir-
cumstances (e.g. position; privacy; (pre) VV) play a 
role in ‘dynamic differences’ between two flow rates. 
And especially the potential effect of position (for 
men) and privacy has not been reported in flow-pres-
sure flow study. Also, differences may be large, es-
pecially in relatively high flow rates (>15mL/s) without 
clinical relevance. The committee considered that a 
dual catheter system is disadvantageous because of 
the manipulation just before the voiding as well as for 
the need for re-cathetrisation when a second test is 
deemed to be necessary. 6-8Fr catheters are ICS 
standard and pressure flow categories are based on 
measurements with catheters or this size, however 
only in male patients. 

3.4. Recommendations (Grade A-B) 

• The committee recommends that investigators 
interpret pressure-flow voiding parameters and 
the subsequent PVR together with the free flow 

(not catheterised, representative) voiding param-
eters when relevant in the diagnosis of concur-
rent LUTD, together with the complaint of UI.  

• Standard of, as thin as possible, ‘one-catheter-
systems’ (dual lumen if water-filled) for filling and 
pressure recording during UDS are recom-
mended. If such system is not available, a double 
catheter system with removal of the filling line, 
before voiding or while testing stress- or DO UI (-
LPP) is acceptable. 

4. URETHRAL PRESSURE 
MEASUREMENTS 

4.1. Recommendations 2013  
ICI2013 concluded that diverse studies have shown 
considerable test-retest variation of all urethral pres-
sure measurements or parameters and that normal 
and pathological values of urethral pressure parame-
ters are largely overlapping. Furthermore, it was con-
cluded that urethral pressures depend on the pres-
sure recording catheter used and its orientation within 
the urethra and depend on patient position, volume of 
fluid in the bladder and position of the patient. The 
ICI2013 recommended that investigators and clini-
cians recognize the poor sensitivity and specificity of 
urethral pressure measurements and their significant 
test retest variation. The committee did not recom-
mend urethral pressure measurement as the only 
UDS in patients with UI either to confirm or to refute 
USUI and that these measurements are judged in re-
lation to other UDS (such as cystometry) and to the 
clinical examination. 

5. LEAK POINT PRESSURES 

5.1. Introduction 

5.2. Recommendations 2013  
ICI2013 concluded that diverse (definitions and) tech-
niques to determine (urine) LPP exist and also that 
there is a weak association between abdominal LPP 
and the patient experienced or measured severity of 
bother, or amount of UI. Studies have shown that dif-
ferent techniques and patient positions influence the 
results of LPP. Studies evaluated by ICI2013 showed 
that the parameters from abdominal LPP measure-
ments are not very helpful as predictors of success 
from surgery with either tension free vaginal tape or 
transobturator tape in patients with SUI-S. The 
ICI2013 did not recommend abdominal LPP meas-
urement as a single UDS in patients with UI either to 
reject the diagnosis of USUI, or to select treatment 
and recommended that the result of abdominal LPP, 
when performed on patients with UI, should be 
judged in relation to other UDS such as cystometry 
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and to the clinical examination. The ICI2013 consid-
ers ‘detrusor leak point pressure’ in patients with 
NLUTD a relevant parameter. This is discussed in 
section III (neurogenic LUTD) and in section IV (pa-
tient evaluation: children). 

5.3. New Evidence 
Valsalva (abdominal) LPP was used in a study to 
evaluate the effect of urethral submucosal injection of 
bulking agent in patients with SUI-S (no –further- 
UDS was done) but no changes were reported alt-
hough 50% of patients considered themselves as dry 
1 year after the treatment.86 In another study, to relate 
preoperative Valsalva LPP tot the outcome of the sin-
gle-incision midurethral sling procedure in female 
USIU, 112 patients were evaluated according to pre-
operative LPP >90cmH2O (mean 106cmH2O) and 
LPP 60-90cmH2O (mean 75cmH2O). The overall sub-
jective cure rates were respectively 65% and 63% 
(P= .744). with ‘satisfied’ -rates 59% and 69% (P = 
.600) with identical complication rates. Concluded 
was that preoperative VLPP values were not predict-
ing outcomes of this treatment.87 With regard to post 
RRP UI, Valsalva LPP was evaluated as a predictor 
of outcome in a retrospective cohort of 87 men. The 
primary study questioned whether a difference be-
tween intraoperative urethral circumference and arti-
ficial urinary sphincter cuff size affects postoperative 
outcomes. But LPP before AUS did not show any rel-
evance with regard to outcome.88 Valsalva LPP was 
found to increase while an intravesical balloon was 
placed but the amount of LPP change was not asso-
ciated with UI and/or pad-test volume urine loss in a 
prospective study of 166 women with SUI-S of whom 
one third received sham treatment.89 

5.4. Conclusion (Level 2-3) 
New studies showed no evidence that (the height of) 
abdominal LPP is helpful as predictor of success of 
surgery in patients with SUI-S or patients with post 
RRP UI. 

5.5. Reccomendation (Grade B) 

• The committee does not recommend abdominal 
LPP measurement as a single UDS in patients 
with UI. 

6. FILLING CYSTOMETRY AND 
SENSITIVITY AND SPECIFICITY OF 

SYMPTOMS 

6.1. Recommendations 2013 
Many studies evaluated by ICI2013 showed a weak 
correlation between symptoms and the result of UDS, 
especially filling cystometry, in patients with UI. The 
ICI2013 concluded that the sensitivity and the speci-
ficity of the symptoms, when systematically assessed 
and voiding diary is included, is at best and in the 

‘most typical patients’, around 60-70%, in comparison 
with the result of the objective results of UDS.  

In general, the ICI2013 committee considered the 
correlation of the SUI-S (expressed, or questioned) 
with the result of UDS is somewhat better than the 
correlation of urgency or UUI (expressed, or ques-
tioned) with UDS and concluded that especially when 
frequent voiding, urgency and/or UUI is part of the 
symptom complex of patients with UI, UDS is of value 
to obtain an objective (urodynamic) diagnosis, prior to 
invasive therapy. Taking into account the variation 
between various institutes and the test-retest varia-
tion, the ICI2013 considered it relevant that investiga-
tors and clinicians judge also how adequate the re-
sults of the performed tests represent the individual 
patients’ symptoms. The ICI2013 recommended 
(grade B) UDS in patients with UI when an objective 
diagnosis is warranted. This is commonly the case 
when symptoms do not exclusively direct to SUI-S, or 
when (for all types of UI) conservative measures have 
not been successful, or when relevant co morbidity 
exist or relevant previous surgery has been per-
formed. The ICI2013 recommended interpretation of 
the results of the complete UDS in relation with the 
symptoms, signs from the clinical (or other) examina-
tions in conjunction with the voiding diary in all pa-
tients. 

6.2. New Evidence 2016 
UDS is the gold standard to assess LUT function and 
dysfunction. Some studies have challenged UDS with 
a clinical diagnosis as the comparator. Specifically, 
clinical diagnosis of SUI-S was used as a predictor of 
outcome of suburethral tapes in the VALUE trial. 
When this clinical diagnosis – not standardized for 
these trials- had been compared with one specific el-
ement (filling -cystometry) of the –not always ICS- 
standard- UDS diagnosis, neither way of diagnosis 
has been superior for the patients recruited in this 
study with SUI-S.4 By doing UDS, it was reported in 
an abstract5 (only, not in the published VALUE-study4 
report) that a significant proportion of patients had DO 
demonstrating the poor specificity of the clinical diag-
nosis even in expert centres. 

Distinguishing or defining characteristics of detrusor 
overactivity 

6.3. Recommendations 2013  
Studies summarized in ICI2013 have not been able 
to show relevant differences in patterns or character-
istics of DO whether the cause of overactivity (asso-
ciated with UI- or not) is neurogenic or idiopathic and 
diverse studies have not been unable to reliably 
quantify the severity of DO (with or without UI), in a 
clinically or scientifically applicable way. The ICI2013 
recommended (grade C) that neither the cause (neu-
rogenic or idiopathic) nor the severity of DO is diag-
nosed on the basis of parameters from urodynamic 
investigation (cystometry). 
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6.4. New Evidence 2016 
No further evidence about quantification or objective 
reproducibility of the detrusor filling phase pattern, re-
lated to the diagnosis of the LUTD leading to UI, has 
been published. 

6.5. Recommendation (Grade C) 

• The committee recommends that neither the 
cause (‘neurogenic’ or ‘idiopathic’) nor the sever-
ity of DO is diagnosed on the basis of parameters 
from urodynamic investigation (cystometry). 

7. PROVOCATIVE MANOEUVRES  

7.1. Recommendations 2013  
A systematic review available at ICI2013 concluded 
that more DO is seen when the patient is in the sitting 
position during cystometry, when compared to the su-
pine position. There has also been some evidence 
that moving to a toilet, and also hand washing, is 
strongly provocative of DO.  

Evidence suggests that ice-water cystometry can be 
applied to elicit DO in patients with NLUTD and that a 
detrusor contraction during filling with ice-water can 
be interpreted as a sign of pathologic (existing only in 
patients with relevant neurology) C-fibre reflex activ-
ity. It has, however, also been shown in this regard 
that false-negative tests do occur. 

The ICI2013 recommended that the results of provoc-
ative cystometry are interpreted in the light of the pa-
tients’ symptoms and to bear in mind whether the re-
sults obtained are representative. The ICI2013 rec-
ommended the performance of UDS in the sitting po-
sition whenever possible, because of the better sen-
sitivity for filling phase abnormalities, but also be-
cause of the greater possibility of representative void-
ing and better patient comfort. The ICI2013 recom-
mended that the position of the patient during filling 
cystometry is always taken into account because it 
can influence the demonstration of DO and recom-
mended that repeating the cystometry in a different 
position can be helpful when it is deemed clinically 
necessary. 

7.2. New Evidence 2016 
The committee has not found new evidence regard-
ing the position of the patient during cystometry. 

7.3. Recommendations (Grade C) 

• The committee recommendes that the results of 
provocative cystometry are interpreted in the 
light of the patients’ symptoms and to bear in 
mind whether the results obtained are repre-
sentative.  

• The recommendes the performance of UDS in 
the sitting position whenever possible, because 
of the better sensitivity for filling phase abnormal-
ities, but also because of the greater possibility 

of representative voiding and better patient com-
fort. 

8. CLINICAL APPLICATIONS OF 
URODYNAMIC STUDIES  

8.1. Women with Urinary Incontinence 
The diagnostic rationale for UDS in women with UI in 
association with the currently changing management 
paradigm has been debated for some time. The think 
tanks of the International Consultation of Inconti-
nence Research Society (ICI-RS) have discussed 
this diagnostic rationale and suggest that the patients’ 
presentation can be more precisely delineated as 
syndromes. E.g. that the SUI syndrome (SUI-S), the 
overactive bladder syndrome (OAB-S), and the neu-
rogenic LUT dysfunction syndrome (NLUTD-S) are 
suggested as more precise and descriptive terms that 
can be used to delineate categories of patients based 
on symptoms and signs. The diagnostic process for 
patients with LUTD should be carefully implemented 
and personalized to rationally select patients for inva-
sive UDS and improve the outcome of initial manage-
ment.90  

8.2. Urodynamic Evaluation is 
Recommended 

• When a patient presents with symptoms and 
signs of LUTD (especially UI) that are not typi-
cally ‘SUI-S’ or ‘overactive bladder (wet) syn-
drome’ or not (typical) nocturnal enuresis (syn-
drome).  

• When a patient presents with new or persisting 
symptoms and signs of LUTD after initial (or sub-
sequent) management or when a patient, after 
initial management expresses the wish for alter-
native (and/or more invasive and/or irreversible) 
management. 

 STRESS URINARY 
INCONTINENCE SYNDROME 

1. URETHRAL PRESSURES AND 
SEVERITY OF STRESS URINARY 

INCONTINENCE  

1.1. Recommendations 2013  
Various studies have shown a weak association be-
tween UI severity and urethral function tests (LPPs 
and urethral closure pressures) and cohort studies 
have shown that UI volume and intravesical volume 
at leakages are poorly associated with symptoms’ se-
verity and/or with patients’ quality of life. Furthermore, 
ICI2013 concluded that studies have shown that ure-
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thral function tests (LPPs and urethral closure pres-
sures) are of very little value in predicting the outcome 
of treatment with suburethral tapes. Studies to 
demonstrate any relevance of urethral function tests 
(LPP and urethral closure pressures) in predicting the 
outcome of non-surgical or other treatments for SUI-
S are lacking. 

The ICI2013 recommended (grade C) that urethral 
function measurements of LPPs and urethral closure 
pressures are not used as a single factor to grade the 
severity of UI and therefore did not recommend the 
use of contemporary urethral function tests for predic-
tion the outcome of any surgical treatment for SUI-S. 

1.2. New Evidence 2016 
A new study published showed, validating the earlier 
evidence, that urethral pressure and/or LPP did not 
have a predictive value towards outcome after 6 
months of TVT surgery, apart from the 6% patients 
with very low urethral pressures (<20cmH2O).91  

Two expert opinion reviews have discussed the lack 
of evidence specifically for the management of pa-
tients with very low urethral, (leak point or closure) 
pressures and both have concluded that the many 
possible surgical solutions do not differ very much in 
outcome.92 93 

1.3. Recommendation (Grade C) 
The committee does recommend that LPP and ure-
thral closure pressures are not used as a single factor 
to grade the severity of UI  

The committee does not recommend the use of con-
temporary urethral function tests for prediction the 
outcome of any surgical treatment for SUI-S. 

2. ASPECTS OF URODYNAMIC 
STUDIES RELEVANT TO THERAPY 

FOR STRESS URINARY 
INCONTINENCE 

2.1. Conclusion and Recommendations 
2013  

ICI2013 reported that it has been concluded in a 
model study, based on a selected retrospective co-
hort that UDS is not cost effective in the primary 
health care setting for women with predominant SUI-
S symptoms. The model demonstrated however also, 
that in a referred population UDS is the most accurate 
way to obtain an objective diagnosis in an individual 
patient with UI symptoms. The ICI2013 summarized 
that it has been concluded in retrospective and pro-
spective cohort studies that symptoms of ‘pure SUI’ 
do not exclude other LUTD.  

2.2. New Evidence 2016 
Mixed UI has repeatedly been shown to have a 
poorer outcome than SUI-S alone in surgical trials.94 

Despite this in one study OAB-S symptoms were re-
ported to be more likely to improve rather than dete-
riorate after TVT in one study.95 However ‘de novo’ 
OAB-S symptoms were reported to arise in another.96 
A study found in follow up of 200 patients after 10 
years that persisting or new onset OAB-S is an im-
portant reason for dissatisfaction.97  

The question is whether there is any role in predicting 
outcome other than differentiating mixed from pure 
USUI. Detrusor opening pressures have been inves-
tigated in outcome for colposuspension and fascial 
slings and found not to help98 whereas another 
study99 suggested opening pressures were predictive 
of outcome of retropubic tape surgery. These findings 
were supported by a further study the following 
year.100 A recent systematic review asked the ques-
tion ‘does preoperative UDS improve outcomes of 
women undergoing surgery for SUI-S?’ 101 This re-
view was importantly influenced by the VALUE study 
and concluded that the current evidence suggests 
that UDS does not influence the outcome of SUI-S 
surgery. The review supported the need for new 
properly constructed RCT’s for this. They highlighted 
the results of the VALUE study where, in a non-infe-
riority design, 93% of the 630 patients underwent sur-
gery.4 They did demonstrate that 18 patients had the 
choice of surgery changed based on UDS, although 
the protocol -design intended to omit the UDS results. 
A second study was again a non-inferiority design 
looking expressly at where the UDS findings were dis-
cordant with symptoms including 578 patients of 
which 268 were discordant. 126 women were ran-
domised to surgery direct or individual tailored ther-
apy.6 A further secondary analysis of the women 
VALUE study concluded that UDS did significantly 
change clinical diagnosis but that UDS –as was 
planned- infrequently changed treatment plan or in-
fluenced surgical decisions.102 This position has been 
further evaluated by the INVESTIGATE 1 study.103 
This study was designed to demonstrate the feasibil-
ity of a RCT into the role of UDS for patients with SUI-
S. The investigators concluded such a trial was feasi-
ble and their pilot data indicated that there was a 
change in practice based on UDS with 80% versus 
95% undergoing surgery. The study wasn’t powered 
to demonstrate significance and the authors con-
cluded that 450 patients would be needed in each 
arm to answer the question, which is more than the 2 
(prospective) studies which have reported to date.  

ICI2013 Initial assessment –committee has sug-
gested ‘a simplified accurate and reproducible sys-
tem for anatomic changes and establishing the likeli-
hood or presence of SUI’ (p377-378: General recom-
mendations in the female patient) as a research rec-
ommendation. In the absence of such system, to 
date, it is impossible to establish the need for UDS in 
a reliable manner. At present the predictive value of 
a clinical diagnosis towards the selection and the out-
come of management are unknown. UDS can only be 
disputed (or discarded) as the gold standard when 
prospectively compared to its alternative; a (repro-
ducible)systematically derived clinical assessment or 
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a well-defined ‘stress urinary incontinence syn-
drome’, and/or a precisely defined ‘urgency urinary 
incontinence syndrome’ (or ’overactive bladder –wet 
syndrome’).  

2.3. Recommendation (Level B) 
The committee recommends that UDS is kept in mind 
when discussing costs (risks, harm) and benefit (ob-
jectivity of the diagnosis) of the various methods (clin-
ical or UDS) of diagnosis for (LUTD and/or) UI, in re-
lation to the method of treatment. 

3. PREDICTION OF FAILURE OF 
SURGERY 

3.1. Recommendations 2013  
ICI2013 found that LPPs are reported not to correlate 
with failure (or success) rates of colposuspensions, 
transobturator and retropubic suburethral, bone-an-
chored suburethral slings and that there is conflicting 
evidence that low urethral closure pressures are as-
sociated with poorer success rates of sub-urethral 
slings. The ICI2013 recommended that measure-
ments of urethral function (LPP and urethral closure 
pressures) are not used to predict the likelihood of 
success after surgical treatment for women with un-
complicated primary SUI-S. 

3.2. New Evidence 2016 
ICI2016 did not find any new evidence. The commit-
tee, however, reviewed some studies that com-
mented on the new onset or persistence of OAB-S in 
women with mixed symptoms of UI. An extensive re-
view of the outcome of all little invasive surgical tech-
niques after minimal 2 years showed that ‘storage 
LUTS’ and ‘voiding LUTS’ had an overall similar prev-
alence of about 15%.104 A –very- long-time follow up 
study observed that the likelihood of being storage 
symptom- free declined steadily after each year until 
±30% after 10 years, whereas voiding symptoms sta-
bilised after the first year but further increased in prev-
alence after 6 years.105  

4. VOIDING DIFFICULTIES AFTER 
SURGERY 

4.1. Recommendations 2013  
ICI2013 concluded that female voiding dysfunction 
has been defined in many ways thoughout the many 
publications, with consistency in UDS criteria- and 
analysis lacking. ICI2013 also concluded that test 
methods have been unable to reliably predict which 
patients will develop voiding difficulties after surgery 
for SUI. In particular, normal UDS do not predict ab-
sence of voiding difficulties after sub-urethral tape. 
However, it was found that flow rates, if abnormal, 
may be useful in predicting post-operative voiding 
dysfunction and retention following retropubic and 

transobturator suburethral slings. ICI2013 recom-
mended that patients are informed that it is difficult to 
predict who will develop voiding difficulty following 
surgery for SUI and recommended that patients with 
poor flow rates before (intended) surgery are in-
formed that they have a higher likelihood of having 
voiding problems following suburethral tape place-
ment for USUI. 

4.2. New Evidence 2016 
A review has confirmed the ICI2013 conclusions.106  

5. POSTOPERATIVE URGENCY, 
MIXED SYMPTOMS OF 

INCONTINENCE, OR OVERACTIVE 
BLADDER SYNDROME 

5.1. Recommendations 2013  
The prospective studies that were available at 
ICI2013 indicated that OAB-S, mixed symptoms of UI 
and/or DO during UDS at presentation have a nega-
tive effect on the outcome of (all available) surgical 
interventions for SUI-S. ICI2013 concluded that test 
methods have been unable to reliably predict which 
patients will develop de-novo urinary urgency (OAB-
S) after surgery for SUI-S. Post hoc evidence sug-
gests that procedures for the treatment of SUI-S 
which are more ‘obstructing’ produce a higher chance 
of de novo urinary urgency (OAB-S). 

The ICI2013 recommended (grade B) that patients 
with SUI-S are informed that the chance of develop-
ing urinary urgency (OAB-S) following surgery is un-
predictable and recommended also that patients are 
counselled before surgical intervention regarding the 
possibility of a lesser success rate when OAB-S 
and/or (UDS) signs of DO (or reduced compliance 
and/or cystometric capacity) exist. 

5.2. New Evidence 2016 
A new study showed that also patients with ‘obvious’ 
symptoms of SIU-S may have DO, and that these pa-
tients are successfully managed without surgery.107 
Another recent study demonstrated that when TVT-O 
was done only in patients with USUI without (UDS-) 
DO the cure rate after 10 years was markedly higher 
(95%) than the usual reported ±75-80%.108  

6. THE ROLE OF URODYNAMIC 
STUDIES IN PREDICTING URINARY 
INCONTINENCE IN WOMEN AFTER 
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SURGICAL MANAGEMENT OF 
PELVIC ORGAN PROLAPSE 

6.1. Recommendations 2013 
Various studies summarized for ICI2013 have shown 
that symptoms of SUI can appear after surgery for 
POP. A variety of methods to uncover ‘occult stress 
urinary incontinence’ in women with POP had been 
reported and in prospective studies it has been 
demonstrated that all have different sensitivities and 
specificities. Standardisation of these tests was con-
sidered necessary. The ICI2013 recommended that 
patients with POP are informed about the relatively 
unpredictable chance of developing SUI after surgery 
for POP.  

6.2. New evidence 2016 
Two recent studies added to the body of evidence re-
garding the unpredictability of SUI after POP re-
pair.109 110 A systematic review found that voiding 
problems were more incident after combined and/or 
preventive surgery.111  

6.3. Conclusions (Level 2-3) 
Prospective studies showed that cystometry does not 
predict outcome of suburethral tape surgery (conti-
nence or not) when patients are selected for surgical 
intervention on the basis of the ‘clinical diagnosis’ 
SUI.  

UDS is referred to as the gold standard for the diag-
nosis of LUTD in all teaching books. (level 1) How-
ever it is yet not precisely determined in which type of 
patients a urodynamic diagnosis (‘above’ clinical di-
agnosis) is needed for long term -effective and safe 
management.  

Specific reproducible and uniformly agreed upon cri-
teria for clinical diagnosis of SUI are not available, 
also not specific criteria for complex or complicated 
SUI.  

6.4. Discussion 
Earlier consultations have recommended UDS for all 
patients with symptoms of SUI. Based on the recent 
trials’ conclusions, but also already without or before 
the publication of those trials many patients under-
went suburethral tape surgery for diagnosis of SUI es-
tablished on the basis of signs and symptoms. Sys-
tematically collected long term follow up is scarce, dif-
ficult, because of patients lost and the now available 
publications usually report single centre expert out-
comes. Nevertheless, there is also not much –epide-
miological- evidence that the management of patients 
with ‘clinical uncomplicated SUI’ without UDS is very 
risky. It should be borne in mind however that the re-
cruitment rate for the published trials evaluating the 
need of UDS, notably, in the expert centres, has been 
fairly low. This seems to allow the interpretation that 
the incidence of patients with ‘uncomplicated SUI’ 
has been relatively low and that a large percentage of 

patients with the complaint of UI, or with SUI symp-
toms plus other LUT-symptoms, signs and or (com-
plicating) factors, deserves UDS. 

6.5. Recommendations (Grade 2) 

• The committee recommends to consider to man-
age a patient with SUI-S without UDS diagnosis, 
and to individually discuss the likelihood of suc-
cess and or the possibility of side effects or fail-
ure of surgical management (with suburethral 
tape) based on the available clinical diagnosis. 

• The committee recommends to consider to man-
age a patient with SUI-S not without UDS diag-
nosis when clinical signs of not typical or not un-
complicated or complex SUI exist. 

• The committee recommends to consider to in-
clude the complete and systematically gathered 
results of UDS in the management plan for pa-
tients with SUI-S when UDS is done. 

 URGENCY URINARY 
INCONTINENCE AND 

OVERACTIVE BLADDER 
SYNDROME 

1. FREQUENT VOIDING AND 
URGENCY; OVERACTIVE BLADDER 

SYNDROME 

1.1. Recommendations 2013  
Studies have not been able to show a strong associ-
ation between OAB-S and DO. Various studies have 
directly or indirectly concluded that the individual pre-
diction of the response to treatment for OAB-S, on the 
basis of the characterization or quantification of DO 
during UDS, is impossible. The ICI2013 recom-
mended (Grade B/C) that investigators and clinicians 
discuss with patients with DO that neither the quantity 
nor specific characteristics of DO predicts the re-
sponse to any of the therapeutic approaches. 

1.2. New evidence 2016 
A single centre retrospective study with good power 
confirmed the lack of association between subjective 
symptom severity and bother and objective measure-
ments reinforcing the need for objective assessment, 
especially in proof of principle studies. However, it 
was also observed that UDS cystometric capacity, 
compliance as well as onset of first contraction were 
associated with perceived severity of symptoms.112 
Another well powered multicentre study demon-
strated that subjective symptom assessment for 
women with LUTS was not reliable to uncover the 
pathophysiology that caused the symptoms.113 
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1.3. Recommendation (Grade B) 

• The committee recommended that investigators 
and clinicians discuss with patients with OAB-s 
that neither the quantity nor specific characteris-
tics of OAB-S predicts the response to any of the 
therapeutic approaches. 

• The committee recommended that investigators 
and clinicians discuss with patients with OAB-S 
that when UDS is performed neither the quantity 
nor specific characteristics of DO predicts the re-
sponse to any of the therapeutic approaches, but 
that the absence of DO is relevant for further 
management. 

 URGENCY URINARY 
INCONTINENCE 

1. RECOMMENDATIONS FOR 
URODYNAMIC DIAGNOSIS IN 

WOMEN WITH URINARY 
INCONTINENCE  

1.1. Recommendations 2013  
The ICI2013 recommended non-invasive UDS (void-
ing and UI diary, PVR, and possibly uroflowmetry) for 
all patients with UI and suggested that non-invasive 
and simply reversible treatment based on symptoms 
and signs is offered in situations where one of the two 
types of UI is likely to exist, without invasive UDS, if 
the patient accepts the uncertainty margins of the di-
agnosis and there is no symptom or sign for coexist-
ing dysfunctions or complicating factors. The ICI2013 
provided the following examples: 

• Uncomplicated symptoms of SUI with normal 
bladder diary, normal uroflowmetry and without 
relevant PVR. (Symptomatic pure SUI with no 
symptoms or signs of voiding difficulties), for 
treatment with pelvic floor muscle training. 

• Uncomplicated symptoms of UUI or OAB-S, with 
a bladder diary in accordance with these symp-
toms, with normal uroflowmetry and without rele-
vant PVR. (Symptomatic pure UUI with no symp-
toms or signs of voiding difficulties), for treatment 
by bladder training with or without combined 
pharmacotherapy. 

The ICI2013 has recommended that, whenever sur-
gical intervention is planned, whenever there is doubt 
about the pathophysiology, or about whether the UI is 
uncomplicated or not, that invasive UDS should be 
performed in order to provide the knowledge on which 
rational treatment decisions and prognosis can be 
based. The ICI2013 also recommended UDS for pa-
tients that have had failed first therapies. The investi-

gation should be tailored to the individual patient; typ-
ically, this means that it will be a comprehensive ex-
amination of multiple aspects of storage and voiding 
function, and not just of the UI itself. 

1.2. New Evidence 2016 
New studies have attempted to better define the role 
of clinical diagnosis in women with (predominant) 
symptoms and signs of SUI4 6 but have regrettably 
not been very generalizable (or reproducible) be-
cause of little standardisation in both experimental 
arms (clinical diagnosis as well as UDS), because of 
preselection (inclusion) and also because of crossing 
over within the trial. 

1.3. Recommendations (Grade B) 

• The committee recommends that that invasive 
UDS should be considered for women with SUI-
S or in order to provide the knowledge on which 
rational treatment decisions can be based. 

• The committee recommends to perform UDS 
whenever there is doubt about the pathophysiol-
ogy causing (UI, the SUI-S or) the LUTS, 
whether the UI is uncomplicated or not.  

• The recommendeds UDS for patients that have 
had failed first (pragmatic) therapy.  

• The recommendeds (complete, standard) UDS 
for women that have LUTS and or UI and repre-
sentative ineffective voiding (significant PVR) 
and or reduced flow rate.  

 PATIENT EVALUATION: MEN 

1. URODYNAMIC TESTING OF MEN 
WITH SYMPTOMS AND SIGNS OF 

LOWER URINARY TRACT 
DYSFUNCTION 

1.1. UDS for Male LUTS and / or UI 

1.2. Conclusions and Recommendations 
2013  

Epidemiologic studies have shown that LUTS in men 
>50 years of age are highly prevalent and that stor-
age LUTS are relatively more reported than voiding 
or post-micturition symptoms. Case series available 
at ICI2013 indicate that in male patients, OAB-S -wet 
is associated with (a UDS diagnosis of) DO. OAB-S 
dry might involve other LUTD or be the result of ob-
structed and/or ineffective voiding. Guidelines at that 
time suggested that the initial treatment for male 
LUTS could be based on the predominant symptoms, 
without UDS and recommend, on the basis of expert 
opinion, UDS when the initial management fails to re-
solve the storage LUTS. 
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Various studies indicate that male LUTS including UI 
may be due to detrusor dysfunction and/or BOO and 
that DO and urethral sphincter dysfunction should 
also be considered in young men with LUTS or in men 
with a small prostate. Mono and multi-centre cohorts 
show that although UDS do not unequivocally predict 
outcomes of pharmacological or surgical treatment, 
treatment results are, however shown to be better 
predicted in patients who have had objective UDS 
and objective evidence of BOO. ICI2013 recom-
mended (grade C) that all elderly male patients with 
UI should receive a complete UDS when conserva-
tive measures fail, to understand the problem. 

1.3. New Evidence 2016 
OAB-S and LUTS associated with prostate enlarge-
ment and BOO in men increase with age.114 115 Coex-
istence of UI in men with BOO and DO increases with 
age and with the degree of BOO.116 In addition to 
BOO associated UI, other pathological conditions 
such as nocturnal enuresis and post-micturition drib-
ble are also clinically relevant in men.117 Evaluation 
for men with LUTS and UI starts with symptoms as-
sessment,118 further discussed in the diagnosis chap-
ter of this book. The best independent predictors of 
USUI, apart from clinical history were the patient’s 
age and the ICIQ-UI-SF.119 ICI questionnaire and 3-
day bladder diary have been shown to be valid, relia-
ble, and responsive to change.120 Non-invasive inves-
tigations such as uroflowmetry and measurement of 
PVR are easy to perform but cannot distinguish BOO 
from DU. 121 122  

Surgical intervention, to relieve BOO and associated 
LUTS, based on UDS diagnosis of outflow obstruc-
tion resulted in an improvement of flow rate and re-
duction of symptoms.123 Preoperative UDS diagnosis 
of DO is associated with significantly more storage 
symptoms than the patient without DO.124 Multivariate 
analysis revealed that a low MUCP at baseline UDS 
was the independent predictor of de novo UI after 
HoLEP (laser prostate enucliation) for BPH-BOO.125 
In an expert group discussion, it was concluded that 
UDS is indicated for proof of principle and for the eval-
uation of effectiveness of new treatment modalities 
for elderly male patients.126  

DO can be characterized as phasic DO and terminal 
DO. Phasic DO has been reported to occur more fre-
quently in young individuals with OAB-S.127 For pa-
tients with OAB-S without response on empirical 
treatment, UDS can provide definite information that 
can identify associated pathologies and/or alter the 
treatment course.128 Clinically, video-UDS or UDS 
had also been used to evaluate the (continence) func-
tion of the (intracorporeally reconstructed orthotropic) 
U-shape ileal neobladder,129 and the Studer ortho-
tropic ileal neobladder,130 or investigation of pouch UI. 
The functional length, static and dynamic closure 
pressure and pouch capacity.131 

A retrospective study of UDS involving men with 
OAB-S (with or without UI) revealed that 43% of men 
with OAB-S had evidence of BOO. There was weak 

correlation between (OAB-S) symptoms and UDS 
findings, underscoring the relevance of UDS.132 An 
assessment of UDS patterns in post stroke UI found 
UDS patterns vary depending on timing of the study, 
suggesting spontaneous changes, and the relevance 
of UDS-timing, but also test retest variability.133 

Although there has been no definite definition of re-
duced and increased bladder sensation (which may 
be associated with OAB-S), it was considered helpful 
in one single centre study when reduced bladder sen-
sation was defined as a bladder volume at first sen-
sation >300 mL and increased bladder sensation as 
bladder volume at the first sensation <100 mL.134  

Retrograde LPP has been introduced to test the tight-
ness of virtue quadratic sling for post RRP UI while 
prepubic tensioning, and after transobturator and pre-
pubic arms were secured in place.135 The efficacy and 
clinical application of current urethral function tests 
were however recently also discussed by the ICI-RS 
and this committee reported that each of the methods 
currently in use has limitations as to its use and proof 
of reliability.136  

Ambulatory UDS is sensitive for the detection of DO, 
however prone to artefacts and time consuming. Nev-
ertheless, the method is considered valuable by 
some experts when all other diagnostic means have 
failed.137 This was demonstrated in patients with sus-
pected detrusor acontractility on UDS and UI of un-
clear origin; however, the UDS graphs with this man-
uscript do also show significant technical flaws.138 
Ambulatory UDS has been shown reliable for the re-
production of the main UDS parameters in patients 
with NLUTD-S, except for the end filling detrusor 
pressure.139 

1.4. Conclusions  
UDS for (elderly) men with LUTS has demonstrated 
relevance for the diagnosis of bladder sensation, and 
volume adaptation (bladder compliance and detrusor 
relaxation) it has also demonstrated relevance in the 
quantification of BOO.  

UDS is in all guidelines referred to as the gold stand-
ard test to evaluate men with signs and symptoms of 
LUTD.  

Most elderly men who present with OAB-S have void-
ing symptoms also and a consistently reported large 
percentage has – UDS - evidence of BOO.  

BOO, DO, reduced cystometric capacity, PVR and/or 
DU can occur in any combination per individual, inde-
pendent of the symptoms presented, and can all be 
quantified on the basis of UDS. 

Specific evidence that UDS improves outcome is lim-
ited, and pragmatic or ‘symptom oriented’ manage-
ment is demonstrated to be very well possible in 
many men. Nevertheless, UDS is the bais for therapy 
when it is desired to be directly aimed at the patho-
physiology that is responsible for the symptoms if the 
patient and/or the physician consider that relevant.  



 

 
PATIENT EVALUATION: MEN  619 

 

1.5. Recommendations (Grade C) 

• The committee recommends invasive UDS for a 
patient for which objective elucidation of the 
pathophysiology of the LUTD is deemed rele-
vant.  

• In general, this shall be relevant when invasive 
management is considered. But it may also be 
relevant in relatively symptomatic men with rela-
tively young age and/or relatively small prostates 
and/or relatively good flow rates and/or with rel-
atively large volume of PVR, when initial man-
agement fails. 

• The committee recommends invasive UDS for 
patients that have experienced failure of surgery 
for LUTS. 

2. LUTS AND OAB-S IN MALE 
PATIENTS 

2.1. Conclusions and Recommendations 
2013  

ICI2013 concluded that symptoms and signs of “new 
onset” UI or nocturnal enuresis in men are unspecific 
with regard to the underlying dysfunction, also when 
large PVR or retention are excluded and recom-
mended UDS of men with symptoms and signs of UI. 

2.2. New Evidence 2016 
OAB-S symptoms (with or without UI) are highly prev-
alent in men and the prevalence increased with 
age.140 141 LUTS, believed to represent bladder stor-
age (dys)function were more prevalent than voiding -
symptoms or post-micturition –symptoms in men. The 
most prevalent LUTS was nocturia.142 143 A longitudi-
nal study showed that OAB-S and UI symptom sever-
ity progresses over time.144 The overall incidence of 
DO was 76% in male patients with OAB-S symptoms, 
63% of men with urgency (OAB-S dry) had DO, while 
93% of men with urgency and UUI (OAB-S wet) had 
DO.145 146 Men who received invasive UDS were less 
likely to undergo surgery as treatment for LUTS.147 
Urethral closure pressure had a significant associa-
tion with BOO and also micturition urethral pressure 
profilometry, but not with UI in men.148 Most of pa-
tients with BPH and (urodynamically demonstrated) 
BOO have OAB-S which can be relieved after TURP, 
however, one study found that the presence of pre-
operative terminal (end filling-) DO might be nega-
tively associated with the improvement of OAB-S and 
or UI.149 In patients who received vaporisation of the 
prostate for BPH-BOO, a study found the number of 
patients with moderate to severe storage LUTS de-
creased from 60% to 49% at week 6 to 12% at month 
6 but DO has not been a predictor in this series.150 

UDS has been used to evaluate outcome of medical 
treatment for OAB-S in men and may demonstrate 
objective improved LUT function, or not. In a study 
including both genders, combined low and standard 

dose trospium and solifenacin has shown to provide 
good clinical effects associated with UDS changes.151 
On the other hand, in evaluation of the therapeutic ef-
ficacy of once daily tadalafil in men with LUTS, a ran-
domized, placebo controlled 12-week clinical trial re-
vealed that, although there had been a symptom re-
sponse, no objective UDS changes were found. Es-
pecially no change in any of the relevant cystometric 
(DO) or pressure flow study parameters (BOO) was 
observed.152  

Systematic review of percutaneous tibial nerve stim-
ulation (PTNS) concluded that PTNS has been effica-
cious for symptoms of frequency and/or UUI in most 
cohort studies.153 77% of participants with an initial 
positive response to 12 weekly PTNS treatments 
safely sustained symptoms improvement to 3 years 
with an average of 1 treatment per month.154 PTNS 
treatment also leads to improvement in open label un-
controlled studies patients with multiple sclerosis155 
which was observed to persist for one year in one re-
cent study.156 A review shows that UDS proof of 
(PTNS-) effects is observed (evaluated) in a very lim-
ited number of studies and patients and has demon-
strated some improvement of cystometric capacity 
and occasionally reduction of DO.157 

In a systematic review of the mean outcomes for the 
use of BoNT-A in the management of LUTD it was 
shown that the cystometric capacity increased 60% 
and maximum filling phase pressures reduced by 
40%, with its clinical relevance demonstrated in void-
ing (emptying) diary parameters.158  

EAU guideline advised initial treatment of LUTS and 
OAB-S is conservative and of empirical nature, in-
cluding lifestyle interventions, physiotherapy, physi-
cal therapy, pharmacotherapy.159  

AUA/SUFU guideline for diagnosis and treatment of 
non-neurogenic OAB-S in adults has provided expert 
opinion supplement from the 2012 original version to 
2015 version with recommendations for refractory 
OAB-S160 however with an undefined role of UDS, 
and with ambiguous definitions of ‘treatment re-
sistance’.161 

2.3. Conclusions  
LUTS in men >50 years of age are highly prevalent 
and storage LUTS are frequently reported. In male 
patients, OAB-S wet symptoms are associated with 
DO. UI in elderly male may be due to DU /urinary re-
tention and/or BOO. 

UDS has been demonstrated to be able to differenti-
ate storage dysfunction (DO reduced compliance) 
and outflow dysfunction (bladder neck obstruction, 
DU and BOO) or combinations of these, in men with 
LUTS. 

LUTS –storage symptoms, with or without (U)UI, di-
minished gradually over time after vaporisation of the 
prostate. Patients with preoperative terminal DO 
might have lesser rapid improvement of OAB-S 
symptoms after TURP.  
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Epidemiology shows that non- urologic causes for 
nocturia are prevalent and nocturnal polyuria can be 
diagnosed with a 24 h frequency-volume chart. 

UDS in elderly men indicate however that DO and 
BOO with ineffective voiding may play a role in a pro-
portion of patients with nocturnal enuresis and or UI. 

UDS has shown that use of a phosphodiesterase in-
hibitor initiates no objective changes of the LUT func-
tion in men, although it does affect symptoms.  

New onset, night time UI, in an elderly male, warrants 
urgent urodynamic pressure-flow analysis. 

2.4. Recommendations 2016 

• The committee recommends UDS for objective 
diagnosis of male LUT function, especially in el-
derly men with UI or in (young) men with LUTS 
and relatively small prostates not responding to 
management or medical treatment based on clin-
ical examination.  

• The committee recommends to consider UDS for 
objective diagnosis of LUT function in men with 
prostate enlargement to ensure specific man-
agement of the dysfunction causing the LUTS.  

3. URINARY INCONTINENCE AFTER 
TRANSURETHRAL RESECTION OF 

THE PROSTATE AND OPEN 
PROSTATECTOMY FOR BENIGN 

DISEASE 

3.1. Conclusions and Recommendations 
2013 

Case series have concluded that UI after prostatec-
tomy may be attributed to bladder storage dysfunc-
tion and can exist in association with (neo-bladder 
neck) BOO although the most prevalent cause is 
sphincteric dysfunction. Retrospective studies have 
shown that UDS cannot predict which patient will de-
velop SUI or DO (with or without UUI) after surgical 
treatment for prostatic BOO. Studies have shown that 
UDS can identify the aetiology(ies) of UI (or other 
LUTD) after surgical treatment for prostatic BOO, 
however the predictive value for the outcome of sub-
sequent treatment is unknown. Good evidence shows 
that more than 90% of post prostatectomy UI is SUI, 
with or without co-existing LUT dysfunction.  

The ICI2013 recommended (grade C) to consider 
UDS for the diagnosis of concomitant LUT dysfunc-
tion in patients with clinical stress UI after prostatec-
tomy, but especially if further surgical or invasive 
treatment is considered. The ICI2013 committee also 
recommended definition of UDS cystometric capacity 
(technique, ‘end of filling’ and evaluation) specific for 
patients with post prostatectomy UI.  

3.2. New Evidence 2016 
The most common aetiology of UI after surgery for 
BPH-BOO was sphincter weakness or deficiency, fol-
lowed by sphincter weakness plus DO, reduced com-
pliance alone.162 163 Approximately 1% of patients 
who have undergone TURP or laser TURP suffer 
from UI. 164 165 Kuo urodynamically evaluated 185 
men aged from 55 to 91 years who had variable LUTS 
after TURP and found that UI was present in 74 pa-
tients (40%), BOO and DO with DU were the most 
common findings associated with UI, followed by 
DO.166 UDS in UI showed no significant change in fill-
ing or voiding parameters when suburethral male-
slings were implanted.167  

3.3. Conclusions 2016  
Many case series show that sphincter weakness is 
the most common aetiology of male UI after prosta-
tectomy (TURP). However, case series and reviews 
show that other LUTD besides sphincter incompe-
tence play an incident role in post prostatectomy UI. 

Case cohorts show conflicting evidence whether DO 
before prostatectomy is an important indicator for the 
postoperative persisting incidence of UI, or for the 
outcome of interventions to treat the UI. 

3.4. Recommendations 

• The committee recommends UDS when elderly 
male patients have persisting LUTS and/or UI af-
ter surgical treatment for prostatic BOO if further 
surgical or invasive treatment is planned. 

4. (ROBOT ASSISTED) RETROPUBIC 
RADICAL PROSTATECTOMY 

4.1. Conclusions and Recommendations 
2013  

Case series and reviews show that the main cause of 
UI after RRP is sphincter weakness and that DO con-
tributes in only a small proportion of those patients 
and show also that higher maximal urethral closure 
pressures or abdominal LPPs, indicating greater ure-
thral sphincter resistance is not of utmost clinical rel-
evance. UI after RRP will improve with time. A study 
concluded that postoperative urethral pressure profile 
after 6 months may be predictive for persistent UI. 
The ICI2013 recognised that UDS for UI after RRP is 
not particularly important for the diagnosis of sphinc-
ter dysfunction (SUI) in patients with post RRP UI. 
However, the ICI2013 recommended that UDS is 
considered in patients where other dysfunctions of 
the LUT (obstructed voiding, significantly reduced 
bladder compliance and/or DO) cannot be excluded 
on the basis of signs and symptoms. 

4.2. New Evidence 2016 
UI after retropubic (robotic assisted) radical prosta-
tectomy (RRP) is prevalent despite improvement in 
surgical techniques. Changes of the detrusor and 
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urethral function after RRP deserve attention to im-
prove continence. Approximately 10-14% of patients, 
suffer UI 2-5 years after RRP.168 UI after brachy-
therapy was reported by 4 to 6% of patients at 1 to 2 
years after treatment.169 Comparative studies indi-
cate that UI is the most common adverse effect of 
RRP.170 Preoperative DO was not associated with 
worse post RRP UI outcomes, or increased incidence 
of UI. Single centre observations suggest that even if 
DO is present in men with USUI after RRP they may 
be considered for a male sling procedure.171 After 
RRP, Qmax was reported to increase, and detrusor 
voiding pressure and the urethral resistance factor to 
decrease significantly. In univariate analysis, DO was 
found in 34% of patients who were still incontinent 6 
months postoperatively and only in 5% of patients 
who were not.172 After RRP, the functional profile 
length (FPL) decreased by 64%, because the pros-
tate was removed, but also maximum urethral closure 
pressure (MUCP) decreased by 41% on average. 
Non-nerve sparing technique was a prognostic factor 
for a higher relative decrease of MUCP after RRP.173 
UDS can identify aetiologies of post RPP UI such as 
sphincter weakness. Neo bladder neck outflow ob-
struction, DO and mixed symptoms of UI may also be 
contributing to post RPP UI.174 UDS parameters 
change after RRP by reducing BOO without affecting 
overall detrusor contractility. Urinary continence rates 
were gradually improved to a satisfactory level in 
more than 80% of patients by 12 months after 
RRP.175 DU is relatively common in patients with post 
RPP UI, 40% of patients demonstrating an isovolu-
metric detrusor pressure of <50 cmH2O.176 Although 
DU was found in 49% of patients preoperatively, DU 
did not affect UDS parameters and LUTS improve-
ment after RRP.177 Another large cohort study also 
demonstrated DU and Valsalva voiding was observed 
in 41% of patients after RRP, which might reduce 
(longer term) success of treatment for post RPP UI.178 
In a longitudinal observational cohort study, patients 
with bladder neck contracture after RRP presented 
with preoperative DU.179 

Urethral sphincter insufficiency was the most com-
mon UDS abnormality after RRP (88%), followed by 
DO, neo bladder neck obstruction, impaired detrusor 
contractility, and normal findings.180 Co-existing de-
trusor dysfunction had to be taken into consideration, 
as well as intrinsic sphincter deficiency, in order to 
properly treat persistent post RPP UI181 182 but also 
postoperative UPP after 6 months may be predictive 
for persistent UI.183 The abdominal LPP was consid-
ered a relatively poor predictor of UI severity and, 
therefore, is reported to have limited value in the UDS 
evaluation of post RPP UI.184  

Preoperative UDS may help to estimate the likelihood 
of postoperative UI185 186 187 although it remains un-
determined how to clinically implement this 
knowledge.188 In robot-assisted RRP series, the out-
comes of continence rate improved from 75% to 93% 
for cases 501-700, suggesting that surgeons experi-
ence is relevant (or ‘confounding’ UDS evalua-
tions).189 The role of UDS on predicting continence 

outcome after RRP remains controversial. Small co-
hort studies drew different conclusions that preoper-
ative UD DO may have influence on post RPP UI.190 
191 Investigation before and after RRP revealed 25% 
of patients had DO in associated with decreased 
bladder compliance, diminished FPL and MUCP after 
operation, 22% of patients had detrusor hypoactiv-
ity.192 Nerve sparing (NS) RRP significantly affected 
urine loss immediately after RRP compared with non-
NS surgery. 

Increased urine loss immediately after RRP was 
noted in 86% of patients, which could be attributable 
to decreased MUCP and abdominal LPP.193 In addi-
tion to a lower MUCP, a reduced bladder compliance 
was shown in 27% and idiopathic DO in 31% of pa-
tients with post RRP UI.194 Chronological UDS of pa-
tients with UI after RRP revealed that LUT worsens 
immediately after RRP and recovers over time.195 In 
one small cohort study, 21% of patients had UI at 1 
year after RRP. Bladder compliance <28ml/cmH2O, 
MUCP<50 cmH2O and BOO are reported to be inde-
pendent UDS factors correlating with UI after RRP.196  

The aetiology of UI following RRP, either stress or 
UUI, also cannot be predicted by the ICIQ-UI-SF sur-
vey.197 UDS have been done to demonstrate the UI in 
many reports but also recently, to better show the de-
trusor storage function, mimicking the situation after 
AUS placement (and preventing incontinence during 
cystometry). In practice, this may be more relevant 
than the demonstration of UI in patients with post 
RRP UI.198 

In patients receiving radiotherapy for prostatic cancer, 
patients with larger prostatic volumes (> 35 mL) 
and/or with UDS confirmed BOO were more prone to 
problems after brachytherapy.199 A high PVR (> 100 
mL) is associated with slower resolution of voiding 
symptoms, prolonged (more than 3 days) catheter 
dependency, and increased post-brachytherapy sur-
gical intervention for BOO.200 Men after brachy-
therapy were, in a single centre retrospective cohort, 
reported to have a relatively high incidence of DO, 
prostatic and urethral strictures and prostatic urethral 
stones.201 Compared to patients with prostate cancer 
receiving RRP, high dose external beam radiation 
therapy and brachytherapy iodine implantation as 
monotherapy had a better rate of urinary continence 
and sexual function however more bowel and urinary 
irritation.202  

UDS prior to AUS implantation revealed that DO was 
much more prevalent in the group with radiation 
(26%) than in group without radiation (5%). Post-op-
erative urinary urgency with or without UUI was found 
in similar proportions of the 2 groups, suggesting that 
pre-operative DO did not predict outcome in this 
group.203 Patients with post RRP UI, with adverse UDS 
findings such as DO, low compliance, low detrusor con-
tractility, or decreased cystometric capacity and first 
sensation of filling were reported to have similar out-
comes after AUS implantation to those just with USUI. 
204 205 The presence ofLUTD was also not predictive 
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of surgical outcome in one other series and preoper-
ative use of few pads, less severe post RPP UI, and 
a longer interval between RRP and post RPP UI sur-
gery were associated with a successful outcome.206 
Patients with postoperative retrograde LPP < 50 cm 
H2O and DO were however seen to be associated 
with failure in another series.207 The transobturator -
tape for treatment of post RPP UI was shown to be 
effective with an improved mean MUCP and high cure 
rate.208 UDS after a bulbourethral composite suspen-
sion revealed a significant increase of MUCP (40 v 58 
cmH2O), and functional urethral length (31 v 40 mm), 
the Qmax was slightly reduced (16 v 12 ml/s); however 
pressure flow study was reported to show not obstruc-
tive voiding in all patients.209 A functional pelvic cine-
MRI study in patients with a bulbourethral composite 
suspension revealed that this procedure was associ-
ated with an increase in urethral length, urethral coap-
tation zone and bladder neck elevation, implying a non-
compressive mode of action. However, no difference on 
imaging was noted between patients showing clinical 
success or failure.210 211 Using the Argus T adjustable 
system for treatment of post RPP UI, at 30 month fol-
low-up 88% of patients were dry or improved. The ret-
rograde LPP increased from 18 to 35 cmH2O after in-
traoperative adjustment. Transient inguinal or perineal 
pain was reported by 61% of patients and postoperative 
infection occurred in 6%.212 The overall cure rate for the 
AdVance and AdVanceXP transobturator male sling 
was reported to be 80%. This procedure was safe and 
efficient in patients with mild UI after RRP.213 Using an 
Advance transobturator male sling for post RRP UI, 
among 38 patients 28 (74%) reported successful 3 
months after operation. A small cystometric capacity 
was reported to have potential impact on the success of 
the procedure.214 Patients with a preoperative Valsalva 
LPP of >100 cmH2O have a high degree of predictability 
for success for AdVance sling procedure.215 Among 35 
patients who underwent AUS implantation for post RPP 
UI, 16 (46%) had postoperative urinary retention requir-
ing CIC but this resolved within 7 days with no reported 
effect on continence outcome.216 A cadaver model 
demonstrated that a tandem cuff as such did not im-
prove retrograde LPP, but that proximal bulbar urethral 
circumference was greater than distal circumference 
and therefore the addition of a more proximal cuff was 
improving efficacy.217 In men who failed to demonstrate 
incontinence during intubated UDS prior to AUS place-
ment for post RRP UI a high rate of anastomosis stric-
ture (and history of radiotherapy treatment) was ob-
served, but anti-incontinence outcome for these was 
not affected by this.218 However, another study showed, 
although transobturator male sling provides good conti-
nence outcomes for post RPP UI on average, previous 
pelvic irradiation seems to compromise the effective-
ness of the procedure.219 Volume adjustable balloons 
implantation was used to treat post RPP UI with a suc-
cess rate of 37/49 (75%). A longer duration of UI, the 
use of >5 pads daily, and a small cystometric capacity 
predicted unsuccessful clinical outcome of this tech-
nique.220 

4.3. 2016 Conclusions (Level 2-3) 
The main cause of UI after RRP is sphincter weak-
ness, but reduced compliance and DO with or without 
neo-bladderneck outflow obstruction contribute in an 
unknown proportion of those patients. 

UDS have demonstrated value to identify the aetiol-
ogy of LUTD after surgical or radiotherapy treatment 
of prostatic carcinoma. 

Both urethral and detrusor (adaptation) function are 
prone to be affected after retropubic or RRP. De-
creased bladder compliance, lower detrusor pressure 
during voiding, higher Qmax, and reduced maximal 
urethral closure pressure are noticeable immediately 
after RRP.  

DU is commonly observed in patients with UI after 
RRP, and may be a risk factor for the development of 
neo- bladder neck (stricture). 

Leak point pressures and urethral pressures, measured 
in their various ways, are consistently reported to be im-
proved after anti -incontinence treatment using the var-
ious surgical techniques, and their improvement is as-
sociated with cure or reduction of UI volume and/or 
pads use. 

Clinical indicators for reduced chance of success of 
post RPP UI -surgery are lesser amounts of urine loss, 
less pad use, and higher preoperative Valsalva LPP 
however precise action limits for these are not available.  

Anastomosis stricture (may also prevent UI to be de-
monstrable during UDS), reduced compliance and DO 
as well as Valsalva voiding are urodynamic predictors 
of failure although with unknown specificity. 

Retrograde LPP may be a good tool for adjustment of 
male sling tension to balance the resistance during post 
RPP UI -surgery. 

Anti-incontinence male sling, composite suspension ap-
paratus and AUS device have been shown good surgi-
cal outcome for post RRP UI. 

4.4. Recommendations (Grade 3) 

• This committee recommends that UDS should 
be performed when RRP UI has not spontane-
ously improved and conservative measures have 
failed. 

• The committee recommends that UDS for pa-
tients with RRP UI is not only done to evaluate 
USUI but that it is also done specifically to eval-
uate bladder storage function. (Thus: to do cys-
tometry with the prevention of early/massive 
leakage during the test and with filling until prac-
tically acceptable volumes, e.g. 3-400mL, to ‘pre-
dict’ the situation after regaining continence). 

5. UDS FOR PATIENTS WITH POST 
(RADICAL) PROSTATECTOMY 
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URINARY INCONTINENCE AND 
PERSISTENT SYMPTOMS OF LOWER 

URINARY TRACT DYSFUNCTION 
AND OR FAILED SURGICAL 

MANAGEMENT 

5.1. Conclusions and Recommendations 
2013  

ICI2013 concluded that studies LPPs and urethral 
pressures, measured in their various ways, are con-
sistently reported to be improved after anti -inconti-
nence treatment using different surgical techniques, 
and their improvement is associated with cure or re-
duction of UI volume and/or pad usage. Most single 
centre reports conclude that UDS variables, used to 
evaluate voiding, do not show clinically significant 
change after suburethral sling procedures or AUS im-
plantation. The ICI2013 committee recognised (grade 
B) that UDS for UI after RRP is not particularly im-
portant for the diagnosis of sphincter dysfunction 
(SUI) in patients with post RRP UI but recommended 
that UDS is considered in patients where other dys-
functions of the LUT (BOO, valsalva voiding, signifi-
cantly reduced bladder compliance and/or DO) can-
not be excluded on the basis of signs and symptoms. 

5.2. New Evidence 2016  
Other dysfunction may be more prevalent in patients 
with persistence of LUTS and or UI after surgical 
management of their post RRP UI. The committee 
has however not found specific (new) evidence. Re-
cent series and reviews have little or not elaborated 
on UDS evaluation for recurrent LUTD and or UI after 
RRP.221 222 223 224 

Recommendation  

• The committee recommends that UDS is consid-
ered in patients with post RRP UI.  

• The committee recommends UDS for patients 
with post RRP UI when co-existing dysfunctions 
of the LUT (neo bladder neck BOO, valsalva 
voiding, significantly reduced bladder compli-
ance and/or DO) cannot be excluded on the ba-
sis of clinical history, e.g. radiotherapy, signs 
and/or non-invasive UDS and symptoms. 

6. NEUROGENIC LOWER URINARY 
TRACT DYSFUNCTION  

6.1. Recommendations 2013 
The ICI2013 found expert agreement, on the basis of 
many case series, that UDS is of great relevance to 
establish the management and to achieve the best 
long term clinical outcome for patients with NLUTD 
and found also that VUDS is necessary when ana-
tomical information is deemed clinically relevant. 

ICI2013 concluded that case series have indicated 
that it is possible to monitor patients without anatomic 
abnormalities (absence of a high likelihood of VUR 
and or bladder diverticulae) of the LUT (especially 
adult age SCI and unaffected LUT function before the 
lesion) with cystometry and ultrasound of the UUT. 

No specific reports about the optimal frequency and 
techniques of follow –up UDS in patients with NLUTD 
has been available at the time of ICI2013. No conclu-
sive evidence exists about the predictive value for 
treatment with regard to ice-water testing, or of am-
bulatory monitoring of patients with NLUTD. Some 
evidence from centres of excellence indicates that 
‘one channel, cystometry’ can be applicable in the 
monitoring (follow-up) of a selected group of patients 
with complete SCI.  

The 2013 committee recommended that patients with 
signs and symptoms of LUTD and relevant neurolog-
ical abnormalities should receive UDS (including fill-
ing and voiding cystometry) if initial treatment will be 
affected as a consequence of the diagnosis, or if ‘sim-
ple’ first line diagnosis and management have been 
unsuccessful. 

This committee also recommended that at least at a 
baseline, to establish the state and function of the 
LUT in patients with NLUTD, VUDS evaluation is in-
dicated if relevant anatomical abnormalities are to be 
expected. 

The 2013 committee recommends that the frequency 
of testing and the techniques applied in the follow –
up of patients with NLUTD be critically analysed and 
optimised, and recommended to develop guideline 
recommendations on the basis of those analyses. 
The committee recommended that UDS in patients 
with NLUTD be done with special attention to the spe-
cific needs of the patients. It is highly preferable that 
all professionals involved are specifically trained for 
that purpose. 

6.2. New Evidence 2016  
Any disturbance of the nervous system, can result in 
signs and symptoms of LUTD. The extent and loca-
tion of the neurological dysfunction will determine the 
type of LUTD, which can be symptomatic or asymp-
tomatic. Neuro-urological symptoms can cause a va-
riety of long-term complications; the most significant 
being deterioration of renal function.225 

Neurogenic lower urinary tract dysfunction applies to 
a spectrum of clinical conditions and refers to the 
presence of LUTD symptoms ‘when there is a rele-
vant neurological condition’.226 UDS can measure 
LUTD caused by a lesion in the brain and or spinal 
cord or peripheral nerves; associated with a congen-
ital condition (e.g. MMC), an acquired, stable condi-
tion (e.g., stroke, SCI), or an acquired, progressive 
condition (e.g., multiple sclerosis [MS], Parkinson’s 
disease, dementia).227 Because not all patients with 
neurogenic conditions develop LUTD or have abnor-
mal UDS findings, a specific understanding of the 
dysfunction in each individual is a prerequisite for the 
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correct choice of therapy. The aim of the diagnostic 
tests is to describe the (dys)function of the bladder, 
the urethra and the pelvic floor, their coordination dur-
ing filling and voiding and their influence on other con-
ditions (e.g. autonomic dysreflexia) or organ systems 
(e.g. renal function). Patients with neurologic disease 
known to be associated with NLUTD should be eval-
uated for the presence of LUTD.228 

6.3. Urodynamics in NLUTD 
A lesion above the lumbosacral cord level (e.g., due 
to SCI or MS) is characterized by UI due to NDO and 
the loss in voluntary control of micturition, initially, in 
the spinal shock phase, leading to an areflexive blad-
der and urinary retention due to detrusor sphincter 
spasm.237 In the case of suprasacral lesion above the 
lumbosacral cord level, the patient will lose voluntary 
and supraspinal control of micturition, and this usually 
leads to NDO which is characterized by spinal reflex 
pathways mediated by formerly silent capsaicin-sen-
sitive unmyelinated C fibres.229 In these cases, blad-
der contractions are poorly sustained and there is 
dyssynergia between the urethra and bladder.237 

DO in association with neurological disease, may 
lead to UI. Observed during UDS, this type of UI is 
termed neurogenic DOI. The corresponding clinical 
sign or symptom is however variable: if the DO is ac-
companied by sensation (desire to void) it might be 
termed UUI; frequently however any sensation is ab-
sent, and so the term urgency incontinence is an in-
correct description of the situation. For this reason, 
the term ‘reflex incontinence’ was introduced by 
Abrams in 1988,230 implying uncontrolled but com-
plete emptying of the bladder without sensation. How-
ever, this term is no longer recommended.254 NDO is 
often accompanied by DSD, which is a neurogeni-
cally determined failure of pontine coordination of de-
trusor and bladder outlet. In DSD the failure of the 
urethral sphincter and/or the pelvic floor to relax com-
pletely and sustained, when the detrusor contracts, 
causes a dynamic type of BOO which may not only 
prevent complete bladder emptying, but can also lead 
to chronic and/or intermittent high detrusor pressures 
observable with UDS. ‘Overflow incontinence’263 is 
another term that is no longer recommended.254 It 
meant continuous or intermittent (-stress ‘like’) leak-
age from a constantly overdistended bladder.263 How-
ever, neither what constitutes 'overdistended' nor the 
cause of the leakage are defined by the term 'over-
flow incontinence'. The presenting symptom is usu-
ally characterised by small amounts of UI, exacer-
bated by increased abdominal pressure, together 
with an inability to empty the bladder by voiding. 
Whilst UI appears as a problem of LUT storage func-
tion, ‘overflow incontinence’ originates from a dys-
function of voiding. Overflow incontinence can exist in 
combination with BPE and BOO but also exists in 
conditions with relevant neurologic pathology. Incon-
tinence due to neurogenic DU (or acontractility) or 
DSD, with incomplete emptying, and neurogenic in-

complete voiding with UI, are clinical (UDS) descrip-
tions and have not been officially defined in the cur-
rent standardization documents. 

During UDS a frequent observation is low compliance 
and little or no detrusor activity until it reaches a pres-
sure value sufficient to overcome urethral resistance 
and open the urethral sphincter with urine loss as the 
consequence. Clinically, this variable is usually re-
ported as the detrusor LPP. If this pressure is ele-
vated, and if similar pressures are attained during UI 
in daily life, then renal function is endangered be-
cause the constantly high detrusor pressure hinders 
outflow of urine from the ureters into the bladder. 
Conventionally, DLPP's of 40 cm H2O or more are be-
lieved to increase the likelihood of UUT deterioration. 
There is evidence (mostly from paediatric studies with 
children with MMC) that UUT deterioration is more 
probable when DLPP is elevated above that 
40cmH2O.231 However, the evidence for a cut-off at 
40 cm H2O seems less clear and an expert opinion 
appears to introduce ‘as low as reasonably achieva-
ble’ and a 'safe' detrusor pressure of below 20 
cmH2O, over the entire ‘daily’ volume range, when 
CIC is part of the treatment, is advised.232  

Except in diseases where empirical, conservative 
therapy can safely be instituted (e.g. post-stroke or 
Parkinson’s disease, some MS patients), UDS is usu-
ally deemed to be required, based on clinical practice 
guidelines and expert reviews. In the appropriate clin-
ical setting, a neurological evaluation may be recom-
mended in a patient with unexplained LUTS and no 
known neurological disturbance. This is particularly 
true in the case of a young patient with idiopathic 
LUTS after proper office evaluation for common aeti-
ologies. Relevant investigations include; voiding di-
ary, UDS (cystometry EMG, VUDS, uroflowmetry, 
pressure-flow study), diagnostic imaging with voiding 
cystourethrography and ultrasonography.  

Urodynamics is advised to provide the understanding 
of the situation on which rational treatment must be 
based. UDS is the only method that can objectively 
assess the function and dysfunction of the LUT. In 
patients, with NLUTD, UDS may be more provocative 
than in patients without relevant neurology. Even 
when empirical therapy is instituted without UDS, ex-
perts usually agree that the patient must be carefully 
monitored to determine whether and when UDS is 
needed.227 233 234 235 UDS involve functional and dy-
namic assessment of the LUT and are used to assess 
detrusor and bladder outlet function. 

In patients at risk for autonomic dysreflexia, it is ad-
visable to immediately stop filling when this occurs, 
and it may be prudent to measure blood pressure dur-
ing the UDS.236 The rectal ampulla should be empty 
of stool before the start of the investigation. All UDS 
findings must be reported in detail and performed ac-
cording to ICS technical recommendations and 
standards.227 236 237 

A large proportion of patients with congenital neuro-
logical conditions show anatomical abnormalities that 
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involve the LUT, especially those born with abnormal 
neurology (MMC-see in children section of this chap-
ter), and do have congenital relevant ‘end organ 
(LUT)-sequelae’ that can be demonstrated by imag-
ing. VUDS is the test of choice usually advised on the 
basis of expert opinion when anatomic information is 
needed to establish treatment.268 VUDS combines a 
fluoroscopic voiding cystourethrogram with multi-
channel UDS, allowing anatomic and functional as-
sessment of the bladder and outlet. VUDS im-
portance has been recently underlined by Marks et al 
who assessed that it should be considered in patients 
with neurologic findings or diseases as well as those 
with obstructed voiding, congenital genitourinary 
anomalies, or a history of genitourinary reconstruc-
tion.238 

6.4. Special Tests 
LUT function or dysfunction can be provoked by 
coughing, triggered voiding, or anal stretch. Fast-fill-
ing cystometry with cooled saline (the ‘ice-water test’) 
is sometimes used in an attempt to identify NDO or to 
demonstrate the integrity of the detrusor muscle func-
tion and/or its innervation.239 240 Patients develop a 
detrusor contraction reaction on cooling if the detru-
sor and or the reflex pathway are intact. Patients with 
myogenic dysfunction or (iatrogenic) detrusor muscle 
damage, will not demonstrate contraction. Hüsch et 
al in their recent review assessed that the ice-water 
test is a reliable possibility to identify NDO subse-
quent to standard cystometry,23 the clinical relevance 
of the ice-water test is however undetermined and in 
patients with high level SCI the test can aggravate 
autonomic dysreflexia.241 242 

A positive bethanechol test (detrusor contraction 
>25cmH2O) was thought to indicate detrusor dener-
vation hypersensitivity and the muscular integrity of 
an acontractile detrusor. However, in practice, the 
test has given inconclusive results.243  

One channel cystometry is reported to be feasible 
and reliable in patients with complete SCI that do not 
generate much (abdominal or other) muscle activity 
below the lesion level. Intravesical pressure will rea-
sonably adequate represent detrusor (relaxation or) 
activity and allow cystometry pattern analysis in this 
situation.244  

6.5. Reproducibility and Reliability of Tests 
Since many patients with NLUTD have infra-pontine 
neuropathy, the influence of the emotional (limbic) 
nervous system on LUT function is reduced or elimi-
nated; thus, UDS observations may be less influ-
enced by the test circumstances than those made in 
individuals with an intact nervous system.245 Never-
theless, the test conditions (e.g. the rate of filling the 
bladder) do affect the results, and should be chosen 
carefully.246 Some advocate ambulatory monitoring to 
increase the representativeness of cystometry.247 
However, tests of longer duration with natural filling, 
did not relevantly assist in the diagnosis and selection 

of treatment in patients with SCI in a single centre 
prospective comparison.248 

6.6. Does Urodynamic Testing Help to Select 
(Optimal) Treatment? 

The aims of therapy for NLUTD are to achieve the 
most physiological filling and voiding conditions pos-
sible, as well as a management situation acceptable 
to the patient in their daily life. Long periods of ele-
vated detrusor pressure during bladder storage 
phase or (abnormally prolonged and/or high pres-
sure) voiding put the UUT at risk.230 249 The primary 
aim of therapy in patients with such problems is con-
version to a low pressure bladder during filling,233 250 
achieve continence, and to manage incomplete emp-
tying due to (medically induced) DU or detrusor acon-
tractility, with CIC.268 

The primary aims for treatment of neuro-urological 
symptoms and their priorities can be summarized as 
follows:251 

• protection of the UUT 

• achievement (or maintenance) of urinary conti-
nence 

• restoration of the LUT function 

• improvement of the patient’s QoL 

Adequate management depends on whether the de-
trusor is overactive or has reduced compliance, and 
only UDS can answer those questions. Timely and 
adequate diagnosis is of paramount importance for 
the patient’s QoL, as well as for safety.252 253 There is 
expert agreement that UDS is essential to monitor the 
effects of any treatment and in the follow up of any 
sequelae of the disease and its management. UDS is 
certainly needed to document the effects of new treat-
ments or management strategies for patients with 
NLUTD. Changes in UDS do not always relate to clin-
ically relevant improvements in these patients.241 246 
A retrospective study shows with 80 SCI patients and 
a minimum follow-up of 5 years that it is possible to 
manage continence and preserve (100% of) UUT 
with ultrasound monitoring and repeated UDS.254 An-
other retrospective observation indicates, in a series 
of 200 children with various types of NLUTD, that the 
intensity (frequency) of UDS follow up can be adapted 
according to the estimation of the risk for UUT deteri-
oration on the basis of UDS parameters achieved at 
a baseline.255  

6.7. Conclusions Level 3: 

• Case series indicate that it is possible to monitor 
patients with NLUTD, without anatomic abnor-
malities of the LUT (especially adult age SCI) 
with cystometry and ultrasound of the UUT. 

• Uncontrolled cohort studies indicate that non-in-
vasive tests are less sensitive to relevant abnor-
malities in comparison with UDS and investiga-
tors have concluded that UDS is necessary when 
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LUTS arise in patients with neurologic abnormal-
ities. 

• No specific reports about the optimal frequency 
and techniques of follow –up UDS in patients 
with NLUTD exist 

• No conclusive evidence exists about the predic-
tive value towards better diagnosis or (the out-
come of) treatment with regard to ice-water test-
ing or ambulatory UDS of patients with NLUTD. 

• Nocturia, nocturnal enuresis or LUTS may be the 
first, or an early, sign of Parkinsonism in elderly 
male patients, and may occur also in patients 
e.g. with MS, or other neurology and UDS is of 
value to establish a diagnosis of the LUT dys-
function(s) responsible for the symptoms. 

• LUTD in male patients with Parkinsonism (or MS, 
or other neurology) can be the result of DO, (be-
nign prostatic) BOO, dyssynergic voiding or PVR 
or any combination thereof. 

• DO and DU, with or without urethral sphincter 
dyssynergia, are commonly found in male pa-
tients with Parkinson’s disease. 

• BOO is not specific to Parkinson’s disease. For 
male patients with Parkinson’s disease and 
LUTS(D), UDS and evaluation of prostate size 
are recommended to select appropriate treat-
ment strategy. 

6.8. Recommendations 2016 

• This committee recommends that UDS evalua-
tion should be considered at the time of first eval-
uation of patients with signs and symptoms or 
with suspicion of NLUTD and that VUDS is con-
sidered when anatomical abnormalities with the 
NLUTD are not unlikely. 

• The committee recommends that the frequency 
of testing and the techniques applied in the follow 
up of patients with NLUTD be critically analysed 
and optimised, and continues to recommend that 
guideline recommendations on the basis of those 
analyses should be developed. 

• The committee recommends that UDS in pa-
tients with NLUTD is done with special attention 
to the specific needs of the patients. It is highly 
preferable that all professionals involved are 
specifically trained for that purpose. 

6.9. Recommendations for Research 

• Comprehensive UDS should remain an integral 
part of the evaluation of new therapies and man-
agement strategies for NLUTD whether con-
servative, medical or surgical. The first goal of 
this should be to monitor the safety of the (devel-
oped) approach for the patient and the second-
ary goals of this UDS should be the efficacy out-
comes (preferably on predefined UDS criteria). 

• The frequency of UDS in the follow up of patients 
with NLUTD should be evaluated and optimised 
in the different neurologic conditions. 

• Specific UDS diagnosis categories and diagnos-
tic techniques need to be developed to quantify 
detrusor sphincter dyssynergia and neurogenic 
DU. Diagnostic techniques need to be developed 
to objectively evaluate bladder sensation. 

 PATIENT EVALUATION: 
CHILDREN WITH URINARY 

INCONTINENCE 

1. INTRODUCTION 

1.1. Conclusions and Recommendations 
2013 

ICI2013 concluded that retrospective and prospective 
studies have shown that symptoms and signs (in UI) 
do not adequately represent LUT dysfunction and 
UDS diagnosis in children. This is observed in other-
wise healthy children with LUT signs and symptoms, 
in children with MMC, with ARM, with SCI, spinal cord 
tethering, cerebral palsy / spasticity, sacro-coccygeal 
teratoma, and also in children with urethral valves, 
VUR or bladder extrophy. Retrospective and pro-
spective studies have shown that management of 
children with MMC is depending on UDS diagnosis 
and expert consensus exists in this regard and single 
centre retrospective (selected) series have shown 
that UDS-diagnosis is frequently relevant in children 
with the above -mentioned pathology but also that in-
itial conservative management of (otherwise healthy) 
children with UI is possible without UDS-diagnosis. 

No good evidence existed in 2013 to support optimal 
selection of VUDS (versus UDS) in most situations of 
children with UI, apart from MMC and VUR or to sup-
port individual decisions regarding UDS or VUDS 
(technique and timing) for follow-up in children. At the 
previous consultation also no positive evidence ex-
isted for the routine use of any of the new non-inva-
sive UDS methods in children. Some (expert and/or 
single centre) evidence has been emerging for flow + 
EMG evaluation and follow-up in children. 

The 2013 committee recommended managing chil-
dren with UI,with a minimum of a bladder diary plus 3 
representative flow-PVR –measurements and to use 
this information also to act as a reference for cysto-
metric capacity and/or filling rate.  

The committee also recommended to consider VUDS 
(only) when relevant anatomical abnormalities are (to 
be) expected and recommended the need to improve 
pelvic patch EMG technique, standards and evalua-
tion/reporting.  

The 2013 committee recommended that patients with 
symptoms and signs of LUT dysfunction with relevant 
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neurologic abnormalities receive (V)UDS when it is 
considered possible to initiate treatment as a conse-
quence of the diagnosis based on the (V)UDS and 
when first line management has failed. The commit-
tee recommended to use bladder diary as the basis 
for cystometry but for patients with relevant neurolog-
ical abnormalities also or specifically to use the cath-
eterisation volumes (also). The ICI2013 committee 
does not recommend routine use of non- invasive 
UDS or ambulatory UDS in patients with relevant neu-
rological abnormalities. 

The committee recommends that UDS in patients 
with NLUTD is done with special attention to the spe-
cific needs of these patients and recommended spe-
cific (V)UDS -practice guideline(s) and training for 
(V)UDS in patients with (LUTD and) relevant neuro-
logical abnormalities. 

1.2. New Evidence 2016 
The indications for UDS evaluation in children are 
usually neurological, anatomical and/or functional ab-
normalities, with the types of studies to be performed 
being based on the presumed underlying 
patho(physio)logical conditions rather than on the 
presenting symptoms. UI in children is relatively more 
often seen (compared to adults) in combination with 
other LUT (or lower bowel or pelvic floor) dysfunc-
tions. On the other hand, urinary continence and the 
development of ‘full-grown’ LUT function are the re-
sult of a normal maturation process that can be de-
layed in some, and may ‘spontaneously cure’ (or ‘re-
solve’) without requiring medical intervention. UDS is 
used to establish as clearly as possible the baseline 
situation where needed, so that changes as a result 
of treatment and/or growth can be assessed, and 
some guidance is obtained in the choice of treatment. 
Perhaps more clearly than in any other patient group, 
the aim of UDS in children is to provide objective 
knowledge about LUT function and dysfunction as 
well as to provide understanding to the care-giver and 
to the patient (and her or his parents).  

Paediatric UDS implies a different approach than in 
adults and applications are unique in this population. 
Nevertheless, there has not been a validated guide-
line on the use of UDS in children but a publication of 
2015 by the International Children Continence Soci-
ety summarized the available evidence and expert 
based knowledge, and provided expert recommenda-
tions.256 Also a specific standardized expert report for 
VUDS was presented in 2016.257 

More extensively than in other ages, non-invasive 
UDS are initially explored, not only because they are 
more easily accepted and more applicable for chil-
dren, but also to have comparable parameters during 
follow-up, and to exactly identify those children and 
clinical conditions that will benefit from further inva-
sive exams. Essential are a meticulous and complete 
history, physical examination including clinical neuro-
logical testing and assessment by voiding diaries. 
The exact role and reproducibility of uroflowmetry 
have been strongly under consideration during the 

last years, especially if associated with pelvic floor 
EMG. Additionally, flow plus EMG is recommended in 
the ICS- Childrens Good Urodynamic Practices.256 

Furthermore, ultrasonography is considered a useful 
tool with acceptable reproducibility for initial assess-
ment when evaluating LUTS in children. Ultrasound 
LUT-studies in children include not only PVR and 
bladder volume but also bladder wall thickness 
(BWT).258 259 The use of ultrasound is not only limited 
to a morphological analysis of the LUT, but also a dy-
namic one, with evaluation of the full and of the empty 
bladder,260 and evaluation of the pelvic floor muscles 
movements and contraction endurance.261 

2. NEUROGENIC LOWER URINARY 
TRACT DYSFUNCTION 

2.1. Myelodysplasia  

2.1.1 ICI2013 Conclusions and Recommenda-
tions 

Retrospective and prospective studies have shown 
that the UDS diagnosis of (neurogenic) DO and/or re-
duced detrusor compliance in patients with myelodys-
plasia or (occult) spinal dysraphism is not predictable 
on the basis of clinical signs or symptoms. Many ret-
rospective and prospective studies have shown that 
regularly repeated UDS in patients (children) with 
MMC reveals clinically relevant results regarding 
medical and surgical management. Based on expert 
opinion, VUDS testing is preferable above UDS with-
out X-ray video; however, the exact advantage (e.g. 
in repeated investigation) is not substantiated. Vari-
ous studies have shown that LUT function in children 
with MMC may change over time and with physical 
growth. No studies have been published that are a 
help to determine the optimal timing and frequency of 
UDS follow-up.ICI2013 recommended (grade B/C) 
that comprehensive UDS is advised in all patients 
with MMC throughout the entire life on a regular basis 
from earliest childhood and further that on indication, 
unscheduled UDS should be considered when rele-
vant lower body half and/or LUT clinical or neurologi-
cal signs or symptoms arise or when significant man-
agement, medical or surgical treatment changes 
have been instigated.  

ICI2013 also recommended that the advantages and 
disadvantages of the addition of x-ray to UDS should 
be considered in children with MMC on an individual 
basis. Timing and technique of UDS in patients with 
MMC must be selected on an individual basis. To help 
identify children at risk for subsequent UUT and/or 
LUT deterioration or a changing neurological picture, 
initial UDS, very early in the neonatal period, are rec-
ommended for children with MMC. The ICI2013 rec-
ommended on the basis of expert opinion that ano-
rectal function or dysfunction is simultaneously eval-
uated with LUT function in children with MMC (see 
also the chapter on faecal incontinence).  
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2.1.2 Discussion and New Evidence 2016  
Treatment of NLUTD by intradetrusor BoNT-A injec-
tion gained growing consideration, also in children, 
with the mechanism of action now better known262 
Despite studies attesting to the good results of 
BoNTA in adult neuropathic DO and FDA approval, 
studies on its effectiveness on NLUTD in children re-
main controversial, and only scarce reports comment 
on the specific features of the disease process 
among patients and reasons for failure in some.263 264 
The evidence from uncontrolled studies was recently 
reviewed.265 In a study aiming to investigate UDS pa-
rameters that predict outcome of intradetrusor BoNT-
A injection in 37 children with NDO, preoperative 
bladder compliance (P .030) and open bladder neck 
(P .031) were found as important predictors of poor 
response at a regression analysis of outcome.266 In 
another well conducted study on 16 children with 
NDO, who underwent intradetrusor BoNT-A injection, 
the patients with typical DO showed a significant in-
crease in both the cystometric capacity (from 53% to 
74% of age related capacity) and the compliance 
(from 4.7 to 8.6 ml/cm H2O) This resulted in 56% of 
patients with complete dryness between CIC. Among 
the patients that displayed (very) low compliance and 
no detrusor contraction at all, none demonstrated any 
notable clinical improvement.260 

Another point is that, also because of the extensive 
use of BoNT-A, some less aggressive surgical proce-
dures (i.e. without bladder augmentation) are at-
tempted, and they may require preoperative UDS. In 
a cohort of 79 patients studied by UDS before bladder 
neck surgery without augmentation for neurogenic 
sphincteric incompetency, despite sustained pres-
sures >40 cmH2O and then assessed at 3 years, UUT 
changes developed in only 35% of patients, and re-
solved with medical management or minimally inva-
sive interventions. This provided evidence for a state-
ment that end pressures should not be used as an 
independent indication for augmentation.267 

For children followed since birth, initial UDSin the ne-
onatal periodhad been recommended for children 
with myelodysplasia, the basis being that they help 
identify children at risk for subsequent urinary tract 
deterioration or a changing neurological picture.268 269 
This concept has been confirmed by the recent ICCS 
recommendations for initial diagnostic evaluation and 
follow-up of congenital neuropathic bladder.270 Ap-
proximately 90% of children born with MMC will have 
a preserved UUT at birth. Over time, many children 
who have not received proactive urological care de-
velop UUT and/or LUT deterioration, as an acquired 
phenomenon secondary to the development or pro-
gression of various LUT hostility factors such as DO, 
reduced bladder compliance, detrusor-sphincter dys-
synergia and/or high LPP. The main identified risk 
factors from UDS which relate to increase of the oc-
currence and grades of UUT dilatation are decreased 
bladder compliance of <9 mL/cmH2O, increased 
DLPP of >40 cmH2O and acontractile detrusor.271 
The presence of severe bladder trabeculation has 

been coined as a parameter of BOO in incontinent 
children with NLUTD.272 Bladder wall thickness meas-
urement was also found as a predictor of LUT impair-
ment in a case-control study on 80 children with myel-
odysplasia, decreasing the need for UDS.273 When 
conservative treatment - as CIC, anticholinergic 
drugs and BoNT-A injections – are not sufficient, 
bladder augmentation is performed to relief or pre-
vent UUT deterioration and/or VUR, usually without 
necessity of simultaneous anti-reflux repair.274 Cys-
tometry follow-up should be used to evaluate the ef-
fect of this treatment.275 276 

Single centre studies suggest that prevention of high 
bladder filling pressure (before UUT dilatation is ob-
served) is necessary and feasible even before any 
UDS diagnosis.277 278 Expert reviews have recom-
mend periodic cystometry when new onset hydro-
nephrosis, VUR or UI develops.279 280 A considerable 
number of myelodysplastic children can develop a 
change in neurological impairment, early in infancy or 
as they grow up and reach puberty, thus they need 
UDS follow-up to check changes281 282 however, the 
interval and frequency of follow up UDS are not pre-
cisely established. In closed MMC, as lipomeningo-
cele, UDS and the presence of neurological impair-
ment were considered to have had crucial roles in de-
termining the optimal timing of surgery in patients with 
lipomeningocele, and in diagnosing the onset of teth-
ered cord, 283 UDS is also reported to be more rele-
vant towards the outcome of neurosurgical interven-
tions (untethering) than pelvic floor muscle needle 
EMG.284 

In a long-term perspective of drugs use, UDS has 
been relevant to evaluate the treatment efficacy and 
tolerability of propiverine285 and, over a period of 15 
years, intravesical oxybutynin treatment showed ad-
equate suppression of detrusor activity, cystometric 
capacity increase from the 5% percentile to the 25-
50% percentiles for age, mean end-filling pressure 
from 24.5 ± 14.4 cm H2O, had returned to the safe 
zone.286 

Because renal transplantation in patients with myelo-
dysplasia and persistent LUT dysfunction carries in-
creased (post –renal) risks for the grafted kidney, the 
existence or creation (augmentation cystoplasty) of a 
UDS confirmed low pressure bladder with adequate 
cystometric capacity before transplantation is 
deemed necessary.287  

2.2. Occult spinal dysraphism 
Lumbar cutaneous stigmata in infants may be asso-
ciated with occult spinal dysraphism and often prompt 
urological evaluation, including UDS is needed. Se-
ries of children with occult spinal dysraphisms have 
documented abnormalities in striated urethral sphinc-
ter function (denervation and/or detrusor-sphincter 
dyssynergia) in 20 - 35% of babies under 2 years of 
age with normal neurological examinations in; thus 
emphasising the need for UDS in these children.288 
289 290 There is however also a correlation of 70–90% 
between an abnormal neurological examination and 
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the likelihood of finding an abnormality on UDS in 
older children.291 292 In the past, several studies 
demonstrated the usefulness of UDS to diagnose sa-
cral cord function; better EMG activity (in up to 60% 
of the children corrected before 2 years of age) and 
or progressive changes in urethral sphincter function 
with very few of these patients having detectable al-
terations on physical examination.293 294 295 A UDS 
before neurosurgical intervention was found to iden-
tify LUTD in clinically silent cases and also identified 
deterioration in these patients.296 The usefulness of 
UDS in detecting lesions and during follow-up in chil-
dren with known spinal cord abnormalities and/or 
tethered cord is still controversial. The association 
between abnormal UDS findings and need for teth-
ered cord release was studied in a large series of 123 
children, mainly (91%) non toilet trained infants. 19% 
of these had abnormal UDS, 85% abnormal spinal 
MRI and 96% abnormal spinal ultrasound: a signifi-
cant association was found between abnormal UDS 
(P .002) and MRI (P .05), while ultrasound of the 
spine, was not associated with intervention for teth-
ered cord release (P 1.0).297 Taking into account the 
large spectrum of spinal cord lesions, a multivariate 
analysis was carried out on a uniform set of 59 pa-
tients with a fatty filum terminale and/or low-lying 
cord: UDS results were categorized by three urolo-
gists, blinded for the neurological diagnosis and it 
was found that pre and post untethering UDS do not 
predict continence status.298 In a retrospective study 
on 149 tethered cord patients, operated also if 
asymptomatic when primary and also the sympto-
matic ones with re-tethering, UDS and prone MRI 
were considered to be the best tools for screening 
those patients at risk of symptomatic retethering.299 
The utility of UDS in preoperative work-up, monitoring 
for retethering, and long-term urologic follow-up is 
confirmed but requires further examination.  

  

2.2.1 Conclusions (Level 2/3)  

• Retrospective and prospective studies have 
shown that the UDS diagnosis of (neurogenic) 
DO and/or reduced detrusor compliance in pa-
tients with myelodysplasia or (occult) spinal 
dysraphism is not predictable on the basis of clin-
ical signs or symptoms. 

• Many retrospective and prospective studies have 
shown that UDS in patients (children) with me-
ningomyelocele or (occult) spinal dysraphism, 
both initial as well as in the follow-up reveals clin-
ical relevant results with regard to management 
and surgical or medical treatment. 

• Evidence for the optimal interval and frequency 
of (V)UDS follow –up in patients with children 
with NLUTD is lacking. 

• On the basis of expert opinion, VUDS testing is 
preferable above UDS without x-ray video, how-
ever the exact advantage of repeated VUDS in 

the follow-up of children with known (morpholog-
ical or anatomical) abormalies is not substanti-
ated. 

• Various studies have shown that LUT function in 
children with myelodysplasia or (occult) spinal 
dysraphism may change over time (and physical 
growth) (Level of Evidence: 3) 

• No studies have been published that help to de-
termine the optimum of timing and frequency of 
UDS follow-up. 

2.2.2 Recommendations (Grade B/C) 

• Comprehensive UDS is advised in all patients 
with myelodysplasia or (occult) spinal dysra-
phism throughout the entire life on a regular ba-
sis from earliest childhood. 

• UDS should be also be considered by a change 
in signs and symptoms, when relevant lower 
body half and/or urinary tract) clinical or neuro-
logic signs or symptoms arise or when significant 
(surgical or medical) treatment changes have 
been instigated. 

2.2.3 Recommendations (Grade C) 

• The advantages and disadvantages of the addi-
tion of video (x-ray) to UDS should be considered 
in children with myelodysplasia or (occult) spinal 
dysraphism on an individual basis. 

• Timing and technique of UDS in patients with 
myelodysplasia or (occult) spinal dysraphism 
must be selected on an individual basis. 

• To help identify children at risk for subsequent 
urinary tract deterioration or a changing neuro-
logical picture, initial UDS very early in the neo-
natal period (e.g. starting from 3 months age), 
should be considered for children with myelodys-
plasia or (occult) spinal dysraphism. 

• The committee recommends on the basis of ex-
pert opinion that anorectal function or dysfunc-
tion is simultaneously evaluated with LUT func-
tion in children with myelodysplasia or (occult) 
spinal dysraphism (see also the chapter on fae-
cal incontinence in the book).  

• The committee recommends research to deter-
mine the optimum of interval and frequency of 
follow up UDS in children with NLUTD. 

2.3. Sacral Agenesis 

2.3.1 ICI2013 Conclusions and Recommenda-
tions 

ICI2013 concluded (Grade 3) that case series have 
shown that UDS evaluation of LUT function in chil-
dren with (partial) sacral agenesis reveales a sub-
stantial incidence of clinically hidden dysfunction. It is 
shown that approximately one third of children with 
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ARM have spinal dysraphism and/or tethered spinal 
cord associated with UDS demonstrable LUTD.  

ICI2013 recommended that clinicians should con-
sider UDS in children with sacral agenesis and also 
after (surgery for) sacrococcygeal teratoma, and that 
clinicians must consider that in children with LUTD, 
otherwise clinically silent sacral agenesis can exist. 

2.3.2 Discussion and New Evidence 2016 
No significant new evidence or observations arose 
during the last 3 years. Sacral agenesis, absence of 
the lower most vertebral bony segments, is a rare le-
sion that can be missed in infancy because of its 
sometimes subtle, clinical manifestations, with gener-
ally no loss of lower extremity motor and sensory 
function.300 Urinary and/or faecal incontinence usu-
ally manifests at an older age when the child fails to 
toilet train on time. A careful physical examination 
noting flattened buttocks and a short gluteal crease is 
pathognomonic for the diagnosis. UDS studies had 
been shown to be 90% accurate in delineating the 
neurological deficit, which could not be predicted by 
the level of absent vertebrae. Sacral agenesis also 
shows variable association with ARM and/or spinal 
cord anomalies.301 302 303 These studies reveal that 30 
to 40% of these patients have a lesion type with DO 
and an intact, but dyssynergic, sphincter while 25 to 
50% have areflexic detrusor and denervation in the 
sphincter, but 15-20% may have have normal LUT 
function.304 MRI is for the evaluation of all patients 
that have sacral agenesis in the basis of a single ex-
pert centre review,336 confirmed by another team, 
who found the extension of the sacral defect as a 
prognostic factor for retethering.305 When MRI shows 
sacral or spinal cord anomalies, UDS should be con-
sidered, preceded by neurological exam and consid-
ering neurophysiological (evoked potentials) testing. 
The authors of this and subsequent studies recom-
mend a non-invasive evaluation for all other children, 
and UDS when NLUTD is suspected.306  

2.3.3 Conclusions (Level 3) 

• Case series have shown that UDS of LUT func-
tion in children with (partial) sacral agenesis re-
veals a substantial incidence of clinically hidden 
dysfunction. 

• It is shown that approximately one third of chil-
dren with ARM have MMC and/or tethered spinal 
cord have UDS demonstrable and clinically rele-
vant NLUTD.  

2.3.4 Recommendations (Grade C) 

• Clinicians should consider UDS in all children 
with sacral agenesis and also after (surgery for) 
sacrococcygeal teratoma. (see section f – Tu-
mours) 

• Clinicians must consider that in children with 
LUTD, otherwise clinically silent sacral agenesis 
can exist. 

2.4. Spinal Cord Injury 

2.4.1 ICI2013 Conclusions and Recommenda-
tions  

Retrospective studies have shown that UDS of all 
children with SCI is relevant. Retrospective studies 
have shown that UDS of children with SCI results in 
diagnoses and treatment similar to adults with SCI. 
The ICI2013 recommended that UDS in children with 
SCI is planned on an individual basis, but no earlier 
than 6 weeks after injury 

2.4.2 Discussion and New Evidence 2016 
No further studies with evidence are available during 
the last three years. The scarcity  variability of SCI in 
children makes it difficult to propose any one treat-
ment program unless the specific type of LUT function 
is known on the basis of UDS.307 It is important to 
measure detrusor compliance in order to determine 
the potential risk for VUR and hydroureteronephro-
sis.308 All studies are single centre, retrospective and 
use historical controls for comparison. In the pres-
ence of elevated UDS filling and voiding pressures, a 
30% incidence of UUT deterioration can be ex-
pected,309 while effective voiding with pressures be-
low 40 cm H2O in the absence of detrusor-sphincter 
dyssynergia ensures a stable UUT.310 UDS monitor-
ing has been demonstrated to be relevant in the fol-
low up and prevention of UUT deterioration.311 In an-
other study on 17 children aged 6 months-18 years 
with cervical (4), thoracic (8) and lumbar (5) SCI, all 
but one showed DO on first evaluation, which was 
changed to acontractile and/or compliant detrusor 
pattern by medical treatment; 7 had increased cysto-
metric capacity and 8 decreased DLPP at follow-up; 
only 2/17 developed minor UUT impairment.312 UDS, 
undertaken no earlier than 6 weeks after injury, allows 
for the manifestation of the extent of the neurologic 
injury.313 As in adult patients autonomic dysreflexia 
can occur also in children and adolescents.314 

Conclusion (level 2/3) 

• Retrospective studies have shown that UDS of 
all children with SCI is relevant. 

• Retrospective studies have shown that UDS of 
children with SCI results in diagnoses and treat-
ment similar to adults with SCI. 

2.4.3 Recommendations (Grade C) 

• The committee recommends that UDS in chil-
dren with SCI is planned on an individual basis, 
but no earlier than 6 weeks after injury. 

2.5. Cerebral Palsy 

2.5.1 ICI2013 Conclusions and Recommenda-
tions 

ICI2013 has concluded on the basis of cohorts with 
historical/ literature -control groups that clinically un-
expected LUTD – predominantly dysfunctional void-
ing and reduced cystometric capacity - can occur in 
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children with cerebral palsy an has recommended 
that clinicians should carefully evaluate voiding in 
children with cerebral palsy and should consider com-
plete UDS when dysfunction is suspected. ICI2013 
reccomended that UDS is considered in all patients 
with spastic cerebral palsy. 

Discussion and New Evidence 2016 

A recent systematic review on 27 studies, describing 
prevalence of LUTS or UDS findings, found that 55% 
of the patients have at least one LUTS: storage symp-
toms are more common, and patients with pelvic floor 
overactivity are more prone to progress to UUT dys-
function in adult life.315 Bladder (cystometric) capacity 
is decreased in most children with cerebral palsy, and 
PVR is present in an important proportion. Uroflow-
metry and PVR are considered first line evaluation of 
LUT function in children with cerebral palsy.316 UDS 
can direct management; Negative prognostic factors 
are the spastic subtype with quadriplegic distribution, 
moderate to severe functional impairment (Gross Mo-
tor Function Classification System [I-V; V= Severely 
handicapped/wheelchairbound] III or higher) and se-
vere cognitive impairment.317 A careful study by 
uroflowmetry on 57 patients showed that the sympto-
matic children (52%) had lower Qmax (P .013) and ab-
normal flow rate curves (P .022),318 indicating non-in-
vasive testing as a good screener tool. The vast ma-
jority of the children with cerebral palsy tend to gain 
normal LUT function, but often at an age that is later 
than expected for from DO.319 A meta-analysis of 
UDS performed in 117 children with either persistent 
UI despite frequent toileting, or UTI, revealed normal 
function in 15% or DO in 73%.320 321 In some recent 
studies, detrusor-sphincter dyssynergia was present 
in higher prevalence then earlier reports (11% versus 
5%),322 323 and normal function was less prevalent 
(only 15%) in the more recent case series.324 There-
fore, it has been suggested on the basis of expert 
opinion that cystometry and sphincter EMG are to be 
considered, but only when frequent toileting or anti-
cholinergic therapy fails to control incontinent epi-
sodes, the child develops UTI from ineffective void-
ing, or when ultrasonography reveals hydronephro-
sis. 

VUDS assessment can be considered in all patients 
with infantile cerebral palsy. The decision should not 
be based on clinical symptoms because at least half 
of the children with spastic cerebral palsy have clini-
cally silent bladder dysfunction. 100% of children had 
clinical improvement postoperatively (selective dorsal 
rhizotomy), 71% who were incontinent preoperatively 
became continent and none had deterioration on 
UDS.325 326 There is a spectrum of clinical and UDS 
LUT (dys) function in children with cerebral palsy; e.g. 
77% void spontaneously but have UI. Children with 
UI have a significantly lower age related cystometric 
capacity,312 and also lesser than expected for age 
voided volumes on uroflowmetry (plus PVR).313  

2.5.2 Conclusion (Level 3) 

• Some studies have shown that clinically unex-
pected LUTD can occur in children with cerebral 
palsy, especially when voiding symptoms are 
present. 

• Observation and non-invasive testing are helpful, 
but UDS should be considered when UTIs or 
UUT dilation occurs in children with cerebral 
palsy. 

2.5.3 Recommendations (Grade C) 

• Clinicians should evaluate voiding in children 
with cerebral palsy and should consider com-
plete UDS when dysfunction is suspected. 

• UDS is to be considered in all patients with spas-
tic cerebral palsy. Undiagnosed and untreated 
patient’s bladder dysfunction remains pathologi-
cal and potentially dangerous, and may damage 
the UUT.  

2.6. Tumours 

2.6.1 ICI2013 Conclusions and Recommenda-
tions  

According to ICI2013, it was shown in single centre 
cohorts that UDS testing is relevant after resection of 
a sacrococcygeal teratoma. A study showed that all 
children with central nervous system tumours can 
have LUTD regardless of the location of the tumour. 

LUTD exists after sacrococcygeal teratoma resection 
and recently again it was proposed, on the basis of a 
single centre cohort, that UDS is necessary for those 
children.327 328 A recent study showed that children 
with central nervous tumours can have UDS abnor-
malities, whether the tumour is in the spinal cord or 
not. A single centre and selected cohort study con-
cluded that a child with a central nervous system tu-
mour needed urological investigation including UDS 
regardless of tumor location.329 

2.6.2 Conclusion (Level 3) 

• It was shown in single centre cohorts that UDS is 
relevant after resection of a sacrococcygeal ter-
atoma. 

• A study showed that all children with central 
nervous system tumours can have LUTD regard-
less of the location of the tumour. 

3. ANORECTAL MALFORMATION 
AND PERSISTENT CLOACAL 

ANOMALIES  

3.1. ICI2013 Conclusions and 
Recommendations  

ICI2013 concluded that various studies have shown 
that a significant proportion of children with an ARM 
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have primary or secondary dysfunction of the LUT 
and/or LUT innervation abnormalities or pelvic floor 
dysfunction.  ICI2013 recommended that clinicians 
should consider UDS in children with imperforate 
anus or ARM when clinical signs of LUTD exist and 
also should consider UDS in children where, on the 
basis of an MRI, or on the basis of clinical examina-
tion, relevant neurological structural abnormalities ex-
ist, before and/or after reconstructive surgery inde-
pendent of (the existence of) LUTS. 

3.2. Discussion and New Evidence 2016 
In the past, imperforate anus repair for high lesions 
frequently resulted in (stress-) UI due to a pudendal 
nerve injury that often occurs from surgical perineal 
approach. With the advent of the posterior sagittal 
anoplasty this complication has been eliminated as a 
cause for subsequent UI, although bladder neck in-
competence may be a consequence of extensive mo-
bilisation of the sigmoid colon to transfer the rectum 
to its final location.330  

UI and LUTD may result from iatrogenic injury or from 
a pre-existing congenital neurological lesion. UI after 
definitive repair is reported as to be the result ineffec-
tive emptyingcausing ‘overflow urinary incontinence’ 
and underactive or acontractile detrusor, rather than 
urinary sphincter injury. Similarly, it has been re-
ported, on the reconstruction of cloacal anomalies, 
that the main clinical characteristic of bladder dys-
function was a failure to empty,331 332 presumably due 
to iatrogenic injury from extensive dissection, which 
can lead to peripheral nerve damage. In 2004, Warne 
et al prospectively studied the effect of surgical recon-
struction by posterior sagittal approach and total uro-
genital mobilisation in either causing or worsening 
bladder dysfunction, in new patients with cloacal 
anomalies and ARM: those with cloacal malformation 
had a high incidence of innate LUTD, and a significant 
deterioration (frequently a change to DU) in bladder 
function.333 In a prospective study on children with 
ARM, prior to, and following definitive procedure, only 
9 of the 19 patients had normal UDS pre-operatively, 
and LUT function worsened postoperatively.334  

UDS is required to evaluate LUTD in patients follow-
ing repair of ARM (and Cloacal anomalies). The reli-
ability and reproducibility of findings among the vari-
ous studies analysed confers an important role for 
VUDS as an integral part of the evaluation and man-
agement of these children. 

Moreover, reports of spinal MRI's reveal a 35% inci-
dence of distal spinal cord abnormalities in children 
with an imperforate anus335 NLUTD occurs in 50%,336 
and 40-60% of those patients who have tethered cord 
needed untethering.337 Evaluation of all patients with 
ARM using MRI is recommended and when MRI 
shows sacral or spinal cord anomalies, non-invasive 
should be done, and UDS when NLUTD is sus-
pected.338 To detect spinal cord abnormalities in neo-
nates, spinal ultrasound has been largely used as a 
screening test up in children to 5 months of age; a 
study on 244 ARMs showed a 100% specificity but a 

very low sensitivity (15%), thus stating that ultrasound 
is not suitable as a screening test for MMC in ARM, 
with MRI being necessary when symptoms occur.339 

In summary; imperforate anus may occur as an iso-
lated lesion but also in conjunction with spinal cord 
pathology and/or sacral anomalies (and associated 
cardiac, esophageal, bony ones), which was reported 
to occur in 38% of cases of ARM.340 341 By combining 
the incidences in 3 studies it was found that the pres-
ence of an abnormal sacrum increases the likelihood 
of LUTD to as high as 76% (38 of 50 children).342 343 
344 When the rectum ends above the levator ani mus-
cle there is a much greater chance of LUTD than 
when it ends below the pelvic floor345 and the older 
the child is at the time of UDS the more likely he/she 
is to have abnormal LUT function.346 

3.3. Conclusions (Level 3) 

• Various studies have shown that a significant 
proportion of children with ARM has primary or 
secondary dysfunction of the LUT, LUT innerva-
tion abnormalities or pelvic floor dysfunction. 

3.4. Recommendations (Grade C) 

• Clinicians should consider UDS in children with 
imperforate anus when clinical signs of LUTD ex-
ist.  

• Clinicians should consider UDS in children 
where, on the basis of an MRI, or on the basis of 
clinical examination, relevant neurological abnor-
malities exist, before and/or after reconstructive 
surgery independent of (the existence of) LUTS. 

4. ANATOMIC ABNORMALITIES 

4.1. ICI2013 Conclusions and 
Recommendations  

ICI2013 has observed that many case series have 
demonstrated frequent UDS abnormalities, predomi-
nantly DO and reduced bladder compliance or large 
capacity bladder with impaired filling sensation, in 
children with PUV, urethral stricture, ectopic uretero-
cele, VUR or bladder exstrophy and that proper UDS 
has been shown to be of help to determine when fur-
ther medical or surgical management is indicated in 
children with these abnormalities. ICI2013 concluded 
that the use of UDS has aided in an objective meas-
urement of success or failure of treatments for these 
abnormalities. 

ICI2013 recommended that clinicians should con-
sider complete UDS of the filling and voiding phases, 
at least once, in children with PUV, urethral stricture, 
ectopic ureterocele, VUR or bladder extrophy and 
also that clinicians should consider regular uroflow-
metry and PVR assessment in the follow-up and fur-
ther management of children with PUV, urethral stric-
ture ectopic ureterocele, VUR or bladder exstrophy. 
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4.2. Discussion and New Evidence 2016 
No further major evidence arose during last 3 years 
regarding usefulness of UDS in congenital anatomi-
cal anomalies, apart from the general tendency to use 
non-invasive tools as much as possible in conditions 
which are not treated with surgical correction (i.e VUR 
and/or valve patients); while major abnormalities (i.e. 
extrophies or ARM or clocal anomalies) need UDS 
evaluation prior to decide complex corrections. The 
evidence still consists of uncontrolled case series and 
expert opinions although many clinicians now feel its 
usefulness is beyond question. 

4.3. Posterior Urethral Valves 
In the past UDS had been essential to understand 
(functional) obstruction, LUT dysfunction, persistence 
of UI and UUT (and renal) impairement evolution in 
boys with PUV.347 348  

The importance of bladder neck secondary obstruc-
tion remains one of the principal issues,349 which may 
require further intervention on the basis of the UDS 
observation that DO and high maximum voiding de-
trusor pressures decreased consistently after bladder 
neck incision.350  

In a series of UDS after valve ablation, the type of 
bladder function observed, correlates with the time 
elapsed from surgery; DO was the predominant pat-
tern initially,351 but changes are noted in both DO and 
compliance over time.352 353 354 Myogenic failure, in 
conjunction with increasing capacity and poor empty-
ing, are primarily a later phenomenon, and are most 
likely to be secondary to increased urine production 
and decreased frequency of voiding with advancing 
age.355 Despite early valve ablation, a large propor-
tion of boys treated for PUV have gradual detrusor 
'decompensation' and/or secondary bladder neck 
outlet obstruction leading to obstructive voiding and 
finally DU or acontractility.  

The persistence of UUT changes is related to the 
bladder’s unresponsiveness to medical therapy for 
the DO and/or for DU(usually CIC). However, it is 
possible that this condition is secondary to insuffi-
ciently frequent voiding in the face of increased urine 
production. BOO from a secondary hypertrophied 
bladder neck can also occur, requiring further inter-
vention.356 Several studies have shown the predicta-
bility of the development of renal failure based on 
specific detrusor patterns seen on UDS: persistent 
poor compliance, high detrusor pressures, BOO 
and/or chronic failure of the detrusor to adequately 
contract during voiding with increased PVR.357 358 The 
extended use of antenatal diagnosis selected a ‘new 
generation’ of patients with PUV, who undergo proper 
early ablation of obstructing valves allowing normal 
cycling, which helps 'bladder healing'.  

Nowadays, knowing the LUT conditions which are at 
risk for UUT deterioration, it is reasonable to follow 
the patients who underwent neonatal valve ablation 

and aggressive and early bladder training, by non-in-
vasive UDS exams. In a case-control study two age-
matched group of patients were followed by cystom-
etry and pressure-flow study at least every 3 years or 
were monitored annually by non invasive tests from 
age 5: neither the prevalence of LUTD nor late onset 
renal failure differed significantly between the two 
groups.359 In another multivariate analysis study, de-
trusor thickness greater than 1.3 mm was considered 
the only independent risk factor for later impaired 
bladder function.360 Noninvasive UDS seems to be as 
safe and effective as invasive UDS in the long-term 
management of boys with PUV, and invasive UDS 
may be reserved for cases of progressive deteriora-
tion of LUTD or renal function. 

4.4. Bladder Exstrophy  
Once the exstrophied bladder is closed it may be dif-
ficult to manage persistent UI, UUT dilation or VUR. 
Whether and when to further improve continence 
function and whether to perform augmentation cysto-
plasty for a small capacity, poorly compliant bladder 
are challenging issues. In addition, as more children 
undergo complete primary repair of the exstrophic 
bladder in the neonatal period, the most accurate as-
sessment of bladder function is by UDS; compliance 
reduces in up to 50% after surgery.361 362 Studies 
have correlated UI with age related cystometric ca-
pacity, compliance, DO and/or LPP.363 UDS remain 
helpful to evaluate LUT before (and after) further sur-
gical procedures and for research matters. To check 
potential injury to pelvic neurourological anatomy af-
ter complete primary repair of bladder exstrophy, 
needle -EMG was done on 13 children to evaluate the 
external urethral sphincter response to sacral reflex 
stimulation and during voiding, finding normal individ-
ual motor unit action.364 

4.5. Ectopic Ureterocele 
UDS in babies with an ectopic ureterocele had shown 
that several cases had a larger than normal cystomet-
ric capacity and DU,365 but in a multicentre analysis 
of 616 children it was found that LUTD is present only 
in ectopic ureterocele.366 Recently, there is an in-
creasing agreement in favour of conservative man-
agement of paediatric duplex system ureteroceles, by 
mean of simple endoscopic puncture followed by 
close surveillance: VUR can resolve spontaneously in 
a significant number of patients, and bladder function 
should be conserved,367 and even if secondary blad-
der surgery is needed, significant bladder dysfunction 
is rare.368  

4.6. Vesicoureteral Reflux  
It had been shown that VUR may be a secondary 
phenomenon resulting from LUT dysfunction and not 
(only) a primary anatomic abnormality at the 
ureterovesical junction in a significant proportion of 
children.369 370 371 There is evidence that DO may lead 
to VUR in a marginally competent ureterovesical 
junction mechanism.372 373 This DO may be a natural 
phenomenon in the infant bladder, especially in boys, 
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due to the presence of higher voiding pressures374 375 
and/or a learned dysfunction in older children. DO 
tends to resolve with increasing age376 going from an 
immature pattern with high pressure levels in the first 
two years or life, to a high capacity bladder with in-
complete voiding.377 Among UDS parameters, high 
bladder pressure at the onset of VUR was found a 
positive prognostic factor for spontaneous resolution 
of VUR (P .0005), independently of VUR grade.378 
The highest degree of VUR was found associated 
with highest detrusor pressure (P .038) in the group 
with 'urgency syndrome’,379 and no differences in res-
olution rates observed from grades I to V VUR in chil-
dren with LUT conditions, patients with dysfunctional 
voiding having the most improvement and greatest 
(70%) resolution of VUR.380 Another prognostic find-
ing regarding the spontaneous resolution of VUR is 
intravesical volume at the onset of VUR: large cysto-
metric capacity correlated with VUR during filling, 
while VUR at voiding correlated with low cystometric 
capacity, with the first pattern showing a lower reso-
lution rate within the third year of life, in a longitudinal 
study by videocystometry.381 There is ample evidence 
to show that treating the DO and/or voiding dysfunc-
tion leads to a faster rate of resolution of VUR (63-
92% within 1 year)382 383 than treating only with anti-
biotics (25-54%).384 UUT damage is more likely to oc-
cur in children with abnormal LUT function.385 In this 
setting, history taking about voiding habits and accu-
rate non-invasive UDS evaluation become para-
mount. Question remains if cystometry with pressure 
flow studies in older children are advised. In a study 
on 40 patients, VUDS showed LUTD in 76% of the 
children,386 and in a recent prospective study of 147 
children with high grade VUR, normal patterns were 
found in only 23% of them.387 In patients who had 
post-treatment UDS, biofeedback, pelvic floor muscle 
training and treatment with antimuscarinics effectively 
decreased detrusor pressure, increased cystometric 
capacity and maximum flow rate, and reduced the 
grade of VUR.388 It is nowadays reasonable to diag-
nose LUTD by non invasive tests and to consider 
VUDS in therapy resistant patients, paying attention 
to bladder neck dysfunction, which was shown to be 
relevant in a randomized trial.389 Many clinicians ad-
vocate UDS especially for those patients that still 
have UI, renal damage, or who are about to undergo 
surgical correction,390 391 even if precise UDS (pres-
sure flow) criteria for outlet conditions in children are 
still undefined. 

4.7. Urethral Stricture 
Urethral stricture disease in boys is rare, usually aris-
ing from a previously unsuspected straddle injury or 
the late result of hypostadias repair. Uroflowmetry 
can accurately predict the presence of a urethral stric-
ture in 88% of affected males.392 A urethral obstruc-
tion after hypospadias repair may develop asympto-
matic and uroflowmetry can be helpful 393 demon-
strated by significantly different pre- and post-meato-
tomy findings of Qmax (P .001) and voiding times (P 
.03).394 Follow-up uroflowmetry, analysing and com-
plaring the maximum flow rate, voiding times and 

curve pattern may alert the clinician to early signs of 
(re-)stricturing but the precise interval, frequency 
(and efficacy) of periodic uroflowmetry testing in 
these patients have not been corroborated.395  

4.8. Conclusions (Level 3) 

• Many case series have demonstrated frequent 
UDS abnormalities, predominantly DO and re-
duced bladder compliance or large cystometric 
capacity with impaired filling sensation, in chil-
dren with PUV, urethral stricture, ectopic ureter-
ocele, VUR or with bladder exstrophy.  

• Proper UDS has been shown to be of help to de-
termine when further medical or surgical man-
agement is indicated in children with these ab-
normalities. 

• The use of UDS has aided in an objective meas-
urement of success or failure of treatments for 
these abnormalities. 

4.9. Recommendations (Grade C) 

• Clinicians should consider complete UDS of the 
filling and voiding function, at least once, in chil-
dren with PUV, urethral stricture, ectopic ureter-
ocele, VUR or with bladder extrophy. 

• UDS in children should be done with special at-
tention to their specific needs, and with careful 
attention to minimize mental trauma and to en-
sure representativeness as much as possible. 

• Clinicians should consider regular uroflowmetry 
and PVR assessment in the follow-up and further 
management of children with PUV, urethral stric-
ture ectopic ureterocele, VUR or with bladder ex-
strophy. 

• Clinicians should consider the necessity of fol-
low-up UDS on an individual basis and as less 
frequent as possible. 

5. FUNCTIONAL DISORDERS OF THE 
LOWER URINARY TRACT 

5.1. ICI2013 Conclusions and 
Recommendations  

ICI2013 found that various studies had been showing 
that treatment of children with functional UI (and of 
the, frequently associated, bowel elimination prob-
lems) can be initiated on the basis of history, clinical 
exam, bladder diaries, bladder ultrasound and (free) 
uroflowmetry with PVR assessment. Furthermore 
various studies, reviews and guidelines agree on the 
relevance of UDS in children with UI and nocturnal 
enuresis resistant to initial (conservative) treatment. 

The ICI2013 recommended (Grade B) uroflowmetry 
and PVR assessment (until -for the individual child- 
representative values are obtained, if possible) as 
‘non-invasive urodynamic’-screening and evaluation 
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in all children with LUTS, UI and/or with nocturnal en-
uresis resistant to first line therapy. ICI2013 sug-
gested urological signs and symptoms assessment in 
children with chronic constipation and ICI2013 rec-
ommended complete UDS in children with UI and/or 
with nocturnal enuresis resistant to conservative 
treatment, if invasive or clinical (dry-bed training) 
treatments are contemplated. 

5.2. Discussion and New Evidence 2016  
When assessing functional disorders involving the 
LUT in children, one must take into account the dy-
namics of the maturing nervous system, learned hab-
its of elimination for bladder and bowel function and 
social influences  

5.3. Diurnal Incontinence 
UDS (invasive) has a limited place in diurnal (day and 
night) UI. This condition is not considered worrisome 
before age 5 or 6.396 UI in children can have many 
causes, and history and clinical investigation are very 
important in this regard. Therefore, it is imperative to 
formulate a ‘urodynamic question(s)’ following a com-
prehensive history, careful physical examination, and 
standard urological investigations, possibly with the 
aid of validated questionnaires.397 398 399 It is well 
known since several years that UI can also coincide 
with dysfunctional voiding and/or bowel elimination 
problems.400 Treating these bladder and bowel dys-
functions, with behavioural modification, biofeedback 
training, drug therapy, is necessary before consider-
ing UDS. Nowadays, the expression ‘Elimination syn-
drome’ has been substituted by Bowel/Bladder Dys-
function (BBD), to better underline a clinical condition 
involving abnormal habits and dysfunction of both the 
lower urinary and bowel tracts.401 

Uroflowmetry with a PVR urine and simultaneous 
EMG determination are the the tests of choice, and 
results from uroflowmetry should be compared with 
information from the 

patient’s Frequency/Volume Charts. Bladder volume 
may affect uroflowmetry: it was theorized that Qmax is 
physiologically dependent on bladder volume, thus 
researchers are trying to identify other factors that 
may be more important in what determines Qmax.402 
Sonographic estimation of PVR volume should com-
plete the assessment: in children <6 years, a repeti-
tive PVR of >20 ml or >10% cystometric capacity is 
considered elevated; while in children >7 years, re-
petitive PVR >10ml or 6% cystometric capacity is re-
garded as elevated.403 Some (expert and/or single 
centre) evidence is emerging for uroflowmetry + EMG 
evaluation and investigators have looked at the time 
differential between relaxation of the external urethral 
sphincter (as measured by patch perineal electrodes) 
and the opening of the bladder neck on VUDS. This 
parameter (labeled ‘lagtime’) was not corrected for 
meatus to flowmeter distance but was nevertheless 
considered a sign of DO, when prolonged >2 seconds 

and it was suggested that this lag time could also in-
dicate bladder neck dysfunction if the time exceeded 
6 seconds.404 

In all children with non-neurogenic LUTS non-inva-
sive UDS is warranted to determine the presence of 
different forms of LUTD, and to assess bowel dys-
function as well. Bowel dysfunction, in the absence of 
any anatomical or neurological deficit, often affects 
LUT function and contributes to UI in a number of 
ways. Constipation had been shown in the past to be 
associated with DO and a reduced functional bladder 
capacity.405 Understanding and eliminating this pos-
sible aetiology can normalise LUT function, as stated 
by the report from the Standardisation Committee of 
the International Children’s Continence Society406 In 
a recent prospective study from urological and gas-
troenterological clinics in one center, 68% of subjects 
referred with UI, and/or constipation and/or faecal in-
continence and included, had at least a 50% reduc-
tion in number of daytime UI episodes and 27% be-
came completely urine -continent by successful relief 
of bowel (constipation and/or faecal incontinence) 
dysfunction.407 

Persistent daytime and night-time UI, resistant to con-
ventional therapy may require (V)UDS. In several re-
ports over 20 years, different UDS findings had been 
found, with DO (in 57%), dysfunctional voiding (in 
22%)and also normal findings in 14%.408 409 Dysfunc-
tional voiding was also reported associated with DO 
in up to in incidence of 76%.410 411 Many of those stud-
ies use terms that are outdated now and those should 
be replaced (‘transformed’ where possible) with the 
new.412  

Apart from the above mentioned NLUTD , co-morbid-
ities other than bowel dysfunction may be present 
such as psychiatric and psychosocial ones. Several 
recent studies well designed by validated question-
naires, were conducted, including a case-controlled 
one on autism spectrum disorders which showed a 
significant incidence of LUTS, with a total problem 
score of 70% (versus 2% in controls) and concluded 
that screening for UI and, if indicated, treatment of the 
dysfunction(s) is recommended.413 In a study on 68 
children with attention deficit-hyperactivity disorder 
(ADHD), the total dysfunctional voiding score in the 
ADHD symptoms group was significantly higher (P 
.05) than in non-ADHD children.414 Other social and 
behavioral conditions were investigated in children 
referred with sings and symptoms of LUTD, such as 
obesity or underweight;415 bullying (a quarter of Amer-
ican school children are regularly bullied);416 and sex-
ual abuse and found these to have a higher LUTS-
score and/or a higher incidence of UI.417 Regarding 
bullying, UI is more frequent in females and in those 
children with higher bulling scores; physical forms of 
bullying accounted for worse voiding severity 
scores.418 

Greater attention has been recently paid to check the 
prevalence of LUTS and UI in a series of genetic dis-
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orders with cognitive/behavioral or potential neuro-
logical problems, in order to reassure the families and 
to screen the cases which may require treatment. For 
example, in a case-control study, out of 326 children 
with Down’s syndrome, it was found that there is a 
marked delay in toilet training (average 5.5 years), 
and UI was reported in 46% of (versus 24% in con-
trols) previously toilet trained children.419 Children 
with Williams syndrome, which comprises mild intel-
lectual disability, have high rates of daytime UI and 
enuresis, reducing with age: daytime UI decreased 
from 18% in children to 0% in adults, while enuresis 
(45% in children) persisted in 4% of adults.420  

UDS has clearly improved our understanding of the 
aetiology of diurnal UI but no study has shown that 
UDS characterisation of any abnormality has im-
proved the efficiency of treatment for these children. 
In any case, pretreatment UDS is considered to be 
required before invasive treatments in children with 
therapy resistant diurnal UI. Sacral neuromodulation 
has been demonstrated to improve refractory bowel 
bladder dysfunction,421 with more benefit if DO is 
shown on UDS.449 422 

5.4. Enuresis (Nocturnal) 
Night-time wetting (nocturnal enuresis) is a condition 
that is common in children aged 5 years but which 
improves with time, so that less than 15% of pubertal 
boys and 5% of pubertal girls continue to be af-
fected.423 Multiple causes for the persistent wetting 
have been implicated, ranging from genetic factors, 
to maturational delays, sleep disturbances, social 
causes, psychiatric conditions (as attention deficit 
disorders),424 to LUTD and/or abnormal vasopressin 
secretion.425 426  

It is now commonly considered essential to discrimi-
nate Monosymptomatic Nocturnal Enuresis (MNE) 
from Non -Monosymptomatic one (NMNE). According 
to the ICCS definitions, NMNE consists of two differ-
ent disorders: nocturnal enuresis and LUTD identical 
to those with daytime UI except that daytime UI does 
not occur.427 It is generally not necessary to conduct 
UDS until adolescence, to determine why the UI has 
not abated. Non-invasive exams are important for en-
uresis subtyping, relevant for selection of treatment 
modality.428 An abnormal micturition history, or dys-
functional voiding symptoms like squatting and/or ab-
normal voiding charts, predicted abnormal UDS re-
sults correctly, with a sensitivity of 81% and specificity 
of 86%.429 A bladder volume and bladder wall thick-
ness index less than 70 was a predictor for the pres-
ence of DO at cystometry in one cohort.430 A bladder 
capacity at night (enuretic capacity) was significantly 
less in those with nocturnal enuresis versus those 
without.431 A recent study from a series of 720 chil-
dren showed significant differences between MNE 
and NMNE patients as both maximal VV and noctur-
nal urine volume, which were lower (P < 0.001) in 
NMNE patients. Out of 500 patients who were initially 
referred as desmopressin resistant, 33% of these be-

came dry on desmopressin monotherapy, demon-
strating how relevant is the UDS diagnosis of enure-
sis subtyping for selection of treatment.432 On this re-
gard, it was shown that treating the non monosymp-
tomatic child using antimuscarinic agents can be very 
effective (as high as 77% cure) when based on the 
findings of UDS.433 434 

An emerging issue which requires further research, is 
the progression of enuretic children into adulthood. 
Enuretic children were found more likely to have noc-
turia and urinary urgency if they had nocturnal enure-
sis when > 12 years of age.435 In a retrospective case-
control study, 57 women were investigated using a 
validated questionnaire. The results demonstrated 
that the prevalence of LUTS was much higher (mainly 
UI, P .0001) in patients who initially presented for 
LUTS/UI in childhood than in age-matched controls 
(school nurses).436 

5.5. Conclusions (Level 2/3) 

• Various studies show that treatment for children 
with functional UI (and of the, frequently associ-
ated, bowel dysfunction) can be initiated on the 
basis of history, clinical exam, bladder diaries, 
bladder ultrasound and uroflowmetry with PVR 
assessment.  

• Various studies, reviews and guidelines agree on 
the relevance of UDS in children with UI and noc-
turnal enuresis resistant to initial (conservative) 
treatment. 

• There is evidence from epidemiological studies, 
carried out by validated questionnaires, that sev-
eral neurological/cognitive/behavioural disorders 
(i.e. genetical diseases, autism, ADHD) have a 
an association with LUTS and UI. 

• There is evidence that also social and/or behav-
ioural conditions (i.e. obesity, bullying) have a 
significant incidence of high LUTS-score and/or 
UI. 

• The neurological diseases and social conditions 
with potential LUTS and UI should be evaluated 
at least by bladder diaries and questionnaires, 
possibly by non-invasive UDS. 

• The potential risk factor for adult women to have 
UI if they suffered from LUTS as girls may require 
long-term accurate follow-up.  

5.6. Recommendations (Grade B/C) 

• The committee recommends uroflowmetry with 
pelvic floor EMG and PVR assessment as ‘non-
invasive urodynamic’-screening and evaluation 
in all children with LUTS, UI and/or with nocturnal 
enuresis resistant to first line therapy. 

• The committee suggests urological signs and 
symptoms assessment in children with chronic 
constipation and/or fecal incontinence. 
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• The committee recommends complete UDS in 
children with UI and/or with nocturnal enuresis 
resistant to conservative treatment, if invasive or 
clinical (dry-bed training) treatments are contem-
plated. 

5.7. Suggestion for Research 

• The committee suggests that further integrated 
approaches to the diagnosis (and management) 
of children with bowel dysfunction, in combina-
tion with LUTD are undertaken. 

• Longitudinal studies on persistence of LUTS/UI 
in adults are suggested, to be integrated with ret-
rospective studies in adults suffering of UI, in or-
der to evaluate if having LUTS in children is a risk 
factor for UI in adulthood. 

6. TECHNICAL CONCERNS: 
RELIABILITY AND 

REPRODUCIBILITY OF TESTS 

6.1. ICI2013 Conclusions and 
Recommendations  

The ICI2013 concluded (on the basis of various stud-
ies to determine normal and test retest values for 
UDS in children) that, within the limits also provided 
for adults, UDS in children is reliable and reproduci-
ble. Although it is plausible and considered useful to 
reduce filling speed and catheter size in relation to 
patient size, the exact values can not be given and 
the influence of the transurethral catheter size on 
(children’s) voiding is unknown. The ICI2013 con-
cluded that standards for pressure flow analysis in 
children are lacking.  

The ICI2013 recommended (Grade C) that the spe-
cific demands of children, physically, as well as psy-
chologically, be taken into account, before UDS is 
carried out, as well as during the testing. The ICI2013 
advises specialised workers, units and equipment to 
ensure this. The ICI2013 recommended that invasive 
diagnostic tests should be done if indicated by the re-
sults of non-invasive procedures and should be done 
only when the outcome will or can alter management 
and recommended that clinicians take into account 
the variability and test retest differences of UDS in 
children and also take into account the effect of the 
(apparent psychologically stressing) laboratory-situa-
tion on the child’s behaviour, and the implications for 
the results of the tests. 

6.2. Discussion and New Evidence 2016 
Often, differences in UDS parameters exist from one 
study to another. In pediatric patients there is concern 
that the reliability of measurements could be influ-
enced by development effects and measurement var-
iability, as well as by the unfamiliar clinical environ-
ment. A recent study, comparing (conventional) UDS 
with Ambulatory UDS: even if flow rates were similar 

between methods, more diverse voiding patterns 
were identified in AU, suggesting that UDS may not 
be sensitive enough to the variability of LUT patho-
physiology in children.437 ‘Functional' bladder capac-
ity (as derived from the voiding diary, without the first 
void in the morning) is presented as a relevant pa-
rameter for the clinician in the ICCS definitions.438 
Confirmed by the subsequent ICCS revised docu-
ment.439 

In the UK health care system a minimum number of 
tests is considered of relevance for the maintenance 
of sufficient expertise which is also specified for the 
number of children (30 /annum) to ensure quality.78 

Following the above clinical assessment by diaries - 
as underlined in the paragraph ‘Diurnal Incontinence 
- efforts have been done in the recent years to better 
standardize non-invasive tests. Uroflowmetry, which 
is the indispensable first-line test for children with sus-
pected LUT dysfunction, must be accompanied by ul-
trasound PVR measurement. Uroflowmetry should be 
evaluated according to precise criteria and may be 
performed in conjunction with pelvic floor EMG. More 
accurate nomograms were recently stated for 
uroflowmetry analyzing, 721 records,440 and for PVR, 
analyzing (single and dual) PVR in healthy school 
children.441 Unfortunately, there is still a tremendous 
amount of intra- and interobserver variation in defin-
ing the shape of curves, but studies are showing how 
uroflowmetry-analysis can be more reproducible us-
ing standardized evaluation and using a ‘flow in-
dex’.442 Uroflowmetry may be also more reliable if 
performed with simultaneous EMG;443 444 445 inter-
rater agreement in a study on 84 uroflow-EMG stud-
ies was suboptimal and disagreement may be low-
ered by simplifying diagnostic criteria and allowing 
assignment of multiple diagnoses.446 Ultrasound 
bladder wall thickness measurement is gaining inter-
est: in a prospective study on 324 children; healthy 
and dysfunctional voiders, a good sensitivity (based 
on anterior wall thickness: 67% and based on poste-
rior wall thickness 83%) for symptoms of dysfunc-
tional voiding was obtained.447 Another study in chil-
dren with BOO (PUV), found detrusor thickness 
greater than 1.3 mm in a multivariate analysis as the 
only independent risk factor (P .004) for later impaired 
bladder function.448 Dynamic pelvic floor ultrasound is 
under evaluation for normative values of endurance 
and direction of pelvic floor movements.449 A cut-off 
diagnosis for specific non-neurogenic dysfunction for 
any of the non-invasive tools would be desirable. 

Invasive UDS are considered to be indicated when 
non-invasive investigation raises suspicion of neuro-
genic detrusor-sphincter dysfunction (occult spinal 
dysraphism), obstruction (i.e., PUV), genitourinary 
abnormalities (i.e., exstrophy, epispadias), profound 
non-neuropathic detrusor-sphincter dysfunction (chil-
dren with dilating VUR and recurrent febrile UTI), or 
significant PVR of unknown cause.450 To assess the 
voiding phase, pressure flow studies are performed 
immediately after filling cystometry. In children, the 
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transition from filling to voiding is not as easily man-
aged as in adults. To avoid missing this important 
transition, cystometry and pressure-flow/EMG meas-
urements should preferably be performed as one 
continuous study. Available reports on detrusor pres-
sure during voiding in symptom free children is re-
ported to give a wide range, that is between ± 50-60 
cmH2O in one study.451 In infants the average detru-
sor pressure at voiding was reported another study to 
be 127cmH2O in boys and 72 cmH2O in girls on 
standard fill cystometry,452 similar to what found in an-
other study by natural fill cystometry.453 

When filling by catheter, slow fill cystometry (5–10 
percent of estimate bladder capacity per minute, or 
<10 ml/min) is recommended, as compliance (pre-
dominantly) and DO (possibly) may be significantly 
altered by faster rates of filling.454 455 456 In infants, 
temperature of the infusate may influence cystometric 
capacity and DO; however, its clinical relevance re-
mains unknown.457 Most children readily tolerate a 6- 
or 7- Fr. double lumen transurethral catheter to fill the 
bladder and record pressure. In selected cases, a su-
prapubic catheter may be inserted under general an-
esthesia the previous day or several hours earlier on 
the same day, but risks need to be juxtaposed against 
benefits of this approach.458 It has been postulated 
that transurethral catheters (6 or 7 Fr.) do not signifi-
cantly obstruct the urethra.459  

Avoiding general anesthesia is important as this af-
fects the natural state and eliminates the chance for 
voiding.460 Most children can undergo UDS without 
pre-medication; only the most agitated may require 
some degree of sedation.461 To reduce anxiety, the 
study may also be performed with the child seated, 
watching a video or DVD and accompanied by one or 
both parents. Following previous consultation recom-
mendation,462 463 464 the ICCS standardiation on UDS 
studies of the LUT in children confirmed that UDS in 
children are best performed under the auspices of a 
knowledgeable urologist or trained urodynamacists; 
so that children should receive comprehensive UDS 
in a laboratory that is specialised in paediatric UDS 
with appropriately trained personnel.465 466 

6.3. Conclusions (Level 3) 

• The committee concludes (on the basis of vari-
ous studies to determine normal and test retest 
values for UDS in children) that within the limits 
also provided for adults, UDS in children is relia-
ble and reproducible. 

• Non-invasive tests are gradually achieving more 
evidence level, by constructing normative values 
and more standardized performing of the tests  

• Although it is plausible and considered useful to 
reduce filling speed and catheter size in relation 
to patient size, the exact values cannot be given 
and the influence of the transurethral catheter 
size on voiding is unknown in children. 

• The committee concludes that standards for 
pressure flow analysis, and information on non-
invasive PFS in children are lacking.  

6.4. Recommendations (Grade C) 

• The committee recommends that the specific de-
mands of children, physically as well as psycho-
logically are taken into account, before UDS is 
carried out as well as during the testing. The 
committee advises specialised workers, units 
and equipment to ensure this. 

• The committee recommends that non-invasive 
diagnostic tests should be preferred, and inva-
sive ones should be done only if indicated by the 
results of non-invasive procedures, in neuro-
genic lesions to discover risk conditions, and 
when the outcome will or can alter management. 

• The committee recommends that clinicians take 
into account the variability and test-retest differ-
ences of UDS in children and also take into ac-
count the effect of the (apparent psychologically 
stressing) laboratory-situation on the child’s be-
haviour, and the implications for the results of the 
tests. 

6.5. Suggestion for research 

• The committee suggests to elaborate on stand-
ardisation of UDS evaluations and on criteria to 
judge how the 'laboratory' circumstances have 
influenced the child's (LUT) behaviour, with the 
aim to better include how well UDS have repre-
sented the actual LUTD, in the evaluation of the 
test. 

• The committee suggest to verify if, how and 
when non-invasive tests can substitute UDS in 
the accuracy of diagnosis of functional LUTD in 
children.  

 PATIENT EVALUATION: FRAIL 
ELDERLY 

1. INTRODUCTION 

1.1. 2013 Recommendations and 
Conclusions 

ICI2013 concluded that UI in the frail elderly com-
monly has diverse and multiple coexisting factors. 
Retrospective (‘clinical cohort’) single centre reports 
confirm that general health, mobility neurologic dis-
eases, medications and ‘direct’ effect of aging on the 
LUT all have effect on LUT function. Also in the frail 
elderly, symptoms and signs are unreliable to predict 
LUT (UDS) dysfunction. The committee concluded 
that bedside UDS (one channel cystometry) has in-
herent unreliability and no evidence exists to quantify 
the risks (of false positive diagnosis) versus the ad-
vantages (‘simplicity’). The committee concluded also 
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that determination of PVR is considered relevant in all 
frail elderly with LUT dysfunction on the basis of ex-
pert opinion and good clinical practice -guidelines. 

The 2013 committee recommended that frail elderly, 
with UI, are evaluated by a clinician skilled in the care 
of those patients and that all contributing factors are 
managed, before further urological diagnostics are 
started. The committee recommended also that 
(standard) UDS should be offered to all elderly re-
gardless of the comorbidity (not responding to rele-
vant management) if specific further treatment is 
deemed appropriate (possible). 

1.2. New Evidence 2016 
Also in the elderly UI is associated negatively with 
HRQoL and with similar impact in both men and 
women, mostly noticed in the dimensions of energy, 
social isolation, and physical mobility.467 OAB-S is 
common in older adults and associated with impair-
ment in mental health and HR-QoL, but rates of treat-
ment seeking behavior are low.468 OAB-S and UUI 
symptoms severity progress dynamically and are also 
sustained over time, although in a 5 years period also 
symptoms reduction may be observed.469 Elderly pa-
tients with OAB-S and DU might also develop a large 
PVR volume after antimuscarinic treatment.470 The 
role of urothelium is, also in the elderly, considered of 
relevance in the pathophysiology of LUTD471 and uri-
nary inflammatory proteins have generated some at-
tention.472 The frail elderly are reported to have a 
higher risk of developing DO and/or DU.473 UDS find-
ings in the (frail) elderly tend to demonstrate DO,474 
475 even in individuals that do not spontaneously re-
port symptoms or bother. There may also be a reduc-
tion in cystometric capacity, urinary flow rate and de-
trusor contractility.476 The invasive nature of conven-
tional UDS becomes a relatively more important fac-
tor in the old or frail elderly, who may be more vulner-
able to any intervention than younger people. There 
was a significant association between age and the 
presence of asymptomatic bacteriuria before cystom-
etry and between the bacteriuria and urinary urgency 
(without DO) on cystometry.477 Elderly patients with 
DU may have large bladder volume, but small VV and 
large PVR volume, suggesting diminished central 
sensitivity to volume afferent activity in the aged blad-
der.478 In patients with DM, the PVR volume was sig-
nificantly increased, in addition to OAB-S in the el-
derly.479 

Some recent reviews have summarized medication 
use, especially polypharmacy and the effect on the 
lower uinary tract. Contrary to, or before adding an-
other medicine (or management) in a frail elderly per-
son with LUTS or LUTD, it might be wise to consider 
reducing other medication to ameliorate medicine 
(side effect) associated -LUTD and symptoms.480 481 
482 

UDS is reserved for patients in whom conservative 
management and medical management, directly or 
indirectly aimed at LUT-function improvement, has 
failed or has proved inadequate, and in whom more 

intensive or invasive therapy is being considered. The 
place of UDS in the frail elderly with UI is less pre-
cisely established. There is very little objective evi-
dence for or against clinical UDS in this population 
group. UDS should be performed in the workup of vul-
nerable elders when surgical intervention is consid-
ered according to the guideline of American geriat-
rics.483 

• As UI in frail elderly people may be the result of 
a number of contributory factors, many of which 
are reversible by simple measures, such patients 
should be first evaluated by a clinician skilled in 
the care of older people before any invasive in-
vestigations or more potentially harmful medica-
tions are given.  

• There is direct and indirect evidence that UI in 
the (frail) elderly often has diverse and/or multi-
ple coexisting factors. 

• Apart from general health, mobility, neurological 
diseases and medications, the LUT is directly af-
fected by aging of the detrusor, and the detrusor 
muscle function can be(come) both overactive 
during storage as well as underactive during 
voiding. Furthermore growth of the prostate; ag-
ing of the bladder outlet and decline in striated 
pelvic floor muscle function are commonly of rel-
evance. 

• In common with all patients, but maybe even 
more relevant; symptoms are not synonymous 
with the abnormalities that can be measured with 
UDS. 

• Every test or (invasive) procedure can cause 
harm in the (vulnerable) elderly but there is no 
published evidence that UDS cause significantly 
more harm in the elderly. 

• Simple bedside UDS has an inherent unreliabil-
ity, and it is unclear whether the risk of misdiag-
nosis outweighs the ‘simplicity’ over conventional 
UDS. 

• Especially, but not exclusively, male elderly pa-
tients, with central neurological disease, can 
have urologic disease (e.g. prostatic BOO) as a 
cause for UI or other LUTD. 

1.3. Recommendations (Grade B-C)  

• PVR measurement by a non-invasive method is 
recommended before institution of pharmacolog-
ical or surgical treatment ofUI. It should be re-
peated to monitor the effect of such treatment. 
Uroflowmetry should be used to screen for void-
ing abnormalities prior to invasive treatment in 
the elderly. 

• Simple cystometry can be considered as a 
‘screening test’ for non- invasive, or other low risk 
treatments, when a urethral or suprapubic cath-
eter is already present for management.  
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• The committee recommends offering compre-
hensive UDS to all elderly, with due considera-
tion to any co-morbidity, that may have not re-
sponded to management of relevant contributing 
factors, and/or behavioural or pharmacological 
therapy, and in whom further invasive therapy is 
considered. 

• Frail elderly patients are more vulnerable to com-
plications and UDS -data specific for the treat-
ment of OAB-S in the frail elderly is limited.  

1.4. Urinary Urgency Incontinence in Frail 
Elderly Patients 

1.4.1 Recommendations 2013  
In non-systematic reviews on pharmacotherapy UDS 
do not play an important role to initiate treatment for 
OAB-S in the frail elderly.484 485 486 Among the frail el-
derly, UI is the paramount troublesome symptom, in 
both men and women, with a steeply rising incidence 
after age 80.487 The type of UI appears to be predom-
inantly UUI.  

The symptoms of UUI are, also, or especially, in el-
derly women, frequently the result of DO, which can 
be shown with filling cystometry. The reason to per-
form UDS might therefore be to confirm this abnor-
mality but identification of coexisting or alternative ab-
normalities may be of importance. Two industry sup-
ported reviews have found a paucity of specific evi-
dence for the risks and efficacy of pharmacotherapy 
for DO or OAB-S in the frail elderly but have also not 
found that pharmacotherapy or conservative (behav-
ioural) management is very risky in these patients. 486 

488 Reduced bladder sensation or ‘awareness’ in the 
frail elderly may lead to reduced warning (time) of im-
pending leakage, and it is postulated that a (cogni-
tive/cerebral) neurological cause may be co-existing 
and responsible for LUT symptoms in the elderly.489 
490  

In symptomatic elderly people, UUI frequently coex-
ists with incomplete bladder emptying. Incomplete 
emptying may be a sign of impaired bladder contrac-
tility, now termed by the ICS as detrusor underactiv-
ity. The UDS abnormality underlying UUI with incom-
plete emptying (assuming no BOO) has been intro-
duced some decennia ago as ‘DHIC (detrusor hyper-
activity with impaired contractile function)’ .491 Its sig-
nificance is that the standard pharmacological treat-
ment of UUI – with antimuscarinics – may affect blad-
der emptying thus reducing the effect on symptoms 
of frequent voiding, by increasing PVR. In frail elderly 
women, DO is reported to be the commonest UDS 
diagnosis in a large retrospective series of referred 
elderly women.492  

With regard to male elderly patients, a total of 185 
men who had persistent LUTS after TURP were eval-
uated with VUDS in one single center study. A normal 
VUDS tracing was found in 9%, pure DO in 10%, DU 
in 19%, DHIC in 14%, poor relaxation of the urethral 
sphincter in 19%, and recurrent or remaining BOO in 

28%.493 A significant proportion of patients might de-
velop (transient) de novo UUI after photoselective va-
porization of the prostate. Pretreatment UDS demon-
strated that small bladder volume at first desire to void 
and small maximal cystometric capacity are predic-
tive factors for this.494 Older age was, apart from UDS 
predictors also a risk factor for posttreatment UUI in 
this study but transurethral laser treatment is not con-
sidered extremely risky in the very old in another eval-
uation.495 A lower long-term success rate and an in-
creased risk of large PVR after intradetrusor BoNT-A 
injection for refractory idiopathic DO has however 
been noted in frail elderly patients although safety 
and short time efficacy were similar between elderly 
patients without frailty and younger patients.496 

1.4.2 Conclusions 

• No evidence exists that age by itself or frailty are 
contraindication to UDS and guidelines recom-
mend UDS for the elderly following the principles 
similar to the younger; in general UDS is re-
served for patients in whom non-invasive diag-
nosis and conservative and/or medical manage-
ment have failed and in whom more intensive or 
invasive therapy is being considered. 

• DO, DU and/or reduced filling sensation may co-
exist also in elderly or frail patients with UI. In ad-
dition, elderly men (and lesser prevalent, 
women) may have BOO.  

• It has been shown that voiding efficiency and 
PVR should carefully be monitored in the elderly 
patients and especially in frail elderly men during 
treatment with antimuscarinics as well as with in-
tradetrusor BoNT-A injection. 

1.5. Stress Urinary Incontinence in Frail 
Male Elderly Patients 

Among older men, SUI is almost entirely confined to 
RRP patients. Approximately 1% of patients who 
have undergone TURP or laser TURP suffer from 
post RPP UI.497 498 The majority of SUI after RRP is 
caused by urethral sphincter damage during opera-
tion the effect of exercise programs was not observa-
ble in urethral pressure profile measurements.499 
UDS in post RPP UI showed no significant change in 
filling or voiding parameters when suburethral 'male'-
slings were implanted.500 Sequential UDS evaluation 
of patients with post RRP UI revealed urethral sphinc-
ter and bladder function worsen immediately after 
RRP and recover over time.501 The urinary conti-
nence rates were gradually improved to a satisfactory 
level in more than 80% of patients by 12 months after 
RRP.502 In addition to a lower MUCP, a reduced blad-
der compliance, de novo DO, and DU are commonly 
observed in patients with post RRP UI.503 504 How-
ever, DU did not affect UDS parameters and LUTS 
improvement after RRP.528  

1.6. Conclusions 

• UI in elderly men may be the consequence of in-
effective emptying and BOO. 
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• UI in elderly is however also frequently iatro-
genic; caused by RRP or transurethral resection 
of the prostate. 

• UI after prostate surgery may recover spontane-
ously and/or with conservative management 
within a period of 12 months in the predominance 
of men. 

• Patients with post RPP UI might have a low 
MUCP, a reduced bladder compliance, de novo 
DO, or DU, and UDS may have an important role 
in identifying the bladder and urethral dysfunc-
tion in patients with prolonged post RPP UI in or-
der to establish appropriate treatment strategy. 

• UDS may have a role in identifying the bladder 
and urethral dysfunction in patients with pro-
longed post RPP UI in order to establish appro-
priate treatment strategy. 

• There is paucity of evidence about reproducibility 
and reliability of UDS in the elderly. 

2. TESTS IN THE GERIATRIC OR 
FRAIL ELDERLY POPULATION 

2.1. Filling Cystometry 
In a prospective 3 arm study with oxybutynin, biofeed-
back-assisted behavioural training and a placebo 
control condition in women with a mean age of 67 
years, UDS parameters (filling sensation, cystometric 
capacity and voided volumes) improved in all. The im-
provement in UI was however related to the UDS 
changes observed in this small series, probably be-
cause of diverse UDS diagnoses at inclusion, as well 
as a consequence of the variability of the UDS out-
come.505  

2.2. Post-Void Residual Urine 
PVR is believed to depend on the presence of BOO 
as well as to relate to DU.506 Thus, in a man, the pres-
ence of substantial PVR (> 100 mL), in the absence 
of a large prostate, and/or severe BOO, may suggest 
that the increased PVR is mainly due to a reduction 
in detrusor contractility.507 PVR volume varies in a 
given individual and can wax and wane over time. 
Significant daily variations have been observed in el-
derly patients of both sexes, with larger PVRs (up to 
40% greater) being measured in the early morning.508 
Elderly patients with DU may have small VV and large 
PVR volume, suggesting diminished central sensitiv-
ity to volume afferent activity in the aged bladder.509 
In patients with diabetes mellitus, the PVR volume 
was significantly increased, which might increase the 
distress of voiding dysfunction, in addition to OAB-S 
in the elderly.510 

2.3. Pressure-Flow Studies 
Driving a contraction to its maximum load (and zero 
contraction velocity) is a manner to evaluate muscle 
force, and stop-flow test is the practical way to do this. 

Voluntary stop test are not clinically validated to eval-
uate DU, but occlusion stop tests can be of relevance 
to evaluate the effect of treatments that affect detru-
sor voiding contraction in the elderly.511  

3. EVIDENCE THAT PERFORMING 
URODYNAMIC STUDIES IMPROVES 

CLINICAL OUTCOMES IN THE 
GERIATRIC POPULATION 

Pre-operative UDS was not able to predict the out-
come of a popular SUI procedure in older women in 
this single centre uncontrolled cohort.512 Regarding 
the diagnostic evaluation of LUTS in older men, an 
International Consultation on New Development in 
Prostate Cancer and Prostate Diseases concluded 
that the frequency volume chart is recommended 
when nocturia is a bothersome symptom to exclude 
nocturnal polyuria. The use of UDS and transrectal 
ultrasound can be limited to situations in which the 
results are likely to benefit the patient such as in se-
lection for surgery.513 DO or LUTD with or without 
BOO are present in patients with Parkinson’s dis-
ease. UDS is recommended for men with Parkinson’s 
disease with symptoms of LUTD since early and ef-
fective treatment can improve the bladder function 
and quality of life.514  

The therapeutic efficacy and tolerability of a beta 3 
adreno antagonist (mirabegron) were similar between 
patients with >65 and >75 years of age with OAB-S 
(with and without UI); UDS evaluation was not per-
formed In this study.515 In a randomized trial for men 
with LUTS and BOO, mirabegron was demonstrated 
not to adversely affect voiding UDS (maximum uri-
nary flow and detrusor pressure at maximum urinary 
flow) compared with placebo after 12 weeks of treat-
ment.516 

4. THE PRACTICAL INDICATIONS 
FOR URODYNAMIC STUDIES AND 

WHICH TESTS ARE NEEDED 

4.1. Post-Void Residual Urine 
In the elderly, PVR urine measurement is indicated 
before treatment of UI either with anticholinergic med-
ication or by SUI surgery. A consistently large PVR 
certainly is a reason for caution, and careful monitor-
ing of bladder emptying is needed.517 After intradetru-
sor BoNT-A injection for OAB-S, large PVR volume 
(greater than 150 ml) after BoNT-A injection was sig-
nificantly higher in the frail elderly group than in the 
non-frail elderly or younger patient groups (61% ver-
sus 40% and 36%, respectively, (P .018).518 PVR 
monitoring was considered to be relevant after intra-
detrusor BoNT-A injections in the frail elderly. 
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4.2. Uroflowmetry 
Uroflowmetry is a simple and non-invasive test. A nor-
mal uroflowmetry pattern without much PVR probably 
rules out significant BOO or DU, but this finding is un-
usual in the elderly. Uroflowmetry (with PVR meas-
urement) may be a useful screening tool prior to insti-
tuting therapy. However, in a retrospective study of 
hundred women tested, the first free flow was incon-
clusive in 44% but was interpretable in 91% on the 
second free flow.519 

4.3. Pressure-Flow Studies 
There is weak evidence to suggest that prostatec-
tomy may improve the continence if UDS shows ‘se-
vere’ BOO in Parkinson’s disease patients.520 If BOO 
is equivocal or absent, then there is little point in per-
forming surgery in an attempt to alleviate the signs 
and LUTS (presumed to be) ‘related to BOO’. After 
screening with uroflowmetry and PVR measurement, 
pressure-flow studies may be indicated in older men 
in whom BOO cannot be ruled out otherwise and sur-
gery is at least contemplated. 

4.4. Recommendations (Grade C) 

• PVR measurement by a non-invasive method is 
recommended before institution of pharmacolog-
ical or surgical treatment of UI. It should be re-
peated to monitor the effect of such treatment. 

• Uroflowmetry should used to screen for voiding 
abnormalities prior to invasive treatment in the 
elderly. 

• Filling cystometry, as a single investigation, has 
limited value in this patient population. 'Simple 
cystometry' is not recommended. 

• Simple cystometry can be considered as a 
‘screening test’ for non- invasive, or other low risk 
treatments, when a urethral or suprapubic cath-
eter is already present for management. How-
ever, the low specificity and sensitivity towards 
complete UDS diagnosis must be taken into ac-
count. 

• The ICI2013 recommended offering comprehen-
sive UDS to all elderly, with due consideration of 
any co morbidity, that have not responded to 
management of relevant contributing factors, 
and/or behavioural or pharmacological therapy, 
and in whom further invasive therapy is consid-
ered. 

• The ICI2013 recommended that comprehensive 
UDS be performed in centres with a special in-
terest in UI in the frail elderly, by trained and cer-
tified staff who frequently perform UDS of pa-
tients referred with suspected LUTD. 

• To maintain adequate expertise in this difficult-
to-examine patient population and to provide a 
background of ‘regular’ patients against whom 
specific patients can be judged , it is essential 

that centres examine substantial numbers of pa-
tients for LUTD; frail elderly as well as ‘routine’ 
patients. 

5. THE URODYNAMIC PARAMETERS 
IMPORTANT IN VARIOUS GERIATRIC 

CONDITIONS 

UDS can be of relevance to determine the most im-
portant cause of the LUTS in the elderly, where cen-
tral nervous system disease is a frequently occurring 
comorbidity and where clinical signs and symptoms 
of LUTD are regularly more difficult to obtain or to iso-
late. Brain disorders such as stroke, Parkinson’s dis-
ease and white matter disease may decrease the tol-
erance of bladder filling and also increase the preva-
lence of OAB-S in the elderly population.521 522 In a 
community health survey, 31% of patients with cen-
tral nervous system disease reported OAB-S, and the 
overall prevalence of neurogenicOAB-S was 1%. Pa-
tients with neurogenicOAB-S have a poorer HR-QoL 
compared to patients with idepathic OAB-S.523 The 
pathogenesis ofOAB-S in cerebral events involves 
not only sensory perception but also the impairment 
of detrusor (voiding) contractility. Patients with a cer-
ebrovascular accident or Parkinson’s disease have 
DO and inadequate contractility or DU resulting in in-
creased PVR volumes.524  

5.1. Parkinson’s Disease 
DO associated with Parkinson's disease is reported 
to occur at smaller bladder volumes than DO in BOO-
related DO. The duration and severity of Parkinson's 
disease were reported not be related to the UDS re-
sults. Patients with Parkinson’s disease have a higher 
risk of falls and falls, but not the frequency of urination 
were associated with urinary urgency in a prospective 
observational study.525  

DO or LUTD, with or without BOO, are present in pa-
tients with Parkinson’s disease. UDS is recom-
mended in men with Parkinson’s disease with LUTD. 
Early and effective treatment can improve theLUT 
function and quality of life.526 Another group found 
that the majority of patients with Parkinson’s disease 
(72%) or multiple system atrophy (100%) had symp-
toms of LUTD. DO was more common in Parkinson’s 
disease and DSD was reported to be specific for mul-
tiple system atrophy in this cohort. BOO (pressure 
flow BOOI> 40) was more common in Parkinson’s 
disease than in multiple system atrophy. DU was less 
common in Parkinson’s disease than in multiple sys-
tem atrophy and PVR (> 100 mL) was only present in 
(47%) patients with multiple system atrophy.527 By 
correlating the LUTD and motor function impairment 
in patients with Parkinson’s disease, detrusor weak-
ness was found relevant to motor impairment, and 
OAB-S were found relevant to (disease specific) qual-
ity of life.528  



 

 
PATIENT EVALUATION: FRAIL ELDERLY  643 

 

5.2. Other CNS Disorders 
Acute urinary retention and/or voiding difficulty are 
frequently encountered signs of LUTD in stroke pa-
tients. The majority of stroke patients (±60%) had re-
mained able to void spontaneously at –rehabilitiation- 
admission. During rehabilitaiton this percentage in-
creased, partially because UDS had provided the ar-
guments to remove the indwelling catheter. At dis-
charge ±20% of the patients depended on intermittent 
or indwelling catheter or on condom conduit.529  

The most common type of UI in patients with Alz-
heimer’s disease is UUI. In a cohort of 144 Alz-
heimer’s disease patients with UI, DO was found in 
58% of patients on UDS. The presence of DO could 
be predicted using Clinical Dementia Rating and 
Barthel’s Activity of Daily Living Score.530  

Patients with central nervous system lesion and OAB-
S might also have DU. One recent study of 100U 
BoNT-A injected to the detrusor, including the trigone, 
in 20 patients with Parkinson’s disease with PVR 
<50% on free flowmetry, demonstrated a small reduc-
tion of voiding frequency, a reduction of voided vol-
ume and some increase of PVR, however without the 
need for CIC.531 The efficacy and safety of intradetru-
sor 100U BoNT-A treatment was also evauated in 40 
elderly patients with chronic LUTD after cerebrovas-
cular accident or Parkinson’s disease and/or demen-
tia. Intradetrusor BoNT-A injections reduced OAB-S 
and UUI. The treatment resulted in UDS cystometric 
capacity increase, with modest change in pressure 
flow parameters and some increase of PVR, but with-
out the occurrence of urinary retention. An increased 
need to strain- void was noted in the (23) patients with 
LUTD after cerebrovascular accident. The long-term 
effects had been comparable to a retrospectively as-
sessed cohort of patients with OAB-S managed with 
‘standard’ treatment in the same clinics. Nonetheless 
the authors of this study stress the need for careful 
evaluation before choosing intradetrusor BoNT-A in-
jections for this very vulnerable population.532 

5.3. Topics for research 

• Establishment of the reproducibility and reliability 
of UDS specific for the frail elderly. 

• Further investigation of the associations between 
clinically observed LUTD and UDS assessed 
DO; DU and/or PVR in the frail elderly. 
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 INTRODUCTION 

The Committee was given the task of updating the 
evidence on imaging, neurophysiological testing and 
other tests in the field of urinary and anal inconti-
nence. The Medline, Embase and Cochrane data-
bases were searched for the relevant subjects from 
February 2012 to January 2016. All references ob-
tained from the database search were screened for 
relevance, full text papers were obtained and refer-
ence list were used as additional source of evidence 
where appropriate. 

The chapter covers different issues including: imag-
ing, neurophysiological testing, and other investiga-
tions (laboratory tests, tissue analysis and pad test) 
in the paediatric and adult population, male and fe-
male subjects, neurogenic and non-neurogenic pa-
tients.  

The following keywords were used for the difference 
subjects: 

• Imaging: the Medline database was searched 
using the following keywords: imaging, urinary 
incontinence, continence, anal incontinence and 
faecal incontinence; the search has been limited 
to period from 2012 to 2016.  

• Neurophysiology: clinical neurophysiology, con-
ventional urodynamics, neurourology, urinary 
dysfunction.  

• Other investigations: keywords including urinary 
incontinence, continence, pad test, urinalysis, 
urine culture, cystoscopy and tissue analysis 
were used.  

Members of the committee were allocated the differ-
ent topics of the chapter based on their specific ex-
pertise in the field. The first draft of the chapter was 
reviewed by all committee members, the final draft 
was then edited first by the Committee Chair and then 
by the book Editors.  

Diagnostic techniques were evaulated with reference 
to the technique and its standardisation, intraob-
server and interobserver variability, diagnostic accu-
racy, cost/benefit ratio and clinical benefit. The level 
of evidence was graded taking into consideration that 
imaging, neurophysiological testing and the other 
tests pertain to the area of “diagnosis” and the quality 
of the published papers was graded according to the 
criteria specific for this area. Areas of future research 
were identified.  

Notwithstanding the large body of evidence, research 
on imaging in anal and urinary incontinence, its clini-
cal benefit remains questionable. Test-retest, intraob-
server and interobserver accuracy are often provided 
for diagnostic tests although diagnostic accuracy is 
difficult to evaluate due to a lack of a gold standard. 
When ultrasound is used to measure bladder volume, 
catheterisation can be used as a reference standard 
and accuracy can be easily calculated but when 

sphincter volume is calculated with ultrasonography, 
there is no solid reference standard except another 
imaging technique (e.g.: MRI) or the validity of an im-
aging measurement is tested against another weak 
test such as Valsalva Leak Point pressure or the max-
imum urethral closure pressure. Imaging can either 
be performed to better understand the pathophysiol-
ogy of incontinence and pelvic organ prolapse and it 
may be of importance, although no immediate clinical 
benefit is evident (e.g.: calculation of sphincter vol-
ume with ultrasound). It can be performed as a diag-
nostic test in patients undergoing surgery so that 
quantification of the clinical benefit requires complex 
clinical trials (e.g.: MRI of pelvic organ prolapse in pa-
tient undergoing prolapse repair) in which different 
reference standards can be used (e.g.: physical ex-
amination or anatomic finding during surgery). Alt-
hough imaging can sometimes offer a better under-
standing of the anatomy underlying the condition 
(e.g.: presence of an enterocele) the clinical benefit 
of this additional information may not be observed in 
all patients. 

Although imaging is clearly a difficult area for re-
search, the consensus regarding introduction of a di-
agnostic test into our daily practise must rely on the 
evidence of clinical benefit in terms of safety, out-
come or cost-benefit ratio. 

Imaging studies belong to the area of diagnostic stud-
ies, they should follow the suggestions of the STARD 
initiative and they differ substantially from other types 
of clinical trials (1). The aim of clinical studies of diag-
nostic tests should be to provide information regard-
ing the diagnostic accuracy of the proposed test alt-
hough, this is not always possible.  

A few considerations regarding the levels of evidence 
in imaging studies may be instrumental in reading this 
chapter and are summarised herewith. 

Imaging of parameters with known prognostic value 
(e.g. PVR) 

• The first issue is to prove that imaging studies 
image what they are supposed to image. Alt-
hough the issue may be trivial in case of PVR 
imaging or anal sphincter imaging, the issue is 
relevant in other areas (eg: enterocele imaging) 
and should be approached by using imaging in 
cadavers or other approaches such as intraoper-
ative confirmation of the observed condition as a 
gold standard. 

• When the imaging is quantitative, accuracy ver-
sus a quantitative gold standard technique 
should be provided. When the imaging is qualita-
tive (e.g. presence or absence of vaginal vault 
prolapse) the diagnostic value should be pro-
vided (sensitivity, specificity, positive and nega-
tive predictive value, accuracy, interrater and in-
trarater variablity).  

• Once validity has been proven, one can assume 
that the predictive value of the imaging study is 
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equal to that observed for the parameter meas-
ured with the gold standard. The same applies to 
its value for patient management. 

Imaging of parameters with unknown prognostic 
value (e.g. MRI of the pelvic floor) 

• When the imaging is qualitative (eg: intact versus 
damaged levator ani), once validity is proven, the 
diagnostic value should be investigated provid-
ing sensitivity, specificity, positive and negative 
predictive value, accuracy, interrater and in-
trarater variability in cadavers or patients under-
going surgery. 

• Once validity is proved, the prognostic value for 
patient management should be investigated.  

• Confirmation of the proposed imaging study by 
independent groups is required ideally for both 
validity and prognostic value or at least for the 
latter parameter (we can assume that confirma-
tion of the prognostic value is obtained, validity 
of the imaging technique can be inferred). 

 IMAGING IN URINARY 
INCONTINENCE AND PELVIC 

FLOOR DYSFUNCTION 

This is a broad area that often requires a 
multiprofessional and muldisciplinary approach. The 
patient population is heterogenous including children, 
female and male subjects suffering congenital 
malformation of the genital and urinary tract, 
neurogenic disorders, iatrogenic conditions and 
traumatic lesions. Clinical guidelines always refer to 
the so called “standard patient” but the majority of 
subjects referred to secondary and tertiary referral 
centres cannot be defined as such and their 
management sometimes requires deviation from 
guideline recommendations. The large variability and 
the uniqueness of the observed cases may justify the 
adoption of a knowledge-based management in the 
absence of proven clinical benefit. Research on 
imaging of urinary incontinence (UI) and genital 
prolapse remains very active. Although all guidelines 
recommend not to use imaging in the evaluation of 
the standard patient, many clinicians believe this is an 
ideal adjunct to physical examination in evaluating 
the anatomical condition of the individual subject.  

1. IMAGING OF THE UPPER 
URINARY TRACT 

Urinary incontinence is defined as the complaint of 
any involuntary leakage of urine, it can be urethral or 
extraurethral (1). This latter condition either results 
from congenital anomalies such as ectopic ureters 
(inserting in the female distal urethra or vagina), 
iatrogenic or traumatic conditions such as fistula. In 
some patients, lower urinary tract dysfunction (LUTD) 

causing UI, might compromise the transport of urine 
from the kidneys to the bladder resulting in 
hydronephrosis and renal failure. The relationship 
between high bladder storage pressure and renal 
deterioration was first identified in myelodysplatic 
children and then considered to apply in all 
neurogenic patients (2) and automatically transferred 
to male and female patients with or without 
neurogenic problems; the value of 40 cmH2O of 
bladder pressure as threshold value at which the 
upper urinary tract (UUT) is at risk should therefore 
be used with caution. In male patients, chronic 
retention of urine can be associated with UI and lead 
to chronic renal failure.  Lewis et al. reported that 
renal function at baseline and at the time of 
catheterisation were significantly worse in patients 
with chronic retention than with acute retention (3).  
Therefore, UUT imaging is needed in patients with 
urinary retention, especially with chronic retention. In 
women, severe urogenital prolapse may cause 
angulation of the pelvic ureter by the uterine arteries 
leading to hydronephrosis (4) 

1.1. Indications 
Generally speaking, there is no need for UUT imaging 
in patients with UI unless any of the previously 
described conditions is suspected or diagnosed. In 
children with extraurethral incontinence imaging of 
the UUT helps to identify the underlying cause.  

The objectives of UUT in the incontinent patient are 
as follows:  

Evaluation of the UUT when the presence of an 
ectopic ureter or ureterovaginal fistula are suspected. 

Evaluation of the kidneys whenever UI is related to 
bladder dysfunction with high storage pressures (e.g. 
in neurogenic voiding dysfunction, chronic retention 
with overflow or low compliance bladders) 

Exclusion of hydronephrosis in cases of UI 
associated with severe uterine prolapse. 

1.2. Techniques 
UUT imaging modalities include intravenous 
urography (IVU), ultrasound sonography (USS), 
computerized tomography (CT scan), magnetic 
resonance imaging (MRI), and isotope scanning. No 
data regarding reproducibility, specificity, sensitivity, 
positive and negative predictive value in relation with 
the diagnosis and management of UI are available. 
The choice of the imaging modality also depends on 
availability, expertise, and local management 
policies. Generally speaking, low cost and low risk 
techniques such as USS are preferred. Unless 
otherwise described, the following considerations 
regarding the different imaging modalities are based 
on expert opinion.  

1.2.1 Ultrasonography 
USS is the gold standard technique for primary 
imaging of the UUT because of the relatively low cost 
of the equipment and the examination, its wide 
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availability, the lack of any exposure to ionizing 
radiation. Renal USS is independent on kidney 
function and provides a good evaluation of kidney 
morphology. Concomitant renal disorders such as 
urinary lithiasis and neoplasms can also be 
diagnosed. In patients with LUTD, the detection of 
hydronephrosis is of importance and it can be related 
to either vesico-ureteral reflux or obstruction. 
USS is used for the first line evaluation of the UUT 
conditions in neuropathic patients.  Sixteen percent of 
chronic spinal cord injured patients with hyperreflexic 
bladder had UUT deterioration revealed by USS, 
while 17.5% of patients with areflexic bladder also 
had it (5).  UUT deterioration more frequently 
occurred in hyperreflexic bladder with higher reflex 
detrusor contraction pressure (115 vs. 72 cm H2O) 
mostly accompanied by type 3 detrusor external 
sphincter dyssynergia, and in areflexic bladder with 
higher storage detrusor pressure (58 vs. 24 cm H2O).  
In patients adequately managed with clean 
intermittent catheterization annual USS monitoring 
without routine urodynamic testing wassuggested to 
be an effective surveillance strategy (6). UUT 
deterioration was demonstrated in 70 of 193 
myelodysplastic patients who underwent USS, 
voiding cystourethrography, DMSA scan, and 
urodynamics at  three years old (7).  The sensitivity 
and specificity for UUT damage were 91.4%and 
22.3% in DLPP >20 cm H2O, 77.1% and 32.0% in 
DLPP>30 cm H2O, and 52.9% and 51.8% in DLPP 
>40 cm H2O, respectively.  Therefore, a DLPP cut-off 
value of 20 cm H2O showed a higher sensitivity to 
predict UUT damage instead of 40 cm H2O.  In the 
cross-sectional survey of Dutch urologists 91.5% of 
them performed USS at least once every 1-5 years 
during the follow-up of adult myelodysplastic patients 
(8). 
 USS is also used to detect hydronephrosis in 
prolapse patients.  Hydronephrosis was revealed by 
USS in 5%-50% of patients with pelvic organ prolapse 
(POP) that reconstructive surgeries were indicated 
for (9).  The proposed mechanisms for 
hydronephrosis are 1)  ureteric compression between 
the uterine body and the urogenital hiatus, and 2) 
ureteral kinking caused by the cardinal ligament (9).  
It was reported that hydronephrosis occurred in 
12.6%-22.4% of patients with severe ureterovaginal 
prolapse as well as 3.9%-7.1% of patients with severe 
vault prolapse, indicating that hydronephrosis 
developed after hysterectomy (10, 11).  It was 
supposed that the ureters may be pulled down and 
kinked by the downward traction of prolapse upon the 
bladder (9). Dancz et al. reported that 30.6% of their 
POP patients had hydronephrosis, and that Ba-point 
(OR 1.68, 95% CI, 1.22-2.12), not C-point, and 
maximum cystometric capacity (OR 1.50, 95% CI, 
1.08-2.07) were associated with hydronephrosis on a 
multivariate analysis (9).  On the other hand, Beverly 
(11) and Gemer (12) reported that 7.7% and 17.4% 
of patients, respectively, had hydronephrosis, and 
that uterine prolapse was associated with 
hydronephrosis on multivariate analysis (OR 3.8, 
95% CI, 1.4-10.5 and OR 1.9, 95% CI, 1.1-3.2, 

respectively).  The presence of hydronephrosis do 
not affect the surgical procedures for POP repair and 
hydronephrosis improves in 70-100% of patients after 
surgery (10, 13).  Therefore, USS should be 
performed in women with advanced POP, especially 
when surgical intervention is not indicated or delayed 
(9).  
Although, no strict correlation exists between the 
degree of dilatation and the severity of obstruction, 
the grade of hydronephrosis is correlated with the 
extent of cortical damage (14). In children, kidneys 
with a pelvic diameter >20 mm are considered to be 
at risk for deterioration and require intervention (15). 
Measurement of the resistive index in the interlobar 
and arciform arteries of the kidney has been 
proposed for the diagnosis of urinary obstruction but 
this is rarely used in the evaluation of the incontinent 
patient (16). Whenever hydronephrosis is diagnosed 
on USS, other imaging modalities are often used to 
evaluate renal function, the degree of obstruction or 
vesico-ureteral re ux. USS is an ideal technique to 
follow the degree of hydronephrosis over time or the 
response to treatment.  

1.2.2 Intravenous Urography 
IVU is the original radiographic examination of the 
UUT which allows evaluation of UUT anatomy and 
function. Recent Canadian guidelines recommended 
that a serum creatinine level (SCr) should be 
obtained, and an estimated glomerular filtration rate 
(eGFR) should be calculated within 6 months as an 
outpatient who is stable or within 1 week for inpatients 
and patients who are not stable (17).  Patients with 
an eGFR of ≥60 mL/min have an extremely low risk 
of contrast-induced nephropathy (CIN) (17).  Fluid 
volume loading remains the single most important 
measure, and hydration regimens that use sodium 
bicarbonate or normal saline solution should be 
considered when GFR < 45 mL/min in patients who 
receive intravenous contrast (17). Patients are most 
at risk for CIN when eGFR< 30 mL/min (17). 
Additional preventative measures include the 
following: avoid dehydration, avoid contrast medium 
(CM) when appropriate, minimise CM volume and 
frequency, avoid high osmolar CM, and discontinue 
nephrotoxic medications 48 hours before 
administration of CM (17).  Also, Japanese guidelines 
showed that chronic kidney disease (CKD, eGFR< 60 
mL/min/1.73 m2) is the most important risk factor to 
predict the risk of CIN in patients receiving iodinated 
contrast media (18).  In addition, aging and diabetes 
associated with CKD are risk factors for the 
development of CIN (18). Recent systematic review 
recognised pre-existing CKD, diabetes, age, and 
cardiovascular comorbidity as risk factors (19).  The 
existing guidance documents agreed in 
recommending pre-hydration as the main preventive 
measure, but there was difference in recommended 
total volumes, composition, rate and duration of the 
infused solutions (19). There was no consensus on 
the use of sodium bicarbonate and none 
recommended N-acetylcysteine as solitary 
preventive measure (19). Recent guidance 
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documents recommend avoiding hypertonic contrast 
media, but did not recommend preference of iso-
osmolar over low-osmolar contrast media (19). 
During IVU successful examination is dependent 
upon adequate renal capacity to concentrate urine, 
the poor concentration capacity of an impaired kidney 
limits the possibility to delineate the collecting 
system. A number of different conditions such as 
renal dysfunction, obstruction, congenital anomalies, 
fistula, stones and tumors may be detected. IVU is 
the appropriate first study in cases of extraurethral 
incontinence. When ectopic ureter is suspected 
(although this condition can also be responsible for 
urethral incontinence), delayed films and tomography 
are important because the renal unit or moiety 
associated with an ectopic ureter is often poorly 
functioning. In fact, IVU is sometimes unable to detect 
a small, malfunctioning moiety associated with a 
duplication and ectopic ureter or a poorly functioning 
or abnormally located kidney with a single ectopic 
system (20-22). In such cases where the diagnosis of 
ectopia is still suspected after IVU, another imaging 
modality such as CT, MRI or isotope scanning should 
be considered (23- 25). IVU is the appropriate first 
imaging study when uretero-vaginal fistula is 
suspected, usually after pelvic surgery. Typically, one 
sees ureteropyelocaliectasis proximal to the level of 
the fistula. This finding has been reported in 84-92% 
of cases (26, 27). Sometimes extravasation can be 
seen. Confirmation of the presence of the fistula, its 
size and exact location is often obtained with 
retrograde ureteropyelography.  

1.2.3 Computerised Tomography (CT scan) 
High quality information of the UUT anatomy can be 
obtained using multidetector helical CT scans and 3D 
reconstruction software. Differently from IVU which 
only acquires images in the anteroposterior or oblique 
CT acquires images in the axial plane. Pictures can 
then be reconstructed in 2D along any plane or in 3D 
when- ever required. CT scan can be used 
irrespective of renal function when no iodinated 
contrast medium is used. Whenever hydronephrosis 
is present, urine can be used to delineate the 
collecting system reducing the need for contrast 
agents. In general, intravenous contrast medium is 
required to highlight specific anatomic characteristics. 
CT scan is often used after the first line evaluation 
with USS and it has replaced IVU almost entirely. 
Several authors have reported the use of CT scan to 
detect ectopic ureter, in cases where the diagnosis is 
suspected, despite a normal IVU and ultrasound (28). 
In these cases the small size and poor function of the 
ectopic moiety make diagnosis difficult by IVU. 

1.2.4 Magnetic Resonance Imaging (MRI) 
MRI shares some of the advantages of CT over IVU 
in the evaluation of the UUT. Furthermore acquisition 
can be performed along any plane and pictures can 
then be presented in a 2D or 3D fashion. The 
paramagnetic contrast medium is free of allergic 
reaction risk although its use in the UUTremains 

dependent upon renal function and concerns about 
its nephrotoxicity have been recently raised (29).  Low 
risk gadolinium contrast agents should be the choice, 
and dosage should be kept to a minimum, as higher 
doses have been linked to the development of 
nephrogenic systemic fibrosis (NSF)(30).  While a 
pre-existing pro inflammatory state in the renal 
impaired is a high risk factor, liver insufficiency in itself 
is not a contraindication; however, patients may also 
have coexisting renal insufficiency and thus carry a 
risk of NSF (30).  The development of the uro-MRI 
technique has gained an increasing role for the 
technology in the evaluation of hydronephrosis and 
urinary tract anomalies as an alternative to IVU. The 
use of MRI in the diagnosis of ectopic ureter has 
recently been described (31-35). 

1.2.5 Isotopes 
Isotopes are used primarily to examine morphological 
and functional characteristics of the upper urinary 
tract. Isotope scanning can be used to identify the 
location of a small kidney which is otherwise difficult 
to image with radiological techniques. Renography is 
used to examine the differential function of the two 
kidneys, to identify disorders of urine transit and to 
quantify obstruction of the upper urinary tract. There 
are many physiological factors and technical pitfalls 
that can influence the outcome including the choice 
of radio-nucleotide, timing of diuretic injection, state 
of hydration and diuresis, fullness or back pressure 
from the bladder, variable renal function and 
compliance of the collecting system (36, 37). Diuresis 
renography with bladder drainage is recommended 
when obstructive uropathy is suspected (38). Renal 
scintigraphy may be useful in the evaluation of 
ectopic ureters associated with hypoplastic kidneys 
(39).  Detection rates of dysplastic kidney in single 
system ectopic ureter were 95.5% on DMSA, 95.5% 
on CT scan, 50% on USS, and 50% on MRI (40).  
DMSA would be a preferred option in this setting, 
because of its high detection rate and not requiring 
contrast medium. 

1.2.6 Conclusions 
Imaging of the UUT is rarely required in UI unless the 
condition originates from a malformation, a traumatic 
or an iatrogenic problem of the UUT. More rarely a 
condition of the lower urinary tract may endanger 
renal function, the preservation of which is required to 
guarantee a normal life expectancy in patients with 
UI.  

1.2.7 Consensus Statement 

• Imaging of the UUT is NOT indicated in the eval-
uation of non-neurogenic stress, urgency or 
mixed UI. (Level of Evidence 3, Grade of Rec-
ommendation C) 

• Imaging of the UUT is indicated in cases of:  

o neurogenic UI with high risk of renal damage 
(due to high storage and/or voidingdetrusor 
pressure, e.g. myelodysplasia, spinal cord 
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injury) (Level of Evidence 3, Grade of Rec-
ommendation C) 

o chronic retention with UI (Level of Evi-
dence 3, Grade of Recommendation C) 

o severe uterine prolapse, vault prolapse, or 
anterior vaginal wall prolapse, especially 
when surgical intervention is not indicated or 
delayed (Level of Evidence 3, Grade of 
Recommendation C) 

o suspicion of extra-urethral UI by upper tract 
anomaly (Level of Evidence 3, Grade of 
Recommendation C) 

• The choice of the imaging techniques and their 
sequence depend on the clinical question and 
their availability. The least invasive techniques 
should be preferred and should precede the 
more invasive, also taking into consideration cost 
effectiveness. (Level of Evidence 3, Grade of 
Recommendation C) 

1.2.8 Suggested Research Areas 
Prevalence of upper tract deterioration in various UI 
populations  

• Natural history of upper tract changes  

• Relation between upper tract dilation imaging, 
renal damage and bladder function  

2. IMAGING OF THE LOWER 
URINARY TRACT 

The use of imaging of the LUT in patients with UI 
dates back 40 years more than that e.g. Jeffcoate 
1950’s, particularly in female patients. The tech-
niques have changed, over the decades from static to 
dynamic imaging, from qualitative to quantitative in-
formation. Although some of the techniques are now 
more than 50 years old their clinical value remains at 
best, unclear. 

2.1. X-Ray Imaging  
Voiding cystourethrogram (VCUG) was the mainstay 
of x-ray imaging of the LUT but it has been replaced 
almost entirely by USS because of its ease of use, 
low cost and availability. While CT has not gained ac-
ceptance because of the exposure of ionising radia-
tion, MRI took the lead as the most promising imaging 
modality because it offered a comprehensive view of 
the pelvis and enabled visualisation of the position of 
visceral organs in relation to bony reference points. 
3- and 4D USS recently offered volume acquisition 
with limitations in the depth of ultrasound wave pene-
tration and the volume that can be imaged. Progres-
sive technical developments in imaging technology 
and techniques have made this research area partic-
ularly interesting. 

In males the purpose of voiding cystourethrography 
has been mainly to locate infravesical obstruction 
separating the bladder neck from benign prostatic ob-
struction although it may play a role in the manage-
ment of post-prostatectomy incontinence (1). In chil-
dren the diagnosis and classification of reflux and di-
agnosis of posterior urethral valves have been the pri-
mary goals (2). The severity of the vesicoureteric re-
flux on one side determines the development of con-
tralateral reflux and indicates a poorer resolution rate 
for reflux (3).  

Positive-pressure urethrography has been used for 
the diagnosis of female urethral diverticula, it was 
shown to be more sensitive than voiding cys-
tourethrography (4-6) although MRI is the gold stand-
ard for the diagnosis of diverticula and planning sur-
gical repair (7, 8). 

The rationale for imaging studies of the lower urinary 
tract in this field derives from the hypothesis that 
stress UI is caused by urethral hypermobility. This 
was the theoretical basis of the classification of UI 
published by Green in 1968 and then modified by 
Blaivas and Olsson in 1998 (9, 10). Investigation into 
cohorts of continent and incontinent patients failed to 
provide evidence to support the hypothesis and im-
aging techniques aiming at measuring bladder neck 
displacement during straining have been abandoned. 
The same applies to outcome research in urinary in-
continence where surgery that limits bladder neck 
displacement does not necessarily lead to cure of the 
condition. A renewed interest derived from the avail-
ability of USS which took imaging out of the radiology 
suites and moved it into the urological and gynaeco-
logical outpatient clinics opening new opportunities 
for clinical research in this field. The possibility of im-
aging what was usually perceived during physical ex-
amination such as bladder neck mobility or POP in-
creased the usefulness of USS. Research in the field 
of MRI first assessed the possibility of fast dynamic 
acquisition to image the displacement of visceral or-
gans during effort to better quantify POP and then the 
morphological imaging of the pelvic organs muscular 
support to investigate the physiopathology of genital 
prolapse.  

2.1.1 Female Cystourethrography 
X-ray imaging of the urinary bladder and urethra has 
been used to assess the female urinary tract in 
women suffering UI to evaluate urethral/bladder neck 
hypermobility and to assess associated conditions 
such as urethral obstruction, vesico-urethral reflux, 
diverticula, fistulae, stones and tumours. In males the 
purpose of voiding cystourethrography has been 
mainly to locate infravesical obstruction (1, 11).  

The diagnosis and classification of reflux and diagno-
sis of posterior urethral valves in children have been 
the primary goals (2). In a study comparing cys-
tourethrography with direct radionuclide voiding cys-
tography and voiding urosonography with contrast 
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medium were compared.  Voiding sonography and di-
rect radionuclide voiding cystography were shown to 
be the most sensitive (12).  

2.1.1.1 Background 
History and methodology of cystourethrography in fe-
males had been reviewed by Olesen (6). The tech-
nique is now over 70 years old. Voiding cys-
tourethrography with lateral projection was first done 
by Mikulicz-Radecki in 1931 (13). The use of a metal-
lic bead chain to identify the urethra was introduced 
by Stevens and Smith in 1937, and in 1956 Ardran, 
Simmons and Stewart reported on a cinematographic 
technique with contrast media also in the vagina and 
rectum (14, 15). In an attempt to combine qualitative 
and quantitative information regarding the function of 
the lower urinary tract, the combined used of fluoros-
copy and pressure-flow recordings was proposed 
during the nineteen sixties and seventies (16-20). 

2.1.1.2 Methodology (projection, position-
ing and exposures) 

Bladder neck displacement is best viewed and quan-
tified in true lateral projection although image quality 
is sometimes poor because of the increased body 
mass and the overlap of bony structures with the 
bladder neck area. Consequently, oblique projections 
are sometimes used notwithstanding the lack of 
quantitative information. Achieving a quasi-physiolog-
ical voiding in a radiology suite is difficult because of 
the inevitable impact of the environment. The use of 
a sitting position is recommended for micturition stud-
ies as voiding while standing or lying will increase the 
embarrassment and therefore many impair the quality 
of the examination (13). Especially in patients with 
large body mass index, imaging of female urethra in 
a true lateral projection is difficult, it necessitates high 
radiation doses as the central x-ray beam must pen-
etrate the trocanteric regions and further because the 
urethrovesical junction is sometimes overshadowed 
by the lateral parts of the bladder. A significant im-
provement in this area has been brought about by 
digital imaging which allows the subtraction of the 
bony structures. The position and mobility of the ure-
throvesical junction as well as urine leakage are sup-
posed to be influenced by the filling volume as has 
been demonstrated on ultrasonography and leak 
point pressure measurements  (21, 22). However, in 
VCUG the bladder is filled to capacity. Addition of a 
urethral bead chain or catheter and vaginal contrast 
to improve the visualisation of the urethra, bladder 
neck and trigone has been abandoned. Contrast in 
the rectum is not necessary for urinary incontinence 
purposes. Exposures at rest should be supplemented 
with provocative manoeuvres to test bladder neck 
mobility by contracting and relaxing the pelvic floor 
(e.g. coughing, straining, and squeezing). Whenever 
possible, pictures while the patient is voiding should 
be obtained. It is important to consider that coughing 
and straining result in a different effect on the pelvic 
floor. Straining might be associated with relaxation or 

contraction of the pelvic floor, and the imaging can 
change accordingly. 

During coughing there is a reflex contraction of the 
pelvic floor, but coughs are of a short duration and 
difficult to capture on spot films. Bladder suspension 
defects were diagnosed at rest in 49% of 420 exami-
nations, while coughing and micturition disclosed a 
further number of 20% and 4% respectively (13). 
Squeezing can demonstrate pelvic floor awareness 
and contraction (23). 

2.1.1.3 Combined i6maging and urodynam-
ics 

Videourodynamics has been regarded by some as 
the “gold standard” in the evaluation of LUTD (23). 
Reproducibility of the combined examination has not 
been assessed and further the radiation dose has to 
be considered (15,20,24-26). One study has at-
tempted to compare videourodynamics with saline 
cystometry (23). Independent observers carried out 
the two procedures with 75 women having the saline 
cystometry first and a further 75 women had vide-
ourodynamics first. The degree of bladder descent 
noted on screening was greater than on clinical ex-
amination. Nineteen women had trabeculation and a 
further 11 women had bladder or urethral diverticula, 
urethral stenosis and vesicoureteric reflux (1,11,14). 
Only seven of the eleven women could have been 
predicted by a selective imaging policy based on his-
tory alone which would image 43% of the 150 women. 
This suggests that a selective policy of screening will 
unnecessarily expose patients to radiation while not 
using the optimal technique for investigation for all 
patients who need the test. Nevertheless simultane-
ous videomonitoring along with tracings of pressure 
and urine flow rate are important to ensure that the 
exposures are made at appropriate moments so that 
the radiographs can be representative of the various 
functional states (13, 18, 27, 28).  

Patients with Parkinson’s disease and multiple sys-
tem atrophy are best evaluated by videourodynamics 
with sphincter motor unit potential analyses to identify 
the characteristic features of these conditions includ-
ing: external sphincter denervation, neurogenic 
sphincter motor unit potentials, open bladder neck at 
rest and detrusor-external sphincter dyssinergia (29). 
Neurogenic patients show severe bladder trabecula-
tion with diverticula and pseudodiverticula, pelviure-
teric reflux, widening bladder neck and proximal ure-
thra, and narrowing at the level of the membranous 
urethra can suggest, the presence of neurogenic dys-
function of the lower urinary tract (occult spinal dysra-
phism, non-neurogenic neurogenic bladder (also 
known as the Hinman syndrome)) even in the ab-
sence of neurogenic symptoms and signs (30-32).  
Urodynamic parameters in children do not discrimi-
nate between those with or without vesicoureteral re-
flux thus videourodynamics has been considered es-
sential. Additionally children with non-neurogenic 
voiding dysfunction are found to have a number of 
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abnormalities with videourodynamics (33,34). Indica-
tions for videourodynamics include previous conti-
nence and vaginal surgery, neurological disorders 
and suspicion of urethral diverticula. 

2.1.1.4 Normal and defective bladder sup-
port 

The whole issue about the clinical value of VCUG is 
about the pathophysiology of defective bladder sup-
port in the pathophysiology of SUI in female patients 
and the relation between the surgical correction of 
such a defect and cure. The concept of urethral hy-
permobility was central to the classification of SUI and 
the concept that impaired transmission of abdominal 
pressure to female urethra could be responsible for 
the observed leakage. Little remains regarding the 
concept of urethral hypermobility in a modern view of 
female SUI and this contributed to the decreasing use 
of VCUG in the evaluation of a standard female pa-
tient. 

The normal resting bladder has a smooth surface alt-
hough bladder trabeculation is often seen in elderly 
women and not necessarily related to any pathologi-
cal condition. The internal urethral orifice is located 
just above a horizontal line through the lowermost 
part of the symphysis in a coronal projection. The ure-
thra is straight and runs anteriorly and caudally to-
ward the external meatus.  

On coughing and straining, relaxation of the pelvic 
floor results in downward movement of the bladder 
neck, which can be associated with a backward 
movement of the bladder neck resulting in a change 
in urethral axis. Squeezing (and sometimes also 
straining) results in contraction of the pelvic floor mus-
cle with a cranial movement of the bladder neck. Dur-
ing voiding the bladder base is usually lowered about 
1 cm, the angle between the urethra and the trigone 
is straightened, making a funnelled appearance of the 
proximal urethra and the bladder base, the bladder 
contour is rounded and a fine sawtooth irregularity of 
the mucosa becomes visible above the trigone. An-
gles and distances between the urethra, bladder base 
and symphysis pubis have been assessed radiologi-
cally. The following parameters have been assessed 
for reliability: 

1. The posterior urethrovesical angle (PUV) is de-
fined by lines along the posterior urethra and the 
trigone (35). Cut off values were usually 115° or 
more (36, 37);  

2. The urethral inclination is between the proximal 
urethral axis and the vertical plane, which is a 
plane outside the patient and, therefore, the an-
gle also varies with pelvic inclination. In Green 
type I and type II descent the angle is less or 
more than 45° respectively (37); 

3. The urethropelvic (UP) angle is measured during 
voiding as the anterior angle between a line 
through the middle of the internal urethral orifice 

and the urethral knee and a line through the pos-
terior surface of the symphysis through the low-
ermost part of the obturator foramen closest to 
the film. In normal subjects the mean UP is about 
95° and the cut off point for bladder descent are 
values below 70° (13);  

4. Symphysis orifice (SO) distance is measured at 
rest as the distance on a horizontal line from the 
symphysis to the internal urethral orifice. Normal 
values are 31 ± 6 mm (mean ± SD) and values 
less than 20 mm are the cut off points for descent 
(13);  

5. The urethral axis at rest (UAR) and during strain-
ing (UAS) 

Funnelling of the proximal urethra and flatness of the 
bladder base (both anterior and posterior to the inter-
nal urethral orifice) and the most dependent portion 
of the bladder base (the urethrovesical junction or a 
point posterior to that) are important qualitative pa-
rameters estimated on straining films (36). 

Anterior bladder suspension defects or bladder base 
insufficiency (BBI) is defined as SO < 20 mm with a 
normally positioned vagina at rest, during coughing or 
micturition and/or funnelling of the bladder base at 
rest or with coughing. BBI can be graded 1-3, which 
corresponds to Green's type I descent (13, 38). The 
supportive defect is supposed to be in the fascial and 
ligamentous system and their abnormal detachments 
(eg., paravaginal defects). 

Posterior bladder suspension defects are defined as 
a posterior-inferior bladder displacement and a UP of 
less than 70° (13). It corresponds to Green's type II 
(39). Sometimes only the trigone and posterior part of 
the bladder is involved. The supportive defect is sup-
posed to be in the muscular pelvic floor, that is, the 
pubo-vesical part of the pubococcygeus muscle or in 
paravaginal detachment. 

Interestingly, when UAR and UAS were examined in 
a group of 76 continent women and correlated with 
age, a perfect linear regression was noted between 
UAR and age (R2= 0.28). Patients with stress urinary 
incontinence were found to have an average UAR 
value of 25° with a mean UAS of 43° leading to a 
threshold value of hypermobility of about 20°. When 
standing cystourethrograms were repeated 3 to 6 
months after surgery for SUI, UAR and UAS values 
were found to be close to normal suggesting a rela-
tion between the correction of the defective bladder 
support and cure (39). A more structured definition of 
cystocele (ranked by height in centimetres) was also 
obtained, adding to the emerging data that the relia-
bility of the pelvic organ prolapse quantification (POP-
Q) system increases when measurements are per-
formed in a more upright position (39). 

2.1.1.5 Reproducibility 
The observer variation has been evaluated in four 
university uro-gynecological units (Table 1) (23, 36, 
40, 41). The inter-observer agreement was 43-79% 
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and the intra-observer agreement was 53-99%. 
These figures are in the same range as has been 
found for other diagnostic tests (42).  

2.1.1.6 Accuracy for the diagnosis of SUI 
and post-operative results 

Evaluation of accuracy is the mainstay in the evalua-
tion of a diagnostic technique. The sensitivity and 
specificity of a diagnostic technique depend on intrin-
sic factors such as reproducibility (as measured by 
intraobserver and interobserver variation) and extrin-
sic factors such as the characteristic of the patient co-
hort used to assess accuracy.  

The accuracy of the previously mentioned radiologi-
cal criteria have been measured by comparing imag-
ing data with the ‘so called’ index-test which in this 
case was a clinical diagnosis of urodynamic stress in-

continence and expressed as specificity and sensitiv-
ity or as predictive values. Unfortunately, the diagno-
sis of SUI is controversial and might be based on sub-
jective criteria, urodynamic tests, or measurement of 
leakage. Even radiological criteria have been in-
cluded in the diagnosis. 

Reproducibility (e.g. test-re-test agreement) has not 
been measured, but intra- and inter-observer varia-
tion has been calculated and adjusted for expected 
chance agreement (kappa coefficient). The predictive 
values and the kappa coefficient are supposed to de-
pend on the prevalence, and therefore, comparison 
between different materials are difficult (42). 

No consensus has been reached in the peer-review 
literature as to the lack of discriminant value of VCUG 
between SUI and continence, the majority of pub-
lished papers are consistently negative although new 
promising data have been published (37, 39, 43-45) 

Table 1: Inter- and intra-observer variation (agreement) on cystourethrography in females with urinary incon-
tinence.  

Type of examination, patients and observers Inter-observer variation Intra-observer variation 

Bead-chain 1  

stress & urgency incontinence n°92 
3 observers on 5 landmarks 

45.8-80.7 %  

VCCU 2 
stress incontinence n° 52 
1 observer on type of descent 

79% 
95% c.l. 65-89 

 

VCCU 3 
stress incontinence n° 29 
2 observers on type of descent 

70% 
95% c.l. 75-89 

53% 
95% c.l. 27-78 

VCCU 4 n° 93 
stress & urgency incontinence 
6 observers on type of descent 

43-60% 
kappa 20-39% 

72-99% 
kappa 57-98% 

VCUG 5 

Stress incontinence n° 11 
2 observers on urethral angle shift from rest to 
straining 

r = 0.83 (p=0.001) for UAR 
r = 0.82 (p=0.002) for UAS 

 

1: static bead-chain cystourethrography with straining (36). The 5 landmarks were the posterior urethrovesical 
angle, urethral inclination, funnelling of the proximal urethra, flatness of the bladder base and most dependent 
position of the bladder base; 

2: voiding colpo-cystourethrography (VCCU) at rest and with coughing, straining, micturition and squeezing; 
one observer against original diagnosis (that is, normal appearance or anterior, posterior or combined suspen-
sion defects) made by a few senior radiologists (22);  

3: voiding colpo-cystourethrography at rest and with coughing, straining, squeezing and micturition. Possible 
diagnoses were: normal appearance or anterior, posterior or combined descent respectively (41). 

4: voiding colpo-cystourethrography at rest, coughing, with holding and voiding. Possible diagnoses were: nor-
mal appearance and anterior or posterior descent respectively (40); 

5: standing voiding cystourethrography, urethral angle was measured at rest (UAR) and during straining (UAS) 
(39). 

The specificity of 5 radiological parameters on static 
bead chain VCUG was 44-76% and the sensitivity 53-
100% (45, 46). Neither was the degree of SUI corre-
lated with the type or degree of suspension defects 

(23, 40, 47). The positive and negative predictive val-
ues for a bladder suspension defect were 0.70 (95% 
C.l.: 0.62-0.78) and 0.52 (95% C.l. 0.41-0.63) respec-
tively on voiding colpo-cystourethrography (38, 48). 
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In a later publication on 159 women, positive and neg-
ative predictive values of 0.56 and 0.74 were ob-
tained (45). Evaluation of the urethral angle at rest 
and during stress in controls and in patients with SUI 
and various grades of anterior vaginal prolapse show 
a significant relationship between UAR and aging 
(from 2.4° ± 14.9° in the third decade to 29° ± 9.2° in 
the 9th decade; r2= 0.28). In patients with SUI, UAR 
and UAS decreased from 25.7° ± 13.6 ° and 42.6° ± 
15.9° to 16.6° ± 14.7° and 23.8° ± 17.5°, respectively; 
the observed changes were found to be statistically 
significant. A similarly significant difference was 
found in patients with moderate to grade 3 cystocele 
and urethral hypermobility (at least 5 cm descent of 
the bladder base below the inferior ramus of the pubic 
symphysis on the lateral view of a standing VCUG): 
UAR and UAS decreased from 48.1° ± 16.5 ° and 
64.4° ± 16.8° to 22.3° ± 26.9° and 29.8° ± 22.8°, re-
spectively. 

Comparison of a randomly selected control cohort 
(aged-matched) with patients suffering SUI showed a 
significant difference of UAR and UAS at diagnosis 
while similar values were found after surgery. This 
was similar to patients with grade 3 cystocele in 
whom both UAR and UAS were significantly different 
from controls at baseline while showed similar values 
in the postoperative follow-up. 

Measurement of the cystocele height obtained as the 
distance between the inferior border of the pubic sym-
physis and the inferior edge of the cystocele in con-
trols and patients with mild and severe cystocele 
showed a significant difference between the two co-
horts (16.63 ± 10.9 versus 27.4 ± 12.3 mm versus 
73.4 ± 15.6 mm, respectively). Following formal cys-
tocele repair, a significant change of cystocele height 
values was found in patient with mild and severe cys-
tocele (from 27.4 ± 12.3 mm to 13.9 ± 18.0 mm and 
from 73.4 ± 15.6 mm to 25.4 ± 24.6 mm, respectively 
(p<0.001). 

These are the first data supporting the use of stand-
ing VCUG as an outcome measured, previous peer-
review papers suggested the inability of its technique 
to distinguish postoperative failures from success 
(13, 23, 42, 44, 46, 49-52). 

2.1.1.7 Comparison of cystourethrography 
and ultrasonography 

The development of USS techniques for the evalua-
tion of the lower urinary tract raised the question of 
the relationship between X-ray and USS imaging. 
Static bead chain cystourethrography has been com-
pared with transrectal and perineal USS and voiding 
colpo-cystourethrography has been compared with 
perineal USS (46, 47, 53, 54). The findings correlated 
well regarding bladder neck position and mobility, 
PUV, urethral inclination, SO distance and rotation 
angle. 

Specificity, sensitivity and interobserver agreement 
were also comparable for the two methods. All the 

authors seem to prefer the sonographic modality be-
cause imaging can be performed at the same time as 
the physical examination. This has also been the 
case in men with neuromuscular dysfunction (11). 
Simple and extensive funnelling is more easily im-
aged in upright patients during cystourethrography 
than in the supine position frequently used for ultra-
sound studies (30). 

2.1.1.8 Comparison of cystourethrography 
and MRI 

The introduction of MRI in the assessment of the LUT 
required adequate comparison of this technique with 
standard X-ray imaging. The comparison of cys-
tourethrography and colpocystourethrography with 
dynamic MRI showed comparable data on bladder 
neck position and cystocele extension (55, 56). Alt-
hough there is an obvious concern about the fact that 
dynamic MRI imaging is usually performed with the 
patient lying in a dorsal lithotomy position, compari-
son of standing and lying colpocystourethrography 
did not show any significant difference (56). 

2.1.1.9 Conclusions 
VCUG does not have a major role in the evaluation of 
the standard female patient with UI confirmatory re-
sults on the clinical utility of measuring urethral angle 
and cystocele height in patients with UI and POP who 
are scheduled for surgery still missing. Defective 
bladder support can be diagnosed on VCUG with a 
reliability comparable with other diagnostic tests. 

Dependent on local facilities the method might be 
considered if the choice of a surgical procedure is 
based on type and degree of supporting tissue defi-
ciencies and possibly if new procedures are evalu-
ated for the ability to restore this deficiency.  

2.1.1.10 Consensus statement 
Cystourethrography is NOT indicated in primary un-
complicated stress, urgency or mixed female urinary 
incontinence (Level of Evidence 3, Grade of Rec-
ommendation C). 

Cystourethrography may be a reasonable option in 
the preoperative evaluation of complicated or recur-
rent female urinary incontinence (Level of Evidence 
3, Grade of Recommendation C). 

2.1.1.11 Suggested Research Areas 
Variation of VCUG parameters in patients with SUI +/- 
ISD and prognostic value for surgical repair.  

VCUG parameters in re-do surgery for SUI compared 
with controls 

2.2. Ultrasonography 
Ultrasonography has been used in the evaluation of 
urinary incontinence as early as 1980 (1). Over the 
past three decades the quality of the ultrasound im-
age and its processing has improved beyond what 
could have been imagined during the 70’s. Various 
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new developments, such as the use of contrast me-
dium, colour Doppler, 360 degree transducers and 
three- and four dimensional imaging have been intro-
duced and have led to the more widespread use of 
ultrasonography in the evaluation of the lower urinary 
tract and pelvic floor disorders. 

A number of studies have reported good correlations 
between ultrasonography and x-ray in the evaluation 
of urinary incontinence (2-11). In particular, the posi-
tion of the bladder neck at rest and during Valsalva 
(10, 12) manoeuvre has frequently been compared, 
and all authors agree on a good correlation. Some 
authors even found better accuracy for ultrasound 
(5), especially in obese women (2).  Ultrasonography 
is cheaper than X-ray imaging, it is often preferred by 
physicians because the imaging studies can be per-
formed in their own office as part of the physical ex-
amination and it is also more acceptable to patients 
because of the lack of for radiation exposure.  How-
ever, ultrasound itself produces problems by needing 
the probe to be in direct contact with the patient even 
during dynamic manoeuvres and the resolution is de-
pendent on the frequency of the probe used. The 
higher the ultrasound frequency, the better the reso-
lution but there is reduced penetration into the tis-
sues. 

2.2.1 Types of Ultrasonography 
Different imaging approaches have been used, such 
as abdominal, transvaginal, transrectal, perineal and 
transurethral. Synonyms for the perineal approach 
are transperineal, introital, labial or translabial ac-
cess, all use a similar method and there does not ap-
pear to be a substantive difference between these 
terms, a common agreed term needs to be decided 
upon. 

Abdominal ultrasonography is generally not consid-
ered to be helpful in pelvic floor and urethral imaging 
because of the acoustic shadow caused by the pubic 
bones particularly in the obese patient (1). All ap-
proaches in ultrasound have a problem of distorting 
the tissue being imaged due to compression. With 
vaginal ultrasonography this risk is probably highest 
(13), although this has also been denied (14). Most 
recent studies report on perineal ultrasonography that 

allows the visualisation of all three compartments in 
one image but again compression of the urethra may 
occur and imaging is impaired with vaginal prolapse 
or gas in the rectum.  

The development of three-dimensional ultraso-
nographic systems has brought increased accuracy 
to measuring volumes of irregular structures as well 
as reconstructed images from novel directions and al-
lowing pelvic floor imaging. Three-dimensional ultra-
sonography was first described for the female urethra 
in 1999 (15); the three-dimensional image can either 
be evaluated as a separate entity on the screen, or in 
combination with each of the two-dimensional planes 
from which it is derived (Figure 1). These three two 
dimensional planes are at orthogonal to each other 
being the sagittal, coronal and axial planes. Three-
dimensional images are built up as a rendered image 
of a self defined region of interest, major advantages 
over 2D imaging include the possibility of reviewing 
the acquired images from any investigator and the 
ability to analyse the acquired volume through any 
plane (similar to CT scans or MRI) (Figure 2).  This 
means that the levator ani muscle can be easily visu-
alised. However interest has focused on the absence 
of the pelvic floor being imaged and a defect being 
implied.   

Ultrasound produces images by its waves being re-
flected by a tissue. These reflective surfaces produce 
images of great clarity and resolution which are inde-
pendent of the ultrasonic frequency.  However once 
the tissue is perpendicular to the direction of travel of 
the ultrasound waves axial resolution is effective, lim-
iting the accuracy and the ability for tissues to be im-
aged.  This highlights the importance of testing all ul-
trasound imaging modalities against a gold standard 
such as cadaveric dissectionor comparing then toan-
other medium such as MRI or CT.  Four-dimensional 
imaging involves a volume of tissue being continu-
ously scanned, thusinevitably involving time delay;al-
beit not truly “real-time”, it incorporates the enormous 
improvement in speed of three-dimensional systems 
over the last few years and it makes three-dimen-
sional assessment of the dynamic relation of the pel-
vic organs on Valsalva manoeuvre and pelvic floor 
contraction possible. 
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Figure 1: Perineal midsagittal two-dimensional view and three-dimensional rendered image.Normal anatomy. 

 
Figure 2 Perineal midsagittal two-dimensional view. Normal anatomy of the levator ani muscle. 
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2.2.2 Standardisation 
No consensus has been reached as to the standard-
isation of image orientation. Some prefer orientation 
with cranial structures above (Figure 3a) (15) 
whereas others prefer presentation of the cranial 
parts below (Figure 3b) (16-17). All authors agree 
that the symphysis pubis, and its inferior border in 
particular, is a well recognisable and fixed reference 
point. This point can be used in the evaluation of the 
various aspects of relevant structures at rest and dur-
ing dynamic imaging. In general, ultrasonographic 
studies are performed in the supine position (Figure 
4). Small differences between the supine and stand-
ing position of the patient have been documented, alt-
hough these differences disappeared during a 
Valsalva manoeuvre (18). Only a few studies have 
been performed in the standing position (19). There 
is no clear consensus on the amount of bladder filling, 
some authors prefer significant bladder filling, others 
prefer a nearly empty bladder because an empty 
bladder seems to descend more on Valsalva ma-
noeuvre compared with a full bladder (19,20). At-
tempts to standardise Valsalva manoeuvre, ideally 
with intra-abdominal pressure measurements, has 
not been widely accepted (14,21).  In one study (19), 
a peak flow meter has been used, where women were 
asked to “huff” maximally and to reach the same force 
during a number of “huffs”.  It has been shown that 
the mobility of the bladder neck differs between 
coughing and Valsalva manoeuvre (22). Co-activa-
tion of the pelvic floor muscles during Valsalva ma-
noeuvre has been documented and is one of the rea-
sons for the lack of standardisation (22, 23). 

 
Figure 3a Perineal midsagittal two-dimensional ultra-
sound view on three compartments and horizontal 
reference line according to Dietz. 

 
Figure 3b Perineal midsagittal two-dimensional ul-
trasound view on three compartments and reference 
lines according to Tunn and Schaer. 

A= horizontal reference line 

B= central line of the symphysis as reference line for 
bladder neck descent 

2.2.3 The Urethra and Bladder Neck 
When collagen fibres and muscle fibres are located 
parallel to the ultrasound beam, the structure be-
comes hypoechoic. These same structures will be-
come hyperechoic, however, when the fibres are lo-
cated perpendicular to the beam. Ultrasonography 
may result in variable images of the urethra, since the 
echogeneity of the structures depends on the position 
of the transducer in relation to the urethra. This may 
produce confusing images, especially in the dynamic 
process of pelvic floor contraction and Valsalva ma-
noeuvre. In the midsagittal plane on perineal ultraso-
nography, and with normal anatomical position of the 
urethra at rest, the internal sphincter and inner  
urothelial layer of the urethra will appear hypoechoic 
(Figure 1), thus making these structures indistin-
guishable on ultrasonography. In the midsagittal 
plane and with normal anatomical position of the ure-
thra at rest, the striated external sphincter or 
rhabdosphincter will appear hyperechoic, and can 
hardly be distinguished from the surrounding struc-
tures. It will, however, be easily visible as a hyperech-
oic circular structure in the axial plane as seen on 
three-dimensional ultrasonography (24,25). The 
rhabdosphincter has been found to be thinner dor-
sally (15), and both ventrally and dorsally (26) by var-
ious authors and more difficult to distinguish from the 
internal sphincter ventrally and dorsally compared 
with laterally (27). These differences may be due to 
the approach used to image the structures as well as 
types of probes applied but this has not been ad-
dressed in any study to date. 

With the use of ultrasonography, thickness and length 
of the urethral sphincter muscle can be measured and 
urethral volume calculated (17,27-28). 
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Figure 4 Perineal ultrasound examination in the su-
pine position. 

Intra-urethral ultrasonography has been used for this 
purpose although complete imaging of the lateral 
parts of the sphincter are difficult due to the higher 
frequencies emitted by these probes (29), others 
have used two- or three-dimensional ultrasonography 
of the urethra (15, 24,26,30). 

Comparison of transvaginal and transrectal approach 
showed a lower degree of urethral compression with 
the latter approach (26,31). Ultrasound measurement 
of the female urethra has been found to be reproduc-
ible (15, 24,32). Sphincter volume may differ signifi-
cantly when 2D or 3D imaging is used (24). Urethral 
volumes, measured by 3D ultrasonography, were 
positively correlated with the actual volumes in ca-
davers (30,32). A significant and positive correlation 
between rhabdosphincter volumes and symptoms 
and signs of urinary incontinence has been reported 
(15); correlation with the urethral pressure profile 
(UPP) meausres has alsobeen found (25,27,28,30) 
but these data could not be reproduced (33). Ultraso-
nography imaging during micturition has been ex-
plored with the aid of a remote control systems (34). 
The use of intra-urethral ultrasonography with rotat-
ing probes (360°) has been proposed by various au-
thors although no advantages over perineal US could 
be identified and incomplete imaging appears to be a 
problem due to the high ultrasound frequency emitted 
(29,35-38). 

The advantage of preoperative and intraoperative 
three-dimensional ultrasound scanning in women 
with urethral diverticula has been outlined by Yang et 
al. (39-40).  

2.2.4 Bladder Neck 
The bladder neck and proximal urethra are easily vis-
ible on all types of ultrasonography without the need 
for catheterisation (Figure 1). Measurements are usu-
ally taken at rest, during straining (Valsalva manoeu-
vre), and sometimes during a cough and squeeze. 
The position and movements are measured in rela-
tion to the lower margin of the symphysis pubis. The 

difference between rest and strain is referred to as 
the bladder neck descent (the distance between the 
bladder neck and a horizontal line through the lower 
end of the symphysis pubis) (Figure 5). On Valsalva 
manoeuvre the bladder neck rotates in a posterior 
and inferior direction away from the symphysis pubis. 
The axis of the urethra in relation to a vertical or hor-
izontal line can be measured in degrees and provide 
the degrees of urethral rotation or bladder neck mo-
bility. Other parameters are the posterior urethrovesi-
cal angle and the anterior urethrovesical angle.  A 
number of studies have validated the use of ultraso-
nography in the assessment of the position and mo-
bility of the bladder neck and proximal urethra. Good 
results for this validity testing have been reported alt-
hough the clinical value of such measurements is still 
elusive (4, 14, 41-43). Normal values of bladder neck 
mobility have not been fully defined, since there is a 
great range in mobility even in young nulliparous 
women. In one study amongst nulliparous continent 
women of approximately 20 years of age, the bladder 
neck descent varied between 1mm and 40mm (44). 

Others (41) found an average descent of 15 mm on 
Valsalva manoeuvre and 8 mm on a cough. Brandt et 
al. have found an average bladder neck descent 
ofonly 5 mm in 16 year old girls (45). More recently 
Naranjo-Ortiz et al proposed 25mm of bladder neck 
descent as cut off for “normality” as further descent 
was associated with SUI and USUI (46). 

Racial differences have been demonstrated, with 
white women having greater bladder neck mobility 
compared with black women (47). Genetic determi-
nation of bladder neck mobility has been suggested 
(48). Numerous studies have found greater bladder 
neckmobility in parous compared with nulliparous 
women (14, 33, 49-51). Bladder neck hypermobility, 
however defined, is considered to be related to stress 
urinary incontinence (17,33,46). A large number of 
studies have correlated ultrasonographic findings 
with urodynamic parameters (46, 51-60). Specificity 
and sensitivity of ultrasonography for the diagnosis of 
stress incontinence were 83 and 68% in one study 
(54) and 92 and 96% in another study (61). Other 
studies have demonstrated that ultrasonographic 
findings of bladder neck descent and rotation of the 
retro-vesical angle increase the odds for SUI by 2.5, 
however they concluded that ultrasonography’s low a 
diagnostic value does not allow it to replace urody-
namics (62).In one study in which ultrasound-meas-
ured movement of the bladder neck on coughing and 
Valsalva was used as a marker inpatients undergoing 
pelvic floor exercises, response to treatment was not 
associated with changes to the bladder neck mobility 
(63) underlining this is probably an associated phe-
nomenon and not the cause for stress urinary incon-
tinence.   
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Figure 5 Perineal midsagittal two-dimensional view at rest and on Valsalva manoeuvre. Bladder neck descent. 

(S= symphysis pubis; U= urethra; B= bladder; A= anal canal.) 

 
Figure 6 Perineal midsagittal two-dimensional view. Urethral funnelling. 
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Other researchers have contradicted these data by 
demonstrating that women with SUI who conducted 
physiotherapist-guided pelvic floor exercises 
showedreduced bladder neck mobility during cough-
ing and increased cross-sectional area of their ure-
thra as compared to before the training (64). 

Further data from a RCT in primigravidae suggested 
that PFMT can play a preventative role in reducing 
the risk for SUI despite not conveying a significant 
change in bladder neck descent (65). 

One research group has specifically investigated sim-
ultaneous perineal ultrasonography and urethrome-
try. They demonstrated that the variations in urethral 
pressure were caused by the activity of the urethral 
sphincter as well the pelvic floor muscles (66). The 
contractions from the urethral sphincter during acute 
stress events such as coughing are thought to be due 
to fast contractions. Some studies have used ultraso-
nography to optimise patient management, but de-
spite the abundant literature on the use of ultrasonog-
raphy in the investigation of women with urinary in-
continence, disappointedly, a clinical advantage in 
terms of patient outcome has not been reported until 
now (67,68). 

Urethral funnelling can be observed on ultrasonogra-
phy (Figure 6) particularly with the use of contrast 
agents. It is a typical finding in women with stress uri-
nary incontinence but can be seen in asymptomatic 
women as well (69-71). In a study on stress inconti-
nent women, funnelling was found to be present in 
nearly all women (70,72). Urinary incontinence can 
be demonstrated by the use of colour Doppler of the 
urethra (73-74). Colour Doppler has, furthermore, 
been used to visualise the periurethral vasculature in 
nulliparous women (75) and differences have been 
described between continent and incontinent women 
(76-77) and before and after oestrogen supplementa-
tion in postmenopausal women. More recent data 
with the use of high frequency endovaginal ultraso-
nography have highlighted differences in urethral 
vascularity amongst continent women with parity 
(78).  Doppler velocimetry has recently been used in 
a study on the vascularisation of the levator ani mus-
culature and a correlation has been found between 
the absence of an end-diastolic flow and the pres-
ence of stress urinary incontinence (79). The blood 
flow around the urethra and bladder has been studied 
with Doppler before and after insertion of tension free 
vaginal tape and the transobturator tape.  The blood 
flow decreases only after insertion of the tensional 
free vaginal tape whereas the blood flow was un-
changed after insertion of the transobturator tape 
which may relate to the direction of urethral compres-
sion (80). More recent data showed no difference in 
urethral vascular indices measured by endovaginal 
ultrasound between women with SUI who were man-
aged surgically or conservatively (81). 

2.2.5 Determination of the Post Void Resid-
ual Urine and Bladder Wall Thickness 

Ultrasonography is the gold standard technique for 
measuring bladder volume and post-void residual 
urine (82-86). Ultrasonographic data have been com-
pared with residual volumes obtained by in and out 
catheterisation under ultrasound control and were 
found satisfactory.  Although there is no universally 
accepted definition of high urine residual volume, 
there is consensus on the need for a short interval 
between voiding and post-void residual (PVR) meas-
urement and the preference of ultrasound bladder 
volume measurement over urethral catheterization 
(87). However, Khan et al. have challenged the meth-
odology of some studies and found deficiencies in all 
reports on the topic (88).  A simple formula often used 
is (Height * Width* Depth cm) * 0.7= Volume (ml) in 
which the factor 0.7 is the correction for the non-
spherical shape of the bladder.  Automated ultra-
sound systems for measuring bladder volume and 
post-void residual have been developed and found to 
be more accurate than standard ultrasound measure-
ments, furthermore they can be used by health care 
providers with no training in ultrasound imaging (89). 
However, measurement of bladder volume can easily 
and accurately be facilitated by use of cheap, stand-
ard 2D ultrasound machines, irrespective of the cal-
culation formula used, even in women with severe 
pelvic organ prolapse (90).  Automated bladder scan-
ners are widely used and are, in general, experienced 
as reliable enough for clinical use, however, in the 
case of ascites (91) or an ovarian cyst (92) for exam-
ple, the estimated urinary volumes can be incorrect, 
and in post partum women.  

Recently the normal values for the post void residual 
urinary volumes in asymptomatic women have been 
presented; in 60 year-old women, the median resid-
ual volume was 19 ml, and 95% of women had a post 
void residual volume of less than 100 ml (83). The 
ICS Urodynamics Committee has recently published 
its Good Urodynamic Practice recommendations re-
garding PVR measurement suggesting that for clini-
cal practice a PVR <30 ml can be considered insig-
nificant, while residual volumes persistently >50 ml 
could be regarded as important. They also suggested 
that large PVR (>200–300 ml) often indicates LUTD, 
acknowledging however that no level of residual 
urine, of itself, mandates invasive therapy and no 
PVR threshold is yet established for decision-making 
(87). 

Ultrasound measurement of bladder wall thickness 
(BWT) and ultrasound estimated bladder weight 
(UEBW).  Ultrasound measurement of BWT was first 
proposed as a non-invasive method for diagnosing in-
fravesical obstruction in children (93). More recently, 
BWT has been used to predict the outcome of chil-
dren with primary nocturnal enuresis (93-95). BWT 
has also been proposed as a risk factor for upper uri-
nary tract deterioration in children with myelodyspla-
sia (96).  Measurement of BWT was also proposed to 
diagnose bladder dysfunction (detrusor overactivity 
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and detrusor hypocontractility versus normal detrusor 
function) in children with urinary tract infections (97-
98). Additional parameters such as the bladder wall 
thickness index (length x width x depth of the bladder 
at full bladder/average BWT) were proposed and a 
nomogram for the paediatric population provided 
(99). 

In the adult population, higher BWT values have been 
measured in men than in women. Thickness may cer-
tainly differ depending the measurement technique; 
values of 3.3 +/- 1.1 mm and 3.0 +/- 1.0 mm, respec-
tively were reported by Hackenberg and co-workers 
(100).  Oelke confirmed a significant difference be-
tween male and female detrusor thickness (1.4 ver-
sus 1.2 mm, respectively) (101). A small increase of 
detrusor hypertrophy with age has been reported in 
both genders (99). In men, measurement of bladder 
wall thickness proved to be the most sensitive param-
eter (outperforming uroflowmetry) to diagnose BOO 
in patients suffering LUTS (102-103). These findings 
were corroborated by the results of more recent ultra-
sonographic studies by use of automated bladder 
scanners (104). 

Transvaginal ultrasound was first proposed in 1994 
for the measurement of BWT in women with bladder 
volume of less than 20 ml. A significant difference 
was shown in patients with DO and USI (6.7 +/- 0.6 
versus 3.5 +/- 0.6 mm, respectively). Low intraob-
server and interobserver variability were measured: 
0.02 mm in both with a 95% confidence interval of -
0.22 to 0.18 and -0.32 to 0.35 mm, respectively (105).  
In 1996, Khullar and co-workers showed how ultra-
sound measurement of BWT is a sensitive method for 
diagnosing DO in symptomatic women without blad-
der outlet obstruction with 94% of women with BWT 
greater than 5 mm having involuntary detrusor con-
tractions on videocystourethrography or ambulatory 
urodynamics (106). In 2002, the same group showed 
no overlap in the 95% confidence intervals of BWT 
between patients with DO and USI in women with 
storage symptoms, confirming the potential of this pa-
rameter for diagnosing DO (107). More recent data 
on the diagnostic value of transvaginal ultrasound in 
patients with overactive bladder symptoms confirmed 
a sensitivity of 90 % and specificity of 78 % for pre-
dicting OAB, when a cut off value of 4.78 mm was 
used (AUC = 0.905) (108).  Conversely, a large UK-
based cross-sectional test accuracy study found no 
evidence that BWT had any relationship with DO, re-
gardless of the cut-off point, nor any relationship to 
symptoms as measured by the ICIQ-OAB; the au-
thors concluded that despite patients’ wide accepta-
bility of the method BWT measurement was not suffi-
ciently reliable or reproducible to predict DO (109). 

In 2003, a study on ultrasound cystourethrography in 
women confirmed a significant association between 
age and intravesical pressure at maximum flow with 
BWT (110). Researchers have also demonstrated re-
duction in BWT following urethrolysis in women with 
bladder outlet obstruction resulting form anti-inconti-

nence surgery (111). Methodological and technical is-
sues in the ultrasound measurement of bladder wall 
thickness and weight remain open and constitute a 
major limitation for a more widespread use of these 
parameters. In 2005 Chalana and co-workers pub-
lished an early report on automatic measurement of 
the ultrasound estimated bladder weight from three-
dimensional ultrasound. An average value of 42 +/- 6 
g was measured in healthy male subjects. A standard 
deviation of 4 g was seen among measurements per-
formed in the same subject at different bladder vol-
umes (200 to 400 ml) (112).  Normative values for 
UEBW and BWT in healthy female volunteers were 
calculated by another group by use of an automated 
bladder scan device showing mean values of 32.23g 
(SD +/- 4.9) and 1.62 (SD +/- 0.34), respectively 
(113).  Further research in this area is certainly 
needed and further improvement in the accuracy of 
automated systems is eagerly awaited.   

Although data published in the peer review literature 
on this subject are quite consistent, two discordant 
papers were recently published from Australia. Blatt 
and co-worker showed uniform values of BWT meas-
ured using an abdominal approach among men and 
women with non-neurogenic voiding dysfunction sug-
gesting this parameter cannot be used to diagnose 
storage or voiding dysfunction; this may reflect the 
thinning of the bladder wall with increasing bladder 
volume (114-116). A retrospective study on women 
undergoing translabial ultrasonography suggests a 
significant association between BWT and DO alt-
hough a low diagnostic accuracy was shown for the 
diagnosis of DO (117), which could be due to transla-
bial ultrasound being a less reliable technique (118). 

The association between detrusor hypertrophy and 
bladder dysfunction (DO and BOO) is a well estab-
lished fact in Urology. Ultrasound measurement of 
BWT and UEBW is an interesting alternative ap-
proach that may avoid invasive urodynamics in some 
patients. (119). As, previously mentioned, The reduc-
tion in bladder wall thickness has been found after the 
relief of bladder outlet obstruction (111). The devel-
opment of automated ultrasound systems for meas-
uring UEBW is instrumental to foster further research 
in this area, particularly in the management of pa-
tients with LUTS (120) and in the evaluation of blad-
der response to pharmacological treatment (119). 

2.2.6 Pelvic Floor Muscles 
Ultrasonography can be used to assess pelvic floor 
muscles and their function. Contraction of the pelvic 
floor results in displacement of pelvic structures that 
can easily be imaged on ultrasound (Figure 7) such 
as the cranial lift of the urethra in relation to the sym-
physis pubis during a maximal squeeze (18, 122) but 
also the dimensions of the genital hiatus or the pos-
terior ano-rectal angle can serve this purpose (123).  
Comparison with traditional measurements of pelvic 
floor muscle strength has been performed (122), and 
good correlations with palpation and perineometry 
have been found (124-125).  Ultrasonography has 
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been used to evaluate the effects of pelvic floor mus-
cle training. A higher resting position of the bladder 
neck and a reduction in the rotational excursion of the 
urethra during Valsalva manoeuvre have been found 
with pelvic floor training (126). Another research 
group has reported that the thickness of pelvic floor 
muscles increased after training (127).  A number of 
studies have assessed healthy female volunteers to 
establish normal values (47,127), and one study has 
specifically compared elite athletes with normal vol-
unteers (128).  Measurements of the levator ani mus-
cle, with the use of two-dimensional imaging, has 
been recently described, and although direct compar-
isons to three dimensional ultrasonography are lack-
ing, the acquired data were comparable (129).  How-
ever, one study has compared three-dimensional ul-
trasound of the levator ani hiatus at rest and during 
contraction in a number of different groups of women 
with prolapse, urodynamic stress incontinence and 
asymptomatic women suggesting that these meas-
urements are not sensitive enough to discriminate be-
tween different groups (130). 

Almost half of women are unable to perform an opti-
mal contraction of the pelvic floor muscles. Ultraso-
nography can be used in pelvic floor training to pro-
vide women with a visual feedback of their exercise 
(18,131). In one study, 57% of the women who were 
not able to perform a proper pelvic floor contraction, 
were able to do so with the help of visual biofeedback 
of ultrasonography to observe bladder neck move-
ment (18). This does not appear to produce better 
outcomes of changes with pelvic floor physiotherapy 
(132).  Another prospective study in women receiving 
physiotherapist-guided PFMT due to pelvic floor dys-
function, however, did demonstrate that the vast ma-
jority of patients would improve muscle contractility 
after the programme; amongst the non responders 
(“non-contractors”) almost 67% were found to have 
levator ani defects on transperineal ultrasound (133).  
The contraction of the pelvic floor muscle just before 
and during a cough, “the knack”, can also be visual-
ised (134).  It has been demonstrated that the knack 
can significantly reduce urethral mobility during a 
cough. 

Direct measurement of the pelvic floor muscles is 
possible with the use of two and three-dimensional 
perineal ultrasonography. An alternative technique 
makes use of a 360 degree rectal probe intravaginally 
(Figure 8) (129).  Most studies, however, have used 
three-dimensional perineal ultrasonography for this 
purpose (19, 123, 128, 135-136). The thickness of the 
pelvic floor muscles as well as the hiatal area can be 
measured.  Hiatal dimensions and pelvic floor muscle 
thickness have been extensively validated and have 
good test retest and inter observer characteristics 
(19). There is a learning curve to measurement of the 
levator ani hiatus needing over ten sets of scans to 

perform the measurement.  However, measurements 
of the pubic arch were not accurate suggesting that 
measurements of levator avulsion may require more 
training (137). 

The pelvic floor muscles were  thinner in women with 
pelvic organ prolapse (17, 129, 138) and with urinary 
incontinence (139), whereas their genital hiatus was  
larger (140); interestingly this finding does not pro-
duce a significantly reduced maximal voluntary con-
traction even with pubovisceral muscle defects (141). 
Well trained women have thicker pelvic floor muscles 
compared with controls (128), and Chinese women 
had thinner muscles compared with Caucasian 
women (136). In nulliparous Chinese women, the an-
terior/posterior hiatal diameter was significantly in-
creased in women with a higher body mass index 
(136).   

Very recent studies looked at the uselfuness of real 
time trans-abdominal ultrasound scan (TAUS) in as-
sessing pelvic floor muscle strength before and after 
a structured PFMT; a RCT in 140 incontinent women 
demonstrated that TAUS was accurate in detecting 
even minor differences in pelvic floor muscle strength 
between the PFMT and non-intervention groups and 
this correlated very well with assessment by digital 
palpation (142). By using this imaging modality as bi-
ofeedback, another research group from Japan es-
tablished that women with postpartum SUI were less 
successful in achieving good pelvic floor muscle 
strength following an intensive PFMT in comparison 
to their continent counterprts, despite no morphologi-
cal differences in the LAM between the groups before 
and after intervention (143). 

Pelvic floor biomechanics were investigated with ul-
trasound using the position of the bladder neck in 
combination with continuous vaginal pressure meas-
urements (144-145).  A novel biosensor was used to 
measure the force as well as the displacement of the 
pelvic floor during contraction (146). Another re-
search group has inserted a water filled plastic bag to 
study the shape of the vagina during contraction 
(147)). Others (148) have assessed elasticity by 
means of the correlation of the dynamic dimensions 
of the hiatal circumferences and direct palpation of 
the muscles.  Real time biomechanics of the pelvic 
floor have been compared between women with and 
without pelvic organ prolapse with the use of transla-
bial 3D ultrasound and standardised Valsalva effort; 
significant pelvic organ prolapse was associated with 
a less compliant levator ani muscle close to its origin 
from the pubic ramus (median maximum strain 26% 
vs 32%, respectively, P=0.03) (149). 
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Figure 7 Perineal midsagittal two-dimensional view at rest and on contraction. Levator contraction with ven-
tro-cranial displacement of the urethra.Measurement of minimal dimension of genital hiatus (from symphysis 
pubis to levator ani muscle) 

 
Figure 8 Intravaginal 360 degree ultrasound imaging. Levator ani muscle, urethra and anal sphincter complex. 
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2.2.6.1 Levator Trauma 
Using three dimensional transperineal ultrasound 
avulsion of the levator ani muscle from the symphysis  
pubis has been described in up to 36% of parous 
women (150). The integrity of the attachment of the 
pelvic floor muscle to the symphysis pubis can be vis-
ualised (Figure 2 and 9a).   

A systematic review of diagnosing pubovisceral avul-
sions on ultrasound and MRI has been published 
which showed an association with pelvic organ pro-
lapse and recurrence after surgery.  However there 
was no association between pubovisceral avulsions 
and urinary symptoms or anorectal dysfunction (151). 
A recent prospective comparison study in primipa-
rous women found that obstetricanal sphincter inju-
ries (OASIS) do not constitute a risk factor for LAM 
avulsion (152).  This is similar to results from MRI 
studies, where it has been shown that the risk of pel-
vic organ prolapse further increases when the levator 
injury goes together with vaginal architectural distor-
tion (153-154).  

Although these defects have recently been identified 
during labour, it is not known whether there is any 
reasonable (preventive) treatment for these women 
(155-156).  There is an increase of the occurrence of 
levator muscle trauma with maternal age at first de-
livery (157). There was a strong correlation between 
the presence of levator muscle avulsion and poorer 
muscle strength (158). It has, however, been shown 
that the correlation between the clinical assessment 
(palpation of the muscle) and three-dimensional ultra-
sonographic assessment of muscular defects was 
only poor (159), as well as the inter-observer repeat-
ability of the palpation of defects (160). A quantifica-
tion method for levator muscle defects on ultrasonog-
raphy (tomographic ultrasound imaging) (Figure 9a 
and 9b) has been described (135).  Another parame-
ter, which has been found to be related to the severity 
of pelvic organ prolapse, was the size of the inner cir-
cumference at minimal hiatal dimension of the levator 
ani muscle on Valsalva manoeuvre (129, 135,155). 
The area of the levator hiatus on Valsalva manoeuvre 
ranges from 6 to 36 cm2 in nulliparous women, with 
an outlier of almost 50 cm2 in a young nulliparous ath-
lete (128, 140). An area of more than 30 cm2, 35 cm2 
and 40 cm2 on Valsalva manoeuvre has been de-
scribed as mild, moderate and severe ballooning of 
the genital hiatus respectively (Figure 10) (161). The 
assessment of the levator hiatus has been shown to 
be a reproducible measurement (19, 150), whereas 
the reproducibility was less for muscle diameter 
measurements (19, 123, 140). Despite the recom-
mendations for adherence to universal protocols in 
depicting LAM defects, significant variation in the re-
ported prevalence of LAM defects exists in literature; 
transperineal ultrasonography 13–36%, needle elec-
tromyography 30% and MRI 20% (162). Hence direct 

comparison between similar studies, which would al-
low for drawing meaningful conclusions is difficult due 
to variable patient selection, differences in de-
mographics and most importantly lack of consistency 
in the definition and classification of LAM injuries. A 
very recent cadaveric study has questioned the valid-
ity of pelvic floor ultrasound in depicting true levator 
muscle avulsions; whilst 3D introital ultrasound de-
tected complete “avulsion” in 36.7% of the cadavers 
no detachment of the levator ani muscle from the pel-
vic side wall was identified in any of the cadaveric dis-
sections with a 0% incidence on both left and right 
sides. No avulsion was found either upon dissecting 
an additional thirty-nine cadavers at multiple interna-
tional centres, raising the hypothesis that what ap-
pears to be an “avulsed’ LAM on scan most likely rep-
resents an imaging artefact due to the inability of the 
ultrasound to resolve the smaller insertion sites (163). 

Comparisons of the hiatal diameters and hiatal area 
as measured by three-dimensional ultrasonography 
and MRI revealed good correlations, especially for 
the measurements at rest. The correlation for hiatal 
diameter at Valsalva manoeuvre was lower, which is 
most likely due to the difficulty to reach the correct 
plane of the levator ani muscle on MRI (164).  How-
ever, at rest using MRI to alter the angle of acquisition 
plane has been shown to change the area of the le-
vator hiatus by 10% (165).  This has been supported 
by subsequent papers showing a good inter and intra-
observer relationship when measuring the levator hi-
atus with ultrasound and MRI (166) and even with in-
terdisciplinary readers (167) though the latter group 
did find only fair agreement when measuring the an-
orectal angle with ultrasound. The width of the levator 
ani hiatus on 3D transperineal ultrasound has been 
found to wider in black women than white women and 
the urethral sphincter volumes were significantly 
larger in black women than white women (168). 

The presence and clinical relevance of paravaginal 
defects represent a controversial issue amongst 
urogynaecologists, and there is a lack of scientific 
proof for the concept. In a study by Reisinger et al., 
an echogenic layer in the lower anterior vagina, which 
was thought to be a part of the endopelvic fascia, 
could be identified reproducibly in nulliparous and 
parous women by transrectal three-dimensional ultra-
sonography (169).  According to more recent insights, 
however, previously described paravaginal defects 
with loss of the H-shape of the vagina in the axial 
plane on three-dimensional ultrasonography (158, 
170-171) could represent the detachment of the leva-
tor ani muscle from the symphysis pubis (172).  In a 
study comparing ultrasound and MRI to assess leva-
tor avulsion there was only a moderate correlation 
with ultrasound showing a higher number of complete 
avulsions and MRI showing a higher number of partial 
avulsions (173). 
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Figure 9a Tomographic ultrasound imaging in oblique axial plane. Normal attachment of the levator ani muscle. 

 
Figure 9b Tomographic ultrasound imaging in oblique axial plane. Bilateral avulsion of the levator ani muscle 
from the symphysis pubis. 
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Figure 10 Perineal three-dimensional rendered image. Ballooning of the genital hiatus. 

 
Figure 11 Perineal midsagittal (left upper), coronal (right upper) and axial (left lower) two-dimensional view 
and three-dimensional rendered image (right lower) . Cystocele. 



 

 
696  COMMITTEE 7. IMAGING, NEUROPHYSIOLOGICAL TESTING AND OTHER TESTS 
 

Vergeldt TF et al confirmed the difference in LAM de-
fects classification between MRI and perineal ultra-
sound, showing higher grades of LAM damage on US 
compared with MRI despite the very good agreement 
in depicting such defects with both imaging modalities 
(174).In an attempt to increase validity of the levator 
avulsion diagnosis, a minimum criteria have been set 
(175), but even with these more stringent rules two 
out of three normal women were considered false 
positives, where they were thought to have full avul-
sions.  It is important to note that MRI studies tend to 
image thinning or aplasia rather than avulsion per-
haps indicating that transperineal ultrasound may not 
have the resolution to visualise very thin levator ani 
muscles (176).  This finding was corroborated in a 
very recent comparison study by Notten  et al, which 
showed 78% sensitivity and 86% specificity in detect-
ing major levator ani defects with translabial three-di-
mensional ultrasonography compared with MRI 
(177).  

2.2.7 Pelvic Organ Prolapse 
In cases of mild and moderate pelvic organ prolapse, 
perineal ultrasonography can be used, for the inves-
tigation of the prolapse.  Ultrasonography should, 
however, only be used in addition to the patient’s his-
tory and clinical examination.  In cases of severe pel-
vic organ prolapse, ultrasonographic assessment is 
not possible due to transducer dislocation by the pro-
lapse. The ultrasonographic imaging of the anterior 
compartment (i.e. bladder, bladder neck and urethra) 
is the easiest to perform and the majority of scientific 
studies deal with this compartment (Figure 11). 

Correlations with clinical examination (154, 155) are 
also highest for this compartment. Reproducibility of 
ultrasonographic imaging of prolapse in the anterior 
compartment were shown to be good (155). This re-
producibility has not been studied for the other two 
compartments until now. 

In two studies amongst 83 and 117 women with the 
uterus in situ, the uterus could be visualized on peri-
neal ultrasonography in 82% and 97% of cases, re-
spectively (Figure 12) (155, 156). 

A number of studies have focused on the posterior 
compartment (157-165). The distinction between en-
terocele (Figure 13) and rectocele (Figure 14) is 
known to be difficult on clinical assessment. In these 
cases, two-dimensional ultrasonographic imaging in 
the midsagittal plane can be helpful. The ultraso-
nographic visualisation of an enterocele has been 
confirmed with defaecography as well as intraopera-
tive findings (157). It has not been shown, until now, 
however, whether this extra ultrasonographic investi-
gation leads to superior clinical outcomes of prolapse 
surgery. Interestingly anterior compartment prolapse 
is related to levator ani area whereas posterior com-
partment prolapse is not as well as prolapse symp-
toms not being associated with levator ani hiatus area 
(166). 

In a study on ultrasonography of the posterior com-
partment a differentiation between true rectocele, en-
terocele and perineal hypermobility has been made 
(160).  Intussusception can also be visualised on ul-
trasonography (167).  Perineal hypermobility and an 
enterocele was seen as descent of the rectovaginal 
septum or abdominal contents on Valsalva manoeu-
vre respectively, below a horizontal line through the 
inferior margin of the sympysis pubis (see below for 
more information on these measurements). Ultraso-
nographic staging was significantly correlated with 
clinical staging and the presence of symptoms of ob-
structed defaecation (15, 161). In one third of the pa-
tients with clinically diagnosed rectocele, however, no 
ultrasonographic abnormality could be found. As far 
as interrater reliability was concerned, two expert ul-
trasonographists have reached moderate to good in-
terrater reliability for the detection of a rectovaginal 
septum defect, descent of rectal ampulla, and the 
depth and width of a rectocele (160).  In one study, 
rectocele and perineal hypermobility were present in 
nulliparous women in 12 and 13% respectively the 
significance of these findings has not yet been deter-
mined (162).  The posterior anorectal angle, which is 
the angle between the anal canal and the posterior 
rectal wall can be measured at rest and under dy-
namic circumstances such as straining and squeez-
ing. A number of studies have compared these find-
ings with defaecography and found a generally good 
correlation (164, 165, 168) but one study found poor 
inter-rater reliability (146). 

2.2.7.1 Quantitative Assessment of Pelvic 
Organ Prolapse 

In the quantitative assessment of prolapse in the var-
ious compartments, a reference line, such as the hy-
men in POP-Q is needed. For ultrasonography, a hor-
izontal line drawn from the inferior margin of the sym-
physis pubis is the most widely used reference line 
for this purpose (Figure 3a). A disadvantage of this 
line is that there is only one fixed point through which 
the reference line can be drawn and the horizontal 
line may change with the rotation of a handheld trans-
ducer. 

The effect of rotation is obviously increased with in-
creasing distance from the fixed point, and conse-
quently there is greatest error in the posterior com-
partment (179).  Although this problem has been 
overcome in research settings with the use of motion 
tracking systems, at the moment this is not a realistic 
option for routine use in clinical practice (195).  For 
quantitative assessment of rectoceles, the depths of 
the rectocele as measured in relation to a line through 
the anterior anal canal, may be more useful as com-
pared with the descent in relation to the horizontal ref-
erence line (196). 
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Figure 12 Perineal midsagittal two-dimensional view. Cystocele and descending uterus. (S= symphysis pubis; 
B= bladder; U= Uterus; C= cervix.) 

 
Figure 13 Perineal midsagittal two-dimensional view and three-dimensional rendered image. Enterocele. (S= 
symphysis pubis; B= bladder; E= enterocele; R= rectum; A= anal canal.) 
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Figure 14 Perineal midsagittal two-dimensional view. Measurement of the depth of the rectocele, perpendic-
ular to a straight line through the anterior border of the anal sphincter complex, i.e. 14 mm.  

More recently, Hennemann J et al proposed a new 
reference line for pelvic floor biometry, which passes 
between two fixed points on the syphysis pubis and 
should improve efforts for standardisation of ultra-
sound measurements of anatomical indices since it 
has excellent reproducibility, allows for visualisation 
of markers in all three vaginal compartments and 
avoids angle errors due to probe movement (197). 

Since pelvic organ prolapse can be visualised well 
with the use of ultrasonography, it raises the question 
whether this assessment modality is superior to oth-
ers, such as clinical examination.  In a recent study 
on the relationship between prolapse symptoms and 
the most dependent point of the prolapse on POP-Q 
and on ultrasonographic assessment, POP-Q per-
formed better in the prediction of prolapse symptoms 
with increasing stages of prolapse (196).  This finding 
has been replicated in all compartment underlining 
the superiority of clinical assessment over ultrasound 
(180).  In a previous study, where only women with a 
single compartment prolapse were studied, the area 
under the receiver operating curve was good at 0.86 
and 0.82 for the anterior and posterior compartment 
respectively (198). In both studies the cut-off value for 
symptomatic prolapse averaged 15 mm below the 
horizontal reference line through the symphysis pu-
bis. Larger anterior vaginal wall prolapses do have 
larger levator ani hiatuses and are more likely to have 
avulsions (69% compared with 35%) (199).   

As far as dynamic MRI and X-ray defecography are 
concerned, there are only a few studies available as 

yet, on comparison with ultrasonography. For entero-
cele detection in women with obstructed defaecation, 
perineal ultrasonography has been compared with X-
ray defaecography, but not with the clinical findings 
(190). In cases where an enterocele had been de-
tected by either method, an enterocele was detected 
by both ultrasonography and X-ray in 71% of women. 
In this study, perineal ultrasonography showed more 
severe stages of enterocele compared with X-ray 
defaecography. In another recent study from a differ-
ent research group, X-ray defaecography has been 
compared with perineal ultrasonography using a vag-
inal probe in women with impairment of the posterior 
pelvic floor. Good to excellent concordance has been 
found for the assessment of the anorectal angle, rec-
tocele and intussusception. The authors claimed, 
however, that rectoceles with a depth less then 20 
mm could not be detected on ultrasonography (185), 
which is discordant with most other publications (180-
181) on the topic and as well as the authors’ experi-
ence. 

2.2.8 Ultrasonography in Relation to Preg-
nancy and Delivery 

Vaginal delivery is commonly accepted as the major 
risk factor for the development of pelvic organ pro-
lapse in later life.  In nulligravid women, there is a 
wide variation in pelvic organ descent for all three 
compartments (146, 182, 200-202).  In a study of 169 
women who underwent ultrasonography during and 
after pregnancy, a significant increase in pelvic organ 
mobility (downwards displacement) was found in all 
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three compartments (203).  The increase in mobility 
was significantly correlated with the length of second 
stage of labour and the mode of delivery.  The great-
est mobility was found in women who underwent an 
operative vaginal delivery, but no association was 
found with the gestation at delivery, length of the first 
stage of labour and birth weight, although birth weight 
reached borderline significance.  In a similar study, 
focusing on the posterior compartment in 52 nullipa-
rous pregnant women, 8 women developed de novo 
true rectoceles, and the descent of the rectovaginal 
septum increased with 22 mm for the entire group, 
which was statistically significant (204).  On the other 
hand, in a study amongst 207 women, of whom half 
had a clinically diagnosed rectocele, no relationship 
was found with vaginal parity and only a weak corre-
lation was found with age for a posterior vaginal wall 
prolapse as assessed with ultrasonography (186). 
This suggests that the effect of vaginal parity on pel-
vic organ descent, is most evident in the anterior and 
central compartments, and may have another patho-
physiology compared with the posterior compartment 
(203). 

Concerning bladder neck descent, it has been shown 
that the first delivery caused the most marked 
changes compared with the subsequent deliveries, 
with the most marked changes resulting from forceps 
delivery (205).  This is supported by two different re-
search groups, who have reported that an increased 
antenatal ultrasonographic bladder neck descent was 
associated with normal vaginal delivery (206-207).  
Furthermore, vaginal delivery was strongly associ-
ated with a larger and more distensible antenatal le-
vator hiatus (206).  The underlying reason remains 
hypothetical, but more antenatal laxity of the struc-
tures may allow for a smoother delivery. Women with 
increased bladder neck mobility also have an in-
creased risk of de novo urinary incontinence post par-
tum (21) but the risk can be halved by antenatal pelvic 
floor exercises (208).  Avulsion of the levator ani mus-
cle from the symphysis pubis, as outline above, is typ-
ically found in vaginally parous women only (Figure 
9b) (150, 209-210).  It has, furthermore, been shown 
that a higher maternal age at first vaginal delivery is 
strongly related to an increased risk of these avul-
sions (150, 210).  Mode of delivery has a strong as-
sociation with the incidence of levator ani injury such 
that vaginal delivery 15.4% are affected, 33.3% after 
ventouse delivery and 71.4% after a forceps delivery 
but there were no levator injuries detected in the Cae-
sarean section group (211); similar findings have 
been reported by other groups (212-215).  The timing 
of the levator ani damage appears to be as the head 
crowns (216).  The levator ani hiatus has been re-
ported as enlarging after vaginal delivery (217-218) 
and this enlargement being maintained for up to three 
years later (219) but other groups have not found it 
enlarged nine months after delivery compared with 
antenatal measurements.  However, forceps delivery 
did lead to long term enlargement of the levator ani 

hiatus (220).  The risk of levator ani avulsions in-
creased with enlarged head circumference and pro-
longed second stage in labour (221).  

In a large prospective cohort in nulliparous women, 
amongst which 15.1% suffered a LAM injury postna-
tally, the only independent risk factor after multivari-
ate analysis of pelvic floor biometry was a smaller an-
tenatal anteroposterior diameter of the levator hiatus 
(222).  Other researchers have found that a combina-
tion of risk factors increase the odds for LAM avulsion 
injuries in primiparous women who delivered vagi-
nally; women who had sustained a protracted labour, 
forceps delivery and OASIS had a 75% chance of suf-
fering a complete or incomplete LAM avulsion (223).  
Fetal head circumference and length of first stage of 
labour have been suggested as additional risk factors 
for LAM injury, suggesting that the longer the pelvic 
floor is subjected to high stretch forces the more likely 
the occurence of minor or major LAM defects (224).  
Conversely, greater levator hiatal dimensions in the 
third trimester of pregnancy had a significant associ-
ation with a shorter active second stage of labor and 
a spontaneous vaginal delivery (225). 

Another interesting concept of the relationship be-
tween vaginal delivery and LAM injury is the early 
postnatal ultrasound imaging findings and the subse-
quent changes. van Delft Ket al observed that all LAM 
haematomas seen on 3D transvaginal ultrasound as 
early as 4 days postpartum went on to form complete 
avulsion injuries 3 months after delivery.  Interest-
ingly, further avulsions noted at 3-month scans were 
not originally seen during the early asseement and, 
moreover, muscle haematomas, which were further 
away from the attachment point to the pubic bone did 
not evolve into avulsions (226).  When these women 
with avulsions where further followed up, however, 1 
year after their deliveries, more than 60% of the inju-
ries had resolved (227). Similar findings were re-
ported by an earlier MRI study (228) and recent ultra-
sound studies demonstrating recovery of the hiatal bi-
ometry for a significant proportion of women within 1 
year of delivery, although not necessarily to pre-preg-
nancy (pre-delivery) levels (229-230).  Such results 
have been contradicted by other researchers who 
demonstrated persistence of sonographically de-
picted LAM defects, identified in the immediate post-
partum period for months or years after delivery 
(231), again pointing out the huge variation and in-
consistency in the classification of pelvic floor injuries 
and lack of standardisation in reporting those. 

2.2.9 Pelvic Floor Surgery 
Ultrasonography has been used during anti inconti-
nence surgery with the aim of obtaining optimal re-
sults from surgery, for example during Burch colpo-
suspension (232-233).  On an individual basis, the 
bladder neck was lifted between 1 mm and 10 mm.  
The authors have obtained excellent results with a 
94% continence rate after 1 year, but unfortunately no 
control group was incorporated in the study.  Levator 
ani avulsions have been found to be associated with 
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persistent vaginal prolapse even after attempted sur-
gical repair (234).  Lone and co-authors compared 2D 
transperineal ultrasound - assisted ad hoc by addi-
tional 3D endovaginal ultrasound - with clinical exam-
ination for pelvic floor disorders and found that TPUS 
enhanced the differential diagnosis in the anterior 
compartment by distinguishing vaginal cysts and ure-
thral diverticulae from pelvic organ prolapse (235).  
Perhaps the pre-operative value of TPUS is even 
greater when it comes to defects in the posterior 
compartment; improvement in diagnosis of 
enterocele with multi-compartmental pelvic floor 
scan, missed on clinical examination was 
demonstrated by use of TPUS of the pelvic floor.  
Diagnosis of enterocele and intussusception was 
further enhanced following primary surgical 
correction of the prominent prolapse in any of the 
vaginal compartments (235). 

2.2.9.1 Slings and Meshes 
Monofilament meshes, for example polypropylene 
meshes, are easier to visualise on ultrasonography 
compared with multifilament meshes, such as IVS 
(236).  Ultrasonography has been widely used to lo-
calise the exact position of tension free midurethral 
tapes (Figure 15) (206, 237-242).  The tape is gener-
ally easily visible as an hyperechogenic structure un-
der the urethra and is easy to recognise, which con-
trasts with the poor images of polypropylene on MRI 
(243).  Exact midurethral position of the tape is not 
essential for proper function (244).  Despite the fact 
that the tape was located in the midurethra in only 
two-third of cases, this had no relation to postopera-
tive continence status (245).  A more recent ultra-
sound study, however, has challenged these findings, 
demonstrating a higher recurrence stress inconti-
nence rate in cases where the suburethral sling was 
placed at the bladder neck in comparison to place-
ment of the tape at the proximal and middle urethra 
(241).  During Valsalva manoeuvre, the tape moves 
in a semicircle movement around the inferior margin 
of the symphysis pubis (246).  This results in a posi-
tion closer to the symphysis, which consequently 
leads to a certain degree of mechanical compression 
during Valsalva manoeuvre.  Another mechanism of 
action is kinking of the urethra around the tape (247).  
A number of studies have looked at transobturator 
tape and compared these with retropubic tapes (236, 
242, 248-251).  Two studies could not detect any dif-
ferences between the two types of tape (236, 242, 
251), whereas in the other two studies (248,250), 
subtle differences with no apparent clinical conse-
quences were found. 

Imaging both tension-free and transobturator tape 
procedures during straining show a reduction in the 
diameter of the hypoechoic urethral core and the di-

ameter became significantly smaller only in the suc-
cessful procedures (252) and a reduction in the sym-
physis pubis to tape distance led to continence (253). 
Other authors have suggested optimal positions of 
the tape being between the distal third and middle of 
the urethra with a tape-urethral distance of 2mm, 
greater than 3.9mm distance led to failure of the pro-
cedure.  The tape to urethral distance can be reliably 
assessed using 4D ultrasound (254).  Midurethral 
tapes impinging on the urethra has been reported as 
being associated with voiding difficulty and the “V” 
shape of the tape was the same regardless of the in-
sertion method (ie TOT compared to TVT) (255).  
Tunitsky-Bitton et al. found that the RP sling angle 
was significantly more acute than the angles of the 
TOT and TVT-O slings on 3D pelvic floor ultrasound, 
however no difference was noted between the 2 
transobturator slings (242).  Tapes sited around the 
midurethra resulted in a reduction in flow rate com-
pared with a distal tape position under the urethra 
which did not change flow rates (256) and this posi-
tional information has been used to determine the 
management of de novo symptoms after surgery 
(257).  Muati and Shobeiri have proposed the use of 
3D pelvic floor ultrasonography intraoperatively for 
releasing the mid-urethral part of a sling to overcome 
voiding dysfunction (258). 

The bladder neck is displaced during insertion of a 
midurethral by using a rigid guide during insertion of 
a tension-free vaginal tape. Ultrasound has been 
used to determine that the bladder neck is moved by 
1.4cm by this technique (259).   

Recently, ultrasonographic localisation of polypropyl-
ene mesh as used in prolapse surgery has been de-
scribed (Figure 16 and 17) (260).  These meshes are 
usually easily visible on ultrasonography.  It appears 
that the ultrasonographic appearance of the mesh is 
significantly shorter and narrower than the size at im-
plantation within six weeks of the procedure (261).  It 
is unclear whether this is due to shrinkage of the 
mesh or represents difficulties in visualising the full 
extent of the implanted mesh.  The failure of mesh to 
support vaginal prolapse was associated with mesh 
shrinkage (262-263).     

The differentiation between recurrent herniation and 
the detachment of the mesh arms from the pelvic 
sidewall for example, will aid in the better understand-
ing of the mode of action of these meshes (264). 

2.2.9.2 Bulking Agents / Injectables 
Periurethral bulking agents/injectables, such as mi-
croparticulate silicone (Macroplastique), various gels 
(e.g. Durasphere, and collagen) can be visualised by 
imaging techniques.  For MRI, an overview of appear-
ances of periurethral bulking agents is already avail-
able (265).   
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Figure 15 Perineal three-dimensional rendered image. Polypropylene mesh (TVT-O) after one-sided incision 
of the tape. 

 
Figure 16 Perineal midsagittal two-dimensional view. Polypropylene mesh of the anterior vaginal wall (Prolift 
anterior). 
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Figure 17 Perineal midsagittal two-dimensional view. Polypropylene mesh of the anterior and posterior vagi-
nal wall (Prolift). 

On ultrasonography, the injectables appear hy-
poechoic after injection, and become more hyperech-
oic over time due to dehydrogenation. Good intra-ob-
server variability of repeated measurements of peri-
urethral collagen volumes have been found (266). 

The location in relation to the bladder neck and a cir-
cumferential distribution of collagen injectables 
around the urethra, as well as the height and volumes 
of the injected periurethral collagen bumps, were as-
sociated with the treatment success of periurethral 
bulking agents (266-268).  Using an endovaginal 
probe Elia and Bergman found that optimal location 
of collagen implant was less than 7 mm from the blad-
der neck (268).  It appears that optimal periurethral 
collagen location is a circumferential distribution 
around the urethra, while an asymmetric distribution 
is associated with a significantly smaller improvement 
in incontinence symptoms (267).  A recent prospec-
tive study by Hegde  et al confirmed these findings 
demonstrating that best short outcomes occur with a 
combination of circumferentially distributed and prox-
imally located Macroplastique (269).  Although the 
volume range was wide, a collagen volume of 2.8 cc 
on three dimensional ultrasonography has been as-
sessed as optimum volume from a continence point 
of view.  Poon et al. have published a decision tree, 
in which a combination of the patients´ symptoms af-
ter collagen injection and the configuration and vol-
ume of the periurethral collagen on three-dimensional 
ultrasonography, assist in the decision for further 

treatment of women with intrinsic sphincter deficiency 
(266).  In this algorithm, women with asymmetric dep-
osition and/or low collagen volumes were offered fur-
ther treatment with injectables as this is associated 
with failure (270). 

Ultrasonography has not only been used for follow-
up, but also during placement of periurethral injec-
tions.  Transurethral ultrasonography-guided injection 
of autologous stem cells has been used in women 
and men with stress urinary incontinence.  The tech-
nique allowed precise injection of the myoblasts di-
rectly into the rhabdosphincter and was more effec-
tive in the resolution of incontinence compared with 
urethroscopic guided collagen injectables in the sub-
mucosa in a randomized controlled trial (271-272). 
The use of stem cells in the management of urinary 
incontinence is of great interest although the subject 
remains controversial and confirmatory studies are 
eagerly awaited.   

2.2.10 Conclusions 
Research in US imaging of the pelvic floor has flour-
ished over the last decade although the clinical ben-
efit of it remains uncertain. Standardisation of imag-
ing techniques and terminology are eagerly awaited. 
Imaging of pelvic floor muscle in relation to POP isa 
promising area because of the possible insight into 
the pathophysiology of the condition and treatment 
outcome. Research suffers from a lack of coordina-
tion among different research groups and a more 
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structured approach to research on imaging of UI and 
POP is advisable 

2.2.11 Consensus statement 

• Ultrasound is not recommended in the primary 
evaluation of patients with urinary incontinence 
and/or pelvic organ prolapse (rectal prolapse is 
dealt with in a different section). (Level of evi-
dence 3, Grade of recommendation C) 

• Ultasound is an optional test in the evaluation of 
patients with complex or recurrent urinary incon-
tinence and/or pelvic organ prolapse. (Level of 
evidence 3, Grade of recommendation C) 

• Ultrasound is recommended for measuring post-
void residual and assessing pelvic floor muscle 
training (Level of evidence 2, Grade of recom-
mendation B) 

2.2.12 Future research areas 

• Standardisation of terminology of pelvic floor US 
imaging 

• Internal and external validity of techniques of pel-
vic floor imaging 

• Confirmatory studies to validate previously pub-
lished evidence on imaging of UI and POP 

• Accuracy of US diagnosis of levator ani injury 

• Prognostic value of preoperative US imaging and 
outcome of POP surgery 

• Health technology assessment of pelvic floor im-
aging in the management of UI and POP. 

 

2.3. MRI (The evolving role of MRI in the 
assessment of the female pelvic floor). 

2.3.1 Introduction 
The role of magnetic resonance imaging (MRI) in 
evaluating pelvic floor disorders has been established 
in recent years and continues to evolve.  This 
technique provides unparalleled images of pelvic 
floor muscles, connective tissue, and organs.  In 
addition to the detailed static picture of the pelvic 
organ support system anatomy, MR can also reveal 
the downward movement of each pelvic compartment 
during increases in abdominal pressure.  Advances in 
MR imaging, equipment and software have 
significantly improved image quality and now MRI 
provides ever more detailed pictures of anatomy and 
function.  At present active investigation is ongoing to 
see how this imaging might result in a better 
understanding of these diseases and improve their 
diagnosis and management.   

Although women might present with symptoms 
isolated to one of the pelvic compartments, they often 
have concomitant defects in other compartments or 
pelvic structures. In these women, imaging can 

provide information to extend what can be 
determined on physical examination (1). 
Furthermore, surgical failures could result from lack 
of a thorough preoperative evaluation of the female 
pelvis and inadequate diagnosis and staging of pelvic 
floor deformation and dysfunction (2). Accurate 
diagnosis of coexisting abnormalities is therefore 
essential in planning reconstructive and anti-
incontinence procedures. Although most diagnoses 
of pelvic floor prolapse are made on detailed physical 
exam, the sensitivity and specificity of the pelvic exam 
in diagnosing various forms of pelvic floor prolapse is 
low(3)(4)(5) . Ultrasound and fluoroscopy have been 
used to improve diagnosis (6)(7) and the role of MRI 
in pelvic floor dysfunction is rapidly developing.A 
systematic review suggests that prolapse 
assessment on dynamic MR imaging may be useful 
in the posterior compartment, although clinical 
assessment and dynamic MR imaging seem 
interchangeable in the anterior and central 
compartment (8). 

MRI provides detailed images of bladder neck and 
urethral mobility, rectocele, cystocele, enterocele and 
uterine prolapse, in a single non-invasive study 
without exposing the patient to ionizing radiation 
(9)(10)(11)(12)(13)(14)(15)(16)(17)(18). MRI also 
provides a multiplanar thorough evaluation of pelvic 
organs including the uterus, ovaries, ureters, kidneys, 
and levator muscles, as well as the urethra, that is 
unavailable by any other imaging modality 
(11)(13)(14)(15)(16)(17)(19)(20). MRI can identify 
ureteral obstruction, hydronephrosis, and uterine and 
ovarian pathology. In addition, MRI remains the study 
of choice for the evaluation of urethral diverticula.  

The following measurements using MRI in 
urogynecology and female urology have been 
highlighted in the IUGA/ICS Joint Report on the 
Terminology for Female Pelvic Floor Dysfunction 
(21): 

• Bladder neck and cervical descent/mobility: 

o Position of bladder neck and cervix at rest 
and on Valsalva. 

o Pubo-coccygeal line: A line extending from 
the inferior border of the pubic symphysis to 
the last joint of the coccyx. Bladder neck or 
cervical descent >2 cm below this line with 
straining indicates weakness of the pelvic 
floor. If alternative landmarks are used in 
scientific papers they should be clearly de-
scribed. 

• Intercurrent pelvic pathology: For example, fi-
broids, ovarian pathology. 

• Uterine version: Anteverted or retroverted; flex-
ion at the isthmus. 

• Bladder abnormalities: For example, tumor; for-
eign body. 

• Urethral abnormality: For example, diverticulum. 
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• Postoperative findings: For example, bladder 
neck mobility. 

• Pelvic floor measurements/levator defects: As-
sessment of the configuration of pelvic floor mus-
cles, in particular, the levator ani. 

• Descent of pelvic organs. 

2.3.2 Technique 

2.3.2.1 Conventional MRI 
Standard MRI consists of two dimensional image 
acquisitions. Usually conventional T1 images and 
spin echo T2 weighted images are obtained. Proton 
density T2 weighted scans provide excellent soft-
tissue definition (Figure 18). However, the long 
imaging time of conventional MRI hampers its ability 
to evaluate the movement of organs that are 
characteristic of POP.  

 

 
Figure 18: Sagittal mid pelvic section showing ana-
tomical detail visible in static images made with Pro-
ton Density sequence. 

2.3.2.2 Ultra Fast Image Acquisition and 
MR Sequences  

Pelvic organ movement during Valsalva is identifiable 
using very fast single-shot MR sequences and the 
technical aspects have been summarized ina 
previous report (Figure 19) (ICI 2009). 
(15)(16)(22)(23). These sequential images are 
obtained approximately once per second, either as a 
series of images covering the entire pelvis (static 
imaging) or repetitively in one plane while the patient 
is straining (dynamic imaging). The patients are 
placed in the supine position with legs slightly spread 
apart, and knees bent and supported by a pillow. 

Most pelvic floor details can be seen without the need 
for bowel preparation, premedication, instrumentation 
or contrast medium but often, especially with MR 
defecography, ultrasound gel or other suitable agents 
are used to enhance visibility of the rectum and 
vagina. The MRI torso coil is centered at the 
symphysis pubis. Images are acquired in the sagittal 
plane using single-shot fast spin echo (SSFSE) or 
half Fourier acquisition, single shot turbo spin echo 
(HASTE) sequences. Single, mid sagittal views are 
obtained during 3 seconds of apnea with the patient 
relaxed and during various degrees of progressive 
abdominal straining.  

Steady-state free precession gradient-echo imaging 
provides an alternative T2-like imaging contrast (T2- 
and T1-weighted imaging) with robust signal and a 
rapid acquisition time of less than 1 second, thereby 
permitting near real-time continuous imaging. This is 
an improvement on the HASTE approach that 
requires 1–2 seconds between acquisitions to allow 
T1 recovery; therefore, real-time imaging is not 
possible. Comparisons of the degree of POP shown 
on dynamic true fast imaging with steady-state 
precession (FISP) versus HASTE sequences in 
symptomatic patients reveal a greater degree of 
prolapse in all three compartments with a dynamic 
true FISP sequence. Near real-time continuous 
imaging with a dynamic true FISP sequence may 
therefore be useful to evaluate pelvic floor 
dysfunction in addition to dynamic multiplanar 
HASTE sequences (24). 

During a typical study of pelvic organ movement two 
sets of images are obtained. The first set consists of 
static sagittal and para-sagittal images covering the 
pelvis from left to right sidewall. These images are 
used to select the mid-sagittal plane for the dynamic 
second set of images. This static sequence also 
allows for anatomic delineation of the pelvic sidewalls 
and muscular and fascial components of the pelvic 
floor (15)(16)(22)(23). The perineal membrane and 
the levator ani musculature, as well as the anal 
sphincter anatomy, are also clearly 
demonstrated(25)(26). The static set consists of 17-
20 sequential images independently acquired in a 
total of about 18 seconds.  

The second set of images consists of relaxed and 
straining mid-sagittal images used to assess the 
degree of pelvic floor relaxation and organ prolapse. 
Images can then be looped for viewing on a digital 
station as a cine stack.  

Dynamic MRI allows detection of POP that may not 
be evident on conventional static sequences, as it 
permits both structural and functional evaluation. For 
example, in women with lower urinary tract 
symptoms, evaluation of the urethra may be of added 
value.(27) 
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Figure 19: The rest and strain image taken from a mid-sagittal dynamic MR sequence revealing cystocele and 
uterine descent using SSFSE sequence.  

The first time a woman performs a Valsalva 
maneuver, she may not get the prolapse to protrude 
to its maximal extent.  Forty per cent of women have 
a greater than 2cm increase in prolapse size from 
their first to third Valsalva attempt and 95% of women 
extend their prolapse further with a third Valsalva(28). 
As with clinical examination, several attempts may 
therefore be required to have maximal anterior 
compartment prolapse present during dynamic MRI 
of the pelvic floor. Delaney et al evaluated whether 
the use of a speculum blade modifies the evaluation 
of pelvic organ prolapse (POP) as assessed by 
dynamic MRI. Twenty-seven women with POP 
Quantification (POPQ) stage II or greater, scheduled 
for POP surgery, were evaluated using MRI. The 
procedure was repeated using the posterior blade of 
a standard plastic Grave's speculum to successively 
retract the anterior and posterior vaginal walls. 
Standard POPQ was 15% stage II (n =4), 59% stage 
III (n =16) and 26% stage IV (n =7). The use of a blade 
evidenced hidden pelvic prolapsed compartments in 
59% (n =16) of cases. For 48% of patients (n =13), 
the variation of the leading edge of at least one 
additional prolapsed compartment was diagnosed as 
more than 20 mm. In this series, the use of a 
speculum blade during dynamic MRI modified the 
POP evaluation in a large proportion of patients with 
POP stage > or =II (29). 

More recently, open magnetic resonance imaging 
(MRO) with vertical magnets, has allowed imaging in 
a variety of upright postures.  A pilot study compared 
distances between the lowest point of the bladder to 
the pubococcygeal (PC) and pubopromontoreal (PP) 
lines as well as the ratio of bladder area under the PC 
and PP lines to the total bladder area. Significant 
elongation between the PC line and lowest point of 
the bladder was evident in women with POP 
comparing supine and standing images (p = 0.03), 

but not controls (p = 0.07). Similarly, this axis was 
significantly longer in women with cystocele versus 
controls only in the standing position. Bladder area 
under the PC line was significantly increased 
between supine and standing positions only among 
women with cystocele (p < 0.01), and significantly 
larger among the study group in the standing position 
(p < 0.005), less significant in the supine position (p = 
0.015), and not significant in the sitting position (p = 
0.3)(30). 

2.3.2.3 Three Dimensional MRI 
Three dimensional (3-D) MRI provides precise detail 
of the bony and muscular pelvic structures (Figure 
20) so that 3D models can be constructed based on 
these detailed images. In this technique, static or 
dynamic images are reconstructed using consecutive 
planes in the axial, sagittal and coronal dimensions. 
Anatomic variations of the insertion and path of the 
pubococcygeus and iliococcygeus muscles can be 
seen. Fielding et al. made 3D models of the  pelvic 
viscera and supporting muscles and bones with the 
marching-cubes algorithmand a surface-rendering 
method in nulliparous continent female volunteers 
and found that the muscle morphology, signal 
intensity and volume are relatively uniform (25). They 
described an average volume of the levator ani of 
46.6 cc, width of the levator hiatus of 41.7 mm and an 
average posterior urethrovesical angle of 143.5°.  In 
addition, these 3D models made from multi-slice 
scans during a maximal Valsalva have allowed direct 
measurements of changes in the relationship 
between the vagina and pelvic walls.  
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Figure 20: Pelvic Organs as seen from caudal on a 
three-dimensional reconstruction from Magnetic 
resonance images.  Copyright Mosby Inc. 

3D MRI enables evaluation of paravaginal defects, 
apical descent and vaginal widening. Larson et al (31)  
studied the relative contributions of "midline defects" 
(widening of the vagina) and "paravaginal defects" 
(separation of the lateral vagina from the pelvic 
sidewall) in women with anterior prolapse using 3D 
MRI models of the anterior vaginal wall and found that 
changes in lateral anterior vaginal wall were 
considerably greater than changes in vaginal width in 
cases vs controls.These "paravaginal defects" were 
also highly correlated withapical descent.  

The geometry of the arcus tendineus fascia pelvis 
(ATFP) and arcus tendineus levator ani (ATLA) in 
women with unilateral levator ani muscle defects and 
associated "architectural distortion" has been studied 
using 3D MRI. In those women, the ventral arcus 
anatomy is significantly altered in the presence of 
levator defects as well as architectural distortion, 
resulting in change of the supportive force direction 
along the lateral anterior vaginal wall, thus increasing 
the risk for anterior vaginal wall prolapse. (32) 

Luo et al (33) developed a method to evaluate 
changes in apical ligament lengths and lines of action 
from rest to maximal Valsalva using 3D stress 
magnetic resonance imaging (MRI). In a case-control 
study, 3D reconstructions of the uterus and vagina, 
cardinal ligament (CL), deep uterosacral ligament 
(USL(d)), and pelvic bones were created using 3D 
Slicer software. At maximal Valsalva, CL elongation 
was greater in cases than controls, whereas USL(d) 
was not; CL also exhibited greater changes in 
ligament length, and USL(d) exhibited greater 
changes in ligament inclination angle. 

Following studies that reported diffusion tensor 
imaging (DTI) as a method for detecting alterations in 
tissue organisation of injured striated skeletal 
muscles, the clinical application of DTI and fibre 
tractography in pelvic floorimaging was assessed by 
Zijta et al.(34) A two-dimensional (2D) spin-echo (SE) 

echo-planar imaging (EPI) sequence of the pelvic 
floor was acquired. Offline fibre tractography and 
morphological analysis of pelvic magnetic resonance 
imaging (MRI) were performed. Inter-rater agreement 
for quality assessment of fibre tracking results was 
evaluated. DTI with fibre tractography seems to 
enable 3D visualisation and quantification of 
elements of the female pelvic floor.  

2.3.3 Normal Pelvic Floor Functional 
Anatomy  

2.3.3.1 MR Imaging of Normal Pelvic 
Support Structures 

MRI studies of normal subjects have improved our 
understanding of normal pelvic anatomy, its 
variations(25)(26)(35) as well as anatomic changes in 
pelvic floor dysfunction (20)(36)(37).  

In the supine position the female pelvic floor is dome 
shaped at rest (37)(38). During voluntary pelvic floor 
contractions the levator musculature straightens and 
becomes more horizontal. With bearing down the 
muscle descends, the pelvic floor becomes basin-
shaped, and the width of the genital hiatus widens.  

With MRI the specific structures are identified and 
their normal variations described (Figure 21). Tan 
(36) demonstrated the anatomy of the female pelvic 
floor with MRI. The pelvic and the urogenital 
diaphragm were well depicted as were urethral 
supporting structures—the peri-urethral and 
paraurethral ligaments, and the zonal anatomy of the 
urethra. The MRI findings in volunteers correlated 
with the endovaginal MR findings and gross anatomy 
in cadavers. Chou (39)studied the urethral support 
structures relative to the arcuate pubic ligament 
including the arcus tendineus fasciae pelvis, the 
perineal membrane, the pubococcygeal levator ani 
muscle and its vaginal and bony attachments, and the 
pubovesical muscle. Tunn et al (40) showed that 2- to 
3-fold differences occur in distance, area, or volume 
measures of continence system morphologic features 
in continent nulliparous women with normal pelvic 
organ support and urodynamics. The uterosacral 
ligaments also exhibit greater anatomic variation than 
their name would imply(41).  Three dimensional 
simplified biomechanical models constructed from 
MRI scans showed thatthe CL is parallel to the body 
axis. The US ligament is dorsally directed. The 
tensions on these ligaments seem to be affected by 
their orientations according to this study (42). 
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Figure 21: Axial images according , in 22-year-o ld 
(A, D, G, and J), 24-year-old (B, E, H, and K), and 34- 
year-old (C, F, I, and L) nulliparous women without 
urogynecologic problems. A-C, Level of cervix (Cx) 
and ischial spine (IS); uterus (Ut) with bright endo-
metrium is also seen. Paracolpium and parametrium 
suspend (open tips) vagina and cervix from lateral 
and posterior pelvic sidewall. Smooth muscle of 
uterosacral ligament (open tips) is best seen in C. 
GM, Gluteus maximus muscle. D-F, Level of bladder 
(B) base. Upper vagina between bladder and rectum 
(R) and its attachment to pelvic sidewall by vascular 
and connective tissue mesentery (small arrow) are 
seen. Levator ani muscle (iliococcygeal part, filled 
arrowhead) arises from arcus tendineus of levator 
ani muscle (filled arrow). OI, Obturator internus mus-
cle. G-I, At level of proximal urethra, levator ani mus-
cle (pubovisceralis part, filled arrowhead) arises 
from pubic bone (open arrow). Pubovesicalis muscle 
(open arrowhead) is clearly seen in H. Vessels (white 
gap) are visualised between smooth muscle layer of 
lateral vaginal wall and levator ani muscle at this 
level. J-L, At level of middle urethra, pubovesicalis 
muscle is seen as shown in J (open arrowhead). Ves-
sel layer (white gap) between lateral vaginal wall and 
levator ani muscle (filled arrowhead) has disap-
peared; direct connection between vagina and leva-
tor ani muscle is seen at this level. Small white gap 
in levator ani suggests fascia between puborectalis 
and pubococcygeal muscles (especially in J and L). 
(123) 

Characteristic anatomic features of the posterior 
compartment and perineal body have been studied 
with MR cross-sectional anatomy and can be further 
elucidated and integrated with 3-D anatomy. In 
nulliparous asymptomatic women the posterior 
compartment's upper, mid, and lower segments are 
best visualized in MRI in the axial plane. It is bounded 

inferiorly by the perineal body, ventrally by the 
posterior vaginal wall, and dorsally by the levator ani 
muscles and coccyx. In the upper portion, the 
compartment is bordered laterally by the uterosacral 
ligaments, whereas in the middle portion, there is 
more direct contact with the lateral levator ani 
muscles. In the lower portion, the contact becomes 
obliterated because the vagina and levator ani 
muscles become fused to each another and to the 
perineal body (43)(figure 22). The perineal body 
anatomy has been possible to study using 2mm MR 
images. Visualisation of perineal body anatomy in 
living women and development of 3-D models 
enhanced our understanding of its 3 different regions: 
superficial, mid, and deep (44). The three distinct 
perineal body regions are (1) a superficial region at 
the level of the vestibular bulb, (2) a midregion at the 
proximal end of the superficial transverse perineal 
muscle, and (3) a deep region at the level of the 
midurethra and puborectalis muscle. Structures are 
best visualised on axial scans, whereas craniocaudal 
relationships are appreciated on sagittal scans. In the 
superficial portion at the level of the vestibular bulb 
(VB), the bulbospongiosus (BS) inserts into the lateral 
margins of the perineal body, whereas the superficial 
transverse perineal muscle (STP) and external anal 
sphincter (EAS)traverse the region. In the perineal 
body’s midregion at the proximal end of the superficial 
transverse perineal muscle, the puboperinealis 
muscle inserts into the lateral margins of the perineal 
body and in some individuals can be seen to cross 
the midline. This region also contains the distal 
internal anal sphincter. The puboanalis muscle is also 
visible as it inserts in the intersphincteric groove 
between internal and external anal sphincters. The 
puboanalis muscle andinternal anal sphincter extend 
into the perineal body’s most deep region at the level 
of the midurethra. Here the pubovaginalis muscle 
also becomes visible as it fuses with the vaginal side 
wall, sending fibres posteriorly to the perineal body. 
In this location, the longitudinal muscle of the rectum 
may be visible in the midline. The puborectalis muscle 
forms a loop behind the rectum at this level but does 
not contribute fibers to the perineal body. (Figures 
23&24) 

One of the key anatomical contributions MRI has 
made to the understanding of normal pelvic floor 
structure, regards the ability to make images of a wide 
variety of normal living women.  The pelvic floor is 
greatly distorted in cadavers due to loss of muscle 
tone and pressures during embalming.  Otcenasek et 
al have used MR images of a normal nulliparous 
woman to establish geometry and then added details 
from dissection to produce an anatomically based 
topographically normal 3-D model that displays the 
features of pelvic floor anatomy (Figure 25) (45). 

Nardos et al (46) compared levator hiatus 
measurements between pelvic magnetic resonance 
imaging (MRI) and 3-dimensional pelvic ultrasound 
(US) in 37 asymptomatic nulliparous women.  
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Figure 22: The outline of the midsagittal pubic bone (P) is shown. The bladder (B) is yellow; the uterus (U) 
and vagina (V) are pink; the uterosacral ligament (USL) and perineal membrane (PM) are turquoise blue; the 
levator ani muscle (LA) is red; the perineal body (PB) is royal blue; the external anal sphincter (EAS) is dark 
red; and the posterior compartment (PC) is gray. Image A, All organs are shown. B, Levator ani muscles have 
been faded to show the underlying structures. C, Levator ani muscles have been removed. The locations of 
the upper, mid, and lower axial cross-sections are shown(39). Reprinted with permission from John O. L. 
DeLancey. 

 
Figure 23: 3D Model of the perineal 
body (40) 

 
Figure 25: Left lateral view from above the female pelvis. The 
vagina, endopelvic fascia, and levator ani muscle are cut in the 
sagittal plane. Urethra, urinary bladder, and rectum have been re-
moved. OIM, obturator internus muscle; PCF, pubocervical fas-
cia; ATLA, arcus tendineus levator ani; LA, levator ani muscle; 
ATFP, arcus tendineus fasciae pelvis; PS, pubic symphysis; VW, 
vaginal wall; RVF, rectovaginal fascia; ATFR, arcus tendineus 
fasciae rectovaginalis; PM, perineal membrane; PB, perineal 
body; EAS, external anal sphincter; SC, space of Courtney; ACR, 
anococcygeal raphe; ACL, anococcygeal ligament; PM, piriformis 
muscle; CL, cardinal ligament; USL, uterosacral ligament; C, cer-
vix of the uterus; CM, coccygeus muscle; Co, coccyx; SP, sacral 
plexus. Illustration: Ivan Helekal (41). 
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Figure 24: Arcuate pubic ligament (APL) as reference slice. Negative numbers are caudal and positive 
numbers are cephalad to APL.  

B, bladder; Ba, Bartholins; IAS, internal anal sphincter; IC, iliococcygeus; PB, perineal body; PR, 
puborectalis; PS, pubic symphysis; PuR, pubic rami; R, rectum; U, urethra; V, vagina; VB, vestibular bulb 
(40). 

 

They found that the MRI measurements obtained 
from the sagittal images were consistently greater 
than the ones obtained by US. However, there was 
no such difference between MRI and US for the axial 
images. The authors attributed this observation to 
acquisition planes for axial images or interpretation of 
landmarks for the sagittal images. 

2.3.3.2 Levator Ani Muscle Functional 
Anatomy  

Evidence from MR and CT images in volunteers and 
cadavers shows that the anterior transverse portion 
of the levator muscle is basin-shaped; the middle 
transverse portion funnel-shaped, while the posterior 
transverse portion dome-shaped. The puborectalis 
appears u-shaped outside the vertical portion(47). On 
MR images of the five Terminologia Anatomica-listed 
levator ani components: pubovisceral (pubovaginal, 
puboperineal, and puboanal), puborectal and 
iliococcygeal portions of the levator ani muscle 
muscles in women with normal pelvic support., the 
puborectal muscle can be seen lateral to the 
pubovisceral muscle and decussating dorsal to the 
rectum in the axial plane. The course of the 
puboperineal muscle near the perineal body is also 
seen best in the axial plane. The coronal view is 
perpendicular to the fibre direction of the puborectal 
and pubovisceral muscles and shows them as 
"clusters" of muscle on either side of the vagina. The 
sagittal plane consistently demonstrates the 
puborectal muscle passing dorsal to the rectum to 
form a sling that can be seen as a "bump”. This plane 

is also parallel to the pubovisceral muscle fiber 
direction and shows the puboperineal 
muscle(48)(Figure 26). 

Betschart et al (49) described a technique to quantify 
muscle fascicle directions in the levator ani (LA): 
Among levator subdivisions, significant angle 
differences were observed between PVM and PRM 
(60 degrees), and between ICM and PRM (52 
degrees). An 84 degrees difference was observed 
between PVM and EAS. The smallest angle 
difference was between PVM and ICM (8 degrees). 
The difference between PRM and EAS was 24 
degrees.  

2.3.4 Pathophysiology of Pelvic Floor 
Disorders 

2.3.4.1 Levator Ani (LA) Muscle Defects  
Lammers  et al (50) assessed the inter- and 
intraobserver reliability of the diagnosis of 
pubovisceral muscle avulsions and measurements of 
the levator hiatus on MRI and confirmed that 
pubovisceral muscle avulsions and levator hiatus 
measurements can be assessed with good to 
excellent reliability on MRI. 

In (51) a case-control study with group matching for 
age, race, and hysterectomy status, women with 
prolapse (cases) were compared to those with normal 
support (controls). Major defects were those that lost 
more than 50% of the muscle bulk.  Cases were more 
likely to have major levator ani defects than controls 
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(55% compared with 16%), but equally likely to have 
minor defects (16% compared with 22%) (Figure 
27,28). Women with defects generated less vaginal 
closure force during a pelvic muscle contraction than 
women without defects (2.0 Newtons compared with 
3.1 Newtons) and women with prolapse also 
generated less vaginal closure force during pelvic 
muscle contraction than controls (2.0 Newtons 
compared with 3.2 Newtons). This confirmed earlier 
uncontrolled observations with ultrasound (52). 

It is important to distinguish between muscle 
thickness and muscle damage.  A woman with a 
normally thin but intact muscle may have less muscle 
substance than a woman with naturally bulky muscles 
who has a defect that has involved 25% of her muscle 
bulk.  The issue of muscle damage is relevant to 
seeing who is injured, while that of muscle bulk, with 
the capability of the muscle to close the hiatus. Hoyte 
et al (53) examined 10 women with prolapse, 10 with 
urodynamic stress incontinence, and 10 
asymptomatic volunteers. Mean 3-dimensional 
parameters in the 3 groups showed levator volumes 
of 32.2, 23.3, and 18.4 cm3 (P <0.005); hiatus widths 
of 25.7, 34.7, and 40.3 mm (P <0.005); left levator 
sling muscle gaps of 15.6, 20.3, and 23.8 mm (P 
=0.03), right levator sling muscle gaps of 15.6, 22.5, 
and 30.8 mm, (P =.003), and levator shape (90%, 
40%, and 20% dome shaped; P <0.005). 
Subsequently, using a novel thickness mapping 
(54),they found thicker, bulkier anterior portions of the 
levators in asymptomatic women, compared with 
women with prolapse or urodynamic stress 
incontinence while the more posterior portions of the 
muscle were not affected.   

Hsu and colleagues quantified levator ani muscle 
cross-sectional area as a function of prolapse and 
muscle defect status (55). Using muscle cross-
sections from 3-D reconstructions they found that 
women with visible levator ani defects on MR have 
less muscle ventrally compared with women with 
intact muscles. Women with major levator ani defects 
had larger cross-sectional areas in the dorsal 
component than women with minor or no defects 
indicating a compensatory hypertrophy in this area. 
Furthermore, after controlling for prolapse, women 
with levator defects appear to have a more caudal 
location of their perineal structures and larger 
hiatuses at rest, maximum contraction, and maximum 
Valsalva maneuver (56). 

Among women with POP, those with major LAD 
appear less likely to experience stress incontinence 
when "coughing, laughing, or sneezing" (odds ratio 
(OR) 0.27) and when "twisting, reaching, lifting, or 
bending over" (OR 0.26) than women with normal 

muscles. They are less likely to have obstructive 
symptoms characterised by assuming an "unusual 
toileting position" or "changing positions...to start or 
complete urination" (OR 0.27). Women with minor 
LAD appear more likely to experience stress 
incontinence with exercise (OR 3.1) and urge 
incontinence (OR 4.0) than those with normal 
muscles. Lower urinary tract symptoms are therefore 
less common among women with prolapse and major 
levator ani defects and more common among those 
with minor defects (57).  This may be explained by 
the fact that the women with major LA defects have 
larger prolapses than those who do not have major 
LA defects.  It is a clinical observation that prolapse 
often reduces the occurrence of stress incontinence 
(urethral kinking?) and this hypothesis is consistent 
with the observations mentioned above. 

Cai et al (58)evaluated levator ani morphology and 
function in healthy nulliparous women using static 
and dynamic MRI. They found no morphologic 
abnormality in healthy nulliparous women. However, 
in 15% (12/80) of women, pelvic organ descent below 
the pubococcygeal line was observed. In these 
women, the width of the pubic portion of the levator 
ani was significantly reduced during straining, 
whereas the levator plate angle, the levator hiatus 
area, and the H and M line lengths were enlarged. 
These changes were associated with weakened 
levator ani function and pelvic floor laxity. 

2.3.4.2 Identifying the Injury Zone within 
the Levator Ani Muscle Most Often 
Involved by Injury 

MRI based 3D models show that in women with 
bilateral puborectal muscle avulsion after vaginal 
delivery, the damage affects the pubic origin of the 
muscle. This structural change alters the support to 
the whole endopelvic fascia and destabilises both the 
anerior and the posterior vaginal walls(59).  In women 
with significant muscle on one side and damaged 
muscle in the same individual(60)the injury involves 
the muscle’s origin from the posterior pubic bone 
(Figure 29).Distortion of the surrounding connective 
tissue with lateral spilling of the vagina towards the 
obturator internus muscle is observed in 50% of 
women. The defect is right sided in 71% of patients. 
The average difference of the amount of muscle lost 
in these types of injury between the normal side and 
the defective side is up to 81% at locations nearest 
the pubic origin(61). Almost all of the volume 
difference (13.7%, P=0.0004) is attributable to a 
reduction in the pubic portion (24.6%), not the 
iliococcygeal portion of the muscle. 
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Figure 26:  Three-dimensional model of levator ani subdivisions including the pubic bone and pelvic viscera.  
This model was created by using the magnetic resonance images shown in Figures 2, 3, and 4. The pubovag-
inal, puboperineal, and puboanal muscles are all combined into a single structure, the pubovisceral muscle. 
Inferior, left 3-quarter view. B. The same model without the pubic bone. PB, pubic bone; V, vagina; U, uterus; 
Ur, urethra; B, bladder; IC, iliococcygeus muscle; PR, puborectal muscle; PVi, pubovisceral muscle; EAS, 
external anal sphincter. © DeLancey 2006. Margulies (43).  

 
Figure 27:Examples of grades of defects in the pubovisceral portion of the levator ani muscle in axial mag-
netic resonance images at the level of the mid urethra. These were selected to illustrate degrees of defects 
in individuals with a normal contralateral pubovisceral muscle. The score for each side is indicated on the 
figure, and the black arrows indicate the location of the missing muscle. A. A grade 1 defect; B. A grade 2 
defect; and C. A grade 3 defect. © DeLancey 2006 (44) 

 
Figure 28:Percentages of cases and controls with no defects, minor defects, and major defects; p<_0.001. © 
DeLancey 2006 (44) 
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Figure 29:  Three-dimensional model generated from the axial MR scans shown in Figure 1. A, and B, Oblique 
right and left inferolateral views, similar to the dorsal lithotomy position, are shown. In these panels the pubic 
bone is semitransparent and the obturator internus muscle is not shown. C, and D, Oblique right and left 
views peering over the pubic bone and down to the pelvic floor are shown. The urethra, vagina, and rectum 
have been truncated so as not to obscure the views of the levator muscles. EAS, external anal sphincter; LA, 
levator ani; MM, mirror image of the missing muscle; P, pubis; PB, perineal body; U, urethra; V, vagina. The 
missing muscle in A and D is denoted (asterisk). © DeLancey 2006 (52) .  

2.3.4.3 Changes in the Hiatus Size and 
Levator Plate Angle with Prolapse   

The levator ani muscle’s constant activity closes the 
genital hiatus.  In addition to evaluating defect status 
and muscle bulk, MRI has revealed changes to the 
levator hiatus and angle of the levator plate (that 
midline portion of the muscle between the anus and 
the coccyx) which is presumed to be influenced by 
muscle action. Hsu and colleagues (62) studied 68 
women with pelvic organ prolapse and 74 normal 
controls.During Valsalva, controls had a mean levator 
plate angle of 44.3 degrees. Cases had 9.1 degrees 
(21%) more caudally directed levator plate angle 
compared to controls (53.4 degrees vs. 44.3 
degrees), 15% larger levator hiatus length (7.8 cm vs 
6.8 cm), and 24% more caudal perineal body location 
(6.8 cm vs 5.5 cm). Increases in levator plate angle 
were correlated with increased levator hiatus length 
(r = 0.42) and perineal body location (r =.51). The 
bladder neck descent at straining is also correlated 
with the levator plate angle at rest, hiatus length at 
rest and at straining(63).  Uterine cervix descent at 
straining is correlated with increased hiatus length 
and width at straining, and greater levator plate angle 
(p=0.007) at straining.  Paradoxically anterior rectal 
bulging at straining is inversely correlated with the 
hiatus width at rest (p = 0.04).   

Perineal descent and localised outward bulging of the 
levator ani during Valsalva was evaluated by 
Gearhart and colleagues (64).  In this study, dynamic 
MRI of symptomatic patients with pelvic floor 
prolapse demonstrated unsuspected levator ani 
hernia. Patients with POP, fecal and/or urinary 

incontinence, or chronic constipation were evaluated.  
Fifteen percent of patients (12/80) had unilateral (n = 
8) or bilateral (n = 4) levator ani hernias on MRI. 
Perineal descent on physical examination was 
associated with a levator ani hernia in nine patients.    

2.3.4.4 MRI and the Bony Pelvis 
Studies of the bony pelvis dimensions and their 
associations with POP, levator ani defects and stress 
incontinence have recently been undertaken. Stein et 
al showed that bony pelvis dimensions are similar at 
the level of the muscular pelvic floor in white women 
with and without POP (65). Further evaluation of the 
bony pelvis using MRI scans has also improved our 
understanding of the natural history of stress urinary 
incontinence as well as the associations of the bony 
pelvis dimensions with the prevalence of levator 
defects (66). Other studies investigating the role that 
different pelvis shapes play for specific diseases will 
be described in subsequent sections of this review. 

2.3.4.5 MRI of Pelvic Floor After Vaginal 
Delivery  

There are changes observed in the levator ani and 
pelvic floor musculature immediately after delivery, 
which change over time. Boreham (67) evaluated the 
normal visibility of the levator in post term nulliparas 
using 3-dimensional (3-D) MRI. LA insertion into the 
symphysis was visible in 93%, and the iliococcygeus 
muscle assumed a convex shape (arch) in 92% of 84 
nulliparas. Mean LA volume was 13.5 (3.7) cm3. 
Interestingly there was a positive association 
between LA volume and higher fetal station with 
increasing BMI. The muscle signal intensity appears 
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increased at 1 day postpartum on T2 weighted 
images, but normal by 6 months. The urogenital and 
levator hiatus decreases significantly by 2 weeks 
postpartum(68). Lienemann (69) found thinning of the 
puborectal muscle in primiparous women after 
vaginal delivery (0.6 cm vs. 0.8 cm) and increased 
descent of the bladder, vaginal fornix, and anorectal 
junction during straining compared to healthy 
asymptomatic nulliparous volunteers.   

The descent of the bladder and cervix on straining 
appears greater in women who delivered vaginally 
compared tothose who had cesarean delivery and to 
nulliparous women. There is a positive correlation 
between the duration of labor and the area of the 
levator sling and also between birthweight and the 
descent of the cervix on straining(70).  

The role of levator ani muscle damage and stress 
soon after birth has also been studied. An 
investigation of 80 nulliparous asymptomatic women 
and 160 vaginally primiparous women half of whom 
had new stress incontinence after their first birth was 
conducted 9 months after delivery. A visible defect in 
the levator ani muscle was identified in 32 
primiparous. Twenty-nine of these 32 defects were in 
the pubovisceral portion of the levator and three were 
in the iliococcygeal portion. None of the nulliparous 
women showed these abnormalities(71). In a further 
study of this cohort (72)evaluation of obstetric factors 
associated with levator ani injury after first vaginal 
birth showed increased odds ratios for levator defect: 
forceps use 14.7, anal sphincter rupture 8.1 and 
episiotomy 3.1 but not vacuum delivery (0.9) epidural 
use (0.9) or oxytocin use (0.8). Women with levator 
injury were 3.5 years older and had a 78-minute 
longer second stage of labor. Differences in 
gestational age, birth weight, and head circumference 
were not statistically significant.  

Dannecker (73)compared women after spontaneous 
vaginal delivery to those delivered by vacuum 
extraction and a control group of healthy nulliparous 
volunteers. Significant differences for individual 
POPQ component measurements were noted for 
points Aa and Ba, TVL, and GH (spontaneous 
delivery versus control) and in addition for Ap, Bp, 
and D (vacuum extraction versus control). Significant 
differences were observed for the position of bladder 
base, bladder neck, posterior vaginal fornix, anorectal 
junction, hiatus perimeter and depth of rectocele. 
Looking into comparisons with the spontaneous 
vaginal delivery group, on clinical examination, there 
was more evidence of anterior vaginal wall descent 
after vaginal delivery, and TVL and GH. Differences 
between the groups with regard to points Ap and Bp 
reached only marginal significance. With MRI 
measurements primiparous women who underwent 
spontaneous vaginal delivery as compared to 
nulliparous women showed considerable and 
statistically significant descent of almost all assessed 
structures at rest and on straining. Bladder base, 
bladder neck and the anorectal junction descended 

even below the respective reference lines. The 
bladder neck 

showed considerably increased mobility, and the 
genital hiatus showed an increased change on 
straining. The depth of rectocele increased more than 
three times. One of 26 women (4%) had a rectocele 
>3 cm. POPQ measurements that differed 
significantly between primiparous women after 
vacuum extraction and nulliparous women of the 
control group indicated more evidence of anterior and 
posterior vaginal wall descent after vacuum 
extraction. In addition TVL and GH was increased 
and PB was decreased after vacuumextraction. MRI 
measurements after vacuum extraction, showed 
considerably increased descent and mobility of the 
bladder base and bladder neck on straining, and 
descent of the anorectal junction was prominent.  The 
mean depth of rectocele was four times biggerthan in 
the nulliparous group. Four of 49 women (9%) had a 
rectocele >3 cm. 

Branham and colleagues (74)evaluated postpartum 
changes in the levator ani muscle in relation to 
obstetric events. In those subjects recovering to 
normal MR by 6 months an average of nearly 60% 
increase in right puborectalis muscle thickness 
compared with that seen at 6 weeks indicated the 
extent of the injury. Younger white primiparous 
women had a better recovery at 6 months than older 
white women. Subjects experiencing more global 
injury, in particular to the iliococcygeous, tended not 
to recover muscle bulk. 

Heilbrun and colleagues investigated the correlation 
between the presence of major LAM injuries on MRI 
with faecal incontinence (FI), POP, and urinary 
incontinence (UI) in  primiparous women 6-12 months 
postpartum using a scoring system to characterise 
LAM injuries on MRI. Major LAM injuries were 
observed in 19.1% women who delivered vaginally 
with external anal sphincter (EAS) injuries, 3.5% who 
delivered vaginally without EAS injury, and 0% who 
delivered by cesarean section before labor 
(P=.0005). Among women with EAS injuries, those 
with major LAM injuries trended toward more FI, 
35.3% vs. 16.7% (P=.10) and POP, 35.3% vs 15.5% 
(P=.09), but not UI (P=1.0). These data confirm that 
both EAS and LAM are important for faecal 
continence and that multiple injuries contribute to 
pelvic floor dysfunction (75) . 

Handa and colleagues used MRI to measure bony 
and soft tissue pelvic dimensions in 246 primiparas, 
6-12-months postpartum. A deeper sacral hollow was 
significantly associated with fecal incontinence (P = 
0.005). Urinary incontinence was marginally 
associated with a wider intertuberous diameter (P = 
0.017) and pelvic arch (P = 0.017). There were no 
significant differences in pelvimetry measures 
between women with and without prolapse in this 
study(76). 
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2.3.4.6 MRI and Biomechanical 
Investigation of the Pelvic Floor 

MRI has allowed anatomically based biomechanical 
models to be constructed.  Simulations have 
demonstrated important interactions between muscle 
and connective tissue in providing anterior vaginal 
wall support (77).  MRI has enabled construction of 
finite element analysis (78)(79). It has also allowed 
for capture of 3D shape variation of the levator ani 
during straining where complete volumetric imaging 
is prohibited by the inherent temporal resolution of the 
scanning technique (80).  

Chen recently developed and validated  a 3D finite 
element computer model of the anterior vaginal wall 
and its supports based on spatial data from MR scans 
of normal women. They determined the combinations 
of muscle and connective tissue impairments that 
result in cystocele formation, as observed on dynamic 
MRI geometry from a healthy nulliparous woman. It 
included simplified representations of the anterior 
vaginal wall, levator muscle, cardinal and uterosacral 
ligaments, arcus tendineus fascia pelvis and levator 
ani, paravaginal attachments, and the posterior 
compartment. The authors found that development of 
a cystocele requires a levator muscle impairment, an 
increase in abdominal pressure, and weakening of 
apical and paravaginal support (81). These 
simulations provide a way to see what specific 
changes in structural components do to pelvic organ 
support in ways that would be impossible to study in 
living women. 

Peng et al (82) assessed urethral support by 
developing a pelvic model from an asymptomatic 
female patient's MR images using the finite element 
method. Weakening the vaginal walls, puborectalis 
muscle, and pubococcygeus muscle generated the 
top three largest urethral excursion angles. 
Weakening all three levator ani components together 
caused a larger weakening effect than the sum of 
each individually weakened component, indicating a 
nonlinearly additive pattern. The authors concluded 
that the vaginal walls, puborectalis, and 
pubococcygeus are the most important individual 
structures in providing urethral support. The levator 
ani muscle group therefore provides urethral support 
in a well-coordinated way with a nonlinearly additive 
pattern according to the authors of this study. 

2.3.4.7 Racial Differences in Pelvic 
Dimensions 

There are differences in pelvic dimensions that exist 
in  women from different racial backgrounds.  Several 
groups have evaluated racial differences in the bony 
pelvis and the levator ani muscles (83)(84)(85). In a 
study by Handa et al (83), a wider transverse 
diameter (odds ratio 3.4) and a shorter obstetrical 
conjugate (odds ratio 0.2) were associated with pelvic 
floor dysfunction after controlling for age, race, and 
parity. Hoyte and colleagues found that levator ani 
volume was significantly greater in African-American 
(AA) asymptomatic nulliparous women without pelvic 

floor dysfunction compared to white American (WA) 
ones (mean = 26.8 vs. 19.8 cm3, P = .002). The 
levator-symphysis gap was smaller in the AA (left-
18.2, right-18.8 mm) versus the WA group (22.4, 22.6 
mm, P = .003, .048) on the left and right. Significant 
differences were also seen in bladder neck position, 
urethral angle, and the pubic arch angle(84). In 
another study with 3D MRI levator thickness was 
significantly greater bilaterally in black nulliparas 
compared to white ones, yet obturator internus 
muscle thicknesses were similar(85)..    

Handa found that the pelvic inlet was wider among 
white women than African-American women (10.7+/-
0.7 cm compared with 10.0.+0.7 cm, P<.001). The 
outlet was also wider (mean intertuberous diameter 
12.3+/-1.0 cm compared with 11.8+/-0.9 cm, P<.001). 
There were no significant differences between racial 
groups in interspinous diameter, angle of the 
subpubic arch, anteroposterior conjugate, levator 
thickness, or levator hiatus.(86). 

A broader group of races was studied by Rizk et al 
with MR in asymptomatic multiethnic nulliparous 
young volunteers from 5 ethnic groups (Emirati, other 
Arab, Filipino, Indian/Pakistani, and European/white 
volunteers), with the  white volunteers as the 
reference group (87). The white volunteers were taller 
(P <.0001) than the other women. Their levator hiatus 
was longer than the Emirati women (P=.03) and wider 
than the Filipino women (P=.04). The bladder neck 
descent on straining was also greater than the other 
groups (P <.00001). The white women also had the 
longest transverse diameter of the pelvic inlet 
(P=.002). Their sagittal outlet diameter was longer 
than the Emirati and Arab women (P=.02), and their 
interspinous diameter was longer than the Arab 
women (P=.002).  

2.3.5 Pelvic Organ Prolapse  
MRI has proven to be a key assessment for 
understanding pelvic organ prolapse; a problem that 
arises from damage to connective tissue, muscles, 
and nerves that are invisible on standard 
radiography.  With the advent of 3D ultrasound and 
MRI, the actual structures involved in the cause of 
prolapse can be seen and examined. This is possible 
not only in static scans that reveal morphological 
details of the pelvic structure, but also in dynamic 
scans where the movements of the various organs 
can be studied. 

Evaluation of the degree of anterior compartment 
(bladder) and apical compartment (cervix) prolapse at 
maximal Valsalva using dynamic MRI showed a 
strong correlation between how far the bladder base 
and uterine cervix were below normal with r2 = 0.53 
indicating that slightly over half of the observed 
variation in anterior compartment support may be 
explained by apical support (88).  Further analysis in 
the same patients showed that vaginal length was the 
strongest secondary factor determining 30% of the 
variation after apical descent was taken into account. 
This finding that a longer vaginal wall was associated 



 

 
IMAGING IN URINARY INCONTINENCE AND PELVIC FLOOR DYSFUNCTION  715 

 

with increasing cystocele size was unexpected, but 
seems consistent with clinical observations (89). 

Hsu et al found that vaginal thickness is similar in 
women with and those without pelvic organ prolapse. 
However, in prolapse patients the vaginal perimeter 
and cross-sectional areas are 11% and 20% larger 
respectively (90). 

Broekhuis et al studied the relationship between 
patient symptoms using questionnaires’ domain 
scores and the perineal position on dynamic MR 
imaging of 69 women. They found that POP 
symptoms were associated with the degree of 
descent of the perineum but perineal descent was not 
related to anorectal and/or urinary incontinence 
symptoms (91). 

In another study examining correlations of patients' 
symptoms with findings on clinical examination and 
dynamic MR imaging of the pelvic floor, only the 
domain score genital prolapse was significantly 
correlated in the positive direction with the degree of 
POP as assessed by POP-Q and dynamic MR 
imaging (r(s) = 0.64 and 0.27, respectively), whereas 
the domain score urinary incontinence was inversely 
correlated (r(s) = -0.32 and -0.35, respectively). The 
sensation or visualisation of a bulge in the vagina was 
the only symptom which correlated positively with the 
degree of POP, with clinical examination and 
dynamic MR imaging showing similar correlation in 
this respect (92). 

Broekhuis et al concluded that correlations for the 
POP staging with the use of POP-Q, dynamic MR 
imaging, and perineal ultrasonography are only 
observed in the anterior compartment (93). 

MRI for clinical evaluation of prolapse  

2.3.5.1 Enterocele  
In the past, enteroceles were usually only 
appreciated on radiographic examination after 
repeated straining after evacuation and usually 
required opacification of the vagina in order to 
demonstrate the insinuation of small bowel loops 
between the rectum and vagina (94). MRI has proven 
to be a much simpler and less invasive technique for 
the evaluation of enteroceles. In comparisons 
between physical examination, intraoperative 
findings and MR images in women with and without 

prolapse. MRI was significantly superior in detecting 
enterocele when compared to physical examinations 
with a sensitivity of 87%, specificity of 80%, and 
positive predictive value of 91%(16). (Figure 30). 
Similarly, MRI had a much higher sensitivity for 
detection of enteroceles when compared to physical 
exam and dynamic cystoproctography (95). Whether 
or not this technique alters clinical outcome remains 
to be seen.  

2.3.5.2 Cystocele  
MRI has a sensitivity of 100%, specificity of 83%, and 
positive predictive value of 97% when evaluating for 
cystocele compared to intraoperative findings. In 
addition, urethral hypermobility and post-void urine 
residual can be documented, as well as evaluation of 
ureteric obstruction, hydroureteronephrosis and other 
pelvic abnormalities. Figures 31a, b  

MRI can also be helpful in documenting the status of 
pelvic organ support as part of a program to assess 
operative efficacy (96)(97) and differentiating such 
problems as Müllerian remnant cysts from cystocele 
(98). 

Larson et al showed that in women with anterior wall 
prolapse, Valsalva causes downward translation of 
the vagina along its length. A transition point 
separates a proximal region supported by levator 
muscles and a distal, unsupported region no longer 
in contact with the perineal body. In this latter region, 
sagittal and frontal plane "cupping" occurs. The distal 
vagina rotates inferiorly along an arc centered on the 
inferior pubis. Downward translation, cupping, and 
distal rotation are therefore novel characteristics of 
cystocele demonstrated by 3-D MR imaging (99). 
(figure 32,33) 

In cystoceles, the distal anterior vaginal wall (AVW) 
may no longer be in contact with the posterior vaginal 
wall or perineal body as it bulges through the introitus. 
The exposed vaginal wall length has been quantified 
using dynamic MR imaging. The authors found a 
bilinear relationship between exposed vaginal wall 
length and most dependent bladder location as well 
as apical location. It is when the bladder descent is 
beyond the inflection point that exposed vaginal wall 
length increases significantly (100). 
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Figure 30:Pelvic floor MRI:  Enterocele at rest a) and during Valsalva b). 

 
Figure 31:Pelvic floor MRI: grade 2 (a) and grade 3 (b) cystocele 

 
Figure 32: Anterior vaginal wall models at rest and with Valsalva. A Midsagittal MR slice with subsequent outline of 
vaginal wall at rest (pink) and with Valsalva (turquoise, panel b). Uterovaginal junction shown with dark pink square. 
c Addition of midsagittal pelvic bones (white) and anterior vaginal wall model. d Powerpoint image of both resting 
and straining anterior vaginal wall models and their relationship to the normalised ATFP, shown here as green line 
extending from the pubic symphysis to the ischial spines (green square), or the P-IS line. © DeLancey 2009   (89). 

 
Figure 33: Midsagittal view of pelvis with normal support (a) and with prolapse (b). Green represents area where 
levators (blue arrow) provide cranial reaction forces to counteract the action of intraabdominal pressure and caudal 
movement of the anterior wall. The red arrow delineates the transition to unsupported region lacking this opposing 
set of reaction forces (blue line), thereby creating a pressure differential acting caudally on that region. c Red arrow 
illustrates this point on midsagittal MRI with modeled anterior vaginal wall. U uterus, B bladder, Ur urethra. © 
DeLancey 2009 (89). 

2.3.5.3 Rectocele  
The reported sensitivity of pelvic examination for 
diagnosis of rectocele ranges from 31% to 80% 
(3)(4)(6)(101)(102). This is usually secondary to 
organ competition for space in the vagina with other 
significant prolapse (7). In addition, it is often difficult 
to reliably distinguish an enterocele from a high 
rectocele. Figure 34 shows a rectocele diagnosed by 
dynamic MRI. A rectocele is easily seen when filled 
with gas, fluid, or gel. Although highly specific, when 
no rectal or vaginal opacification is used, MRI can 
miss up to 24% or rectoceles (16). When rectal 
opacification is used, a correct diagnosis of rectocele 

can be made in 100% of patients studied when 
compared to intraoperative findings (19). Rectal 
opacification by introducing sonographic 
transmission gel or gadolinium into the rectum is 
therefore necessary to increase MRI’s ability to 
diagnose rectocele.. In complex situations such as 
rectal intussusception (103) MR can provide 
important information by distinguishing mucosal from 
full-thickness descent. MR defecography also shows 
movements of the whole pelvic floor. In this study, 
30% of the patients studied were found to have 
associated abnormal anterior and/or middle pelvic 
organ descent that would not necessarily be seen in 
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traditional evacuation proctography (unless 
opacification of vaginal, bladder and intestine are 
carried out).  

At maximal Valsalva on MRI, structures are more 
caudal and the hiatus longer in women with  posterior 
prolapse. The posterior vaginal wall is longer; this 
length and point Bp strongly correlate with MRI 
prolapse size (r=0.5; P=.002; r=0.7; P<.001, 
respectively) (104). 

What remains unclear is the relationship between 
anatomical findings and functional problems. The 
diagnosis of an anatomical abnormality does not 
mandate surgery. Simply identifying a rectocele on an 
imaging study based on the location of the intestinal 
lumen to a reference line does not mean that 
correction of the rectocele will cure defecation 
problems. Rectocele surgery is not without 
complications and the risk of dyspareunia after 
posterior colporrhaphy is real. Attention should be 
paid to make sure that symptoms are truly depending 
on stool trapping and the condition must be shown on 
imaging.  

2.3.5.4 Uterine Prolapse  
Although uterine prolapse is easily diagnosed on 
physical examination MRI is an excellent modality to 
record the structural relationships with the bladder 
and rectum in patients with uterine prolapse (Figure 
35). In addition to depicting the position of the uterus 
and adjacent organs, it has the ancillary benefits of 
evaluating uterine size, position, orientation 
(retroversion) and pathology (fibroids, tumors, 
Nabothian cysts. etc.), but also ovarian pathology 
(cyst or mass) which may sometimes prove useful if 
these problems have not been picked up on physical 
examination. This is helpful information in 
determining the route of hysterectomy. Furthermore, 
MR imaging provides information on the presence or 
absence of cystocele, rectocele, urethral 
hypermobility and urethral diverticula, and evaluates 
for ureteral obstruction(10)(11)(14)(15)(16)(105). 
Gousse et al. report a sensitivity of 83%, a specificity 
of 100% and a positive predictive value of 100% when 
comparing dynamic MR imaging to intraoperative 
findings. These numbers were similar when 
compared to physical examination alone(16). More 
importantly, MRI was able to clearly define the other 

compartments of the pelvic floor and diagnose uterine 
and/or ovarian disorders in 30 of 100 patients 
evaluated(16).  

2.3.5.5 Grading of pelvic floor relaxation  
A number of studies have described reference values 
for grading POP(15)(16)(18). In order to evaluate 
pelvic organ descent, certain anatomic landmarks are 
used. The pubococcygeal line (PCL) marks the 
distance from the pubis to the coccyx and serves as 
a fixed anatomical reference. In the nomenclature 
used by Comiter et al. (15), Gousse et al. (16), and 
Barbaric (23), the width of the levator hiatus is 
measured as the distance from the pubis to the 
pubococcygeus muscle (H-line). The hiatus is formed 
by the puborectalis muscle and encompasses 
urethra, vagina, and rectum. The M-line depicts the 
relaxation of the muscular pelvic floor by measuring 
the descent of the levator plate from the PCL. Using 
these three simple measurements, an MRI 
classification for degree of POP has been described 
(15)(23). In the normal population, during straining, 
the hiatus (H-line) is less than 6 cm long and does not 
descend (M-line) more than 2 cm below the PCL. The 
upper urethra, urethrovesical junction, bladder, upper 
vagina, uterus, small bowel, sigmoid colon, 
mesenteric fat and rectum are all above the H-line. A 
combination of hiatal enlargement and pelvic floor 
descent constitutes relaxation. As the pelvic floor 
descends, so do the organs above it. The grading 
system for prolapse of any pelvic organ is based on 2 
cm increments below the H-line. By determining the 
degree of visceral prolapse beyond the H-line, the 
degree of rectocele, enterocele, cystocele, and 
uterine descent can be graded in a 0 to 3 scale as 
follows: 0=none, 1=minimal, 2=moderate, and 
3=severe (Table 1). Other similar systems have been 
described (18)highlighting the need for 
standardization of nomenclature and grading of organ 
prolapse using MRI. In a small study, Ginath et al 
showed that MRI measurements of pelvic landmark 
angles can differentiate between women with and 
without uterine prolapse and correlate best  with 
POPQ point C (106). 

Novellas and colleagues evaluated two classification 
systems (using the PCL and the midpubic line, MPL) 
in 30 patients with symptoms of POP.  

 
Figure 34:Resting (a) and straining (b) midline sagittal section showing a rectocele that traps intestinal con-
tents. 



 

 
718  COMMITTEE 7. IMAGING, NEUROPHYSIOLOGICAL TESTING AND OTHER TESTS 
 

 
Figure 35:Pelvic Floor MRI:Uterine Prolapse 

For prolapse detection, the correlation between 
clinical examination and MRI ranged between 74 and 
89%. For prolapse staging, the correlation was poor 
to moderate. Inter-observer agreement was good to 
very good (kappa between 0.67 and 0.95). It was 
slightly better at the mid stage, with both systems 
(kappa between 0.83 and 0.97). Comparison of the 
inter-observer agreement between both MRI 
classification systems showed better results for the 
system using the pubococcygeal line (p<0.005). The 
classification system based on the pubococcygeal 
line appeared more reliable and simple for the 
evaluation of pelvic prolapse on MRI (107).In another 
study, agreement between clinical and PCL staging 
was fair in the anterior (kappa = 0.29) and poor in the 
apical (kappa = 0.03) and posterior (kappa = 0.08) 
compartments. Agreement between clinical and MPL 
staging was fair in the anterior (kappa = 0.37), apical 
(kappa = 0.31), and posterior (kappa = 0.25) 
compartments. The MPL had higher agreement with 
clinical staging than the PCL in this study. However, 
neither reference line had good agreement with 
clinical staging (108).The intra- and interobserver 
reliability of dynamic MR staging in POP patients has 
also been evaluated using various anatomical 
landmarks in relation to the PCL, H-line, and MPL.  
Clinical measurement points were assessed in 
relation to the mid-pubic line. Overall, the intra- and 
interobserver reliability of MR imaging measurements 
was excellent to good. The PCL showed superior 
reliability (intraclass correlation coefficients-ICC 
range 0.70-0.99). The reliability of clinical 
measurement points, however, were only moderate 
(ICC range 0.20-0.96). The intra- and interobserver 
reliability of quantitative prolapse staging on dynamic 
MR imaging were good to excellent. The PCL 
appeared the most reliable to use (109). 

Singh et al (110)compared a new technique of 
grading POP by using dynamic MRI with the clinical 
staging proposed by the POP-Q system (111). A new 
reference line, the mid-pubic line, was drawn on the 
MR image to correspond to the hymenal ring marker 
used in the clinical staging. The proposed staging by 
MRI showed good correlation with the clinical staging 
(kappa = 0.61). Torricelli (112) also used MRI to 
evaluate functional disorders of female pelvic floor. In 
symptomatic women MRI confirmed the pelvic 
examination findings in all cases; MRI also detected 
additional alterations (4 cases of uterine prolapse and 
3 of enterocele) that had been missed at clinical 
evaluation. Deval (113) compared dynamic MR 
imaging with physical examination as an alternative 
to dynamic cystoproctography for the evaluation of 
POP. PCL and puborectalis muscle were the 
reference points. The grading system is based on 
degree of organ prolapse through the hiatus and the 
degree of puborectalis descent and hiatal 
enlargement. They also used, the mid pubic line, 
which was drawn on the MR image to correspond to 
the hymenal ring marker used in clinical staging. 
Intra-operative findings were considered the gold 
standard against which physical examination, 
dynamic colpocystodefecography and MRI were 
compared. The sensitivity, specificity and positive 
predictive value of MRI were 70%, 100%, 100% for 
cystocele; 42%, 81%, 60% for vaginal vault or uterine 
prolapse; 100%, 83%, 75% for enterocele; 87%, 72% 
and 66% for rectocele. More recently Etlik (114)found 
physical examination and MR findings to be very 
concordant in the diagnosis of pelvic prolapse. 
Statistical correlations in the stages of prolapse 
between both of the methods were significant for 
anterior and middle compartment (P<0.01), as well as 
for posterior compartment (P<0.05). 
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Rosenkrantzet al evaluated the prevalence of pelvic 
organ prolapse as an incidental finding on dynamic 
magnetic resonance imaging (MRI) using the 
pubococcygeal line (PCL) and mid-pubic line (MPL) 
to diagnose and grade prolapse in all three pelvic 
compartments. Sixty women with symptoms 
unrelated to pelvic floor dysfunction who underwent 
dynamic MRI were included. In asymptomatic 
women, dynamic MRI identified the greatest degrees 
of prolapse in the posterior compartment. The MPL 
consistently yielded greater frequency of prolapse 
than the PCL. These findings however are of 
uncertain significance, requiring correlation with 
clinical examination (115). 

Semiautomated pelvic floor measurement algorithmic 
models on dynamic MRI images have been 
developed and compared with manual pelvic floor 
measurements for pelvic organ prolapse (POP) 
evaluation. These models were shown to provide 
highly consistent and accurate locations for all 
reference points on MRI. The reference points can 
also be identified faster compared to manual-point 
identification. (116). A fully automated localization 
method for multiple pelvic bone structures on 
magnetic resonance images (MRI) has been 
developed by the same group.  Identifying structures 
of interest such as the pubic bone, sacral promontory, 
and coccyx correctly, by a fully automated 
identification method may result in improved 
diagnosis of female pelvic organ prolapse according 
to the authors (117). 

2.3.6 Assessing Treatment Outcome  

2.3.6.1 Pelvic Organ Prolapse Operations 
Several studies have evaluated the anatomic 
changes seen after surgical procedures using MRI to 
better understand how surgical therapies affect pelvic 
support and structures. Lienemann et al. (118)  
evaluated women after abdominal sacrocolpopexy 
and found that functional MRI identified the exact 
sacral fixation points after the procedure and easily 
identified the axis of the vagina and the exact position 
of the synthetic material used for the repairs. Sze 
(119) used MRI to study vaginal configuration on MR 
after abdominal sacrocolpopexy and sacrospinous 
ligament suspension. This study demonstrated the 
differences in the geometry of these two operations 
and should prove helpful in establishing outcome 
variables for different surgical procedures.  Similarly 
Rane (120)used MRI to compare the vaginal 
configuration following transvaginal sacrospinous 
fixation (SSF), posterior intravaginal slingplasty 
(PIVS) (infracoccygeal sacropexy) and 
sacrocolpopexy (SCP) and demonstrated 
improvements in the restoration of vaginal 
configuration and differences between the 
procedures in final anatomy.   Boukerrou (121) 
compared outcomes of 1) abdominal sacral 
cervicopexy, 2) vaginal hysterectomy with 
paravaginal repair, sacrospinous suspension and 
posterior colporrhaphy and 3) sacrospinous 

suspension and posterior repair without paravaginal 
suspension with MRI. The correction provided by 
vaginal route was found to result in a return of the 
bladder and the vaginal apex to their normal 
positions. In addition, vaginal shortening and 
postoperative change in vaginal orientation were not 
present postoperatively.  

Nicolau-Toulouse et al (122) evaluated the anatomic 
outcomes of bilateral sacrospinous vault fixation 
(BSSVF) with synthetic, polypropylene mesh arms 
using MRI in a small case series of women with 
symptomatic pelvic organ prolapse (POP) with and 
without uterus. They confirmed that BSSVF with 
synthetic mesh restores the anatomy between the 
vagina and the ischial spines. 

Relationships between assessment of surgical 
correction studied with MR imaging and symptoms 
have been studied. Gufler (123) compared 
preoperative evaluations with those two to four 
months after surgery. Of the seven patients who had 
symptoms postoperatively, only two had abnormal 
findings on physical examination but MRI showed 
pathologic findings in five of the seven patients. 
Huebner et al assessed symptomatic changes after 
anterior levatorplasty with morphologic changes 
visualized by MR defecography (124). Anterior 
levatorplasty improved quality of life in patients with 
symptomatic rectocele and correction of rectocele is 
accurately documented by MRdefecography, 
however only moderate correlation between 
morphologic and clinical improvements was 
observed. 

MRI has also been used for the evaluation of the 
effectiveness of POP surgical mesh procedures.  

Dynamic MRI may evaluate the support of anterior 
and posterior pelvic floor structures by anterior and 
posterior polypropylene implant respectively. But 
dynamic MRI evaluations in a small series by 
Siegmann and colleagues suggest that if one 
compartment of the pelvic floor is repaired another 
compartment frequently (73.3%) develops 
dysfunction. These results did not correspond to 
clinical symptoms on short-term follow-up (3 months) 
indicating the need for long-term follow-up studies to 
prove if dynamic MRI can reliably identify significant 
POP after surgery and before the onset of symptoms 
(125). In another small series of ten women by Kasturi 
et al (126) undergoing intervention for POP with 
Prolift, postoperative MRIs supported the inert nature 
of polypropylene mesh. 

Larson et al examined structural relationships 
between anterior mesh kit suspension points and the 
upper vagina in women with normal support.  Using 
MRI generated 3D models, they found that the 
anterior vagina extended above superior attachment 
points in 100% of women at rest and in 73% during 
Valsalva. It extended posterior to them in 82% and 
100% (rest and Valsalva, respectively). The mean 
percentage of anterior vaginal length above superior 
anchoring sites was 40 +/- 14% at rest and 29 +/- 12% 
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during Valsalva. The upper vagina was therefore 
found to lie above and posterior to superior 
suspension points in the majority of women with 
normal support (127). 

In an observational study, the 1-year outcomes after 
mesh repair in patients with POP were evaluated 
using clinical examination (CE), dynamic magnetic 
resonance imaging (dMRI), and the prolapse quality-
of-life (P-QOL) questionnaire. Sixty-nine women were 
treated with Seratom(R) or Perigee mesh implants. 
Advanced cystoceles and enteroceles were 
underestimated by CE using the POP-Q system 
compared to dMRI (P = 0.003 and P < 0.001), vice 
versa dMRI overestimated POP compared to CE. 
(128).  

2.3.6.2 Pelvic Muscle Exercises 
Studies on the effects of pelvic muscle training on the 
pelvic floor (129) demonstrate reduced levator ani 
surface area and volume encircled by the levator ani 
muscle during contraction.  When elite athletes are 
compared to normal women significant differences 
appear in the cross-sectional area and width of the 
pelvic floor muscles, (130). These types of studies are 
being facilitated by improved techniques of aligning 
contracted and non-contracted muscle (131).   

2.3.6.3 Comparison of MRI with other 
Examinations and Assessment of 
Reliability 

Dynamic contrast roentography and multiphasic 
fluoroscopic cystocolpoproctography (CCP) have 
previously been considered the best radiological 
studies for detecting POP. These studies rely on the 
opacification with contrast material of the bladder, 
vagina, small bowel, and rectum with all organs 
opacified together or in phases with each organ 
opacified individually prior to each straining 
phase(4)(120)(124)(129). These studies fail to detect 
up to 20 percent of all enteroceles 
(105)(132)(133)(134). Therefore, MRI has proven to 
be a much simpler and less invasive technique for the 
evaluation of enteroceles. In addition, MRI is able to 
differentiate the enteroceles according to their 
contents (small bowel, large bowel, 
rectosigmoidocele or mesenteric fat). MRI is also an 
excellent study to differentiate high rectoceles from 
enteroceles, thus allowing adequate surgical 
planning and safer planes of dissection 
(15)(16)(19)(95). Although multiphasic MRI with 
opacification of organs and multiphasic fluoroscopic 
cystocolpoproctography have similar detection rates 
for enterocele (132), excellent images can be 
obtained from dynamic MRI without contrast for 
opacification of the small bowel or rectal contrast. 
Thus the minimal added information obtained by 
contrast administration does not seem to warrant the 
invasiveness of organ opacification at this time 
(16)(94)(133). However, MRI without rectal contrast 
shows statistically fewer pelvic floor abnormalities 
than CCP. Except for enteroceles, MRI with rectal 

contrast shows statistically similar frequency of POP 
as CCP (135). 

Evacuation proctography has been used to diagnose 
enterocele, rectoceles, perineal descent and rectal 
intussusception. Dynamic contrast roentography or 
fluoroscopic cystocolpoproctography have also been 
used (4)(101)(102)(132)(136) to diagnose rectoceles. 
The disadvantages of these techniques are the 
inability to visualise the soft tissue planes comprising 
the pelvic floor, their invasiveness, and their use of 
significant levels of ionizing radiation. Without the use 
of rectal opacification, MRI appears to be a poor 
choice for the evaluation of rectoceles missing up to 
25% of such defects. With rectal opacification a 
correct diagnosis of rectocele can be made in 100% 
of patients in comparison to intraoperative findings 
(19). Triphasic dynamic MRI and triphasic 
fluoroscopic cystocolpoproctography have similar 
detection rates for rectocele (132). Upright dynamic 
MR defecating proctography has been reported 
(137). Although these studies might prove to be more 
sensitive in detecting anorectal anomalies, their utility 
seems to be more pronounced in patients with 
disorders of defecation include anismus, 
intussusception, and others, and may be too invasive 
to justify their routine use in the evaluation of 
rectocele.  

Kaufman (138) evaluated dynamic pelvic MRI and 
dynamic cystocolpoproctography in the surgical 
management of females with complex pelvic floor 
disorders. Physical examination, dynamic MRI, and 
dynamic cystocolpoproctography were concordant 
for rectocele, enterocele, cystocele, and perineal 
descent in only 41% of patients. Dynamic imaging 
lead to changes in the initial operative plan for 41% of 
patients. Dynamic MR was the only modality that 
identified levator ani hernias. Dynamic 
cystocolpoproctography identified sigmoidoceles and 
internal rectal prolapse more often than physical 
examination or dynamic MR. Whether this type of 
imaging creates measurably better outcomes 
remains to be seen.  Singh et al (110) showed a 
reasonably good correlation between clinical staging 
and MRI staging (Kappa = 0.61) with the mid pubic 
line being used as a surrogate for the hymenal ring. 
In addition, specific features such as the levator-
vaginal angle the area of the genital hiatus could be 
assessed quantitatively on MRI.  

Torricelli (112) studied ten healthy volunteers and 30 
patients with suspected pelvic floor deficiency with 
and without POP. They found good concordance 
between physical examination and MRI with four 
cases of uterine prolapse and three cases of 
enterocele seen on MRI that had not been suspected 
on pelvic examination. Whether these would have 
been detected at the time of surgery was not 
discussed. Deval (113) compared intraoperative 
findings as a gold standard for MRI based diagnosis. 
The sensitivity, specificity, and positive predictive 
value of MRI were 70%, 100%, 100% for cystoceles; 
42%, 81%, 60% for vaginal vault or uterine prolapse; 
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100%, 83%, 75% for enteroceles; 87%, 72%, 66% for 
rectocele. Although all of these measurements are 
somewhat subjective, these figures show that it is 
possible to quantify the individual elements of pelvic 
floor dysfunction in reasonable parameters.  

In a recent study, the value of dynamic pelvic floor 
MRI was assessed in comparison to standard clinical 
examination in treatment decisions made by an 
interdisciplinary team of specialists including a 
urologist, gynecologist, a proctological, and colorectal 
surgeon. The authors concluded that MRI has the 
advantage of allowing diagnosis of clinically occult 
enteroceles. In addition, in nearly half of cases, MRI 
changed management or the surgical approach 
relative to the clinical evaluation. (139). 

2.3.7 Conclusions 
Proof that MR imaging has value will eventually need 
to come from increased operative success rates. 
Better documentation of preoperative and 
postoperative anatomy could allow us to seek 
reasons of operative failure.  Because MR provides a 
detailed picture of a woman’s pre-operative anatomy, 
once operative failures are discovered, it would be 
possible to look back at images from women with 
successful and unsuccessful operations to seek 
anatomical explanations for failure. 

Advancements in MRI technology with the addition of 
3D imaging as well as studies correlating imaging 
findings with clinical examination and symptom 
scores may establish further the clinical applications 
of these modalities. 

2.3.8 Consensus Statement 
MRI is not yet indicated in the routine evaluation of 
patients with (uncomplicated primary) pelvic organ 
prolapse. However data concerning the causes of 
prolapse are rapidly accumulating and this may 
change soon.  It can provide useful information con-
cerning complex prolapses and can be used in diffi-
cult cases.(Level of evidence 3, Grade of Recom-
mendation C)  

2.3.9 Future Research Areas 
Studies that identify specific defects in the connective 
tissue and the muscles of the pelvic floor that corre-
late these findings with the clinical presentation in 
prolapse are needed. 

Additional studies comparing MRI of healthy volun-
teers and patients with pelvic organ prolapse are 
needed to better evaluate the anatomical changes in-
volved in pelvic floor prolapse.  

Quality control in MRI, including: what manoeuvers 
are required to produce a maximal prolapse during 
MRI, bowel condition, bladder filling, pushing instruc-
tions, etc.) 

3. SPECIAL ISSUES 

3.1. Post-Void Residual 
Post-void residual urine (PVR) is defined as “the vol-
ume of urine left in the bladder at the end of micturi-
tion(1). Evaluation of PVR prevalence in women with 
symptomatic pelvic floor dysfunction suggests that 
81% have a post-void residual of 30 ml or less (2). 
This is not significantly different from asymptomatic 
perimenopausal and postmenopausal women in 
whom 15% of subjects had a PVR greater than 50 ml 
(3). If symptoms cannot predict elevated PVR, a uro-
genital prolapse beyond the hymen seems to be as-
sociated with incomplete bladder emptying (4). 
Among patients older than 55 years with symptoms 
of overactive bladder,previous incontinence surgery, 
history of multiple sclerosis and vaginal prolapse 
stage 2 or greater, were found to be independent pre-
dictors of elevated PVR (5). Similar data were ob-
tained by Fitzgerald in patients with urgency inconti-
nence, the presence of pelvic organ prolapse ≥stage 
2, symptoms of voiding difficulty and absence of 
stress incontinence symptoms predicted 82% of pa-
tients with elevated PVR (6). Higher prevalence of 
post-void residual was found in patients with stress 
urinary incontinence with 35.5% of women having  a 
PVR >50 ml suggesting they have some degree of 
voiding dysfunction (7). Although elevated PVR and 
bacteriuria are common among elderly residents in 
nursing homes, no association between the two was 
observed in a Swedish study (8). Analysis of elderly 
patients with urinary incontinence failed to identify 
any significant association between PVR and any 
other clinical or urodynamic parameter (9). Sanders 
and co-workers addressed the issue of the real need 
for measuring flow rates and post-void residual urine 
in women with urinary incontinence. Analysis of 408 
women suggested a 4% incidence of PVR 200 ml or 
greater and a 6% rate of PVR 149 ml or greater. The 
authors calculated that only 1.5% of patients (6 of 
408) had their management modified because of the 
results of free uroflowmetry and PVR measurement. 
In their opinion, these data do not justify the inclusion 
of these tests in the “minimal care” programme for as-
sessing primary, uncomplicated, urinary incontinence 
in female patients (10).  

PVR is often considered a safety parameter, which 
needs to be monitored in the follow-up of medical or 
surgical management of urinary incontinence. A num-
ber of studies have addressed the effect of antimus-
carinic treatment in men with symptoms of overactive 
bladder to rule out the old dogma that banned the use 
of these drugs in elderly men. Actually, all published 
data suggest that antimuscarinic treatment is safe for 
men with benign prostatic enlargement and no signif-
icant change in PVR values was found in active treat-
ment groups compared to placebo (11, 12). In male 
patients with bladder outlet obstruction, antimusca-
rinic treatment may result in a significantly larger PVR 
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(25 vs. 0 ml) that seems to be of no clinical relevance 
and with higher incidence of adverse events (13).  

Measuring PVR is of importance in patients receiving 
intravesical injections of Botulinum toxin A for UUI. 
Significant increase of post void residual urine is ob-
served following injection of onabolutinumtoxinA in 
patients with neurogenic urinary incontinence due to 
detrusor overactivity with 30 to 42% of patients need-
ing to start clean intermittent catheterisation com-
pared to 12 % in the placebo group (14). In patients 
with idiopathic UUI, increase of PVR was observed in 
those receiving onabolutinumtoxinA compared to pla-
cebo although only 8 of 70 patients required CIC and 
only 3 patients had a PVR >200 ml at day 8 and only 
one at 6 months (15). 

Although the prevalence of incomplete bladder emp-
tying among male and female patients with urinary in-
continence and pelvic floor dysfunction is low, there 
is a general consensus that PVR should be measured 
in incontinent patients (16) although the evidence 
suggests that only patients with UI and symptoms of 
voiding dysfunction are at risk (17). 

3.1.1 Measuring PVR 
The measurement of PVR can be performed by inva-
sive and noninvasive means. Invasive methods in-
clude: in-and-out catheterisation and endoscopy. 
Noninvasive means are transabdominal ultrasonog-
raphy with real-time ultrasound or fully automated 
systems, and radioisotope studies. In-and-out cathe-
terisation has been considered for some time, the 
goldstandard for the measurement of PVR. Neverthe-
less the method is subject to inaccuracies, if the per-
son performing the catheterisation is not fully in-
structed as to the procedures and techniques to as-
sure complete emptying (moving the catheter in and 
out slowly, twisting it, suctioning with syringe, su-
prapubic pressure), especially in cases of bladder di-
verticula and vesicoureteric reflux (18). The interval 
between voiding and PVR measurement should be 
as short as possible. It is advisable to ask the patients 
if the voiding was similar to a typical micturition in 
his/her daily life.  Stoller and Millard showed inaccu-
racies in 26% of 515 male patients evaluated by full-
time urology nurses with a mean difference between 
the initial and the actual residual volume of 76 ml in 
those measurements that were found to be inaccu-
rate (19). After further education of the nurses, inac-
curate assessments were reduced to 14% with a 
mean difference of 85 ml. PVR can be measured at 
the time of endoscopy, provided there is a blinded in-
sertion of the instrument to avoid irrigation fluid inflow. 
Both invasive means are usually performed with local 
anaesthesia and carry a small risk of urethral damage 
and urinary infection.  Before the era of ultrasonogra-
phy, PVR was measured non-invasively by the phe-
nolsulfonphthaleine excretion test or with isotopes 
(20, 21).  

In 1967, Holmes described the use of ultrasonogra-
phy in the evaluation of bladder volume and this tech-
nique rapidly gained widespread acceptance as a 

satisfactory level of accuracy was demonstrated (22, 
23). Using either three diameters (length, height, 
width) or the surface area in the transverse image and 
the length obtained in the longitudinal image, various 
volume formulae for a spherical or ellipsoid body are 
utilised to estimate the bladder volume (Table 3). 
Twenty-one different formulae have been proposed 
over the years making assumptions about bladder 
shape which have often been questioned (24)r vol-
umes obtained using different formulae did not result 
in any significant difference amongst the various cal-
culations ￼25)￼report sufficient accuracy with ultra-
sound estimation of PVR ￼23, 24, 26-
29)￼￼30)￼by portable ultrasound with measure-
ments by catheterisation, the mean absolute error of 
the scanner was 52 ml ￼31)￼s suggest a good level 
of accuracy in both female and paediatric populations 
￼32, 33)￼ly referred to as an absolute value, but it 
can be measured as a percentage of bladder capac-
ity.ly referred to as an absolute value, but it can be 
measured as a percentage of bladder capacity. 

The intra-individual variability of PVR is high from day 
to day and even within a 24 hours period. This was 
reported in men with BPH by Birch et al. and by 
Bruskevitz et al. (34, 35). Griffiths et al. examined the 
variability of PVR among 14 geriatric patients (mean 
age 77 years), measured by ultrasound at three dif-
ferent times of day on each of two visits separated by 
2-4 weeks (36). Within-patient variability was large 
(SD 128 ml) because of a large systematic variation 
with time of day, with greatest volumes in the early 
morning. The inherent random variability of the meas-
urement was much smaller (SD 44 ml). Several fac-
tors can influence PVR variability: voiding in unfamil-
iar surroundings, voiding on command with a partially 
filled or overfilled bladder, the interval between void-
ing and the estimation of residual (it should be as 
short as possible), the presence of vesicoureteric re-
flux or bladder diverticula. Several studies reported 
the questionable value of PVR as an important out-
come prognosticator in male patients with benign 
prostatic enlargement and benign prostatic obstruc-
tion (37-42). The cause of PVR is probably mutifacto-
rial, and no consensus exists on the relation of PVR, 
bladder outlet obstruction and detrusor contractility.  

Table 3. Comparison of different formulae to assess 
PVR by transabdominal ultrasound in 30 men with 
BPH scanned three times(35). 

Author/ref-
erence 

Method Stand-
ard er-
ror 

95% Con-
fidence 
limits 

Hakenberg 
et al (43) 

625 x H x W x 
(D1+D2)/2 

17.5 34.3 

Poston et al 
(44) 

7 x H x W x D1 20.0 39.2 



 

 
IMAGING IN URINARY INCONTINENCE AND PELVIC FLOOR DYSFUNCTION  723 

 

Author/ref-
erence 

Method Stand-
ard er-
ror 

95% Con-
fidence 
limits 

Hartnell et 
al (45) 

625 x H x W x 
D1 

17.0 33.3 

Rageth and 
Langer (46) 

Nomogram 
based on ar-
eas 

15.0 29.4 

Modified from the Proceedings of the 4th International 
Consultation on Benign Prostatic Hyperplasia p. 205 

3.1.2 Conclusions 
Knowledge regarding pathophysiology of PVR re-
mains unclear. In patients with urinary incontinence 
there is no consensus as to its value as a safety pa-
rameter and particularly its relationship with upper 
tract dilatation, bacteriuria and urinary infection. The 
intra-individual variability of PVR has been investi-
gated mainly in male patients with bladder outlet ob-
struction but little information is available as to its var-
iability in patients with urinary incontinence.  

Ultrasound is the recommended method for as-
sessing PVR because it is the least invasive and it is 
sufficiently accurate for clinical purposes yet it is the 
most expensive. In-and-out catheterisation is inva-
sive and can be inaccurate even if carefully per-
formed. 

The general opinion is that PVR measurement forms 
an integral part of the study of urinary incontinence, 
as a safety parameter to exclude voiding dysfunction 
associated with incontinence. Measurement of PVR 
is recommended in guidelines and recommendations 
on the management of LUTS and urinary inconti-
nence, but the level of evidence for this measurement 
is not high. This manuscript summarises the evidence 
and provides practice recommendations for teaching 
purposes in the framework of an ICS teaching module 
(48).  

3.1.3 Consensus Statements 
1. Residual urine measurement is recommended in 

the initial assessment of urinary incontinence as 
a safety parameter and in the evaluation of treat-
ment outcome (Level of evidence 3- Grade of 
recommendation C) 

2. Measurements should be performed using 
realtime sonography or a portable scanner or in 
and-out catheterisation (Level of evidence 3- 
Grade of recommendation C). 

3. Due to intra-individual variability, in cases where 
significant PVR is detected by the first measure-
ment, several measurements should be per-
formed (Level of evidence 3- Grade of recom-
mendation C) 

4. The method of measurement should be recorded  

3.1.4 Future Research Areas 
1. Pathophysiology of PVR in male and female pop-

ulations with UI; 

2. Circadian variation of residual urine in patients 
with UI; 

3. Determination of the cut off value of significant 
residual urine in different patient populations with 
UI 

4. Residual urine as a prognostic indicator of out-
come in the treatment of incontinence 

3.2. Open Bladder Neck and Proximal 
Urethra at Rest 

The significance of open bladder neck and proximal 
urethra at rest observated during a voiding cys-
tourethrogram or pelvic floor ultrasound scan remains 
doubtful (1) and the peer-reviewed literature is 
equally divided into papersassociating such a condi-
tion with storage disorders and those suggesting this 
is a chance finding with no negative implications.  

A 21% prevalence in nulliparous asymptomatic 
women has been reported (2). In the non-neurogenic 
population there is no pathophysiological correlation 
between this and urinary incontinence, Digesu and 
co-workers reported a prevalence of 1:3 amongst fe-
males suffering LUTS. An open bladder neck at rest 
is not pathognomonic of sphincter incompetence alt-
hough it is associated with USI (3). In patients with 
stress incontinence, but also in asymptomatic women 
(4), funnelling of the internal urethral meatus may be 
observed on Valsalva (Fig. 5) and sometimes even at 
rest; funneling is often associated with leakage. How-
ever, funnelling may also be observed in urgency in-
continence and cannot be used to prove USI. Marked 
funnelling has been shown to be associated with poor 
urethral closure pressures (5, 6).  Furthermore 
Shobeiri et al investigated the association between 
the levator ani muscle atrophy (levator ani deficiency) 
and the urethral sphincter muscle measurements us-
ing 3D endovaginal ultrasonography in female pa-
tients found no significant association. The authors 
concluded that although the rhabdomyosphincter de-
teriorated along with thelevator ani muscle, this was 
not statistically significant. Themost valuable finding 
was that the smooth muscle was significantly smaller 
in patients with levator ani deficiency, and that pa-
tients with levator ani deficiency weremore likely to 
have urodynamic stress urinary incontinence. 

Reports in the peer reviewed literature suggest that 
an open bladder neck and proximal urethra at rest, 
during the storage phase, may be observed during 
cystography, videourodynamics or bladder ultra-
sound, both in patients with and without neurological 
disease and is interpreted as a sign of internal sphinc-
ter denervation as occurs in 53% of patients with Mul-
tiple System Atrophy (7). Distal spinal cord injury has 
been associated with an open smooth sphincter area, 
but whether this is due to sympathetic or parasympa-
thetic decentralisation or defunctionalisation remains 
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uncertain (8). Relative incompetence of the smooth 
sphincter area may also result from interruption of the 
peripheral reflex arc very similar to the dysfunction 
observed in the distal spinal cord injury. Twenty-one 
out of 54 patients with spinal stenosis were found to 
have an open bladder neck at rest (9). In a review of 
550 patients (10), 29 out of 33 patients with an open 
bladder neck had neurological disease. Although the 
association was more commonly seen in patients with 
thoracic, lumbar and sacral lesions, the difference 
when compared to cervical and supraspinal lesions 
was not significant. Damage to the sympathetic inner-
vation to the bladder was also frequently observed in 
patients undergoing major pelvic surgery, such as, 
abdominal perineal resection of the rectum. Patients 
with myelodysplasia had an inordinately high inci-
dence of open bladder neck (10 out of 18 patients 
versus 19 out of 290 having different neurological dis-
orders). 

Patients with sacral agenesis are included in the 
larger category of myelodysplastic patients and suffer 
from an open bladder neck with an underactive blad-
der. Shy-Drager syndrome is a Parkinson-like disor-
der with peripheral autonomic dysfunction. Neuro-
genic detrusor overactivity is usually found in associ-
ation with an open bladder neck at rest and a dener-
vated external sphincter (11). Peripheral sympathetic 
injury results in an open bladder neck and proximal 
urethra from a compromised alpha-adrenergic inner-
vation to the smooth muscle fibres of the bladder neck 
and proximal urethra (12). Although it can occur as an 
isolated injury it is usually associated with partial de-
trusor denervation and preservation of sphincter 
EMG activity. The loss of bladder neck closure sug-
gests an autonomic neural deficit. The site and nature 
of the requisite deficit is unclear.  

Most authors agree on the importance of the sympa-
thetic system in maintaining the integrity of the blad-
der neck (13-16) although the possible role of para-
sympathetic innervation has been proposed by others 
(17, 18). An open bladder neck at rest in children or 
in women without neurological disease can represent 
a different disorder, either related to a congenital 
anomaly or secondary to an anatomical pelvic floor 
defect. Stanton and Williams (19) described an ab-
normality in girls with both diurnal incontinence and 
bed-wetting, based primarily on voidingcys-
tourethrography, in which the bladder neck was wide 
open at rest. Murray et al (20) reported the “wide blad-
der neck anomaly” in 24.5% of the girls (35) and 9.3% 
of the boys (10) out of 251 children (143 girls and 108 
boys) undergoing videourodynamics for the assess-
ment of non-neurogenic bladder dysfunction (mainly 
diurnal incontinence). The authors considered the 
anomaly congenital and made the hypothesis that 
wide bladder neck anomaly in girls may provide a ba-
sis for the development of USI in later life.  

The presence of an open bladder neck has been pro-
posed to explain the pathophysiology of urinary in-
continence but such hypothesis did not stand the test 

of time. An open bladder neck was a key point in de-
fining type III stress incontinence according to the 
classification of Blaivas and Olsson (21). This classi-
fication, no longer used in our daily practice, was 
based on history, imaging, and urodynamics, and dis-
tinguished five diagnostic categories of stress incon-
tinence. Incontinence type III was diagnosed by the 
presence of an open bladder neck and proximal ure-
thra at rest in the absence of any detrusor contraction 
suggesting an intrinsic sphincter deficiency.  

In pelvic fracture with membranous urethral distrac-
tion defects, when cystography (and/or cystoscopy) 
reveals an open bladder neck before urethroplasty, 
the probability of postoperative urinary incontinence 
may be significant, although the necessity of a simul-
taneous (or sequential) bladder neck reconstruction 
is controversial (22-24). Skala and co-workers sug-
gest that an open bladder neck at rest is associated 
with an increased risk of postoperative complications 
and failure after open colposuspension (25).  

3.2.1 Conclusions 
In conclusion, the diagnosis of open bladder neck at 
rest does not seem to be helpful to diagnose the un-
derlying cause of urinary incontinence. 

3.2.2 Consensus Statements 
When observing an open bladder neck and proximal 
urethra at rest in male patients, during the storage 
phase, whatever imaging technique is used, it may be 
worthwhile to evaluate the possibility of an underlying 
autonomic neural deficit. (Level of Evidence 3, 
Grade of Recommendation C) 

3.2.3 Future Research Areas 
1. The relation of open bladder neck and proximal 

urethra at rest to the different neurogenic disor-
der 

2. Longitudinal study of wide bladder neck and 
proximal urethra at rest in asymptomatic women 

3. Evaluate the prognostic value of the open blad-
der neck and proximal urethra at rest 

3.3. Female Urethral Diverticula 
The prevalence of urethral diverticula ranges be-
tween 1 and 6% with rates up to 10% in among symp-
tomatic women from tertiary referral centres (1, 2). 
The suspicion of a urethral diverticulum stems from 
LUTS or urethral masses on physical examination. 
Urethral masses include leiomyoma, vaginal cysts, 
malignancy, ectopic ureter, granuloma and urethral 
diverticula. The first case of female urethral diverticu-
lum was reported in 1805 (3) . Since the report from 
Davis and Cian in 1956 (4) using positive-pressure 
urethrography (PPU), the diagnosis has become 
much more common even though, despite increased 
clinical awareness, this pathology continues to be fre-
quently overlooked. Urinary incontinence is often as-
sociated with a urethral diverticulum. Incontinence 
may be a sequel to urine loss from the diverticulum 



 

 
IMAGING IN URINARY INCONTINENCE AND PELVIC FLOOR DYSFUNCTION  725 

 

itself with stress manoeuvres, USI or UUI  (5). Aldrige 
et al. (6) reported urethral diverticula in 1.4% of pa-
tients with  SUI.  

The presenting symptoms of a urethral diverticulum 
have classically been described as the three Ds (Dys-
uria, postvoid Dribbling, and Dyspareunia). Since 
most patients present with nonspecific lower urinary 
tract symptoms, and the pathognomonic presentation 
(postvoid dribbling, urethral pain, tender periurethral 
mass and expression of pus from the urethra) is very 
uncommon, these patients undergo extensive evalu-
ation and treatment before a correct diagnosis is es-
tablished (7, 8). The diagnosis of a urethral diverticu-
lum may be achieved by physical examination, void-
ing cystourethrography, positive-pressure (double-
balloon) urethrography, urethroscopy, endocavitary 
(transurethral or transvaginal) or pelvic floor ultraso-
nography, urethral pressure profile or MRI. Positive 
pressure urethrography is usually accomplished us-
ing a double balloon catheter according to the method 
described by Davis and Cian (4). Two different mod-
els exist: the Davis-TeLinde and the Tratner catheter. 
Positive-pressure urethrography (and voiding ure-
thrography) may result in a false negative study when 
the inflammation of the diverticulum neck prevents 
contrast medium from flowing into the diverticulum 
cavity. 

The accuracy of a diagnostic test may depend upon 
the characteristics of the study population and con-
flicting data are often reported in the peer-review lit-
erature. Blaivas et al reported a diagnostic accuracy 
of VCUG of 97% in a series of 66 patients and similar 
results (95%) were obtained by Ganabathi et al. (7, 
9). Less favourable results have been reported by 

others. Comparison of VCUG versus PPU in the di-
agnosis of urethral diverticula showed a clear superi-
ority of the latter with good consistency among differ-
ent studies (10, 11). In some patients, VCUG only de-
lineated the lower part of the diverticulum (12). Ultra-
sound scanning and MRI should theoretically be free 
of such false negative imaging. Particularly, the emer-
gence of high definition 3D endovaginal probes ena-
bles the operator to place the probe directly adjacent 
to the area of interest. 

Chancellor et al. (13) described the use of intraoper-
ative intraluminal echographic evaluation which may 
be of help in dissecting the diverticulum and achiev-
ing complete excision without damaging the bladder 
neck and urethra. A number of studies have shown 
that MRI is better than both voiding cystourethrogra-
phy and positive-pressure urethrography and can be 
considered, if available, the imaging of choice when 
the diagnosis of urethral diverticulum is suspected 
(14-19) (Figure 36). MRI is superior to VCUG or dou-
ble-balloon urethrography, particularly in diagnosing 
diverticula with narrow, noncommunicating necks 
(15, 16). MRI proved to be superior to radiological 
studies because diverticula can go undiagnosed on 
voiding cystourethrogram, furthermore size and com-
plexity of the diverticulum is better defined on MRI 
(17). Endoluminal MRI is considered to be of particu-
lar importance in the diagnosis of a circumferential 
urethral diverticulum, a condition that is relatively rare 
but the diagnosis may increase with the increased 
use of this imaging technique.  

 

 

 
Figure 36: Urethral diverticulum. Probe 2052 was used for 360° endovaginal sonography. a, Axial view of the 
urethral diverticulum. The urethra is surrounded by the diverticulum. Anatomic landmarks are the pubic sym-
physis and pubic ramus superiorly, urethra medially, and vagina inferiorly. b, Coronal view showing the di-
verticulum along both sides of the middle and proximal parts of the urethra. Cephalad extension of the diver-
ticulum can be evaluated in this view. c, Midsagittal view confirming the diagnosis, with an anechoic cavity 
adjacent to the urethra that starts in the middle third of the urethra and extends near to the bladder. A indi-
cates anterior; LAM, levator ani muscle; LP, levator plate; PB, perineal body; PS, pubic symphysis; R, rectum; 
T, transducer; U, urethra; and UD, urethral diverticulum.  

Proper evaluation of the anatomy of the diverticulum 
is essential in planning reconstructive surgery (1, 20). 
MRI also proved to be useful in diagnosing inflamma-

tion or tumour in the diverticulum (21, 22). Endolumi-
nal MRI with either a vaginal or rectal coil, may pro-
vide even better image quality than simple MRI (18). 
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A comparison of MRI versus urethrography and ure-
throscopy, in a group of 20 women with urethral di-
verticulum, reported a 69 and 77 per cent accuracy of 
the two latter imaging studies versus MRI (14). When 
surgical findings were compared to MRI, urethrogra-
phy and urethroscopy, the diagnostic ability of the 
three methods was 70, 55 and 55 per cent, respec-
tively. Diverticula ostia could not be identified by MRI 
not withstanding the use of contrast material. Neitlich 
et al. (15) reported in a series of 19 patients that MRI 
(using a fast spin echo T2-weighted pulse sequence 
and a dedicated pelvic multicoil) had a higher sensi-
tivity for detecting urethral diverticula and a higher 
negative predictive rate in comparison to double bal-
loon urethrography. Blander et al.(17), compared MRI 
and VGUG in 27 patients with urethral diverticula and 
found that endoluminal (endorectal or endovaginal) 
MRI was extremely accurate in determining the size 
and extent of urethral diverticula compared to VCUG; 
the related information can be critical when planning 
surgical approach, dissection and reconstruction. In 
conclusion, review of the peer reviewed literature 
suggests that positive pressure urethrography is still 
a valuable tool to diagnose female urethra diverticula 
not withstanding both ultrasound sonography and 
particularly MRI represent better alternatives with a 
significantly higher diagnostic accuracy. 

In males, both VCUG and ultrasonography can be 
successfully used to diagnose syringocele (cystic di-
latation of the Cowper’s gland), congenital and ac-
quired diverticula (23). 

3.3.1 Conclusions 
Proper imaging of female diverticula is essential to di-
agnose the condition and, in planning and conducting 
proper surgical repair. Ultrasonography may suffice 
to identify size and location of the diverticulum alt-
hough MRI imaging in preferable whenever available. 

3.3.2 Consensus Statements 
In cases of female urinary incontinence if a urethral 
diverticulum is suspected, appropriate imaging (posi-
tive pressure urethrography, voiding cystourethrogra-
phy, urethroscopy, ultrasound, MRI) is recom-
mended. (The choice of the type of imaging depends 
on their availability. Data show a higher accuracy of 
MRI.) (Level of Evidence 3 – Grade of Recommen-
dation C) 

3.3.3 Future Research Areas 
Properly conducted prospective studies are needed 
to compare the accuracy of ultrasonography and MRI 
in the diagnosis and staging of female and male di-
verticula 

3.4. Imaging of the Nervous System  
Lower urinary tract dysfunction often depends upon 
derangements of its neural control mechanism. Imag-
ing of the spinal chord and central nervous system 
may help identifying occult neurological conditions or 

the site and extent of known neural damage. Func-
tional imaging of the nervous system is a formidable 
research tool to better understand mechanisms of 
signal integration at the central level and its possible 
malfunctioning. 

3.4.1 Lumbosacral Spine X-Rays 
In children with lower urinary tract dysfunction and uri-
nary incontinence, the presence of a spinal dysra-
phism must be ruled out. Although in most of the 
cases abnormalities of the gluteosacral region and/or 
legs and foot are clearly visible, antero-posterior and 
lateral films of the lumbosacral spine have to be eval-
uated in order to identify vertebral anomalies. Sacral 
agenesis involves the congenital absence of part or 
all of two or more sacral vertebrae. In the absence of 
two or more sacral vertebrae a neurogenic bladder is 
usually found. Spina bifida occulta has a variable sig-
nificance. Simple failure to fuse the laminae of the 
fourth and fifth lumbar vertebrae is unlikely to be im-
portant, but if the spinal canal is noticeably widened, 
there may be cord involvement (diastematomyelia, 
tethered cord syndrome). 

3.4.2 CT, MRI, SPECT and PET  
Numerous papers refer to rare neurological condi-
tions presenting with different symptoms including 
urinary incontinence in which CT scan, MRI, SPECT, 
and PET imaging were carried out to identifying the 
underlying CNS disease. These references have little 
impact on daily practice although they can he helpful 
in occasional difficult cases.  

With regards to the clinical diagnostic use of CT or 
MRI, a few papers evaluated the role of fetal MRI im-
aging. Fetal MRI has higher contrast resolution than 
prenatal sonography and allows better identification 
of normal and abnormal tissue. Moreover, MRI can 
diagnose some abnormalities such as cerebral mal-
formations and destructive lesions which can be oc-
cult on prenatal sonography, where the more anterior 
cerebral hemisphere cannot be properly evaluated 
due to reverberations by the overlying structures (2). 
Common indications for fetal MRI include the evalua-
tion of all the sonographically diagnosed abnormali-
ties of ventriculi, corpus callosum, or posterior fossa, 
as well as all those fetuses at increased risk for brain 
abnormalities, such as in families with a history of a 
prior child or fetus with anomalies, genetic disorders, 
complications of monochorionic twinning, and mater-
nal illness (such as maternal infection or major car-
diac event). Moreover, with recent advances in fetal 
surgical techniques, fetal MRI is being increasingly 
used before surgical intervention (3). The results of 
fetal MRI, whether verifying absence of abnormality, 
confirming sonographically detected abnormalities, or 
discovering additional abnormalities that were not ap-
parent by sonography, have been shown to affect 
clinical decision-making during pregnancy, both by 
physicians and parents, resulting in changes in preg-
nancy management in nearly half of cases (2). With 
regard to myelomeningocele, prenatal ultrasound can 
easily identify the absence of posterior elements of 
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the vertebral bodies at affected levels and extension 
of the subarachnoid space posteriorly through the 
bony spina bifida, as well as the frequently associated 
presence of small posterior fossa alteration and her-
niation of cerebellar tissue into the cervical subarach-
noid, which define the Chiari II malformation. How-
ever, fetal MRI can be a helpful adjunct when sonog-
raphy analysis is limited, such as in cases of large 
maternal body habitus, oligohydramnios, low position 
of the fetal head, or when the fetal spine is positioned 
posteriorly with respect to the mother. Moreover, fetal 
MRI can be very useful to detect additional associ-
ated anomalies, such as callosal agenesis or hypo-
genesis, periventricular nodular heterotopia, cerebel-
lar dysplasia, syringohydromyelia, and diastemato-
myelia (3). If fetal surgery will be shown to improve 
long-term outcome, fetal MRI will surely become a 
routine examination for affected fetuses. 

MRI is also recommended in children with anorectal 
abnormalities as abnormalities of the spine and of the 
spinal cord are diagnosed in 42 to 46% of cases and 
in about 50% of cases the spinal cord is involved (1). 
Wraige et Borzyskowski suggested that spinal cord 
imaging should be considered in children in whom 
day-time wetting is associated with impaired bladder 
sensation or poor bladder emptying even in the ab-
sence of clinical or radiological suspicion of lumbosa-
cral spine abnormalities. Four out of 10 children with 
these symptoms had a spinal cord defect diagnosed 
on MRI(4).  

MRI of the lumbar spine is now the gold standard for 
evaluating children with spina bifida and adults in 
which an occult form of spina bifida is suspected. A 
potential technical update might be the use of in-
trathecal contrast medium to perform cisternography 
and ventriculography contrast-enhanced MRI. Munoz 
et al., evaluated a series of 10 patients with complex 
cerebrospinal fluid diseases, where other imaging 
techniques had been unclear or inconclusive, per-
forming MRI with intrathecal administration of gado-
pentate dimeglumine. In 8 out of the 10 patients, im-
aging findings influenced or changed the clinical de-
cision-making program and the surgical planning (5). 

Sharma et al. recently evaluated with MRI the surgi-
cal outcome in patients with spinal dysraphism. Spe-
cifically, MRI spectroscopy was used to evaluated the 
composition of cerebrospinal fluid before and after 
surgery. Before surgery, high levels of lactate, ala-
nine, acetate, glycerophosphorylcholine, and choline 
were observed in the cerebrospinal fluid of patients 
with spinal dysraphism, while these levels normalised 
postoperatively to those observed in control subjects. 
However, in those patients where cord tethering oc-
curred, increased concentrations of lactate and ala-
nine were found, suggesting that MRI spectroscopy 
might be a promising tool in the assessment of surgi-
cal outcomes in patients with spinal dysraphism (6).  

Several papers refer to the use of CNS imaging in 
clinical research of voiding dysfunction and patho-
physiology. Positron emission tomography (PET) and 

functional MRI studies provided information on spe-
cific brain structures involved in micturition in hu-
mans. During micturition an increase in regional 
blood flow was shown in the dorsomedial part of the 
pons close to the fourth ventricle, in the pontine mic-
turition centre (PMC), in the mesencephalic peri-
acqueductal grey (PAG) area, as well as in the hypo-
thalamus including the preoptical area (1). A good re-
view onCNS imaging and lower urinary tract function 
was recently published by Drake and co-workers (7) 

A couple of significant original studies have been 
published recently on the role of functional MRI in 
stress and urgency urinary incontinence. Specifically, 
previous brain imaging studies showed that during 
pelvic floor muscle contraction there was activity in 
the superior medial precentral gyrus, anterior cingu-
late cortex (ACC), cerebellum, supplementary motor 
cortex (SMA) and the thalamus (8, 9). Similarly, dur-
ing anal spincter contractions multifocal cerebral ac-
tivity was shown in the primary and secondary sen-
sory/motor cortices, the insula as well as the cingulate 
gyrus, prefrontal cortex, and the parietooccipital re-
gion (10). Di Gangi Herms et al. evaluated the neuro-
plastic changes of cortical representation of pelvic 
floor motor function induced with pelvic floor muscle 
training (PFMT) by biofeedback in patients with SUI 
(11). Specifically, the authors used functional MRI to 
evaluate 10 patients with SUI before and after a 12-
week PFMT with EMG-biofeedback program. In the 
MRI performed before the beginning of PFMT, the au-
thors identified significant brain activation in superior 
lateral and medial precentral gyrus and the superior 
lateral postcentral gyrus, in the SMA, the left premo-
tor area, and in the left and middle cerebellum, as well 
as in the insula and in the ACC. In the MRI film after 
PFMT, less brain areas were activated, mainly the su-
perior lateral and medial precentral gyrus, superior 
lateral postcentral gyrus and the insula. In other 
words, after PFMT there was more focused activation 
in the primary motor (superior lateral and superior 
medial precentral gyrus) and somatosensory areas, 
which is consistent with automation of the relearned 
skillful behavior (11). PFMT with biofeedback may im-
prove muscular strength therefore enhancing support 
of the urethra and also optimise central muscular con-
trol of the pelvic floor, modulate bladder sensation, 
and reflect the emotional neutralisation related to 
symptom reduction.  

With regard to UUI, Tadic et al. reported a small 
study, which used functional MRI to investigate 11 pa-
tients with UUI and 10 healthy controls.  Specifically, 
the connections of the right insula (RI) and anterior 
cingulate gyrus (ACG) to other cortical area were 
evaluated, based on the assumption that the two ar-
eas were among the most important regions of the 
supraspinal neuronal network controlling the bladder. 
In normal subjects, there were significant positive ef-
fective connections with many of the regions involved 
in supraspinal bladder control, including left insula 
and frontotemporal and parietal regions, thalamus, 
putamen and claustrum, posterior cortex, cerebellum, 



 

 
728  COMMITTEE 7. IMAGING, NEUROPHYSIOLOGICAL TESTING AND OTHER TESTS 
 

pontine micturition centre and mesencephalic peri-
acqueductal grey. Vice versa, in the patients with ur-
gency incontinence, significant negative connections 
to left parieto-temporal lobes, hippocampus, parahip-
pocampal gyrus and cerebellum were found, with few 
positive connections (12). In subjects with normal 
bladder function, RI and/or ACG have been recon-
firmed to have effective connections with many of the 
brain regions involved in bladder control such as the 
frontotemporal and sensorimotor regions, thalamus, 
putamen, cerebellum and midbrain, as well as to the 
posterior cortex, a region which may have a role in 
the control of bladder function. Vice versa, in the pa-
tients with urgency incontinence, the connections 
were shifted to an alternative complex of brain re-
gions, such as left parieto-temporal lobes, parahippo-
campal gyrus and parts of cerebellum, which might 
represent expression of the recruitment of accessory 
pathways in order to control urgency and the voiding 
reflex as well as the emotional charge due to the ab-
normal sensation of urgency (12). On the whole the 
data from these recently published studies have im-
proved our knowledge of nervous functional anatomy 
related to vesicourethral function and dysfunction but, 
to date, have no clear clinical relevance. 

In conclusion, central nervous system imaging is 
rarely indicated in urinary incontinence. Spinal cord 
imaging is recommended in cases of children with an-
orectal malformation and whenever spina bifida oc-
culta is suspected. In the case of clinical neurological 
signs and/or symptoms suggestive of central nervous 
lesions, imaging may be indicated along with more 
specific neurophysiological tests (e.g., signal latency, 
testing, evoked potential, etc.). Further improvements 
in the knowledge of the correlation between morpho-
logical and functional evaluation of the CNS is fore-
seeable using present CNS functional imaging tech-
nology. 

3.4.3 Consensus Statements 
In patients with suspected congenital neurogenic in-
continence, with or without abnormalities of neurouro-
logical physical examination, lumbo-sacral spine an-
teroposterior and lateral radiological evaluation (or 
MRI) is indicated. (Level Evidence 3, Grade of Rec-
ommendation C) 

Neuroimaging should be considered when a nervous 
system disorder is suspected on the basis of clinical 
and/or neurophysiologic test findings (Level of Evi-
dence 3 - Grade of Recommendation C) 

3.4.4 Future Research Areas 
To investigate the effect of antimuscarinics and neu-
romodulation on brain activity; 

To standardise bladder filling parameters to investi-
gate brain activity during different types and levels of 
bladder sensations; 

To investigate the effect of environmental and behav-
ioural factors on brain activity in patients with UUI 

To define the sequence of brain activation during 
bladder filling. 

3.5. Endoscopy of the Lower Urinary Tract 
Since the introduction of the cystoscope by Bozinni in 
1805, endoscopy has played a critical role in the eval-
uation of lower urinary tract disorders (1). Many in-
vestigators have proposed the routine use of urethro-
cystoscopy in the evaluation of urinary incontinence. 
These recommendations have rarely been based on 
evidence. There are five specific areas pertaining to 
urinary incontinence in which urethrocystoscopy has 
been advocated. 

1. Observation of the female urethral sphincter to 
assess its ability to close and coapt. Urethrocys-
toscopy has been advocated in the static state to 
assess intrinsic sphincter deficiency (ISD) as 
well as in the dynamic state, when the patient is 
straining, to evaluate hypermobility and urethral 
closure while the patient is straining. It has been 
reported that sluggish closure of the bladder 
neck during periods of a rise in intra-abdominal 
pressure is associated with anatomical stress 
urinary incontinence. Intrinsic sphincter defi-
ciency has classically been described as a fi-
brotic or pipe-stem urethra. It has been sug-
gested that endoscopy can even help to differen-
tiate between the hypermobile urethra and the in-
trinsically damaged urethra. 

2. Assessment of the bladder, to rule out concomi-
tant bladder conditions which may be the cause 
of DO and UI or may simply require treatment. 

3. Search of extraurethral causes of urinary incon-
tinence, such as vesico-vaginal fistula and ec-
topic ureter. 

4. Intraoperative cystourethroscopy during correc-
tion of USI to assess for bladder damage and 
ureteral patency. 

5. Evaluation of the membranous and prostatic ure-
thra in male patients with post-prostatectomy 
stress incontinence to evaluate possible iatro-
genic damage of the external sphincter region. 
Assessment of bladder outlet in males with ur-
gency incontinence considered to be secondary 
to bladder outlet obstruction to appraise prostate 
morphology. 

3.5.1 Evaluation of the Female Bladder Out-
let 

Robertson described the procedure of dynamic ure-
throscopy to evaluate the bladder neck (2). In this pro-
cedure a gas urethroscope is used to observe the 
urethra, bladder neck, and portions of the bladder. 
During visualisation manometric recording can be 
performed. Robertson described the appearance of 
SUI as a sluggish closure of the bladder neck and the 
appearance of the overactive bladder as a bladder 
neck that closes and then opens like the shutter of a 
camera. This procedure was reported to be extremely 
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useful in patients with urinary incontinence as the 
bladder neck can then be observed at rest, with 
straining, and Valsalva manoeuvres. Unfortunately, in 
Robertson’s original description of this procedure, it 
was never compared to other standard methods of 
measuring outlet resistance. Others who advocate 
the technique of Robertson reported that only 43% of 
patients with SUI actually had loss of bladder neck 
support on urethroscopy (3). Scotti, et al performed a 
retrospective review of 204 patients who underwent 
dynamic urethroscopy for the evaluation of USI (4). 
Of the 204 patients, 99 had USI. Urethroscopy was 
found to be an imprecise predictor of USI with a 62% 
sensitivity, a 74.6% positive predictive value and a 
specificity of 79.1%. Moreover, there were many 
equivocal studies. The authors concluded that urody-
namic evaluation rather than urethroscopy was a 
more accurate predictor of stress incontinence. Sand, 
and associates compared supine urethroscopic cys-
tometry (dynamic urethroscopy) to the gold standard 
of multichannel urethrocystometry (5). They found a 
sensitivity of only 24.6% and a positive predictive 
value of only 65.2% in predicting detrusor overactiv-
ity. 

Horbach and Ostergard tried to predict urethral 
sphincter insufficiency in women with SUI using ure-
throscopy (6). They retrospectively reviewed the rec-
ords of 263 women who had a diagnosis of USI. They 
defined ISD as a maximal urethra closure pressure of 
20 cm H2O or less with the patient upright with a 
symptomatically full bladder. They then divided pa-
tients into two groups, those with ISD and those with 
maximal urethral closure pressures of more than 20 
cm H2O. Based on this classification, 132 women, or 
50.2%, had evidence of ISD. However, when urethral 
function was assessed by endoscopy, only six of 132 
patients with ISD were found to have an open or par-
tially open proximal urethra and urethrovesical junc-
tion at rest during urethrocystoscopy. Clinically, these 
patients had very low urethral pressures and reported 
difficulty with continuous leakage of urine. Endoscopy 
appeared to have little predictive value for ISD as de-
fined by urethral pressure profilometry. Govier et al 
compared cystoscopic appearance of the female ure-
thral sphincter mechanism to videourodynamic stud-
ies in 100 consecutive women with complex types of 
UI (7). Sphincter dysfunction was classified as mini-
mal, moderate, and severe based on the radiographic 
appearance of the bladder neck with straining. Ure-
throcystoscopy underestimated the degree of sphinc-
ter deficiency 74% of the time in patients with moder-
ate sphincter dysfunction and 44% of the time in pa-
tients with severe sphincter dysfunction. The authors 
concluded that cystoscopy is inadequate to judge the 
functional integrity of the bladder outlet. Furthermore, 
cystoscopy alone will underestimate intrinsic sphinc-
ter deficiency in a large number of patients.  

3.5.2 Evaluation of the Bladder 
Is cystoscopy necessary to rule out concomitant blad-
der pathology in patients with urinary incontinence? 
Langmade and Oliver reported on 253 patients who 

were operated on for SUI (8). They used a simple 
evaluation that consisted of history, stress tests, and 
urinalysis alone. They did, however, recommend cys-
toscopic evaluation if the patient also complained of 
symptoms of urgency. Although this dogmatic ap-
proach was recommended, it was never clearly 
stated if it made a difference to the treatment or out-
come in these patients. Fischer-Rasmussen, et al 
performed extensive evaluation of women with uri-
nary incontinence (9). This included cystoscopy in 
190 patients. They found cystoscopy to be abnormal 
in only 12 patients, 8 who had SUI and 4 who had 
other types of UI. Abnormal findings were trabecu-
lated bladder in five patients, benign bladder papillo-
mas in four, and metaplasia of the trigone  in two. 
None of these was considered to be a significant find-
ing. The authors concluded that cystoscopic exami-
nation did not contribute to the classification of incon-
tinence in any case. Cardozo and Stanton evaluated 
200 patients with SUI and detrusor overcativity (10). 
Cystoscopy revealed no abnormalities amongst the 
100 patients with USI. Fourteen of the 100 patients 
with detrusor overactivity had cystoscopic abnormali-
ties, eg trabeculation-11, injected mucosa- 1, saccu-
lation Ð1, a bladder capacity of less than 100 cc-1. 
However, in none of these patients was the treatment 
affected by the results of cystoscopy. In support of 
these findings, Mundy has stated that there is no di-
rect diagnostic value of endoscopy in a patient with 
an overactive bladder. It may sometimes be helpful to 
look for and exclude a cause of hypersensitivity when 
this is in the differential diagnosis (11).  Duldulao and 
colleagues found this necessary only in patients with 
haematuria (12). They performed urinalysis, urine cy-
tology, and cystoscopy on 128 women who presented 
with urgency incontinence and/or storage voiding 
symptoms. Of these, 68 patients had UUI, 35 of 
whom also had microscopic haematuria. One patient 
with UUI and haematuria was found to have a transi-
tional cell carcinoma of the bladder. None of the pa-
tients with urgency incontinence (or storage symp-
toms only) and no haematuria were found to have sig-
nificant cystoscopic findings. This would support the 
routine use of cystoscopy for patients with urgency 
incontinence only if haematuria is present.  

3.5.3 Extra-Urethral Urinary Incontinence 
Endoscopy can be an invaluable tool in the diagnosis 
and treatment of extraurethral incontinence due to 
vesico-vaginal fistula and ectopic ureter. With respect 
to vesico-vaginal fistula, cystoscopy can precisely lo-
calise the fistula site in the bladder and help plan sur-
gical correction. Occasionally, a small fistula that is 
not seen on physical examination or radiographic 
studies, can only be diagnosed by cystoscopy. Incon-
tinence due to ectopic ureter in the female is usually 
diagnosed by radiographic studies. However, the ex-
act location of the ureteral orifice in urethra or vagina 
can be identified by cystourethroscopy and/or vagi-
noscopy. This can be extremely helpful in the plan-
ning corrective surgery. 
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3.5.4 Intraoperative Lower Urinary Tract 
Evaluation 

Several authors have studied the value of routine cys-
toscopy during operative procedures for incontinence 
and prolapse. The approach may be transurethral 
(13) or transvesical(14). The American College of 
OB/GYN has published a Bulletin on Operative Lower 
Urinary Tract Injuries (15) in which is stated “at the 
conclusion of the procedure, when hemostasis has 
been ensured, both ureters and the bladder should be 
inspected to confirm their integrity.” Harris and co-
workers (13) reported 9 unsuspected ureteral or blad-
der injuries during urogynaecological surgery, which 
included 6 ureteral ligations, with four of these occur-
ring after Burch cystourethropexy. Burch sutures 
were also found in the bladder as well as fascia lata 
from a sling procedure. 

3.5.5 Evaluation of the Male Bladder Outlet 
Urgency incontinence is one of the lower urinary tract 
symptoms associated with benign prostatic hyper-
plasia, bladder outlet obstruction, and aging in the 
male population. Based on the available evidence 
and world literature, The World Health Organisation 
Fifth International Consultation on BPH made the fol-
lowing recommendation: “Diagnostic endoscopy of 
the lower urinary tract is an optional test in the stand-
ard patient with LUTS (lower urinary tract symptoms) 
because: 1) the outcomes of intervention are un-
known, 2) the benefits do not outweigh the harms of 
the invasive study, 3) the patients’ preferences are 
expected to be divided However, endoscopy is rec-
ommended as a guideline at the time of surgical treat-
ment to rule out other pathology and to assess the 
shape and size of the prostate, which may have an 
impact on the treatment modality chosen” (16). Sev-
eral contemporary series have described the value of 
urodynamics in the diagnosis of post-prostatectomy 
UI (17-21). However, only one describes the routine 
use of urethrocystoscopy. In that series 67% of pa-
tents had urethral fibrosis confirmed by endoscopy 
(18). However, how this finding affected treatment 
was not discussed. In the study by Leach and Yun 
treatment of incontinence was based solely on urody-
namic findings and was successful in 87% of patients 
(22). Anastomotic strictures may be suspected based 
on uroflow and urodynamic (pressure-flow) studies 
and can be confirmed by voiding cystourethrogram or 
videourodynamics as well as by endoscopy. How-
ever, if intervention for the stricture is deemed neces-
sary, endoscopy would be a more critical part of the 
evaluation. Furthermore if surgical treatment of incon-
tinence, such as, an artificial urinary sphincter, is 
planned it would seem to make good clinical sense to 
evaluate the urethro-vesical anastomosis with endos-
copy prior to surgery. 

3.5.6 Evaluation of Urethral Sphincter in 
Post-Prostatectomy Incontinence. 

Iatrogenic UI in males usually occurs after prostate 
surgery for benign and malignant conditions. The 
pathophysiology of UI following transurethral surgery 

for BPH includes sphincter damage from extending 
the resection too distal, particularly in the ventral as-
pect of the sphincter where muscle fibres are more 
abundant. Endoscopy in post-TURP incontinence re-
veals insufficient closure at rest with tissue loss in the 
ventral aspect of the sphincter area, voluntary muscle 
recruitment is often good. The pathophysiology of UI 
in post-radical prostatectomy patients is unclear. Nu-
merous studies have investigated the relationship be-
tween parameters of urethral pressure profile, mor-
phology of the prostate apex and length of the exter-
nal sphincter area to post-prostatectomy inconti-
nence. Although the results of these studies suggest 
a relationship between sphincter competence and UI, 
no consensus has been reached regarding the gold 
standard test to be performed prior to surgery to as-
sess the individual patient risk of incontinence. Re-
cently, Gozzi and Rehder suggested that post-radical 
prostatectomy incontinence may be related to pro-
lapse of the sphincter complex and that repositioning 
of it by a transobturator sling may be successful. Pre-
operative selection of surgical candidates for such in-
tervention include endoscopy of membranous urethra 
testing whether manual push-up of the centrus 
tendineus perinei results in recruitment of the sphinc-
ter fibres comparable to a voluntary contraction. Con-
traction of the sphincter muscle upon repositioning in 
a more cranial position is used as an indication for a 
transobturator sling with the Gozzi and Rehder tech-
nique (23-25). Further research is required to confirm 
such an interesting pathophysiological explanation of 
post-radical prostatectomy UIand to support the role 
of endoscopy in the evaluation of these patients. 

3.5.7 Consensus Statements 

• Routine urethro-cystoscopy is NOT indicated in 
primary female UI, when other pathologies are 
not suspected (Level of Evidence 3, Grade of 
Recommendation C) 

• Endoscopy can be considered (Level of Evi-
dence 3, Grade of Recommendation C): 

o in urgency incontinence to rule out other pa-
thologies, especially in case of microscopic 
haematuria (e.g., bladder tumour, interstitial 
cystitis, etc) 

o in the evaluation of recurrent or iatrogenic 
cases when surgery is indicated and 
planned 

• Endoscopy is indicated in the evaluation of 
vesico vaginal fistula and extra-urethral urinary 
incontinence (Level of Evidence 3, Grade of 
Recommendation C). 

• Endoscopy is indicated intraoperatively in incon-
tinence surgery to look for ureteral or vesical in-
jury (Level of Evidence 3, Grade of Recom-
mendation C). 

B.3.e.8  FUTURE RESEARCH AREAS 
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• The relationship between of bladder endoscopy 
and idiopathic detrusor overactivity 

• The relationship between of bladder endoscopy 
and aging 

• The relationship between bladder endoscopy 
and symptoms of voiding dysfunction in female 
patients with UI 

 IMAGING IN ANAL 
INCONTINENCE  

Anal incontinence may result from anatomical and/or 
neurological disruption of the anal sphincter complex. 
Prior to the development of anorectal imagining tech-
niques, anal sphincter disruption was detected by dig-
ital palpation supported by EMG needle mapping and 
ano-rectal manometry. Use of endoanal ultrasonog-
rapghy (EAUS) for anal sphincter imaging was first 
described by Wild in 1956 (1) but remained neglected 
for many decades because of the limitation of tech-
nology then available (2). In 1989 Law and Bartum 
defined the technique of EAUS and endosonographic 
anatomy of the anal sphincter complex (3).  Since 
then EAUS has become the gold standard of imaging 
the anal sphincter complex. 

Development of 3-D rendering technique over the last 
decade has enabled better quality imaging of the anal 
sphincter complex using the EAUS. Recently other 
imaging modalities such as transvaginal, transper-
ineal and translabial ultrasonography, MRI, Defae-
cography and Sonoelastography have been de-
scribed to assess the anal sphincter complex in pa-
tients with anal incontinence.  

1. INDICATIONS 

Anal sphincter imaging has become an integral part 
of the assessment of anal incontinence. Following de-
tailed history and examination, the patient should be 
offered anal sphincter imaging (either 2D or 3D 
EAUS) depending on the availability of imaging mo-
dalities and the expertise. Even though ano-rectal 
physiological studies indicate dysfunction of the anal 
sphincter complex, they do not identify the anatomical 
site and the degree of anal sphincter disruption. 
EAUS has been the gold standard for detecting anal 
sphincter disruption or atrophy. EAUS is also used in 
the follow up of women after obstetric anal sphincter 
injuries to assess the success of the primary repair 
and to advise on subsequent delivery4. EAUS has 
been used intra-operatively to identify the damaged 
EAS prior to secondary repair and also to identify the 
IAS defects prior to injecting bulking agents. 

2. IMAGING MODALITIES 

2.1. Ultrasonography 
The increased availability of ultrasound scanners to 
urologists and urogynaecologists and its high resolu-
tion in the near field makes this the perfect tool to in-
vestigate patients with anal incontinence as a part of 
their physical examination. 

2.1.1 Endoanal Ultrasound (EAUS) 
EAUS is performed using a 360° rotating rectal probe 
with a 7 - 10 MHz transducer (focal range 2-4.5cm) 
with minimum beam width of 1.1mm. Several sys-
tems are currently available, and recently integrated 
3D systems are also available (B&K Medical, 
Sandoften 9, 2820 Gentofte, Denmark). Women 
should be examined prone with an endoanal system 
to minimise anatomical distortion. Figure 37 shows a 
schematic diagram of the anal sphincter complex in 
relation to the endoanal probe (4).  

 
Figure 37: A schematic diagram of the anal sphincter 
complex in relation to endoanal probe. 

The standard EAUS image of the anal canal is of 4 
layers (Figure 38):  

1. The subepithelial layer is moderately reflective.  

2. The internal sphincter is the most obvious land-
mark and is a well-defined low reflective ring. The 
internal sphincter varies in thickness with age, 
being <1mm in neonate, 1-2mm in young adults, 
2-3 in middle age and >3mm in the elderly.  

3. The longitudinal layer is a complex structure with 
a large fibroelastic and muscle component, the 
latter formed from the puboanalis as well as the 
longitudinal muscle of the rectum (Figure 38).  

4. The external sphincter is better defined in men 
than women, where it tends to be less hy-
poechoic. It is distinguished mainly by interface 
reflections between muscle/fat planes either side 
(Figure 38). In women the external sphincter is 
shorter anteriorly than posteriorly, which must 
not be misinterpreted as a tear. The transverse 
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perineii muscles fuse anterior with the sphincter, 
whereas in men they remain separate.  

With experience the examination can be performed in 
about 5 minutes and provides an ideal method for a 
rapid assessment of sphincter integrity and thickness.  

 
Figure 38: Axial endosonography in the mid canal in 
a normal 38yr old female. Subepith: subepithial 

layer; IAS: internal anal sphincter; LL: longitudinal 
layer; EAS: external anal sphincter. The outer border 
of the external sphincter is defined by an inter- face 
reflection at the fat/muscle boundary (arrow). 

2.1.2 3-Dimensional Endoanal Ultrasono-
graphy (3-D EAUS) 

With 3D-EAUS, the anal canal is scanned in a con-
ventional manner, and dedicated software provides a 
final 3D appearance (3D rendering). The data ob-
tained from a series of closely spaced EUS images 
(0.25 mm) are combined to create a 3D volume dis-
played as a cube. The image can then be freely ro-
tated and it is possible to visualise defects at different 
angles and to obtain the most information from the 
data (5).The advent of 3 D ultrasonographic multipla-
nar reconstruction of the anal canal has further im-
proved the detection of anal sphincter injuries with 
nearly 95-100% sensitivity and specificity6.With 3D-
EAUS, the aspect, localisation (circumference in-
volved, height), size (in degrees or percentageof cir-
cumference) and number of sphincter defects can be 
described in detail, together with a calculation of the 
volume of such defects7. Defects of the puborectalis 
fibres of the levator ani are less common and these 
can be seen as heterogeneous remodelling or short-
ening of the two bands is visible after episiotomy or-
pelvic floor injury during vaginal delivery.  

 
Figure 39: Three-dimensional endoanal ultrasound showing no (a), partial (b) or complete EAS defect (c). 
Arrows indicate an EAS defect in the sagittal view (10). 
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Figure 40: Complete defect of the internal anal 
sphincter (6). 

Figure 41: Partial defect of the internal anal sphinc-
ter (6). 

 

Its role in the development of AI is probably underes-
timated and characterisation, particularly in terms of 
volume, would be of interest to assess the functional 
impact (6). Two scoring systems has been introduced 
to objectively evaluate the anal sphincter defects de-
tected in 3D EAUS (8, 9) and both these scoring sys-
tem have shown acceptable intra observer and inter 
observer agreement (9).  

Although EAUS has been accepted as the gold 
standard of imaging anal sphincter complex, the 
equipment and the expertise may not be readily avail-
able in some centres. Some patients may find EAUS 
technique embarrassing and unacceptable.  Hard en-
doanal cone of EAUS may cause the disruption of 
normal anal canal anatomy. Because of these draw-
backs, other imaging modalities such as endovaginal, 
transperineal and translabial ultrasonography have 
been evaluated to assess the anal sphincter complex. 

Sultan et all first described the vaginal use of 3600 
rotating probe used for the EAUS and obtained clear 
images of anal sphincter complex (11). Since then dif-
ferent types of probes including side-fire transrectal 
probe, a standard transvaginal probe and modified 
vaginal probe has been used to evaluate the anal 
sphincter complex with variable sensitivity and speci-
ficity for detecting anal sphincter injury (12). 

2.1.3 Transperineal ultrasonography 
Transperineal ultrasonography (TPU) to image the 
anal sphincter complex was first described by Pesch-
ers et al. (13) and found to have a good inter observer 
reliability in detecting IAS and EAS defects compared 
with EAUS (14). A recent study by Roos et al. (12) 

comparing endovaginal and transperineal ultraso-
nography to detect obstetric anal sphincter have con-
cluded that neither of these modalities is sensitive 
enough to detect anal sphincter defects. 

2.1.4 Translabial Ultrasonography 
Translabial ultrasound (TLU) offers an alternative im-
aging modality of the anal sphincter complex and has 
proven to be well-tolerated by patients. It has been 
used to describe anal sphincter complex integrity (13, 
15). Hall et all evaluated 60 women with TLU and re-
ported that mean sphincter measurements are given 
for symptomatic and asymptomatic intact women and 
are comparable to previously reported endoanal MRI 
and endoanal ultrasound measurements(16). The ad-
vantages of TLU are that the equipment needed is 
readily available to all gynaecology and radiology im-
aging laboratories.  

2.1.5 Integrated Multicompartmental Pelvic 
Floor Ultrasonography 

Pelvic organ dysfunction includes multiple conditions 
such as pelvic organ prolapse, urinary incontinence, 
anal incontinence, defaecatory disorders and sexual 
dysfunction.  Based on this concept integrated multi-
compartmental Pelvic Floor imaging including two-di-
mensional (2D), three-dimensional (3D) and 4D pel-
vic floor ultrasonography as well as transvaginal, en-
doanal and transperineal techniques, has been de-
scribed from a global and multicompartmental per-
spective (17). The value of this approach in routine 
assessment of pelvic floor dysfunction is yet to be 
evaluated. 
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2.1.6 Dynamic Anorectal Endosonography 
(DAE).  

DAE uses a rigid biplane transrectal probe with a fre-
quency of 7 MHz with the tip of the probe covered with 
a water-filled balloon to maintain the acoustic window 
for the ultrasound waves. By slowly and manually ro-
tating the linear probe through 360°, various layers 
constituting the anal wall (mucosa, internal anal 
sphincter, and external anal sphincter), the layer 
forming the rectal wall, and the perirectal tissues 
(puborectalis muscle, bladder, and vagina, or pros-
tate) has been demonstrated.  After the initial exami-
nation, the patient simulates defaecation with the 
probe left in the same position (18). In a study of 56 
women using DAE and Dynamic MRI Defaecography 
significantly more internal anal sphincter defects were 
found with DAE than with dynamic MRI defaecogra-
phy, but there was no significant difference for the di-
agnosis of external anal sphincter defects (18). 

2.1.7 Sonoelastography 
Sonoelastography is a new imaging technique based 
on differences in radiofrequency signals following en-
dogenous/exogenous compression due to different 
elastic properties of the targeted tissues or organs 
(19).  This technique has been evaluated in patholog-
ical conditions of breast, thyroid, pancreas and pros-
tate. The elastographic pictures registered simultane-
ously with conventional grayscale B-mode images 
during sonography or endosonography are assumed 
to distinguish malignant from inflamed areas and thus 
facilitate diagnosis. Based on this concept it is as-
sumed that Sonoelastograhy is able to diagnose dif-
ferent conditions causing anal incontinence. However 
there is only one published study comparing the con-

ventional endoanal ultrasonography and elas-
tography (20). This prospective study included 50 pa-
tients with faecal incontinence following ano-rectal 
surgery and Crohn’s disease.  Elastogram colour dis-
tribution within the sphincter representing elastic 
properties was quantified using a visual analogue 
scale and an off-line computerised area calculation 
program. The IAS, a smooth muscle, and the EAS, a 
striated muscle, have different elastogram colour dis-
tributions, probably reflecting their different elastic 
properties. The absence of significant correlations 
with the major clinical and functional parameters sug-
gests that in routine clinical practice ultrasound real-
time elastography may not yield additional infor-
mation in patients with faecal incontinence except in 
patients who have had radiation.  

2.2. MRI 
Anatomy of the anal sphincter complex has been re-
defined over the past 20 years by the use of body coil, 
endoanal coil and phased-array coil magnetic reso-
nance imaging (MRI). However these different MRI 
techniques have led to conflicting anatomical descrip-
tions of the anal sphincter complex (21). Endoanal 
coil MRI studies by Rociu et al. (22, 23) have sug-
gested that the levator ani muscle has only a trans-
verse portion and that the EAS muscle is composed 
of only a subcutaneous and a superficial portion de-
scribing five image layers. (Fig 41) 

However, body coil MRI studies by Guo and Li (24) 
suggested that the levator ani muscle also has a ver-
tical portion (vertical levator), and separate body coil 
MRI studies by Hsu et al. (25) suggested that the EAS 
muscle has 3 separate components which has been 
identified in EAUS as well.  

 

 
FIGURE 42:T2-weighted turbo spin-echo endoanal coil MRI studies by Rociu et al.  

A: “5-layer” anal region and blind zone of the endoanal coil MRI.  

B: Drawing of anal midcoronal section.  

C: Inner intersphincteric space with high signal intensity is mislabeled as the internal sphincter. 

Es - external sphincter; Is - internal sphincter; Lam - levator ani muscle; Lm -longitudinal rectal muscle; Pr -
puborectalis; Sm –submucosa 
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Figure 43: Midcoronal T1-weighted turbo spin-echo body coil MRI images.  

A, 7-layer anal region.  

B, 3-layer intersphincteric space.  

C, Drawing of anal midcoronal section.  

A - imaging anal canal; ASM - anal smooth muscle; Deep -deep sphincter; If -ischioanal fossa; Iom -internal 
obturator muscle; ISS -intersphincteric space; Pr -puborectalis; R- rectum; SC -SC sphincter; Sup -superficial 
sphincter; TP- transverse levator; VP -vertical portion of the levator ani. (26) 

More recent study by Guo et al. (26) using multiplanar 
body-coil MRI studies demonstrated that the anal re-
gion actually has 7 image layers: the mucosa, sub-
mucosa, anal smooth muscle, inner space, vertical le-
vator, outer space, and the EAS muscle (Figure 42). 
The authors reported that endoanal MRI does not re-
liably outline the superficial layers of the anal region 
because a blind zone is created in the anal canal near 
the coil. This blind zone led investigators to effectively 
ignore the mucosa, submucosa, anal smooth muscle, 
intersphincteric groove, and subcutaneous  sphincter 
and this accounts for the early endoanal MRI descrip-
tion of the anal region as comprising only 5 image lay-
ers.Images of the anal sphincter complex obtained 
using endoanal MRI are thought to be superior to MRI 
performed with a body coil because of increased sig-
nal to noise ratio resulting in high spatial resolution 
images.  Although the endoanal MRI allows compre-
hensive assessment of atrophy and focal defects of 
the external canal, the internal sphincter has been 
less well defined (27). A meta analysis of nine stud-
ies, comparing endoanal MRI with endoanal ultra-
sound or surgical diagnosis in 157 patients by Tan et 
al. (28) has shown that endoanal MRI was sensitive 
and specific for the detection of external sphincter in-
jury and especially sphincter atrophy. It may be useful 
as an alternative to endoanal ultrasound in patients 
presenting with faecal incontinence. However, the 
limited availability of dedicated endoanal coils outside 
specialist units has resulted in less widespread famil-
iarity with this technique and further clinical studies 
are needed to identify its best application in clinical 
practice. 

In addition to the damage to the anal sphincter com-
plex, levator ani muscle (LAM) injury has also been 
postulated as a cause for anal incontinence espe-
cially after childbirth. A recent MRI study by Helliburn 
et al. (29) reported major LAM injuries in 19% of 
women who delivered vaginally with external anal 

sphincter (EAS) injuries compared to 3%  delivered 
vaginally without EAS injury, and 0% delivered by ce-
sarean section before labour. Among women with 
EAS injuries, those with major LAM injuries tend to 
have more anal incontinence symptoms than those 
who did not have LAM injury. These data suggest that 
both EAS and LAM are important to maintain faecal 
continence. 

2.3. Evacuation Defaecography 
(Proctography) 

Evacuation defaecography is indicated in patients 
with constipation, and in those with obstructive 
defaection associated with anal incontinence caused 
by overflow incontinence or post defaecation leak-
age.  In these patients, defaecography is useful to vis-
ualise outlet obstruction due to an anatomical (e.g. 
enterocele, rectocele, intussusception) or a functional 
(e.g. anismus) cause. Evacuation defaecography is 
also useful to demonstrate bladder and uterovaginal 
prolapse as well as pelvic floor descent (Figure 43 a-
b)but gives limited information as to rectal function. 
Evacuation defaecography has shown good repro-
ducibility in the diagnoses of enterocele, anterior rec-
tocele and their grading in patients with faecal incon-
tinence (30). 

The rectum is opacified with 120 mls of a barium 
paste and the small bowel with a dilute barium sus-
pension given orally about 30mins before defaecog-
raphy starts. The patient is seated sideways within 
the fluoroscopic unit on a radiolucent commode. 
Evacuation of the barium paste is recorded either on 
video or on cut film at 1 frame/sec using a low dose 
protocol. At rest the anorectal junction is at the level 
of the ischial tuberosities and the anal canal closed. 
Evacuation is rapid (<30sec) and the rectum below 
the main fold should be emptied completely. During 
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evacuation the anorectal angle widens as the anorec-
tal junction descends and the anal canal opens. At 
the end of evacuation pelvic floor tone returns and the 
puborectalis pulls the anorectal junction upwards and 
forwards back to the resting position. Intra-anal intus-
susception creates a thick double fold of rectum, 
which impacts into the anal canal on straining at the 
end of rectal evacuation. Rectal prolapse represents 
an extension of this process, with passage of the in-
tussusception through the anal canal and inversion of 
the rectum (Figure 44 a-c)  

Compared to conventional evacuation defaecogra-
phy, dynamic MR defaecography at a vertical open 
magnet unit has become popular recently as it pro-
duces multiplanar images with increased soft tissue 
contrast and avoids radiation exposure. However the 
comparative results between conventional defaecog-
raphy and dynamic MR defaecography in patients 
with prolapse and anal incontinence are variable (31, 
32). Some of these variations have been attributed to 
the difference in technique. The main drawback of 
MR defaecography is the supine position required 
which causes sub optimal assessment of prolapse 
and evacation (31). Since vertical open-magnet MR 
imaging units are not widely available, the role of MR 
defaecography in the diagnostic work-up of faecal in-
continence is still limited. 

Figure 44: Sagittal views from a dynamic MRI exami-
nation. 

The dotted line indicates the position of the pubo-
coccygeal line. At rest (a) there is some descent as 
the anorectal junction (ARJ) is more than 1 cm below 
this. During pelvic stress (b) there is marked pelvic 
floor descent, with descent of the cervix (Cx) and 
bladder base (Bl). 

 
Figure 45: Evacuation proctogram showing the de-
velopment of rectal prolapse. Intussusception starts 
at the end of rectal emptying (a) and rapidly passes 
through the anal canal (b) to form the external pro-
lapse(c).  
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Figure 46: Endosonography with an axial image in 
the mid canal of an elderly patient, aged 73yrs with 
passive faecal incontinence. The internal sphincter 
measures only 1.1mm (markers) indicative of inter-
nal sphincter degeneration. 

 

3. SPHINCTERIC DISORDERS 

3.1. The Internal Anal Sphincter (IAS) 
IAS is responsible for the maintenance of resting anal 
pressure and plays a vital role in maintaining anal 
continence. Isolated IAS defects are associated with 
surgery for ano-rectal malignancies, anal fissure and 
undetected obstetric anal sphincter injuries. These 
patients may present with passive faecal soiling and 
seepage rather than frank faecal incontinence.   

Abnormalities of thickness are usually related to the 
patient’s age. A sphincter less than 2mm thick in a 
patient more than 50 years of age is indicative of in-
ternal sphincter degeneration (Figure 45) and is as-
sociated with passive faecal incontinence.  

Obstetric trauma to the internal sphincter parallels 
that of the external sphincter in extent, but should al-
ways be in the anterior half, so that any defect be-
tween 3 and 9 is due to some other cause. 

Sphincterotomy may be more extensive than was 
planned, particularly in women, and 3D studies are 
especially helpful to assess the longitudinal extent of 
the defect. The length of the sphincter divided relates 
directly to the risk of incontinence (33). Dilatation pro-
cedures are hazardous and may completely fragment 
(Fig 46) the internal sphincter.  

3.2. The External Anal Sphincter 
When striated muscle is stretched beyond the limits 
of its elasticity fibres rupture and heal with granulation 
tissue and eventually fibrosis. Most chronic tears are 
seen with scar formation, and present as a uniform 
area of low reflectivity distorting and obliterating nor-
mal anatomical planes (Figure 44). A key to the diag-
nosis is lack of symmetry with the anterior part of the 
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external sphincter not fusing at 12 o’clock as the 
probe is moved slowly down the canal. This may also 
be seen on 3D studies in the coronal plane (Figure 
45). Other perineal structures, such as the puboanalis 
and transverse perineii are frequently torn and distin-
guishing these tears from external sphincter trauma 
requires experience, and again may be helped by 3D 
multiplanar imaging. The distinction is important as 
tears of the puboanalis or transverse perineii are not 
associated with a significant fall in squeeze pressure 
(34), and it is only damage to the external sphincter 
that results in a significant change. Childbirth damage 
to the puborectalis part of the levator ani muscle with 
intact EAS and IAS has been reported as a distinct 
cause of anal incontinence. 3-D EAUS is reported to 
be superior in detecting this type of injury (35).  

In healthy young adults a good correlation has been 
found between measurements of layers thicknesses 
on endosonography and endocoil MRI, with an Ri of 
0.96 for the external sphincter (36). The outer border 
of the external sphincter is easier to see on MRI, but 
fibrosis is not so markedly different in signal from nor-
mal muscle, so that the conspicuity of tears may not 
be as obvious as with endosonography.  

Atrophy of EAS is a more difficult problem. Determin-
ing the thickness of the external sphincter on EAUS 
depends on visualising its borders from interface re-
flections between the longitudinal layer on the inside 
and subadventitial fat on the outer border. As atrophy 
involves a reduction of muscle fibres and an increase 
in fat, the outer interface reflection is lost and the 
thickness of the external sphincter cannot be meas-
ured. Such loss of definition of the outer border of the 
external sphincter on endosonography has a positive 
predictive value of 71% for atrophy (37). Using 3D 
EAUS and a grading system based on definition (Fig-
ure 47) and echogenicity of the external sphincter 
showed a comparable accuracy to endocoil MRI in 
detecting atrophy (38).  

4. CONCLUSIONS 

Claims for superiority of one or other modality for the 
detection of sphincter tears probably depend largely 
on individual experience, but the relative low cost and 
speed of EAUS makes this an ideal screening proce-
dure to assess sphincter integrity. A leading issue is 
the significance of occult sphincter tears (diagnosed 
on endosonography but not apparent clinically) fol-
lowing vaginal delivery. Although these may be de-
tected by careful examination immediately post par-
tum (39), retrospective detection will still require 
EAUS. A meta-analysis of 717 vaginal deliveries re-
vealed a 26.9% incidence of anal sphincter tears in 
primiparous, with 8.5% new tears in multiparous 
women. Overall 29.7% of women with tears were 
symptomatic, compared to only 3.4% without tears. 
The probability of faecal incontinence being due to a 
sphincter tear was 76.8-82.8% (40).  Recent studies 
confirm the strong relationship between obstetric 
sphincter damage and faecal incontinence (41), and 

its late onset (42,43). Subsequent deliveries increase 
the risk of incontinence particularly if there has been 
a tear at the first delivery (44). Tears that involve the 
internal sphincter increase the severity of inconti-
nence (45). A sphincter tear at EAUS is therefore an 
important finding, but how this is used to decide man-
agement is a little more controversial. Secondary anal 
sphincter repair has fallen out of fashion following the 
finding that results deteriorate over a few years46, alt-
hough a more recent study (47) suggests a better re-
sponse.   

Fluoroscopic studies have little role in faecal inconti-
nence, unless there is an underlying rectal abnormal-
ity such as obstructive defaectory symptoms and pro-
lapse. Dynamic MRI studies have the added value of 
demonstrating prolapse in the rest of the pelvis, but 
apart from the lack of ionising radiation, has no real 
advantage for studying rectal function.   

EAUS therefore remains the first line imaging investi-
gation for anal incontinence, giving accurate infor-
mation regarding the external and/or internal sphinc-
ter tears and the likelihood of atrophy. Dynamic stud-
ies of rectal evacuation are required only if there is 
some other problem suspected, such as prolapse. 
The advantages of using MRI are the lack of ionising 
radiation and a global view of the pelvic floor. Alt-
hough imaging gives hard evidence of sphincter dam-
age, this is really only part of a much more complex 
functional problem, and colorectal abnormalities may 
be just as important (48) with tears accounting for per-
haps only 45% of incontinence (49).  

 
Figure 47: 3D EAUS of a small tear to the external 
sphincter (arrow).  
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5. CONSENSUS STATEMENTS 

• EAUS is the first line imaging investigation for 
faecal incontinence providing accurate infor-
mation regarding external and/or internal sphinc-
ter tears and the likelihood of atrophy. (Level of 
Evidence 3, Grade of Recommendation C). 

• 3-D EAUS offer better quality images and diag-
nosis of the depth of anal sphincter injury.(Level 
of Evidence 3, Grade of Recommendation C) 

• Routine use of 3-D EAUS is not recommended 
because of the cost.(Level of Evidence 3, Grade 
of Recommendation C) 

• Routine use of transperineal, transvaginal and 
translabial ultrasonography to image the anal 
sphincter complex are not recommended. (Level 
of Evidence 3, Grade of Recommendation C).  

• Dynamic imaging of rectal function is required 
when rectal abnormalities such as prolapse are 
suspected (Level of Evidence 3, Grade of Rec-
ommendation C). 

• MRI offers no advantage over other imaging mo-
dalities except for the lack of ionising radiation 
and global view of the pelvis (Level of Evidence 
3, Grade of Recommendation C) 

6. FUTUREC RESEARCH AREAS 

Better image quality with 3D EAUS and MRI have im-
proved our understanding of pelvic floor anatomy, 
and this in turn has enabled sonographic anatomy to 
be re-evaluated, however, conflicting views of anal 
sphincter anatomy remain. 

• Are clinical symptoms related to the size and the 
site of anal sphincter defect (50) or not (51)?  

• Significance of imaging in detecting anal sphinc-
ter injury especially immediately after childbirth in 
preventing future anal incontinence (39,52). 

• The value of ano-rectal physiological studies 
combined with imaging in assessing the success 
of surgical repair of the anal sphincter complex 
(53). 

• Identify (and modify) the risk factors leading to 
anal sphincter injury especially during childbirth 
and develop preventive strategies (54).  

The most valuable aspect of 3-D ultrasonography and 
MRI imaging is that they give a global view of the pel-
vis, capable of investigating urological, gynaecologi-
cal and coloproctological problems at the same time 
(17). Many patients do not have faecal incontinence 
as an isolated symptom, but also have urinary, pro-
lapse or defaecatory problems. The overview pro-
vided by imaging sets the way for a combined ap-
proach to the pelvic floor and should be the prime 
area of future investigation (17).  

 PAD TESTING 

The use of a perineal electronic nappy using electrical 
conductivity to estimate the amount of urine leakage 
was first proposed by James et al.(1, 2). Accuracy of 
this technique was, however, questioned by others 
and the technique was improved (3-8). Walsh & Mills 
and Sutherst et al. introduced a more simple ap-
proach by estimating leakage by perineal pad weight 
gain (9, 10). These tests were not standardised until 
Bates et al. described a “structured” one hour pad test 
which was endorsed by the International Continence 
Society in 1988 (11). This test, however, was shown 
to have poor interdepartmental correlation and to be 
highly dependent on bladder volume (12, 13). In an 
attempt to make pad tests more reliable 24 hour and 
48 hour pad tests were developed. A more precise 
estimation of urine loss was shown, but they were 
more cumbersome. The Pyridium pad test was also 
proposed for diagnosing urinary incontinence (14).  

1. DEFINITION 

The pad test is a diagnostic method to detect and 
quantify urine loss based on weight gain of absorbent 
pads during a test period under standardised condi-
tions. 

2. INDICATION AND METHODOLOGY 

A pad test allows the detection and quantification of 
urine loss, but it is not diagnostic of the cause of the 
incontinence. Several different standards have been 
developed. Tests can be divided into four groups ac-
cording to the length of the test: <1h, 1h, 24h and 48 
h. (Table 4) 
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Table 4: types of pad test 

Author Time Bladder load Exercise 

Hahn & Fall (15) 20 min 50% of MCC* stair climbing, 100 steps, coughing (10x), running 
(1 min), wash hands (1 min) jumping(1 min) 

ICS (11) 1h Drink 500 ml (15 
min) before test 

walking & stair climbing (30 min), standing up 10x, 
coughing (10x), running (1 min), bending (5x), wash 
hands (1 min) 

Jorgensen et al. (16) 24h  Everyday activities 

Jakobseny et al. (17) 48h  Everyday activities 

*Maximum Cystometric Capacity 

3. OFFICE-BASED PAD TESTING 
Pad tests up to 2 hours were developed to be per-
formed in outpatient clinics or hospital wards under 
supervised conditions. Bladder volume is predefined 
to reduce variability and a structured set of exercises 
is usually implemented to elicit the occurrence of 
urine loss. 

3.1. Short Pad Test 
Quantification: 

These tests are based on a fixed bladder volume and 
a standard set of activities to facilitate the occurrence 
of urine loss, if any, over a short period of time. Jak-
obseny et al. found that the 40 minute test with a blad-
der volume of 75% maximum cystometric capacity 
and similar activities as a 1-hour ward test produced 
consistently larger amounts of urine loss than a 
standard 1-hour ward test (17). The difference was 
attributed to significantly larger bladder volumes dur-
ing performance of physical activity in a 40 minute 
pad test. 

Kinn & Larsson reported no correlation between a 
short 10 minute test with fixed bladder volume and 
the degree of incontinence as judged from the symp-
toms (18). 

Hahn & Fall in a 20 minute test with half cystometric 
capacity showed no false negative results in 50 
women with stress urinary incontinence although 
there was a discrepancy in 12% of patients between 
the perception of incontinence severity and pad test 
results (15).  

These data suggest that short pad tests are more pro-
vocative than activities of daily living. 

Reproducibility: 

The correlation factor (Pitman’s nonparametric per-
mutation test) between two separate 20 minute tests 
was 0.94 (p<0.001) (15). Kinn and Kinn & Larsson 
showed that the 10 minute test with a fixed pre-test 
bladder volume of 75% of maximal capacity was mod-
eratey reproducible (r=0.74) (18). Using a 1 hour pad 

test, a standardised bladder volume of 300ml and 
standardised physical activity mean differences of 
leakage was 8.5 ml and coefficient of repeatability 
was 33.6 ml (19).  

3.2. One-Hour Pad Test 
The use of a one-hour pad test has been investigated 
thoroughly for validity, reproducibility and sensitivity 
to change. 

Quantification 

Jakobseny et al. reported that a one hour test de-
tected less leakage at 3 g compared to a 40 minute 
(7 g) and a 48 hour pad test (37 g) (17). In the elderly, 
a one-hour ward test did not demonstrate inconti-
nence in 66% of those complaining of incontinence 
compared to 90% with a 24 in-patient monitoring of 
urine leakage (20).  A one hour pad test was found to 
reflect everyday incontinence in only 48% of patients 
in comparison to 81% with a 48 hour test and 77% 
with a 40 minute test. Jorgensen et al. noted that 90% 
completed the test and 69% had test results which 
correlated with daily leakage (16). Lose et al. found a 
poor to moderate correlation of the modified one-hour 
test (200-300 ml in the bladder) with a history of 
stress urinary incontinence (n=31) (21). Mouritsen et 
al. showed that a 1-hour ward pad test did not detect 
grade I stress incontinence in 46%, grade II in 27% 
and grade III in 66% (22). Thind & Gerstenberg com-
pared a 1-hour ward pad test to a 24-hour home pad 
test and found that a 1-hour pad test had a 36% false-
negative rate as compared to a 24-hour home pad 
test (23).  

Reproducibility 

Klarskov & Hald demonstrated in 3 consecutive 1-
hour pad tests, a correlation coefficient of 0.75 and 
0.97 depending on the activity regimen (24). The test, 
however, was quite demanding and a lot of patients 
did not complete the full testing. Christensen et al. 
compared a one-hour pad test in two different urolog-
ical and one obstetrics & gynaecological departments 
(20 women) (13). The test results in two urological 
departments did not differ with an average pad gain 
of 24g and 21 g (p>0.1).  However, pad test results 
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between the departments of urology and gynaecol-
ogy differed significantly, with average pad weight 
gain 9 g and 24 g respectively (p<0.05).  

Lose and co-workers showed a significant variation 
between 1-hour ward test and retest in 18 patients 
(correlation coefficient 0.68) (12). In 50% of patients 
the leakage volume was variable due to differing 
bladder volume. When the results of the 1-hour pad 
test were corrected for urine volume, the correlation 
coefficient value increased to 0.96. Simons et al 
found the reproducibility of the standard 1 hour pad 
test to be poor (25). 

Validity 

Walsh & Mills in the elderly and Holm-Bentzen et al. 
in patients with an AMS artificial sphincter showed 
that the one hour pad test did not correlate with sub-
jective patient satisfaction but this may due to other 
lower urinary tract symptoms (9, 26). 

Bladder volume 

Jorgensen et al showed test-retest correlation was 
improved when the bladder volume was taken into ac-
count and the correlation value (r) raised from 0.68 to 
0.93 (16). Fantl et al used a one hour test with the 
bladder filled to capacity and had a test-retest corre-
lation of 0.97 which was improved if the fluid loss was 
expressed as a percentage of bladder volume (27). 
Lose et al. using a 1-hour pad test with standardised 
bladder volume of 50% of maximal cystometric ca-
pacity (MCC) showed in 25 women a test retest cor-
relation of 0.97 but the intertest variation was up to 
24g (28). Jakobsen et al. compared a 1-hour pad test 
with a bladder filled to 50% and 75% of maximal cys-
tometric capacity and found that the final bladder vol-
ume was equal in both groups showing the im-
portance of diuresis even with equal starting bladder 
capacities (29). The amount of leakage in both 
groups was the same. Simons et al. found the volume 
in the bladder after a standard 1 hour pad test varies 
by –44 to +66g in a test-retest situation (25). The fluid 
volume in the bladder appears to be critical in making 
the pad test reproducible and increasing the sensitiv-
ity of the test for detecting leakage. 

Aslan et al compared a 1 hour pad test loss with the 
symptom impact index (SII) and the symptom severity 
index (SSI) (30). Only the SSI showed a relationship 
between the severity of the score and the pad test 
loss. The 1 hour pad test has also been used in as-
sessing the validity of the Incontinence Impact Ques-
tionnaire and the Urogenital Distress Inventory unfor-
tunately both had poor correlations with the pad test 
(31). This is to be expected as the questionnaires as-
sess other urinary symptoms rather than just leakage.  

Diagnosis 

Fluid loss was significantly greater in patients with de-
trusor overactivity in comparison to urodynamic 
stress incontinence (27, 32). The reverse finding was 
reported by Matharu and co-workers (33). There is 

high variability in patients with detrusor overactivity 
making the test impractical as a diagnostic tool.   

Sensitivity to change 

The 1 hour pad test has been shown to be useful in 
detecting significant improvements after pelvic floor 
exercises for men suffering urinary incontinence after 
radical prostatectomy (34).  Ward et al. found the 
standard 1 hour pad test to show significant reduc-
tions in loss after tension free vaginal tape proce-
dures from 18g (IQR 6-37) and Burch colposuspen-
sion from 16g (IQR  6-38) both decreasing to 0g (IQR 
0) (35). The 1 hour pad test has also been tested for 
the reduction in loss after conservative and surgical 
therapy (36). The changes were significant but there 
was moderate correlation (r = 0.53) with the changes 
in the St. George Urinary Incontinence Score. 

3.3. Two-Hour Pad Test 
A test period of 60-120 minutes after a 1 litre fluid load 
was proposed as the optimal duration for the pad test 
because of a consistently high bladder volume (37). 
Han et al showed, however, that a 1-hour pad test is 
more practical (38). In children a 2-hour ward pad test 
yielded 70% positive results for incontinence (39). 
Richmond et al. compared two exercise regimens 
with a 2-hour pad test and showed no significant dif-
ferences regarding which order the exercises were 
performed (40). Walters et al. performed a 2-hour pad 
test with standard exercise in 40 women with SUI 
showing 78% positive tests (>1g pad gain) after 1 
hour and 98% after the second hour (41). Overall, the 
two-hour pad test was found to be superior to the one-
hour one. There was no correlation between pad test 
results and the severity of a symptoms score. 

4. HOME BASED PAD TESTING 

These tests were developed to diagnose and meas-
ure urine loss in a situation as close as possible to 
standard daily life of the patient. The longer observa-
tion period usually requires a less structured proce-
dure. 

4.1. 12-Hour Pad Test 
Quantification: 

Hellstrom et al. demonstrated in 30 children with in-
continence a positive 12-hour home pad test in 68%. 
When a standard fluid load (13 ml/kg) was instituted 
in 20 children, the frequency of the positive test in-
creased to 80% (39). 

4.2. 24-Hour Pad Test 
Quantification: 

Lose et al. found a 90% correlation of a 24-hour pad 
test with a history of stress incontinence in 31 women 
(21).  This was better than the results of a 1-hour test. 
Thirteen of 31 patients were found to be continent af-
ter a 1-hour ward test in comparison to only 3 with a 
24-hour home pad test. Mouritsen et al. showed that 
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the 24-h home test was well tolerated and as good at 
detecting incontinence as a 48-h test (22). Griffiths et 
al. found only a 10% false negative rate of a 24-hour 
pad test in an elderly population (20). Using non-par-
ametric coefficient of correlation, they found a signifi-
cant difference between the 1-hour test and the 24 
hour test. Lose et al. found that a 24h home test per-
formed during daily activities was more sensitive that 
a 1-hour ward test with standardised bladder volume 
of 200-300 ml (21). High fluid intake did not change 
the results of a 24-h home test, but a low fluid intake 
reduced a positive test by 56% (42). Ryhammer et al. 
showed that 24-h test is superior to subjective self-
reported assessment of urinary incontinence (43). 

Reproducibility 

Lose et al showed poor correlation in a test-retest 
study with a variation of more than 100% (21) alt-
hough Groutz et al. using Lin’s concordance correla-
tion coefficient (CCC), found the 24-h test to be very 
reliable instrument (44). Increasing test duration to 48 
and 72 hours slightly improved reliability but de-
creased patient compliance. 

The values for the pad test increase in asymptomatic 
men and women were reported by Karantanis et al 
with the median value 0.3g (IQR 0.2 – 0.6; 95th centile 
1.3g). It is surprising that the loss is so low and the 
same for men and women (45). 

Diagnosis 

Matharu et al found women with urodynamic stress 
incontinence leaked more than women with detrusor 
overactivity but the amounts were not diagnostic for 
the individual abnormalities (33). Pad test loss is un-
affected by the degree of hypermobility however 
there is increased loss associated with urethral 
sphincter incompetence diagnosed by a vesical leak 
point pressure less than 60 cmH2O (46). 

Validity 

Karantanis et al found the 24-hour pad test was 
poorly correlated in women with urodynamic stress 
incontinence with incontinence episodes on a 3 day 
urinary diary (Kendall’s corr coeff b = 0.4) and the 
ICIQ-SF (r = 0.4) (47). Singh et al. reported that fewer 
(52%) women after surgery were willing to complete 
a 24 hour pad test at follow up (48).   

4.3. 48-Hour Pad Test 
Quantification: 

Jakobseny et al. showed that 48-hour pad test re-
flects everyday incontinence in 81% of patients (17). 
No statistical analysis data were given. Ekelund et al., 
found patients own weighing correlate well to control 
weighing at the clinic in 48-h pad test (r=0.99) (49). 

 

Table 5: test-retest correlation 

Author Test Correlation coefficient Symptoms 

Klarskov &Hald 1984 (24) 1-h 0.96 SUI&UUI 

Lose et al 1986 (12) 1-h 0.68 SUI & MIX 

Fantl et al. 1987 (27) 1-h (vol) 0.97 SUI 

Fantl et al. 1987 (27) 1-h (vol) 0.84 SUI & UUI 

Lose et al. 1988 (28) 45-m (vol) 0.97 SUI & MIX 

Victor et al. 1987 (50) 24-h 0.66 SUI 

Lose et al. 1989 (21) 24-h 0.82 LUTS 

Mouritsen et al. 1989 (22) 24-h 0.87 MIX 

Versi et al. (1996) (51) 24-h 0.9 LUTS 

Groutz et al. (2000) (44) 24-h 0.89 LUTS 

Victor et al. 1987 (50) 48-h 0.9 SUI 

Versi et al. (1996) (51) 48-h 0.94 LUTS 
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Author Test Correlation coefficient Symptoms 

Groutz et al. (2000) (44) 48-h 0.95 LUTS 

Table 6.  Pad-weight gain (g) in normal women 

Author Time No Mean (g) Range (g) SD SEM Note 

Hahn &Fall 1991 (52) 20 min 10 0.0     

Nygaard & Zmolek, 1995 (53) 39.5 
min 

14 3.19 0.1-12.4 3.16  Exercise 

Versi & Cardozo 1986 (54) 1h 90 0.39 0-1.15  0.04  

Sutherst et al. 1981 (55) 1h 50 0.26 0-2.1 0.36   

Walsh & Mills, 1981 (9) 2h 6 1.2 0.1-4.0 1.35  Daily activity 

Lose et al. 1989 (21) 24h 46 4.0 0-10    

Jorgensen et al. 1987 (16) 24h 23 4.0 0-10    

Mouritsen et al. 1989 (22) 24h 25 2.6 0-7    

Karantanis et al. 2003 (45) 24h 120 0.3 0-1.3    

Versi et al. 1996 (51) 48h 15 7.13  4.32   

 

Nygaard and Zmolek in 14 continent women showed 
a mean pad weight, attributed to sweat for all exercise 
sessions of 3.19 + 3.16 g (the Kendall coefficient of 
concordance of the test-retest reliability was 0.96) but 
there was a lot of variation between patients (53). Pyr-
idium staining was not helpful in increasing specific-
ity. Similar results with Pyridium were reported by 
Wall et al. in a 1-hour ward test (14). In his study 
(n=18) the Pyridium test was 100% positive in pa-
tients with SUI but had false positive results in normal 
women (52%). 

Mean pad weight loss due to evaporation or leakage 
(was calculated to be 1.003 g, and ranged from -6.5 
to +3.85 g  (SD 1.85 g) (9).  Lose et al. showed no 
evidence of evaporation over 7 days if the pad was 
stored in a plastic bag (21). Versi et al. showed pads 
wetted with saline showed no difference in weight af-
ter 1 week and less than 10% weight loss after 8 
weeks (51). Twelve pads were weighed by the patient 
and a healthcare worker with a coefficient of variance 
=1.55% with a mean deviation of 49%. 

Comments 

Pad tests can either be used as a qualitative diagnos-
tic tool to diagnose urinary incontinence and as a 
quantitative test to grade its severity. Pad test is una-
ble to distinguish among different types of inconti-

nence such as stress, urgency or mixed urinary in-
continence. The ICS definition of urinary incontinence 
(the complaint of any involuntary leakage of urine) 
does not describe how the diagnosis is made but 
clearly refers to a patient’s complaint that excludes 
urodynamics and rather points at the patient percep-
tion of the condition. Following this line of thought, re-
search in this area has moved away from the evalua-
tion of diagnostic accuracy of pad test versus a uro-
dynamic diagnosis of UI and entered the more inter-
esting field of the relationship between the patient 
perception of UI and pad test. Franco and co-workers  
in London, UK tested the correlation between differ-
ent questionnaires for UI and 1-hour pad test showing 
that only the ICIQ-SF reached statistical significance 
with a Kendall’s τb of 0.177 and a P value of 0.037 
while no significant correlation was found for a 0 to 10 
Vas score, a patient-based 3-point symptom severity 
scale, Stamey grade, Urogenital Distress Inventory 
and the Incontinence Impact Questionnaire (IIQ-7) 
(56). In another study from Wijma and co-workers, the 
diagnostic accuracy of pad test for self-reported 
symptoms of UI was evaluated during pregnancy and 
after childbirth and the authors conclude that the di-
agnostic value of pad testing has no clinical relevance 
in this setting (57). A similar analysis, performed in a 
male population undergoing sling surgery for post-
radical prostatectomy incontinence suggested a good 
correlation between ICIQ-SF and the Patient Global 
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Perception of Improvement (PGPI) with a 24-hour 
pad test (58).  

Studies from the Urinary Incontinence Treatment Net-
work in US investigated the relation between different 
measures of incontinence severity and showed how 
pad weight from a 24-hour test had a good correlation 
with the incontinence episode frequency derived from 
a 3-day bladder diary (Spearman correlation coeffi-
cient 0.61 but a much lower degree of correlation was 
found with questionnaires such as the Medical, Epi-
demiological, and Social Aspect of Aging (r=0.33), the 
Urogenital Distress Inventory (r=0.17) and the Incon-
tinence Impact Questionnaire (r=0.34) (59). In the 
same study, the use of pad testing as a prognostic 
parameter for treatment outcome was investigated 
but  24-hour pad testing showed no prognostic value 
for treatment failure in a study of Burch colposuspen-
sion versus autologous rectus fascia sling (60). An in-
teresting result was obtained in a predominantely fe-
male population of patients receiving neuromodula-
tion for refractory urgency incontinence in which a 24-
hour pad test performed after the initial test stimula-
tion was able to predict long term satisfaction in this 
difficult patient population (61). In this, as in other 
studies, the number of pads used per day proved to 
be an unreliable measure of urinary incontinence 
(62). 

A couple of important methodological issues have 
been raised concerning the use of pad testing. Khan 
& Chien eloquently pointed out that test-retest com-
parison should include methods of blinding and use 
of an appropriate index of degree of agreement which 
is the intra-class correlation coefficient. In most of the 
literature this was not implemented (63). Kromann-
Andersen et al. argued that with considerable inter- 
and intra-individual variation of urine loss, the corre-
lation of test/retest results may be overestimated and 
suggested different trials for small, modest and large 
leakage in large numbers of patients(64). This trial 
has not been carried out. 

A recent Health Technology Assessment of pad test-
ing concluded that although high sensitivity and spec-
ificity for the diagnosis of UI was reported in some 
studies, it was difficult to draw any conclusions about 
the diagnostic accuracy for SUI because of the differ-
ences existing in pad test methodology. The number 
of studies comparing the same pad tests with ade-
quate reporting is insufficient and no formal pooling of 
published data could be performed (65). 

Role of the investigation 

The test has been standardised by ICS in 1988 for 
quantification of urine loss and suggested uses for 
assessment and comparison of treatment results for 
different types of urinary incontinence in different cen-
tres. Also, the AUA report on Surgical Management 
of Female Stress Urinary Incontinence includes a pad 
test (pretreatment evaluation) as a standard of effi-
ciency for clinical trials (66). The Urodynamic Society 
included a pad test in a Standards of Efficacy for Eval-

uation of Treatment Outcomes in Urinary Inconti-
nence (67). No suggestion was made in the last two 
reports of which test to use. 

5. CONCLUSIONS 

• The 1-hour pad test is not very accurate unless 
a fixed bladder volume is applied 

• Set exercises during the test improve test-retest 
reliability 

• The sequence of exercises has little effect on test 
results 

• A pad weight gain >1 g suggests a positive 1h 
test  

• A 24 hour test correlates well with symptoms of 
incontinence 

• A 24-hour test has good reproducibility but 
poorer compliance 

• A pad weight gain >1.3g = positive 24 h test  

• A test lasting longer than 24 h has little ad-
vantage 

• A pad test cannot distinguish between USI and 
DO 

6. CONSENSUS STATEMENTS 

• The pad test is an optional investigative tool in 
the routine evaluation of UI(Level of Evidence 
3, Grade of Recommendation C) 

• Pad test is a useful outcome measure in clinical 
trials and research studies. (Level of Evidence 
3, Grade of Recommendation C) 

The following standards are suggested: 

• 20 min-1 h ward/office test with fixed bladder vol-
ume (pad weight gain ≥ 1g = positive test) (Level 
of Evidence 3, Grade of Recommendation C) 

• 24 h home pad test during daily activity (pad 
weight gain ≥  1.3g/24h = positive test) (Level of 
Evidence 3, Grade of Recommendation C) 

7. FUTURE RESEARCH AREAS 

Proper validation analysis using the coefficient of var-
iability  

Evaluation of the ability to detect all the spectrum of 
urinary incontinence (from mild to severe) 

Sensitivity to change in time of incontinence status for 
24 hour pad tests 

Validity of pad tests with other measures of inconti-
nence such as urinary diaries and symptom question-
naires. 
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 NEUROPHYSIOLOGY  

1. INTRODUCTION 

Neurophysiological investigations of muscles and 
nerves in the perineum and pelvis originated in the 
1930-ties, and have evolved with the developments 
in general clinical neurophysiology. The data from 
these investigations can assist clinicians in diagnos-
ing neurological disease or injury; the tests can be 
used intraoperatively for identification of nerves and 
muscles.  

This text details the investigations, their applications 
and limitations, enabling investigators and clinicians 
to make a well informed decision about using these 
tests.  

The present text is based on the previous chapter on 
clinical neurophysiology prepared for the Interna-
tional Consultations on Incontinence (1), which has 
been updated by a literature search in Medline using 
key words incontinence, clinical neurophysiology, 
electromyography, reflex, evoked potentials, auto-
nomic nervous system tests. 

1.1. Classification of Clinical 
Neurophysiological Tests 

Although different types of tests may be included un-
der the term “neurophysiological”, it is particularly the 
electrophysiological tests that shall be discussed in 
the present text. 

Electrophysiological tests are an extension of the clin-
ical examination, and a functional anatomic approach 
to classification makes most sense. For the purpose 
of this categorisation, the nervous system is divided 
into the somatic and the autonomic nervous systems. 
The somatic nervous system provides motor innerva-
tion to the skeletal muscles and joints, and sensory 
innervation from skin and muscle spindles. The auto-
nomic nervous system provides motor innervation to 
the viscera and other end-organs not under voluntary 
control (e.g., sweat glands). Its sensory fibres are re-
ferred to as visceral afferents. Both systems have 
central pathways (neurons participating in spinal cord 
and supraspinal control) and peripheral nerves (those 
going to and from end-organs).  

Thus, electrophysiological tests can be divided into: 
a) somatic motor system tests (EMG, terminal motor 
latency measurements/ motor nerve conduction stud-
ies, and motor evoked potentials (MEP)); b) soma-
tosensory system tests (sensory neurography, soma-
tosensory evoked potentials (SEP)); c) reflexes; and 
d) the autonomic nervous system tests (for sympa-
thetic or parasympathetic fibres). 

Electrophysiological tests may also be categorised 
“technically” into those limited to simple recording 
some bioelectrical activity (for instance: electromyog-
raphy), and those which record particular biological 

responses to anatomically localised stimulation 
(these may be subsumed under the term “conduction 
tests”). 

1.2. Biological Correlates Of 
Electrophysiological Tests 

1.2.1 Conduction Tests: Nerve Conduction, 
Evoked Potential and Reflex Studies  

The electrophysiological responses obtained on stim-
ulation are compound action potentials and relate to 
populations of biological units (neurons, axons, motor 
units, muscle fibres, etc.). Latency and amplitude are 
commonly measured parameters of responses during 
neurophysiological testing. If the onset of the poten-
tial is measured, the latency of a compound potential 
represents the fastest conduction through a particular 
neural channel. As a general rule, latency measure-
ments are not markedly affected by technical factors, 
but provide little information about the loss of biologi-
cal units (e.g., motor neurons or axons). The ampli-
tude of the compound potential correlates with the 
number of activated biological units. In theory, the 
amplitudes are the more relevant physiological pa-
rameter, as they reflect the functional or structural 
loss of biological units. Unfortunately, amplitudes are 
also strongly influenced by many poorly controllable 
technical factors. Measurements of latencies and am-
plitudes of evoked potentials and reflex responses, 
including sympathetic skin responses, relate not only 
to conduction in peripheral and central neural path-
ways, but also to trans-synaptic transmission.   

1.2.2 Electromyography (EMG) 
Knowledge of the structure and function of the motor 
unit (Figure 47) is fundamental to understanding the 
application of EMG. Motor neurons, which innervate 
striated muscle, lie in the anterior horn of the spinal 
cord and are called “lower motor neurons”. (Neurons 
that innervate the sphincters lie in Onuf’s nucleus in 
the sacral spinal cord; they are somewhat smaller 
than those innervating skeletal limb and trunk mus-
cles). Within the muscle, the motor axon branches to 
innervate a certain number of muscle fibres, which 
are scattered throughout the muscle. All muscle fi-
bres innervated by one lower motor neuron are acti-
vated simultaneously; all these constituents together 
are called “motor unit”. The innervation of muscle fi-
bres is such that it is unlikely that muscle fibres that 
are part of the same motor unit will be adjacent to one 
another.  
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Figure 47: Schematic representation of a motor unit. 
The alpha motor neuron with its cell body, its mye-
linated axon and the peripheral nerve endings is 
shown. The muscle fibres innervated by this alpha 
motor neuron are shown in white. (Note that the mus-
cle fibres from one motor unit are intermingled with 
motor fibres from other motor units).  

It is difficult to estimate the number of muscle fibres 
innervated by a single axon (i.e., the “innervation ra-
tio”) or the number of motor units supplying a muscle, 
by clinically available neurophysiological techniques. 

1.3. General Methodological Considerations  
To date, there are no universally accepted standards 
for conducting individual uro-genital-anal neurophys-
iological tests, but the variations of testing in different 
laboratories are minor.  

There are technical standards on equipment safety. 

1.3.1 Equipment  
Clinical neurophysiological tests are conducted with 
complex electronic instruments and various devices 
that come into contact with the patient. Though this 
equipment is mostly standard, some specially con-
structed electrodes or stimulating devices have been 
devised to conform to uro-genito-anal anatomy. As 
long as the standards of electrical safety are adhered 
to, the risk to patients is negligible. 

Surface electrodes, which are applied to skin or mu-
cosal surfaces, or needle electrodes are used for 
electrical stimulation and to record bioelectrical activ-
ity. The important neurophysiological difference be-
tween surface and needle electrodes is their selectiv-
ity, and the practical difference is their invasiveness. 
The choice and application of electrodes is guided by 
the need for selective recording or stimulation. Less 
commonly, special devices are used for magnetic and 
mechanical stimulation.  

The electrical stimulation should be specified and 
characterised both in technical (e.g., rectangular 
electrical pulse, 0.2 ms, 15 mA) and physiological 
terms (e.g., 3-times sensory threshold). A stimulus 
with defined technical parameters may have variable 
biological effects because of the variable influences 
of electrode condition, contact, tissue conductivity 
etc. Supramaximal stimulation is preferred to elicit a 
compound muscle action potential (CMAP) or sen-
sory nerve action potential. Supramaximal stimuli 
yield responses with the largest amplitude and short-
est latency, and are the least variable and most re-
producible. The sites at which stimulation electrodes 
are applied should be described using anatomical 
terms. 

1.3.2 Recording  

1.3.2.1 Apparatus settings 
For recording, the apparatus settings (gain, sweep 
speed) have to be adapted to the known range of am-
plitudes, latencies, and duration of the response and 

it has to be appropriately displayed for analysis. Par-
ticularly important is the frequency setting of filters: 
for surface electrode recordings it is typically 2 Hz – 
1 kHz; for concentric needle EMG recordings, it is 5 
Hz – 10 kHz.  

Placement of electrodes on the scalp for evoked po-
tential recordings is defined according to the 10-20 
International EEG System 

1.3.2.2 Reproducibility and Reliability 
Any potential recorded should be reproducible; there-
fore, as a rule, at least two to three consecutive re-
cording procedures need to be performed. To im-
prove the signal-to-noise ratio some small amplitude 
responses need to be averaged. Therefore, many 
repetitions of stimulation/recording need to be done 
(typically 100-200). Even such an averaged recording 
needs to be repeated at least twice. Responses 
whose nervous pathways include synapses may 
show marked fatiguability with stimulus repetition 
(e.g., SSR), others are facilitated (the bulbocaverno-
sus reflex). 

1.3.2.3 Waveform Analysis  
For a particular recorded potential, its shape, latency, 
and amplitude are analysed. Morphologically, a par-
ticular response (or part of it) needs to be recognised 
as present or absent. The shape of potentials is im-
portant to accurately determine the latency and dura-
tion (if applicable) and amplitude of the response. The 
onset of the response obtained on stimulation (for M-
waves, MEP and sacral reflex testing) or the individ-
ual peaks of the potentials (for SEP) are used to de-
termine the latency. The amplitudes are analysed rel-
ative to the baseline or “peak to peak”.  

2. CLINICAL 
NEUROPHYSIOLOGICAL TESTS 

2.1. Somatic Motor System Tests  

2.1.1 Electromyography (EMG)  
The term “EMG” is used for several different proce-
dures, the common denominator of which is the re-
cording of bioelectrical activity from muscle. In prac-
tice, EMG is used a) to record the activity of a partic-
ular striated muscle as a functional unit (as for in-
stance in combined urethral sphincter EMG and a 
pressure-flow study - see kinesiological EMG); b) to 
indicate that a particular muscle has been activated, 
either by stimulation applied to its motor innervation 
(M-wave, MEP) or to sensory pathways (reflex re-
sponse); c) to differentiate between normal, dener-
vated, reinnervated, and myopathic striated muscle; 
and d) to measure neuromuscular transmission (the 
later is not relevant for clinical diagnostics in pelvic 
floor muscles). 

EMG recordings from smooth muscles are as yet only 
experimental. 
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2.1.1.1 General Technique for Needle EMG 
in Pelvic Floor Striated Muscles 

All tests requiring needle electrodes are invasive and 
some pain is inevitable, even with use of local anaes-
thetics. Local anaesthesia is infrequently used for 
needle EMG examination. Intramuscular electrodes 
need to be appropriately placed in the target muscle. 

The pelvic floor and perineal muscles can be exam-
ined, including the levator ani, the bulbocavernosus 
muscle and the striated anal and urethral sphincter 
muscle. Facility with needle examination requires 
some practice. As a rule, several sites from one or 
more skin penetrations are sampled, which is difficult 
in small muscles.  

The audio output from the loudspeaker of the EMG 
apparatus helps in assessment of the quality of re-
cording as well as in recognition of the electrophysio-
logical phenomena.  

2.1.1.2 Concentric needle EMG (CNEMG) 
The examination is conducted with a single use, dis-
posable electrode, and all different “types of EMG” 
mentioned above can be performed with this elec-
trode. It consists of a central insulated platinum wire 
inserted through a steel cannula and the tip ground to 
give an elliptical area which can record spike or near 
activity from about 20 muscle fibres.2 what’s this? 
The number of motor units recorded therefore de-
pends both upon the local arrangement of motor units 
within the muscle fascicle and the level of contraction 
of the muscle.  

In principle, CNEMG can provide information on a) 
muscle insertion activity, b) abnormal spontaneous 
activity within the muscle (FIGURE 48), c) MUPs, d) 
interference pattern (IP), neuromuscular jitter.  

In normal striated muscle, needle movement elicits a 
short burst of “insertion activity,” which is due to me-
chanical stimulation of excitable muscle cell mem-
branes. This is recorded at a gain setting of 50 µV per 
division (sweep speed 5 – 10 ms/division), which is 
also used to record spontaneous activity. Absence of 
insertion activity with appropriately placed needle 
electrode usually means a complete denervation at-
rophy of the examined muscle.  

The amount of recruitable motor units during volun-
tary and reflex activation can also be estimated. Nor-
mally, MUPs should intermingle to produce an “inter-
ference” pattern on the oscilloscope during muscle 
contraction, and during a strong cough. In addition, 
the number of continuously active MUPs during relax-
ation,3 MUP variability (neuromuscular jitter) as well 
as MUP recruitment on reflex and voluntary activation 
(kinesiological parameters) can be observed.4  

MUPs (and occasionally encountered end-plate activ-
ity) are recordable in normal resting sphincter mus-
cles in a relaxed subject. This is in contrast to limb 
muscles where relaxation is associated with “electri-
cal silence” by EMG. In addition to continuously firing 

motor units, new MUPs are recruited voluntarily and 
reflexly in the sphincters. It has been shown that the 
two MUP populations differ in their characteristics: re-
flexly or voluntarily activated “high-threshold MUPs” 
being larger than continuously active “low-threshold 
MUPs”. As a consequence, standardised level of ac-
tivity at which a template based multi-MUP analysis 
obtains 3-5 MUPs on a single muscle site was sug-
gested.5  

Although EMG abnormalities of striated muscle are 
detected as a result of a host of different lesions and 
diseases, there are in principle only two standard 
manifestations which can occur: a) disease of the 
muscle fibres themselves (“myogenic” changes), and 
b) changes in their innervation (“neuropathic” 
changes).  

Myogenic changes may result from muscle disease, 
probably also from direct trauma (e.g., the anal 
sphincter tear during vaginal delivery). Neurogenic 
changes may be attributable to injury at any level 
along the lower motor neuron supplying the particular 
muscle, extending from the motor neuron body, sa-
cral nerve roots to the small branches within the mus-
cle. (In the pelvic floor muscles, only neurogenic 
changes are well recognised and routinely evalu-
ated).  

 
Figure 48: Concentric needle EMG recording from 
right bulbocavernosus muscle of a 49-years old male 
with urinary incontinence diagnosed as possible 
Multiple system atrophy. Pathological spontaneous 
activity (a burst of positive sharp waves) is shown.  
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In partially denervated sphincter muscle there is – by 
definition – a loss of motor units (MUs).  

This can be estimated during relaxation by counting 
the number of continuously firing low-threshold 
MUPs. In patients with cauda equina or conus medul-
laris lesions, fewer MUPs fire continuously during re-
laxation,6 probably due to partial axonal loss. The 
main obstacle to qualified assessment of reduced 
number of activated MUs and activation of MUs at in-
creased firing rates (as occurs in limb muscles) is a 
lack of concomitant measurement of level of contrac-
tion of the examined muscle (this can be readily as-
sessed when studying limb muscles).  

There are two approaches to analysing the bioelectri-
cal activity of motor units: either analysis of individual 
motor unit potentials (MUPs), or analysis of the over-
all activity of intermingled MUPs. (This is the so called 
“interference pattern” – IP. Exploring different sites of 
the activated muscle with a needle electrode provides 
“samples” of intermingled motor unit potentials (IP 
epochs), which can be analysed).  

Generally three different techniques of MUP analysis 
(manual-MUP, single-MUP and multi-MUP) and 1 
technique of IP analysis (turn/amplitude – T/A) are 
available on advanced EMG systems.6 

It is easy to grasp the “motor unit potential analysis”, 
as it is simply a measurement (by different methods) 
of the “parameters” of single individual MUPs (ie. its 
amplitude, duration, number of phases…). The 
changes in MUP parameters furthermore are “direct” 
results of understandable physiological changes, and 
are thus “meaningful” to the interpreter.  

The changes in IP parameters are, however, less 
readily grasped. These are: numbers of turns per sec-
ond (any peak or trough of the signal where the activ-
ity changes by more than 100 μV); amplitude/turn 
(change in volts between two turns); number of short 
segments (parts of signal that has “sharp” activity) 
percent activity (percent of epoch with sharp activity); 
envelope (peak to trough amplitude exceeded by 1% 
of peaks/troughs). These parameters relate both to 
MUP parameters and to the activation level of the 
muscle. Recorded data are log transformed and lin-
ear regression lines are created. Amplitude/turn, and 
number of turns/second data from normal subjects 
can be used to create upper and lower boundaries 
(95 % confidence intervals) for assembly of future 
data from individual patients. Individual data create a 
scatter plot (“cloud”) which compares to the norma-
tive boundaries. (See Figure 49). It has been as-
serted that this approach does not require a stand-
ardised muscle contraction, but the shape of the 
“cloud” is dependent on the strength of muscle con-
traction. Therefore it has been suggested to stand-
ardisze the method by measuring pressure exerted 
by the contracting sphincter.7 

Both the template based multi-MUP analysis of MUP 
and T/A analysis of IP are fast (5-10 and 2-3 minutes 

per muscle, respectively), easy to apply, and, techni-
cally, represent clinically useful techniques.  

2.1.1.2.1 CNEMG Findings Due to Denerva-
tion and Reinnervation  

After complete denervation, all motor unit activity 
ceases. In a denervated muscle, complete “electrical 
silence” is noted in the first days after such an event. 
The diagnosis of complete denervation is confirmed 
by the absence of muscle response during electrical 
stimulation. Because motor axons take days to de-
generate after injury, this proof is not available for up 
to 5-7 days after a denervation injury. However, it is 
rarely necessary to demonstrate complete denerva-
tion in the acute stage because the clinical condition 
is usually obvious. Denervated muscle fibres become 
hyperexcitable and start to fire spontaneously giving 
rise to abnormal spontaneous activity, but these may 
take up to three weeks to appear. The “insertion ac-
tivity” becomes prolonged and short biphasic spikes 
(fibrillation potentials) and biphasic potentials with 
prominent positive deflections (positive sharp waves) 
appear (Fig 48). Thus, concentric needle EMG 
(CNEMG) correlates of denervation are pathologi-
cally prolonged insertion activity and pathological 
spontaneous activity. Completely denervated muscle 
may be reinnervated by axonal regrowth from the 
proximal nerve stump with few muscle fibres consti-
tuting “nascent” motor units. These are short, bi- and 
triphasic, soon becoming polyphasic, serrated and 
with prolonged duration. In partially denervated mus-
cle, collateral reinnervation takes place. Surviving 
motor axons will sprout and grow out to reinnervate 
those muscle fibres that have lost their nerve supply. 
This results in a change in the arrangement of muscle 
fibres within the unit. Whereas in healthy muscle, it is 
unusual for two adjacent muscle fibres to be part of 
the same motor unit, following reinnervation, several 
muscle fibres belonging to the same motor unit come 
to be adjacent to one another. CNEMG correlates are 
changes in MUPs (duration, amplitude, number of 
phases, turns, etc). Early in the process of reinnerva-
tion, the newly outgrown motor sprouts are thin. 
Therefore, they conduct slowly such that the time 
taken for excitatory impulses to spread through the 
axonal tree is abnormally prolonged. Moreover, the 
neuromuscular transmission is unstable due to imma-
turity of the motor end-plates. The CNEMG correlate 
is instability of long-duration complex potentials.  

In partially denervated muscle, some MUPs remain 
and mingle eventually with abnormal spontaneous 
activity. Changes due to collateral reinnervation are 
reflected by: prolongation of the wave form of the 
MUP (Fig 49) which may have small, late components 
(“satellite potentials”). MUPs show “instability” due to 
insecure transmission in newly formed axon sprouts 
and end-plates. This “instability of potentials” (mean-
ing both “jitter” and “blocking” of individual compo-
nents in a complex potential) is not routinely as-
sessed during sphincter EMG.8 In striated muscle, 
the diameter of reinnervating axonal sprouts and con-
duction velocity increase with time, thereby improving 
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synchrony of activation in the reinnervated motor unit. 
Thus MUP amplitude increases while MUP duration 
reverts towards normal. However, in degenerative 
neurological diseases (such as multiple system atro-
phy), long duration motor units are a prominent fea-
ture of anal sphincter reinnervation.9 It is important to 
note that in patients with more severe neurogenic le-
sions, reinnervation may be inefficient resulting in 
MUP with parameters below confidence limits de-
scribing size (area, duration).10  

The changes in MUP parameters (along with 
changed number of MUPs and changes in activation 

frequency of MUPs) will be reflected also in IP param-
eters. 

Abnormalities of parameters evaluated by needle 
EMG are in principle non-specific, i.e. most abnormal-
ities can occur both in neuropathic or myopathic con-
ditions. It is the overall clinical picture that dictates in-
terpretation of results. It has been suggested that the 
combination of MUP thickness and number of turns 
might be even more accurate11 than previously sug-
gested combination of MUP area, duration, and num-
ber of turns.12 

 

 
Figure 49: Comparison of normal (above) and pathological (below) motor unit potentials (MUPs) sampled by 
multi-MUP analysis from the right halves of the subcutaneous parts of the external anal sphincter (EAS) mus-
cles. To the right logarithm (amplitude) vs. duration plots of the MUPs are shown; the inner rectangle presents 
normative range for mean  

2.1.1.2.2 CNEMG of the External Anal 
Sphincter 

The external anal sphincter (EAS) is the most practi-
cal indicator muscle for sacral myotomes because it 
is easy to access, has enough muscle bulk for exact 

EMG analysis, and its examination is not too uncom-
fortable.  

The needle electrode is inserted into the subcutane-
ous EAS muscle about 1 cm from the anal orifice, to 
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a depth of a 3-6 mm under the non-keratinised epi-
thelium. For the deeper part of the EAS muscle 1-3 
cm deep insertions are made at the anal orifice, at an 
angle of about 30° to the anal canal axis.13 In most 
patients only examination of the subcutaneous EAS 
muscle is necessary. Separate examinations of the 
left and right EAS muscles are recommended. The 
needle is inserted into the middle of the anterior and 
posterior halves of each side (“quadrants”) of the EAS 
muscle. After insertion in two positions on each side 
the electrode is turned backwards and forwards in a 
systematic manner. At least 4 sites in each of the sub-
cutaneous and/or the deeper EAS muscle are thus 
analysed.13, 14  

Use of quantitative MUP and IP analyses of the EAS 
is further facilitated by the availability of normative 
values15 that can be introduced into the EMG sys-
tems' software. It has been shown that normative 
data are not significantly affected by age, gender,15 
number of uncomplicated vaginal deliveries,16 mild 
chronic constipation,17 and the part of EAS muscle 
(i.e. subcutaneous or deeper) examined.16 

Intramuscular electrode insertion into other perineal 
muscles and pelvic floor muscles is not standardized 
and is described in textbooks and primary literature. 

2.1.1.3 Single fibre EMG (SFEMG) 
SFEMG is nowadays used practically only in diagnos-
tics of neuromuscular transmission disorders, and not 
anymore in the pelvic floor muscles. 

The SFEMG electrode has similar external propor-
tions to a concentric needle electrode, but with a 
smaller recording surface. It will pick up activity from 
within a hemispherical muscle volume 300 µm in di-
ameter, much smaller than the volume of 2-3 mm di-

ameter from which a concentric needle electrode rec-
ords.2 Apart from the neuromuscular jitter it can also 
record data which reflect motor unit morphology 
(muscle fiber density)8 but for this purpose it has sev-
eral disadvantages in comparison to the concentric 
needle EMG. 

2.1.1.4 Kinesiological EMG  
Kinesiological EMG is the term for the type of EMG 
recording aimed only to assess the pattern of an indi-
vidual muscle’s activity/inactivity during defined ma-
noeuvres (Fig 50), typically during urodynamics. Any 
type of electrode can be used to make kinesiological 
recordings. The electrical activity of a muscle is de-
scribed as present or absent (and can also be quan-
tified). Technical issues will be dealt here; the rele-
vance for diagnostics will be discussed in the Chapter 
on dynamic testing. 

Although either standard EMG equipment or EMG fa-
cilities contained within urodynamic systems can be 
used, the better visual and audio control provided by 
standard EMG equipment facilitate optimal electrode 
placement and improve recordings.18 When using 
surface electrodes there are problems related to va-
lidity of signal (e.g., artefacts, contamination from 
other muscles). The quality of the EMG recorded from 
the external urethral sphincter (EUS) muscle is im-
proved by a catheter-mounted surface electrode de-
vice that applies mild suction.19 With intramuscular 
electrodes, the procedure is more invasive, and there 
are questions as to whether the whole muscle in large 
pelvic floor muscles is properly represented by the 
sampled muscle portions. Intramuscular electrodes 
should ideally be fine wire electrodes, as they do not 
dislodge, and no pain is induced with muscle contrac-
tion. 

 
Figure 50: Kinesiological EMG recording from the urethral sphincter muscle of a healthy 53 years old conti-
nent female. Recruitment of motor units on reflex manoeuvres and on a command to contract is shown; 
regular continuous activity of motor units represents "tonic activity". (Recorded with concentric needle elec-
trode). 

The kinesiological sphincter EMG recordings in 
health show continuous activity of MUPs at rest. It can 
be recorded in many but not all detection sites of the 
levator ani muscle. The urethral and anal sphincter as 
well as the other pelvic floor musculature (e.g. pubo-
coccigei) can be voluntarily activated typically for less 

than 1 minute.20 Timely activation of the levator ani 
muscle has been demonstrated to be an important 
aspect of stable bladder neck support; its activation 
precedes activity of other muscles in the cough re-
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flex.21 A consistent contraction sequence of the su-
perficial and deep pelvic floor muscles is found in con-
tinent but not in incontinent women.22 

Sphincter activity during voiding is characterised by 
the cessation of all EMG activity prior to detrusor con-
traction. Needle electrodes are more useful than per-
ineal patch electrodes to demonstrate MU quies-
cence during voiding.23,24  

Pathologic incoordination of the detrusor and sphinc-
ter is called detrusor sphincter dyssynergia. In se-
lected patients with neurogenic detrusor overactivity, 
EMG of the EUS muscle can be used to demonstrate 
the onset of detrusor contractions.20 

Apart from polygraph urodynamic recordings to as-
sess detrusor-sphincter coordination, thediagnostic 
usefulness of kinesiologic EMG has not been estab-
lished. 

2.1.1.4.1 Surface Electromyography Using 
Noninvasive Electrode Arrays 

Surface EMG recording using noninvasive electrode 
arrays and multichannel EMG amplifiers can localize 
muscle innervation zones and asymmetry in muscle 
innervation,25 and analyze discharge patterns of 
MUPs, and propagation velocities along the muscle 
fibers.26 While it is expected that the new sophisti-
cated computer assisted analysis techniques will help 
diagnosing sphincter function (for instance the “cir-
cumferential urinary sphincter surface 
electromyography«27) the clinical value of new meth-
ods has not yet been widely explored and validated. 

2.1.1.5 Clinical application of EMG 

2.1.1.5.1 Neurogenic Conditions 
Trauma, surgery (for instance: radical prostatectomy 
28), and neurological disease have all been impli-
cated in denervation of pelvic floor and perineal mus-
cles and pelvic organs. In a series of 194 consecutive 
patients referred for electrodiagnostic evaluation, 
quantitative needle EMG of the EAS muscles sup-
ported a diagnosis of a cauda equina or conus me-
dullaris lesion in 36 patients, a lesion of the EAS mus-
cle in 6, a pudendal nerve lesion in 2, and a sacral 
plexus lesion in 1 patient. Furthermore, neuropathic 
findings in the EAS were compatible with a diagnosis 
of multisystem atrophy in 11, and were most probably 
caused by severe polyneuropathy in 2 patients. In an-
other 11 patients, the aetiology of the pathological 
findings could not be established at time of electrodi-
agnostic testing.29 

Lesions of the cauda equina or conus medullaris 
commonly cause pelvic floor dysfunction. These have 
mainly been a consequence of neural compression 
within the spinal canal caused by intervertebral disc 
herniation, spinal fractures, epidural hematomas, and 
intraspinal tumours; or a result of spinal surgery, 
mainly on lumbar discs.30  Electrodiagnostic tests 
are also useful in the assessment of neurogenic 
lesions in children with spinal dysraphism.31 After 

detailed clinical examination of the lumbosacral 
segments (with particular emphasis on perianal 
sensation), neurophysiologialc testing assesses the 
severity of the lesion and may clarify the diagnosis. In 
the authors’ series, 10 percent of patients with cauda 
equina lesions reported normal perianal sensation.32 
Electrodiagnostic tests that need to be considered 
are bilateral needle EMG of the EAS muscle and the 
bulbocavernosus muscle in subacute situations; and 
electrophysiological evaluation of the 
bulbocavernosus reflex33,34 Detection of 
spontaneous denervation activity by needle EMG (in 
the bulbocavernosus muscle!) is common from 
approximately 3 weeks to several months after injury. 
Later, MUP analysis becomes more important for 
demonstrating reinnervation. Most of these lesions 
cause partial denervation; a traumatic lesion to the 
lumbosacral spine or pelvis is probably the only 
acquired condition in which complete denervation of 
the perineal muscles can be observed.35, 36, 37  

Following a cauda equina or a conus medullaris 
lesion, the MUP of pelvic floor and perineal muscles 
are prolonged and polyphasic, of increased 
amplitude, area, number of turns.6 Surgical 
dissections can also affect the innervation of the 
sphincter and lead to loss of motor units and 
reinnervation of those surviving.38 After pelvic 
trauma, gross changes of denervation and 
reinnervation may be detected in pelvic floor muscles. 
Abnormalities in polyneuropathy, as for instance 
diabetic, are usually minor.39 

Neuropathic changes can be recorded in sphincter 
muscles of patients with multiple system atrophy 
(MSA), a progressive neurodegenerative disease, 
which can be mistaken for Parkinson's disease (PD). 
40  Among 30 patients with a pathological diagnosis 
of multisystem atrophy, 24 had abnormal, 5 had a 
borderline, and only 1 had a normal sphincter 
EMG.41 Sphincter EMG has been proposed to 
distinguishing MSA from Parkinson's disease, but is 
probably not specific in the later stages of 
parkinsonism,  and may not be sensitive enough in 
the early phase of the disease,42 43 44 Some studies 
have failed to demonstrate the effectiveness of MUP 
analysis in sphincter muscles,45, 46 probably 
because of the exclusion of late components from 
MUP duration.9 Extensive discussion on the subject 
can be found elsewhere.47 The changes of chronic 
reinnervation may also be found in progressive 
supranuclear palsy,48, 49 and in Machado–Joseph 
disease,50  in which neuronal loss in Onuf’s nucleus 
has also been demonstrated histologically.51    

In patients with acute idiopathic autonomic neuropa-
thy and lower urinary tract (LUT) dysfunction the EMG 
of external sphincter muscles was reported as nor-
mal.52 
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2.1.1.5.2 Changes in Primary Muscle Dis-
ease 

In skeletal muscle, the “typical” features of a myopa-
thy are small, low amplitude polyphasic units re-
cruited at mild effort. There are few reports of pelvic 
floor muscle EMG in generalised myopathy. In a nul-
liparous woman with limb-girdle muscular dystrophy, 
histology revealed involvement of pelvic floor mus-
cles, but concentric needle EMG of the urethral 
sphincter was normal.53 Myopathic EMG changes 
were observed in the puborectalis and the EAS in pa-
tients with myotonic dystrophy,54 but not in another 
group of patients with myopathy.55 

2.1.1.5.3 Stress Incontinence 
Pelvic floor muscle denervation has been implicated 
in the pathophysiology of ? USI (GSI).56 EMG tech-
niques have been used to identify sphincter injury af-
ter childbirth and to evaluate women with USI. SUI 
and POP were associated with partial denervation of 
the pelvic floor.57 The changes were most marked in 
women who were incontinent after delivery, who had 
a prolonged second stage of labour, and had given 
birth to heavier babies. In a recent study, nearly all 
EMG parameters showed significant differences be-
tween continent and SUI women consistent with bet-
ter motor unit recruitment in continent women. Conti-
nent women had larger-amplitude, longer-duration 
MUPs with increased turns and better MUP recruit-
ment during bladder filling (P < 0.05).58  

Myogenic histological changes in pelvic floor muscles 
after vaginal delivery were also reported,59 with 
some EMG support by another group.60  “Myopathic 
EMG changes” (i.e. short, small MUPs) may, how-
ever, be a consequence of deficient reinnervation.35 
There were claims urethral sphincter EMG can assist 
in selecting the type of surgery for patients with intrin-
sic sphincter deficiency.59  

Although CNEMG of the urethral sphincter seems the 
logical choice in patients with urinary incontinence of 
possibly neurogenic origin, only a small amount of 
pathological muscle tissue remains in many inconti-
nent parous women, which makes EMG of the mus-
cle impractical.38 CNEMG findings generally will not 
affect therapeutic considerations.61  

2.1.1.5.4 Idiopathic Faecal Incontinence 
“Idiopathic” faecal incontinence refers to patients in 
whom this symptom is not attributable to an underly-
ing disorder, but it has been often implied that it is a 
neurogenic condition. Vaginal delivery is proven to 
cause structural sphincter defects; it may cause out-
right sphincter denervation in rare cases, but its more 
widespread implication in causing “idiopathic” incon-
tinence is controversial.  

CNEMG may be helpful in selected patients with fae-
cal incontinence if a specific neurogenic condition 
(e.g., trauma or disease affecting the conus, sacral 
roots, sacral plexus or pudendal nerves) is suspected 
on clinical grounds.   

External anal sphincter muscle innervation pattern 
evaluation by multichannel surface EMG has been 
claimed to offer information to the obstetrician to 
prevent damaging episiotomies.62  

2.1.1.5.5 Idiopathic Urinary Retention in 
Women 

In the external urethral sphincter of young women 
with urinary retention (or obstructed voiding) complex 
repetitive discharges (and decelerating bursts) in pro-
fuse amounts have been described.63, 64 The abnor-
mality was reported to be a predictor of the long-term 
success of therapeutic sacral neuromodulation.65  In 
a group of such women an occult generalised dysau-
tonomia was found.66  

It has been known before that repetitive discharges 
develop in chronically partially denervated sphincters, 
and that they are present even in a proportion of 
asymptomatic women. Recently, it has been shown 
that this activity changes during the menstrual cycle 
(more commonly found in the luteal phase of the 
menstrual cycle in asympomatic women). The 
importance of this »abnormal«EMG activity in the 
aetiology of urinary retention in young women 
remains uncertain.67 

Currently, the diagnosis of Fowler syndrome remains 
a clinical one, based on a multimodal assessment of 
the patient. 

2.1.1.5.6 EMG in Urodynamic and Func-
tional Anorectal Studies 

In health, voiding is characterised by cessation of mo-
tor unit firing in the urethral sphincter prior to detrusor 
contraction, as can be demonstrated by recording of 
“kinesiological EMG”. Bladder-sphincter coordination 
is impaired with lesions between the lower sacral seg-
ments and the upper pons. Consequently, sphincter 
activity is not inhibited, and often increases before de-
trusor contraction (i.e., 'detrusor-sphincter dyssyner-
gia'). On the basis of the temporal relationship be-
tween urethral sphincter and detrusor contractions, 
three types of dyssynergia have been described.68  

There are other clinical situations that mimic detrusor 
sphincter dyssynergia. Sphincter contraction or at 
least failure of relaxation during involuntary detrusor 
contractions can be seen in patients with Parkinson's 
disease. The pelvic floor muscle contractions of the 
so-called nonneurogenic voiding dyssynergia may be 
a learned abnormal behaviour,69 and are a feature of 
dysfunctional voiding.64 There is insufficient data to 
determine the nature of the non-relaxation of sphinc-
ter activity as demonstrated by EMG signals during 
micturition (often seen in children and females) by 
EMG as such. The EMG recording has to be inter-
preted in the light of the overall clinical picture of the 
examinee.  

The pubococcygeus in the healthy female reveals 
similar activity patterns to the urethral and anal 
sphincters at most detection sites: continuous activity 
at rest, often some increase of activity during bladder 
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filling, and reflex increases in activity during any acti-
vation manoeuvre performed by the subject such as 
talking, deep breathing, coughing. The pubococ-
cygeus relaxes during voiding; the muscles on either 
side act in unison.20 In stressincontinent patients, the 
patterns of activation and the co-ordination between 
the two sides can be lost.70 A delay in muscle activa-
tion on coughing has also been demonstrated, as 
compared to continent women.21 

Little is known about the complex activity patterns of 
different pelvic floor muscles (the urethral sphincter, 
urethrovaginal sphincter, anal sphincter muscle, dif-
ferent parts of the levator ani) during different ma-
noeuvres. It is generally assumed that they all act in 
a co-ordinated fashion functionally as one muscle. 
However there are demonstrable differences be-
tween the intra- and peri-urethral sphincter in healthy 
females71 and in activation of the levator ani and the 
urethral sphincter.72 Co-ordinated behaviour is fre-
quently lost in abnormal conditions. 

Kinesiological needle EMG analysis of the urethra 
with the patient at rest and coughing may predict the 
outcome after certain types of incontinence sur-
gery.73 However, other studies found that 
preoperative EMG did not predict patients at risk for 
postoperative voiding dysfunction. (Kirby AC, 
Nager,CW, Litman,HJ et al.  Perineal Surface 
Electromyography Does Not Typically Demonstrate 
Expected Relaxation During Normal Voiding 
Neurourology and Urodynamics 30:1591–1596 
(2011) 

Indeed, while kinesiological EMG (particularly when 
combined with other urodynamic tests) promises the-
oretically relevant data, technical standards are lack-
ing, and findings have been reported in single center 
studies. Further basic research is necessary to delin-
eate the correlation of EMG signals and their interpre-
tation in terms of clinical significance (the significance 
of EMG data for defining overall LUT function).  

Current concepts suggest that defecation requires in-
creased rectal pressure co-ordinated with relaxation 
of the anal sphincters and pelvic floor muscles. Pelvic 
floor relaxation allows opening of the anorectal angle 
and perineal descent, facilitating faecal expulsion. 
During defecation puborectalis activity is as a rule in-
hibited, but was unchanged in 9 % and increased in 
25 % of healthy subjects.74 Thus, while “paradoxical” 
puborectalis contraction during defecation is used to 
diagnose pelvic floor dyssynergia in patients with typ-
ical symptoms, this finding may be a variation of the 
normal.  

Same considerations regarding the lack of controlled 
studies, technical standards, etc. apply as stated 
above for kinesiological EMG in studies of LUT func-
tion. 

2.1.2 Pudendal Nerve Conduction Tests 
Measurement of motor conduction velocity is rou-
tinely used to evaluate limb nerves, distinguishing be-
tween a demyelinating and axonal neuropathy. To 

make the measurement requires access to the nerve 
at two well-separated points and measurement of the 
distance between them, a requirement that cannot be 
met in the pelvis. Another way to evaluate peripheral 
motor nerve function is the measurement of the la-
tency of a muscle response, requiring only a single 
stimulation site. The muscle response is the com-
pound muscle action potential (CMAP) or M-wave. 
Because in limb nerves the site of stimulation to ob-
tain only the motor latency (without measuring the ac-
tual conduction velocity) is as a rule placed distally on 
the nerve, it is also called the distal (or terminal) la-
tency. For the pudendal nerve the site of stimulation 
may be more or less “distally”, but the term distal or 
terminal has – in accordance to general clinical neu-
rophysiology – become generally used. Distal motor 
latency can be measured by recording with a concen-
tric needle electrode from the bulbocavernosus, the 
EAS and the EUS muscles in response to bipolar sur-
face stimulation placed in the perianal/perineal re-
gion, or with needle electrode stimulation of the pu-
dendal nerve in the perineum. The most widely em-
ployed technique to obtain pudendal nerve terminal 
motor latency (PNTML) relies on stimulation with a 
special surface electrode assembly fixed on a gloved 
index finger, known as the St Mark's stimulator.75 It 
consists of a bipolar stimulating electrode on the tip 
of the gloved finger with the recording electrode pair 
placed proximally on the base of the finger. The finger 
is inserted into the rectum or vagina and stimulation 
is applied close to the ischial spine. It is assumed that, 
using this approach, the pudendal nerve is stimulated 
close to the ischial spine, and that the response rec-
orded is of the EAS muscle. In women, intravaginal 
stimulation and recording from the bulbocavernosus 
muscles has also been undertaken, with similar distal 
latencies.76 However, the latency of such a response 
is typically only around 2 msec, which seems unusu-
ally short compared with the perineal technique and 
with conduction in the much thicker motor fibers of 
peripheral nerves in the limbs. It seems unlikely that 
the PNTML using the St. Mark’s electrode really eval-
uates conduction along the last 8 cm of the pudendal 
nerve. Stimulation of the terminal pudendal branches 
or pelvic floor muscles near their motor points seems 
more likely, and this is supported by the much longer 
PNTML (3.7 ± 0.9 msec) obtained with a monopolar 
intrarectal stimulation electrode.77 If a catheter-
mounted electrode is used for recording, EMG re-
sponses from the striated muscle of the urethral 
sphincter can be obtained. Experts differ in their esti-
mation of validity of this test. A prospective evaluation 
of anorectal physiologic tests in 90 patients with fae-
cal incontinence did not find that PNTML results 
changed treatment decisions.78 Indeed, the Ameri-
can Gastroenterological Association statement indi-
cated that “PNTML 

2.1.3 Anterior Sacral Root (Cauda Equina) 
Stimulation  

Anterior root stimulation has been used to study con-
duction of the sacral nerve roots. Electrical stimula-
tion with needle electrodes at vertebral laminae Th12-
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Ll elicits M-waves in the bulbocavernosus and EAS 
muscle.80  

Transcutaneous stimulation of deeply situated nerv-
ous tissue became possible with development of spe-
cial electrical and magnetic stimulators. When ap-
plied over the spine, these stimulators activate the 
roots as they exit the vertebral canal. Needle EMG 
rather than non-selective surface electrodes should 
be used to record pelvic floor and particularly sphinc-
ter responses to electrical or magnetic stimulation of 
the cauda equina. These stimuli non-selectively de-
polarise underlying neural structures, thereby activat-
ing several muscles innervated by lumbosacral seg-
ments.81 Lumbosacral stimulation often evokes a 
large stimulus artifact that can be decreased by posi-
tioning the ground electrode between the stimulating 
and recording electrodes.82 Invasive percutaneous 
stimulation of individual roots in sacral foramina is 
used to identify patients with lower urinary and ano-
rectal dysfunction who are likely to benefit from long-
term stimulation, e.g. with the Interstim (Medtronic, 
Inc., Minneapolis, USA). Electrical stimulation of 
nerve roots at the level of the appropriate sacral fo-
ramina results in observable muscle contraction in 
the foot and perineum. These responses can be iden-
tified as MEP or reflex responses on the basis of their 
latency. Selective stimulation of individual sacral 
roots is possible by appropriate positioning of surface 
stimulating electrodes.83  

In conclusion, demonstrating the presence of a peri-
neal MEP on stimulation over lumbosacral spine may 
occasionally be helpful in patients without voluntarily 
activated muscles. It also identifies the particular 
nerve root before introducing therapeutic electrical 
stimulation. However, the clinical value of the test has 
yet to be established and there are no sensitivity and 
specificity data on test results in individual patients. 

2.1.4 Motor Evoked Potentials  
Using magnetic or electric stimulation, it is possible to 
depolarise the motor cortex and record a response 
from the pelvic floor. Magnetic cortical stimulation is 
better tolerated than electrical stimulation, which has 
been abandoned in awake subjects, but may be use-
ful for intraoperative monitoring.  

By performing the stimulation at two different sites 
(brain and spinal roots), it is possible to record three 
different conduction times: a total conduction time, a 
peripheral conduction time, and a central conduction 
time (Fig 51). The total conduction time corresponds 
to the transit time from brain to target muscle. The 
peripheral conduction time is the transit time from sa-
cral roots to the muscle. The central conduction time 
is obtained by subtracting the peripheral conduction 
time from the total conduction time. The total conduc-
tion time can be measured both at rest and during a 
facilitation procedure. MEPs from the EAS, the ure-
thral sphincter, the bulbocavernosus muscle, and the 
levator ani muscle have been reported, but normative 
values have only been obtained (for transcranial 
magnetic stimulation) for the urethral sphincter and 

the puborectal muscle in adult women.84  A central 
conduction time of 15 to 16 msec without and 13 to 
14 msec with facilitation is obtained for pelvic floor 
and sphincter muscles.85, 86, 87  The necessity to 
use concentric needle EMG for recording has been 
reconfirmed.88  

 
Figure 51: MEPs recorded by concentric needle in 
the external urethral sphincter of a 51-year-old-
woman. Cortical (a), thoracic (b), and sacral (c) stim-
ulation. Central motor conduction time (CMCT) is 
calculated as cortical - lumbar latency (** = 10.6 ms). 
Cauda equina motor conduction time is calculated 
as lumbar - sacral latency (* = 4.3 ms). (From 
(Brostrom et al., 2003a), with permission). 

Substantially longer central conduction times have 
been found in patients with multiple sclerosis and spi-
nal cord lesions as compared to healthy controls.87, 
88, 89    However all patients in this study had clini-
cally recognisable cord disease. Nevertheless, MEPs 
may be useful in patients with unclear localization of 
spinal lesions.87   

Conceptually, MEP may help to differentiate between 
involvement of motor and sensory pathways. How-
ever, the clinical utility of these measurements is not 
established. MEP have opened an avenue of re-
search on excitability of motor cortex. It has been 
demonstrated that in comparison to the motor area 
for hand muscles the anal sphincter motor cortex has 
less intracortical inhibition.90  



 

 
NEUROPHYSIOLOGY  755 

 

2.2. Sensory System Tests 
There are several methods of sensory testing for the 
perineum, the genitourinary and anorectal tract. Clin-
ical testing includes perineal and external genital skin 
sensation for light touch and pinprick, and sensation 
of bladder filling during cystometry. Anorectal sensory 
testing can be clinically assessed through rating of 
applied stimuli. More objective sensory testing can be 
performed with quantitative sensory testing (QST), 
which assesses sensory perception. For evaluation of 
the integrity of sensory pathways sensory neurogra-
phy, and somatosensory evoked potentials (SEP) 
can be used.  

2.2.1 Sensory Measurements During Cys-
tometry 

During routine cystometry bladder sensation is as-
sessed by recording first sensation of bladder filling, 
first desire to void and strong desire to void.  

Although not strictly a neurophysiologic test, meas-
urement of electrical thresholds adds clinically non-
obtainable information on sensory function of the 
lower urinary tract.91  Bladder and urethral sensory 
thresholds have also been measured using electrical 
stimulation,91 and mechanical traction on the bladder 
trigone.92 Electrical currents are applied to the blad-
der, urethra or genital skin using catheter-mounted or 
surface electrodes. High-frequency stimulation (> 20 
Hz), with a stimulus duration of 0.5 or 1 msec is used 
because it is more easily perceived in the lower uri-
nary tract. Measurement of sensory thresholds with 
such stimulation is reproducible, and normative data 
have been published.91  To date it has been used in 
only a few conditions (e.g., painful bladder syn-
drome93). There is no established clinical use for any 
of these tests other than simple reporting of sensation 
during cystometry. 

In addition, palmar SSR and perineal surface EMG 
recordings can be used for more objectively demon-
strating sensations during cystometry. The activity of 
both appears and increases in parallel with the first 
sensation of bladder filling, and with the first desire to 
void, respectively.94 Further studies using these 
methods are needed to establish their clinical utility.  

2.2.2 Assessment of Anorectal Sensation 
Rectal sensation is assessed by progressively dis-
tending a balloon manually or by a barostat while 
measuring thresholds for first perception, desire to 
defaecate, and severe discomfort. The intensity of 
perception during rectal distension can be recorded 
by a visual analogue scale during phasic distensions 
of graded intensity.95 The rate and pattern of disten-
sion affect rectal perception and internal sphincter re-
laxation.96   

Anal sensation can be assessed by determining the 
perception threshold to an electrical stimulus or tem-
perature change in the anal canal. Electrical testing 
does not activate mucosal receptors. Anal sensitivity 

to temperature change has been reported reduced in 
faecal incontinence.97  

2.2.3 Quantitative Sensory Testing 
Quantitative sensory testing (QST) of the urogenito-
anal system should provide more objective and repro-
ducible data than routine clinical testing. QST sen-
sory modalities applied to the evaluation of urogenital 
function include vibration,98 temperature,99 and 
electrical current.100 (See also Sensory Measure-
ments During Cystometry). There is no commonly ac-
cepted, detailed, standardised test, and the specificity 
and sensitivity of the tests are not known. The rela-
tionship of cutaneous quantitative sensory tests to 
bladder and urethral sensation and function is un-
known. The physiological, psychophysiological and 
methodological issues and controversies will not be 
addressed in this chapter.  

2.2.4 Sensory Neurography 
Nerve conduction velocities of the dorsal nerve of the 
penis can be calculated by placing a pair of stimulat-
ing electrodes across the glans and a pair of record-
ing electrodes across the base of penis. A nerve ac-
tion potential can be recorded with an amplitude of 
about 10 µV. It can also be recorded by stimulating 
the nerve trans-rectally or transperineally. There is no 
known association between penile sensory neuropa-
thy and bladder/sphincter dysfunction.  

A few studies have recorded activity in sacral roots 
during electrical stimulation. Intraoperatively, when 
the sacral roots are exposed, compound sensory ac-
tion potentials on stimulation of dorsal penile and clit-
oral nerve may be recorded directly.101 This helps to 
preserve roots mediating perineal sensation in spas-
tic children undergoing dorsal rhizotomy, and reduce 
the incidence of postoperative voiding dysfunc-
tion.102 These tests are limited to their very specific 
intraoperative indications.  

2.2.5 Somatosensory Evoked Potentials 
(SEP) 

Somatosensory evoked potentials are electric wave-
forms of biological origin elicited by stimulation of a 
sensory nerve (or a sensory innervated skin area – 
dermatome). The most commonly performed tests in 
the urogenitoanal region are pudendal somatosen-
sory evoked potentials (SEP), which assesses con-
duction in large fibre pathways between the site of 
nerve stimulation and the parietal sensory cortex. Po-
tentials can also be measured at the spinal level (spi-
nal SEP).  

Visceral (thin) fibre pathways are assessed by re-
cording SEPs while stimulating the proximal urethra 
and bladder, although this is technically not depolari-
sation of nerves, but a mesh of afferents.  
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2.2.5.1 Pudendal Somatosensory Evoked 
Potentials  

2.2.5.1.1 Cerebral Pudendal SEP 
On electrical stimulation of the dorsal penile/clitoral or 
perineal nerve, a cerebral SEP can be recorded. (Fig 
52) This SEP is as a rule of highest amplitude at the 
central recording site (Cz - 2 cm : Fz of the Interna-
tional 10-20 EEG System) and is highly reproducible. 
The first positive peak at about 40 ms (called P40) is 
usually clearly defined in healthy subjects using a 
stimulus 2-4 times stronger than the sensory thresh-
old.103 The presence and amplitude of subsequent 
negative and positive waves are quite variable be-
tween subjects. Classically described pudendal SEP 
techniques stimulate both dorsal penile/clitoral 
nerves, thus reducing the sensitivity of the test. How-
ever, techniques of pudendal SEP that isolate each 
dorsal penile/clitoral nerve may be more sensitive for 
identifying pathology.104  

Pudendal SEPs have been advocated in patients with 
neurogenic bladder dysfunction, e.g. in multiple scle-
rosis.105 However, even in patients with multiple 
sclerosis and bladder symptoms, the tibial cerebral 
SEP was more often abnormal than the pudendal 
SEP. The combination of an abnormal pudendal SEP 

with a normal tibial SEP suggests isolated conus in-
volvement.106 The pudendal SEP was less useful 
than neurological examination for identifying neuro-
logical disease in patients with uro-genital symp-
toms.107 Following spinal cord injury, tibial and pu-
dendal SEPs may be of some value for predicting re-
covery in bladder control.108 Cerebral SEP during 
penile/clitoral stimulation may be useful for intraoper-
ative monitoring. Pudendal SEP were used to study 
the mechanism of sacral neuromodulation.109  

2.2.5.1.2 Spinal Pudendal SEP 
Stimulating the dorsal penile nerve and recording with 
surface electrodes at the level of the Th12-L2 verte-
brae (and the S1, Th6 or iliac spine as reference) re-
veals the postsynaptic segmental spinal cord activity 
(the spinal SEP). Unfortunately, this spinal SEP may 
be difficult to record even in normal (particularly 
obese) subjects.  

2.3. Sacral Reflexes 
Clinically, two reflexes are commonly elicited in the 
lower sacral segments: (1) the penilo- or clitoro-cav-
ernosus (i.e. bulbocavernosus) reflex; and (2) the 
anal reflex.110  

 

Figure 52: SEPs (traces on the left) and sacral reflexes (traces on the right) in a healthy woman. Cerebral 
SEPs are recorded from Cz - 2 cm; sacral reflexes from the anal sphincter. The dorsal clitoral nerve is being 
stimulated with rectangular electrical pulses at 2 Hz. Stimulation and recording is performed with surface 
electrodes. The cerebral SEP and sacral reflex are recorded simultaneously. In the upper row the stimulation 
is just above sensory threshold, in the middle row the stimulation is 1.5, and in the lower row at 2-times 
sensory threshold (pulse duration 0.2 ms; two consecutive averages of 128 responses are superimposed).  

To elicit sacral reflexes, electrical,111, 112, 113, 114, 
115, 116, 117, 118 mechanical,115,116, 119  or mag-
netic120  stimulation can be used. Whereas the latter 
two modalities have only been applied to the pe-
nis,117, 118, 119  clitoris, electrical stimuli can be ap-
plied to various sites: to the dorsal penile or clitoral 
nerve; perianally; and, using a catheter-mounted ring 
electrode, to the bladder neck/proximal urethra.121  

2.3.1 Sacral Reflex on Electrical Stimulation 
Electrical stimulation of the dorsal penile or clitoral 
nerve elicits (somato-somatic) sacral reflexes in peri-
neal muscles with a typical latency approx. 33 ms 
(29.9 ± 5.7 msec in one study in men117), tradition-
ally called the bulbocavernosus reflex (Fig 52). In ad-
dition to single-pulse electrical stimulation, two identi-
cal electrical pulses separated by a 3-msec interval 
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can be used (i.e., double-pulse electrical stimula-
tion).117, 118  Double-pulse electrical stimulation is 
more efficient in eliciting sacral reflexes.117 Stimula-
tion of the perianal skin, bladder neck or proximal ure-
thra elicits sacral reflexes with latencies above 50 ms. 
This latency is longer compared to responses con-
veyed by the pudendal nerve, suggesting that the af-
ferent limb for these responses involves visceral af-
ferent fibres accompanying the pelvic nerves, which 
are thinly myelinated and have a slower conduction 
velocity than the thicker pudendal afferents. With vis-
ceral denervation (e.g. following radical hysterec-
tomy) the viscerosomatic reflexes (from both bladder 
and urethral stimulation) may be lost while the 
bulbocavernosus (penilo-/clitoro-cavernosus) reflex 
is preserved. Loss of bladder-urethral reflex with 
preservation of bladder-anal reflex has been de-
scribed with urethral afferent injury after recurrent 
urethral surgeries.122  

The longer latency anal reflex (the contraction of the 
EAS on stimulation of the perianal region) is quite var-
iable thus limiting its usefulness as a diagnostic tool.  

On perianal stimulation, a short latency response can 
also be recorded, as a result of depolarisation of mo-
tor branches to the EAS, possibly involving anti-
dromic travelling of the depolarisation, with “return-
ing” of the depolarisation orthodromically to the 
sphincter at a branching point of the motor axon. 

EMG recording of the sacral reflex has been shown 
to be more reliable than the clinically assessed re-
sponse (e.g. observing and palpating the contraction) 
in males and particularly in females.123 In men, value 
of 40, 36 and 36 msec have been suggested as the 
upper limit of normal for the shortest latency obtained 
on eliciting a series of reflex responses using single, 
double and mechanical stimulation, respectively.117  

In men with cauda equina lesions penilo-cavernosus 
reflex could not be elicited in 64%, 47% and 47% of 
patients on single electrical, double electrical, and 
mechanical stimulation, respectively. Measurement 
of the reflex latency increased the sensitivity to record 
abnormalities for 17%, 36%, and 34%, respectively. 
Furthermore, it has been shown that sacral reflex 
measurement increase sensitivity of quantitative 
EMG of the EAS muscles from 73% to 81-83% using 
the different stimulation techniques mentioned.118  

Sacral reflex testing has been studied extensively 
and is used in many laboratories in everyday practice 
to demonstrate objectively the integrity of the S2-S4 
reflex arc. The sacral reflex evoked on dorsal penile 
or clitoral nerve stimulation (the bulbocavernosus or 
penilo-/clitoro-cavernosus reflex) was shown to be a 
complex response, often forming two components. 
The first component with a typical latency of about 33 
ms, is the response that has been most often called 
the bulbocavernosus reflex. It is stable, does not ha-
bituate, and has other attributes of an oligosynaptic 
reflex response.112 The second component has la-
tency similar to the sacral reflexes evoked by stimu-
lation perianally or from the proximal urethra, and is 

not always demonstrable as a discreet response. In 
those subjects in whom the first reflex component is 
difficult to elicit, stimulation strength should be in-
creased, but preferably double electrical stimuli 
should be used. A complete reflex arc lesion should 
not be inferred by absence of a response if only single 
pulse is used for stimulation. 

During voiding sacral reflexes are un-elicitable but in 
presence of spinal cord lesions such as myelodyspla-
sia this normal suppression is lost.  

Sacral reflex responses recorded with needle or wire 
electrodes can be analysed separately for each side 
from the EAS or bulbocavernosus muscle. Using uni-
lateral dorsal penile nerve blocks, the existence of 
two unilateral BCR arcs has been demonstrated. 
Thus by detection from the left and right bulbocaver-
nosus (and also the EAS) muscles separate testing 
of right and left reflex arcs can be performed. Some 
authors reported that sensitivity of the test can be in-
creased by use of the inter-side latency difference 
(normative limits: < 3 ms), but finding could not be 
confirmed by others (normative limits: < 7.2 ms).117 
In cases of unilateral (sacral plexopathy, pudendal 
neuropathy) or asymmetrical lesions (cauda equina), 
a healthy reflex arc may obscure a pathological one 
on clinical elicitation, but not on neurophysiologic 
measurements of the sacral reflexes. 

As described above, penilo-cavernosus reflexes were 
absent in 47-64%, and delayed in additional 17-19% 
of patients with conus/cauda lesions. Of these pa-
tients 47% were incontinent for urine and 47% for fae-
ces. However, a reflex with a normal latency does not 
exclude the possibility of an axonal lesion in its reflex 
arc, as demonstrated by pathologic quantitative EMG 
of the EAS in 79-86% of patients with conus/cauda 
lesions.118 Furthermore, much delayed sacral reflex 
responses are compatible with normal bladder and 
sexual function as found in patients with hereditary 
motor and sensory demyelinating neuropathy. In a 
proportion of women with non-neurogenic sacral dys-
function clitoro-cavernosus reflex latencies  were 
found to be much longer compared to those obtained 
in women with intact sacral function.124   

Sacral reflex recording is suggested as a comple-
mentary test to CNEMG examination of pelvic floor 
muscles in patients with suspected peripheral nerv-
ous lesions.4  

In addition to latency, a number of other parameters 
can also be measured using electrical, but not me-
chanical stimulation. These are the sensory threshold 
(i.e., the stimulus strength (mA) at which subjects 
feels stimulation), and reflex threshold (i.e., the stim-
ulus strength (mA) at which the reproducible 
penilo/clitoro-cavernosus reflex appears on the 
screen). They evaluate lower sacral sensory path-
ways, and excitation level of the sacral reflex path-
way, respectively. Although for men normative data 
for these parameters is available,117  their utility in 
clinical situation remains unclear.  
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Continuous intraoperative recording of sacral reflex 
responses on penis/clitoris stimulation is feasible if 
double pulses or a train of stimuli are used.125  

2.3.2 Sacral Reflex on Mechanical Stimula-
tion 

Mechanical stimulation has been used to elicit BCR 
in both sexes and found to be a robust technique. Ei-
ther a standard reflex hammer or a customised elec-
tromechanical hammer can be used. Using a reflex 
hammer, the stimulus is applied to a wooden spatula 
placed on the glans penis or clitoris.117, 118  Such 
stimulation is painless and can be used in chil-
dren.119 The latency of the BCR elicited mechani-
cally is comparable to the electrically elicited reflex in 
the same patients, but depends on the electrome-
chanical device used.117, 119 . 

2.4. Autonomical Function Tests 
Most uro-neurophysiological methods discussed so 
far assess myelinated fibres, but not the autonomic 
nervous system, especially the parasympathetic 
component, which is most relevant for pelvic organ 
functions. Methods for evaluating the autonomic 
nerves innervating the pelvic viscera are not availa-
ble. Cystometry indirectly evaluates the parasympa-
thetic innervation to the bladder. However, from a 
clinical neurophysiological point of view direct electro-
physiological testing would be desirable.  

2.4.1 Tests in Generalised Autonomic Neu-
ropathy 

Cardiovascular autonomic function tests are useful 
for identifying generalised autonomic dysfunction in 
patients with bladder or gastrointestinal motility dis-
turbances.  

In cases when a general involvement of thin fibres is 
expected, an indirect way to examine autonomic fi-
bres is to assess thin sensory fibre function. Thin vis-
ceral sensory fibres are tested by stimulating the 
proximal urethra or bladder, and by recording sacral 
reflex responses or cerebral SEP. 

2.4.2 Dartos reflex 
In men, another approach to test lumbosacral 
sympathetic function is by neurophysiologic 
measurement of the dartos reflex obtained by 
electrical cutaneous stimulation of the thigh. The 
dartos muscle is a sympathetically innervated dermal 
layer within the scrotum, distinct from the somatically 
innervated cremasteric muscle. A reliable and 
reproducible dartos reflex (i.e., scrotal skin 
contraction) with a latency of about 5 seconds has 
been demonstrated in healthy men.126  

Technical problems have so far limited smooth mus-
cle electromyography of the detrusor muscle, and of 
genital smooth muscle. Recently, successful intrinsic 
(smooth muscle) anal sphincter muscle EMG record-
ings on electric autonomic nerve stimulations were 

reported to spare the autonomic nerve supply during 
surgery in pigs. 127 

2.4.3 Sympathetic Skin Response (SSR) 
The sympathetic nervous system mediates sweat 
gland activity in the skin. Changes in sweat gland ac-
tivity lead to changes in skin resistance. On noxious 
stimulation (such as a sudden noise, electrical pulse, 
etc.) a potential shift can be recorded with surface 
electrodes from the skin of the palms and the soles, 
and has been reported to be a useful parameter in 
assessment of neuropathy involving non-myelinated 
nerve fibres. The response, known as the SSR, can 
also be recorded from perineal skin and the penis. 
Similarly, the SSR can be recorded from the genital 
region in women. The SSR is a reflex, which consists 
of myelinated sensory fibres, a complex central inte-
grative mechanism and a sympathetic efferent limb 
with postganglionic nonmyelinated C fibres. SSR is 
the only electrophysiological method directly testing 
sympathetic fibres; recording from the perineal region 
assesses sympathetic nerve function of thoracolum-
bar segments. Limited literature exists regarding the 
relationship between SSR results and bladder dys-
function. A correlation has been shown between the 
absence of the SSR response in the foot and bladder 
neck dyssynergia following spinal cord injury.128  

Only complete absence of response can be regarded 
as abnormal. Its utility in evaluating bladder and ure-
thral dysfunction is not established.  

3. EVIDENCE BASED USE OF 
CLINICAL NEUROPHYSIOLOGICAL 

TESTS  

Evidence-based medicine is founded on the assess-
ment of evidence for and against the efficacy of par-
ticular types of therapeutic intervention. Clinical neu-
rophysiology testing should thus demonstrate evi-
dence that testing improves outcome (through treat-
ment choice and patient selection). However, testing 
and therapeutic intervention are different concepts, 
and neurophysiological testing has another important 
objective. It is to generate knowledge about the situ-
ation to be treated in a given patient, so that the prac-
titioner can formulate rational treatment options 
based on knowledge rather than do so blindfold; that 
is, he or she can practice “knowledge-based medi-
cine”.  

To judge the importance of this second objective dif-
ferent criteria are needed. Particularly in the referral 
setting, the physician is confronted with complicated 
cases in which the underlying pathophysiology is 
quite uncertain, and what is required is to identify all 
the factors that may be contributing. Neurophysiology 
is helpful in assessment of neurogenic dysfunction 
because it contributes to “knowledge-based medi-
cine”, whether or not there is narrowly-defined “evi-
dence” that it improves outcomes.  
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Of course, it remains true that we should seek evi-
dence of the conventional kind for and against test-
ing. Any test should be subjected to three questions:  

1. Does the test have good technical performance?  

2. Does the test have good diagnostic perfor-
mance, ideally against a “gold standard” meas-
ure?  

3. Does the test have good therapeutic perfor-
mance, that is, does the use of the test alter clin-
ical management, does the use of the test im-
prove outcome?  

Clinical diagnosis requires that measures obtained in 
individual patients be compared to population norms 
with the intent of determining whether they are “nor-
mal” or “abnormal”. Data can be classified as “abnor-
mal” only with the understanding that they are com-
pared to a sample from the normal population. Pre-
dictive statements are made possible by the use of 
tolerance limits. For most clinical neurophysiological 
tests, one-tailed tolerance limits are recommended. 
For any given limit of normality, there is a certain 
probability of falsely interpreting values (obtaining 
false-positives or false-negatives). Further confound-
ing these issues is the practice of applying multiple 
criteria of abnormality. But ultimately, the adequacy 
of any given normal limit in discriminating between 
normal and abnormal must be supported by appropri-
ate clinical or clinico-pathological correlations; for 
uroneurophysiological techniques, such data are 
scarce.  

3.1. Usefulness of Clinical 
Neurophysiological Tests in Evaluation 
of Individual Patients 

Whenever pathophysiology is uncertain or unpredict-
able, and especially if irreversible treatment is neces-
sary or contemplated, it seems logical to gather quan-
titative knowledge of the dysfunction in order to make 
a rational treatment choice.  

In most patient groups with neurogenic incontinence, 
the pathophysiology is unpredictable and compre-
hensive urodynamic evaluation is essential in order to 
practice knowledge-based medicine. In selected pa-
tients from these groups, clinical neurophysiological 
testing will clarify issues related to the neural control 
of lower urinary tract, relevant for understanding path-
ophysiology.129  

As is generally true for electrophysiological tests, uro-
neurophysiological examinations are particularly use-
ful for substantiating the clinical diagnosis of a periph-
eral nerve lesion. The potential usefulness of testing 
in an individual patient needs to be analysed in the 
overall clinical setting. The indications for testing are 
guided primarily by expert opinion, not on definitely 
established criteria derived from controlled studies.  

In the incontinent patient without other signs or symp-
toms of a neurological condition, as in most patients 
with stress/urgency, or mixed urinary incontinence 

electrophysiological testing is as a rule non-contribu-
tory.61  

Neurophysiological methods may have other uses, as 
for instance using the EMG signal for correct needle 
positioning for infiltration of sphincter muscle with bot-
ulinum toxin,130 or using tests for intraoperative iden-
tification and monitoring of nerves and muscles.126 

3.2. Usefulness of Clinical 
Neurophysiological Tests in Research 

As understanding pathophysiology of neural control 
of lower urinary tract is essential in the application of 
more sophisticated therapeutic methods, such as 
electrical stimulation techniques,131,132 there is a 
continuing place for clinical neurophysiology in re-
search on neurogenic urinary and anorectal dysfunc-
tion and their therapy.  

There is ongoing research on already described tech-
niques to validate their usefulness in diagnostics133, 
and in intraoperative monitoring.134 

4. CONSENSUS STATEMENT 

4.1. Recommendation for Clinical 
Neurophysiological Testing 

The information gained by clinical examination and 
urodynamic testing may be enhanced by uroneuro-
physiological tests in selected patient groups with 
suspected neurogenic urinary incontinence with le-
sions within the nervous reflex arcs of sacral seg-
ments 2 – 5. Concentric needle EMG to diagnose de-
nervation and reinervation of pelvic floor and perineal 
muscles, and sacral reflex testing to assess the con-
tinuity of the sacral reflex arc, are the recommended 
tests. 

Level of evidence: 2b 

Level of recommendation: B 

Clinical neurophysiological testing should be per-
formed in accredited laboratories, by trained and cer-
tified staff, with formal control of the quality of the re-
sults. Ideally, the uroneurophysiologist should be in 
liaison with general clinical neurophysiologists.  

It seems optimal to create interdisciplinary teams be-
tween urology, urogynecology, proctology, and neu-
rology departments.  

4.2. Recommendation for Technical 
Standards 

Even in the more widely used “general” clinical neu-
rophysiology there is no universal standardisation of 
tests. This is mainly due to different historical back-
grounds of testing developed in different countries. 
The need to standardise methods is, however, recog-
nised. 

Proposals for standardisation for external anal 
sphincter CNEMG4 and the bulbocavernosus 



 

 
760  COMMITTEE 7. IMAGING, NEUROPHYSIOLOGICAL TESTING AND OTHER TESTS 
 

(penilo/clitoro-cavernosus) reflex117 have been 
made, and seem to be widely adopted. 

Level of evidence: 2b 

Level of recommendation: B 

4.3. Future Research Areas 
Clinical neurophysiological methods should be further 
explored and used to better define the neural control 
in lower urinary tract function, demonstrating both the 
nervous system's “hardware” (integrity of anat-
omy)135 as well as “software” (level of activity, exci-
tation thresholds) for co-ordinated urinary storage 
and voiding, in physiological and in pathological con-
ditions.136  

There is as yet no standardisation of the technical as-
pects of (kinesiological) EMG within urodynamic (and 
anorectal) function testing. Furthermore, more re-
search is needed to shed light on the relationship be-
tween the EMG signals, pelvic floor muscle function, 
and overall LUT (anorectal) function (Anding et al. 
When Should Video and EMG Be Added to 
Urodynamics in Children With Lower Urinary Tract 
Dysfunction and Is This Justified by the Evidence? 
ICI-RS 2014. Neurourology and Urodynamics 
35:331–335 (2016)  References at end and anorectal 
function.  

There are also challenges to validate the use of the 
described techniques for intraoperative identification 
of structures and monitoring nervous function,137 to 
define neurophysiological changes induced by thera-
peutic electrostimulation, and to develop tests to as-
sess directly the sacral parasympathetic system. 

 OTHER INVESTIGATIONS 

1. URINALYSIS 

“Urinalysis is a fundamental test that should be per-
formed in all urological patients” (1). In patients with 
urinary incontinence, urinalysis is not a diagnostic 
test for the condition, but it is rather used to screen 
for haematuria, glucosuria, pyuria and bacteriuria. 
Even in the absence of controlled studies, there is 
general expert consensus that the benefits of urinal-
ysis clearly outweigh the costs involved (2). A positive 
urinalysis will prompt infection treatment and/or the 
use of additional tests such as endoscopy and urinary 
tract imaging. In the evaluation of urinary inconti-
nence in the female, urinalysis is recommended since 
60% of women develop urgency symptoms at the 
time of urinary tract infection (UTI). Pyuria was found 
to be common among incontinent but otherwise 
asymptomatic, female patients. Pyuria was not nec-
essarily associated with UTI, the significance of ster-
ile pyuria in the elderly population is still unclear (3).  

A Norwegian survey of general practitioners’ man-
agement of female urinary incontinence suggested 
that urinalysis is the most frequently performed test 

(73%) and is far more frequent than gynaecological 
examination (54%) (4). Another survey suggested 
that urinalysis is one of the three-part assessment of 
UI together with patient history and physical exami-
nation (5).The same apply, according to Stricker, for 
patient selection for collagen implant (6). A minority 
of the reviewed papers suggested that urine culture 
should be carried out together with urinalysis (3, 7). 
Urinalysis is also considered of importance in the 
evaluation of nursing home residents who are incon-
tinent (8), in peri- and postmenopausal women (9), in 
older women reporting urinary incontinence (10). 
Belmin et al, suggested than significant urine sam-
ples can even be obtained from disposable pads in 
elderly incontinent women (11, 12). It is recom-
mended that geriatric incontinent patients undergo 
history, physical examination, tests of lower urinary 
tract function and urinalysis. The latter test is pro-
posed to rule out the presence of UTI (12). The clini-
cal relevance of asymptomatic bacteriuria in the el-
derly is controversial. Although DuBeau and Resnick 
suggest the use of urinalysis in the diagnostic algo-
rithm to identify asymptomatic bacteriuria in inconti-
nent residents of nursing homes (13), others consider 
that the condition does not require any treatment (11). 
Urinalysis is less sensitive and specific for urinary 
tract infection in women who have had radiotherapy 
but the combination of leucocyte esterase and ni-
trates still has a positive predictive value of 95% (14). 
Urinalysis in patients with stents and patients on hae-
modialysis has not been found to be an effective 
screening test and routine culture is recom-
mended(15, 16).  

1.1. Consensus Statement 

• It is considered standard practice to perform a 
urinalysis either by using a dipstick test or exam-
ining the spun sediment. (Level of Evidence 3, 
Grade of Recommendation C) 

• lf a dipstick test is used, it is recommended chos-
ing of a “multiproperty" strip that includes testing 
for haematuria, proteinuria, glucose and ke-
tones, leukocytes esterase (indicating the pres-
ence of leukocytes in the urine) and nitrite tests 
(suggesting bacteriuria). (Level of Evidence 3, 
Grade of Recommendation C) 

1.2. Future Research Areas 

• Needed to screen analysis of urinalysis in the di-
agnosis and treatment of UI, MUI and SUI 

2. BLOOD TESTS 

The prevalence of renal damage or of biochemical 
abnormalities in the general population of patients 
with urinary incontinence is very low, but there are 
subgroups of patients where the prevalence can be 
higher (e.g., neurogenic incontinence, overflow in-
continence). The routine use of a battery of common 
chemical and/or haematological tests in patients with 
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UI appears to be a prudent rule of good clinical prac-
tice in the following situations: 

• chronic retention with incontinence  

• neurogenic LUT dysfunction 

• when surgery is contemplated  

• when there is a clinical suspicion 

• sodium plasma concentration may be reduced in 
patients on desmopressin. 

Special tests such as measurement of anti diuretic 
hormone (ADH) and atrial natriuretic polypeptide 
have proven useful in research of enuresis in child-
hood and nocturia in the elderly (1, 2). Changes in the 
circadian rhythm of these, and probably also other 
hormones regulating the renal excretion of water, will 
in the future contribute to a better understanding of 
pathophysiology. Synthetic ADH analogues have al-
ready come into clinical use for the treatment of noc-
turnal enuresis. However, the clinical value of these 
specific tests remains to be established. 

3. TISSUE ANALYSIS 

Since the last report of the International Consultation 
on Incontinence in 2012, several papers have been 
published based on the analysis of sample of tissues 
coming from patients with SUI and/or pelvic organ 
prolapse aiming at evaluating the molecular bases of 
these conditions. The main targets of both preclinical 
and clinical research have been the pelvic floor-sup-
porting tissues and the role of steroid hormones, with 
some intriguing linkages between the two lines of re-
search.  

Pelvic floor-supporting tissues are composed mainly 
of connective tissue in which fibrous elements such 
as collagen and elastic fibres and visco-elastic matrix 
based on proteoglycans are the predominant compo-
nents of the so called extracellular matrix. Extracellu-
lar matrix is a complex network of numerous macro-
molecules that fulfill a large number of mechanical, 
chemical and biological functions (1). While collagens 
and elastin fibres confer strength and elasticity to tis-
sues, respectively, structural proteoglycans allow tis-
sue cohesiveness. Specifically, collagen is the most 
prevalent component, with type I fibres usually well 
organised and associated with ligamentous tissue, 
while type III collagen is more common in the loose 
areolar tissue, which makes up the vaginal wall ad-
ventitia and surrounds the pelvic organs (2). Accord-
ing to the molecular weight, indeed, proteoglycans 
are distinguished into large molecules (aggrecan, 
versican and perlecan) and small molecules, such as 
decorin, fibromodulin, biglycan, lumican and chon-
droadherin (3). 

The organised structure of the matrix is due to a clear 
balance between the production of the different con-
stituents and their breakdown. There are many prote-
olytic enzymes capable of degrading the elements of 

the extracellular matrix, falling into into three groups: 
the serine proteases, the cysteine proteases, and 
matrix metalloproteinases (MMPs) (4). 

Several authors evaluated the expression of the dif-
ferent proteins as well as of their precursors and frag-
ments of degradation. With regards to the metabolism 
of collagen, some studies seem to indicate that 
women with SUI have a reduced total collagen con-
tent in the skin and urogenital tissue (5-7), while other 
studies reported higher total collagen concentration 
and higher levels of mRNAs for type I and type III col-
lagen in paraurethral connective tissue (8). Chen et 
al., evaluating cultures of fibroblasts taken from en-
dopelvic fascia and skin biopsies in 14 patients with 
stress urinary incontinence and 12 controls, showed 
that the overall collagen synthesis and the ratio of 
type III and type I fibres were not significantly different 
between fibroblasts obtained from women with or 
without SUI (4), indicating that alteration in the colla-
gen synthesis might not be involved in SUI.  

On the other hand, a few studies reported change in 
the relative percentages of the different fibres, with a 
decrease in type I and increase in type III ones (9, 
10). In women with SUI,Skorupski et al. evaluated the 
transcription factor Sp1-binding site in the gene en-
coding a-1 chain of type I collagen, andsuggested 
that the observed G-T polymorphism is a risk factor 
for incontinence (11). Again at molecular level, some 
studies evaluated the cycle regulatory proteins in pa-
tients with pelvic organ prolapse, showing controver-
sial results. Some papers reported reduced expres-
sion of proteins such as p53 and p21 which normally 
cause cycle G1 arrest suggesting an increase in pro-
liferation capacities for fibroblasts derived from hu-
man cardinal ligaments of patients with prolapse (2). 

Other authors evaluated markers of collagen degra-
dation. Specifically, Edwall et al. evaluated markers 
of collagen synthesis and breakdown such as the car-
boxy-terminal propeptide of type I procollagen 
(PICP), the carboxy-terminal telopeptide of type I col-
lagen (ICTP), and the amino-terminal propeptide of 
procollagen III (PIIINP) in urogenital tissue homoge-
nates and peripheral serum from 71 patients with SUI 
and 31 healthy control women (12). After adjusting for 
age, BMI, parity, and hormonal status, the patients 
with SUI had significantly lower serum concentrations 
of PICP and significantly lower tissue concentrations 
of PIIINP and ICTP than the controls, suggesting re-
ducing breakdown in the presence of unchanged syn-
thesis of type I collagen and, regarding type III colla-
gen, a potential reduction in either synthesis or break-
down, the second being considered more probable 
(12). These data may lead to the hypothesis that SUI 
might be associated with impaired degradation of col-
lagen, leading to reduced turnover and accumulation 
of aging collagen, negatively affecting the strength 
and elasticity of urogenital tissue. Further studies on 
transforming growth factor-β (TGF-β) identified the 
molecular basis of such mechanism, suggesting that 
overexpression of TGF-β might trigger the accumula-
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tion of aging collagen, inhibiting the expression of col-
lagenases and increasing the production of the tissue 
inhibitor metalloproteinase (13-15). Moreover, some 
genes, such as those of the Homebox A (HOXA) fam-
ily, encoding transcription factors that regulate mam-
malian embryonic growth and development of the 
urogenital tract, have been shown to be underex-
pressed in patients with pelvic organ prolapse, sug-
gesting a further molecular basis for the alterations in 
collagens (16). 

Some other studies investigated the role of protein-
ases that may degrade elements of the extracellular 
matrix. Chen et al., evaluating full-thickness peri-ure-
thral vaginal wall tissues from patients with SUI or 
prolapsed and matched control women, found signif-
icant decrease in mRNA and protein expressions of 
alpha-1 antitrypsin (ATT), a neutrophil elastase inhib-
itor in tissues from affected women, while no differ-
ence was found in neutrophil elastase and cathepsin 
K expressions (17). Similarly, Gabriel et al. studied 
the expression of different MMPs in 17 women with 
prolapse and 18 control, identifying higher expression 
of MMP2 in patients with prolapse (18). These studies 
allowed to hypothesize that altered catabolism of 
some components of the extracellular matrix might 
contribute to the connective tissue alterations ob-
served in pelvic floor dysfunction.  

Other studies were focused on the expression of 
small proteoglycans. Wen et al. studied mRNA and 
protein levels of biglycan, decorin, and fibromodulin 
in vaginal wall tissue from women with SUI and men-
strual-cycle matched continent women (1). Specifi-
cally, the authors demonstrated that the mRNA ex-
pression of fibromodulin was significantly lower in pa-
tients in the proliferative phase compared to controls, 
while decorin mRNA expression was higher both in 
the proliferative and secretory phases in the patients 
with SUI, supporting the hypothesis that the expres-
sion of such small proteoglycans was hormonally 
modulated and may contribute to the altered pelvic 
floor connective tissues of women with SUI (1).  

Oestrogens  interact with specific receptors which, 
when activated by the ligand, have conformational 
change, dimerisation and recruitment of co-factors, 
once translocated into the nucleus, these promote the 
expression of region of oestrogen-responsive genes, 
called the oestrogen response elements, leading to 
the synthesis of proteins (19). More recently, selec-
tive modulators of oestrogens receptors have been 
identified, that act modulating the activity of the re-
ceptors, working as agonists, partial agonists, or an-
tagonists in a tissue-dependent manner (20). Studies 
on these molecules supported a new role of oestro-
gens in SUI and pelvic organ prolapse. Specifically, 
in a randomised controlled trial testing one of these 
molecules (levormeloxifene) as osteoporosis treat-
ment, a 3.4-fold increase in the reporting of POP and 
an almost 5-fold increase in the reporting of UI have 
been observed (21). To explain such effect, the ex-
pression of more than 500 proteins have been stud-
ied in the rat model, showing that oestradiol induced 

the expression of metalloproteinase 7 and 14, re-
duced the expression of their inhibitors such as TIMP-
3, while selective modulators of oestrogens receptors 
such as raloxifene had minimal effects on metallopro-
teinase 7, and maintained or restored expression of 
the mRNA for tissue inhibitor of metalloproteinases-3 
(TIMP-3) and other components of the extracellular 
matrix, such as glypican, and biglycan (19). Although 
the role of selective oestrogen-receptor modulators 
(SERMs) in the expression of the component of ex-
tracellular matrix has to be further clarified, these find-
ings support the hypothesis that the increased occur-
rence of urinary incontinence and pelvic organ pro-
lapse observed with oestrogen therapy and SERMs 
such as levormeloxifene may be related to changes 
in expression of genes regulating collagen turnover 
that ultimately weaken the normal structural integrity 
and support for the genitourinary system (19). 

3.1. Consensus Statement 
To date, all these tissue analyses are not part of the 
everyday clinical practice 

3.2. Future Research Areas 
The relationship between tissue composition and risk 
of UI and POP 

The relationship between tissue composition and 
treatment outcome in patients with UI and POP 

 CONCLUSIONS 

Clinical research involving diagnostic accuracy and 
clinical benefit of imaging studies and other diagnos-
tic tests is particularly difficult. Recommendation of a 
diagnostic test is based upon the evidence that the 
outcome of it provides valuable information for patient 
management and this often involves evaluating the 
outcome of surgery. Implementation of good clinical 
research in this area remains difficult and sometimes 
lacks adequate founding. We acknowledge that only 
a few of the imaging techniques and other investiga-
tions we reviewed in the current chapter have been 
properly evaluated with respect to reproducibility, 
specificity, sensitivity and predictive value in connec-
tion with the diagnosis and  management of urinary 
incontinence. Nevertheless, we acknowledge the 
great amount of work performed in the last four years 
and the continuous advancement in this field. The 
use of imaging and other investigations, described in 
this chapter, remains mostly based on expert opinion, 
common sense, availability and local expertise, rather 
than on evidence based clinical research. The diag-
nostic tests we considered can be subdivided into 
safety tests, tests with specific and selected indica-
tions, investigational tests. 

Safety tests - Intended to protect patients’ health, 
theyare indicated in all patients complaining of urinary 
incontinence. They include urinalysis and measure-
ment of post-void residual urine. While a consensus 
is easily achieved for urinalysis, the clinical benefit 
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and cost-effectiveness of PVR measurement in the 
primary evaluation of urinary incontinence needs to 
be confirmed in prospective studies. 

Tests with specific and selected indications. Up-
per urinary tract imaging (as well as renal function as-
sessment) may be indicated in cases of neurogenic 
urinary incontinence with risk of renal damage, 
chronic retention with incontinence, incontinence as-
sociated with severe genitourinary prolapse and sus-
picion of extraurethral incontinence. No other imaging 
technique is recommended in the primary evaluation 
of uncomplicated urinary incontinence and/or pelvic 
organ prolapse. Cystourethrography remains a rea-
sonable option only in the preoperative evaluation of 
complicated and/or recurrent cases. Video urody-
namics, is the gold standard in the evaluation of neu-
rogenic incontinence, particularly in the paediatric 
population, although the clinical benefit of it remains 
unclear. In female urinary incontinence videourody-
namics is not recommended except under specific 
complex circumstances.  MRI remains the gold stand-
ard for the diagnosis of urethral diverticula although 
ultrasonography is a good alternative option.  Lum-
bosacral spine X-rays have specific indications in 
children with suspect neurogenic incontinence with-
out gluteo-sacral stigmata. Imaging of the CNS 
should be considered when a neurological disorder is 
suspected on the basis of clinical, imaging and neu-
rophysiological findings.  Urethrocystoscopy is indi-
cated in cases of incontinence with microscopic hae-
maturia, in the evaluation of recurrent or iatrogenic 
cases, in the evaluation of vesico-vaginal fistula and 
extra-urethral urinary incontinence.  

Endoanal ultrasound and endocoil MRI are the gold 
standard for the evaluation of anal sphincter disor-
ders, dynamic X-ray imaging remains the standard for 
evaluating rectal prolapse. 

Investigational tests Pelvic floor ultrasound is 
widely used as an adjunct to physical examination in 
patients with urinary incontinence and/or pelvic organ 
prolapse. Although the technique is rapidly evolving 
and much progress has been made in clinical re-
search in this field, ultrasonography remains optional 
as evidence of its clinical benefit is not there yet. 

MRI of the pelvic floor is rapidly gaining popularity in 
the evaluation of enteroceles and in the morphologi-
cal analysis of pelvic floor muscles although evidence 
of its clinical benefit is still lacking . Both ultrasonog-
raphy and MRI are the most rapidly evolving tech-
niques and hold promises for potential future clinical 
applications.  

Research in this area is also performed to improve 
our understanding of the pathophysiology of conti-
nence disorders and POP. Functional neuroimaging 
continues to provide new insight regarding functional 
anatomy of CNS related to vesicourethral function 
and dysfunction. The content of the draft reflects the 
composition of the Committee is made up of clinicians 
with a particular interest in a specific area of imaging 
and neurophysiology. The chapter certainly reveals 

the enthusiasm the authors poured in clinical re-
search into this area but we believe that the method-
ology implemented by the Consultation is the best 
guarantee of a balanced opinion and evidence based 
recommendations. We hope that this chapter will 
stimulate clinical research in this field and will inspire 
those involved in the management of continence dis-
orders and POP.  

Neurophysiological testing should be part of the ar-
mamentarium available in the management of neuro-
genic incontinence and the establishment of good 
collaboration with neurophysiologists is recom-
mended.
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K-E. ANDERSSON (USA) 
L. CARDOZO (UK), F. CRUZ (PORTUGAL), K-S. LEE (KOREA), ARUN SAHAI (UK), AJ WEIN (USA) 

 INTRODUCTION 

The function of the lower urinary tract (LUT) is to store 
and periodically release urine, and is dependent on 
the activity of smooth and striated muscles in the 
bladder, urethra, and pelvic floor. These structures 
form a functional unit, which is controlled by a com-
plex interplay between the central and peripheral 
nervous systems and local regulatory factors [An-
dersson, 1993; de Groat and Yoshimura, 2001; 2015; 
Andersson and Wein, 2004; see, Andersson and 
Michel., 2011]. Ma 

lfunction at various levels may result in bladder con-
trol disorders, which roughly can be classified as dis-
turbances of filling/storage or disturbances of void-
ing/emptying. Failure to store urine may lead to vari-
ous forms of incontinence (mainly urgency and stress 
incontinence), and failure to empty can lead to urinary 
retention, which may result in detrusor underactivity 
(DU) and underactive bladder (UAB). A disturbed fill-
ing/storage function can, at least theoretically, be im-
proved by agents decreasing detrusor activity, in-
creasing bladder capacity, and/or increasing outlet 
resistance [Wein, 2012].  

Many drugs have been tried, but the results are often 
disappointing, partly due to poor treatment efficacy 
and/or side effects. The development of pharmaco-
logic treatment of the different forms of urinary incon-
tinence has been slow, but several promising targets 

and drug principles have been identified [Andersson 
2007; 2011c; 2015; 2016; Colli et al., 2007; Athana-
sopoulos and Cruz, 2011; Yeo et al., 2013; Zacche et 
al 2014; Sacco and Bientinesi, 2015; Bechis et al. 
2015].  

In this report, we update the recommendations from 
the 2012 International Consensus meeting [Anders-
son et al., 2013]. The most relevant information ob-
tained since the last meeting is briefly reviewed and 
summarised. Agents specifically used for treatment of 
urinary tract infections and interstitial cystitis, have 
not been included. Our clinical drug recommenda-
tions are based on evaluations made using a modifi-
cation of the Oxford system (Table 1). The terminol-
ogy used is that recommended by the International 
Continence Society (ICS) [Abrams et al., 2002]. 

1. PUBLICATION SEARCHES 

The review undertook a comprehensive search of all 
major literature databases and the abstract books 
from several major conferences: American Urological 
Association, ICS, European Association of Urology, 
International Urogynaecological Association, Interna-
tional Consultation of Incontinence and Societe Inter-
nationale d’Urologie.  

Table 1. ICI assessments 2008: Oxford guidelines (modified)  

Levels of evidence 

Level 1: Systematic reviews, meta-analyses, good quality randomized controlled clinical trials (RCTs) 
Level 2: RCTs, good quality prospective cohort studies 
Level 3: Case-control studies, case series 
Level 4: Expert opinion  

Grades of recommendation 

Grade A: Based on level 1 evidence (highly recommended) 
Grade B: Consistent level 2 or 3 evidence (recommended) 
Grade C: Level 4 studies or ” majority evidence” (optional) 
Grade D: Evidence inconsistent/inconclusive (no recommendation possible) or the evidence indicates that the 
drug should not be recommended 
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There were no restrictions on the inclusion of publica-
tions by language; publications in languages other 
than English were translated into English. 

2. CENTRAL NERVOUS CONTROL 

In the adult individual, the normal micturition reflex is 
mediated by a spinobulbospinal pathway, which 
passes through relay centers in the brain (Figures1-
4).  

In infants, the central pathways seem to be organised 
as on-off switching circuits, but after the age of four to 
six years, voiding is initiated voluntarily by the 
cerebral cortex [de Groat et al., 1999; Beckel and Hol-
stege, 2011]. Studies in humans and animals have 
identified areas in the brainstem and diencephalon 
(Figure 5) that are specifically implicated in micturition 
control, including Barrington's nucleus or the pontine 
micturition center (PMC) in the dorsomedial pontine 
tegmentum [Fowler et al., 2008]. These structures 
directly excite bladder motoneurons and indirectly 
inhibit urethral sphincter motoneurons via inhibitory 
interneurons in the medial sacral cord. The 
periaqueductal grey (PAG) receives bladder filling 
information, and the pre-optic area of the 
hypothalamus is probably involved in the initiation of 
micturition. According to PET-scan and functional 
imaging studies in humans, these supraspinal 
regions are active during micturition [Blok et al., 1998; 
Nour et al., 2000; Athwal et al., 2001; Griffiths et al., 
2007; 2008; Hruz et al., 2008; Mehnert et al., 2008; 
Tadic et al., 2008; Griffiths, 2011; Deruyver et al., 
2016]. 

3. PERIPHERAL NERVOUS 
CONTROL  

Bladder emptying and urine storage involve a com-
plex pattern of efferent and afferent signalling in par-
asympathetic, sympathetic, somatic, and sensory 
nerves. These nerves are parts of reflex pathways, 
which either keep the bladder in a non-contracted 
state, enabling urine storage at low intravesical pres-
sure, or which initiate micturition by relaxing the out-
flow region and contracting the bladder smooth mus-
cle. Contraction of the detrusor smooth muscle and 
relaxation of the outflow region result from activation 
of parasympathetic neurones located in the sacral 
parasympathetic nucleus (SPN) in the spinal cord at 
the level of S2-S4 [de Groat et al., 1993; Beckel and 
Holstege, 2011]. The postganglionic neurones in the 
pelvic nerve mediate the excitatory input to the hu-
man detrusor smooth muscle by releasing acetylcho-
line (ACh) acting on muscarinic receptors. However, 
an atropine-resistant component has been demon-
strated, particularly in functionally and morphologi-
cally altered human bladder tissue (see below). The 
pelvic nerve also conveys parasympathetic fibres to 

the outflow region and the urethra. These fibres exert 
an inhibitory effect and thereby relax the outflow re-
gion. This is mediated partly by release of nitric oxide 
[Andersson and Persson, 1993], although other 
transmitters might be involved [Bridgewater and 
Brading, 1993; Hashimoto et al., 1993; Werkström et 
al., 1995]. 

Most of the sympathetic innervation of the bladder 
and urethra originates from the intermediolateral nu-
clei in the thoraco-lumbar region (T10-L2) of the spi-
nal cord [Beckel and Holstege, 2011]. The axons 
travel either through the inferior mesenteric ganglia 
and the hypogastric nerve, or pass through the para-
vertebral chain and enter the pelvic nerve. Thus, sym-
pathetic signals are conveyed in both the hypogastric 
and pelvic nerves [Lincoln and Burnstock, 1993].  

The predominant effects of the sympathetic innerva-
tion of the lower urinary tract are inhibition of the par-
asympathetic pathways at spinal and ganglion levels 
(demonstrated in animals), and mediation of contrac-
tion of the bladder base and the urethra (shown in an-
imals and man, see Andersson, 1993). However, the 
adrenergic innervation of the bladder body is believed 
to inactivate the contractile mechanisms in the detru-
sor directly. Noradrenaline (norepinephrine) is re-
leased in response to electrical stimulation of detru-
sor tissues in vitro, and the normal response of detru-
sor tissues to released noradrenaline is relaxation 
[Andersson, 1993]. 

The somatic innervation of the urethral rhabdosphinc-
ter and of some perineal muscles (for example com-
pressor urethrae and urethrovaginal sphincter), is 
provided by the pudendal nerve [Beckel and Hol-
stege, 2011]. These fibers originate from sphincter 
motor neurons located in the ventral horn of the sacral 
spinal cord (levels S2-S4) in a region called Onuf´s 
(Onufrowicz’s) nucleus). 

Most of the sensory innervation of the bladder and 
urethra reaches the spinal cord via the pelvic nerve 
and dorsal root ganglia (Kanai and Andersson, 2010; 
De Wachter, 2011). In addition, some afferents travel 
in the hypogastric nerve. The sensory nerves of the 
striated muscle in the rhabdosphincter travel in the 
pudendal nerve to the sacral region of the spinal cord 
[Lincoln and Burnstock, 1993]. 

The most important afferents for the micturition pro-
cess are myelinated Aδ-fibres and unmyelinated C-
fibres travelling in the pelvic nerve to the sacral spinal 
cord, conveying information from receptors in the 
bladder wall to the spinal cord. The Aδ-fibres respond 
to passive distension and active contraction, thus 
conveying information about bladder filling [Janig and 
Morrison, 1986]. C-fibres have a high mechanical 
threshold and respond primarily to chemical irritation 
of the bladder mucosa [Habler et al., 1990] or cold 
[Fall et al., 1990 ].
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Figure 1: Components of the micturition reflex. 

 
Figure 2: Activity in the micturition reflex during storage. The pontine micturition center is inhibited by im-
pulses from the prefrontal cortex, afferent impulses unable to initiate micturition. Activities in the hypogastric 
and pudendal nerves keep the bladder relaxed and the outflow region contracted. 
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Figure 3: Activity in the micturition reflex during voluntary voiding. The inhibitory impulses from the pre-
frontal cortex pontine micturition center are removed and afferent impulses are able to initiate micturition. 
Activities in the hypogastric and pudendal nerves are inhibited, the outflow region is relaxed, and the blad-
der is contracted by the activity in the pelvic nerve. 

 
Figure 4: Detrusor overactivity. Despite the inhibitory impulses from the prefrontal to the cortex pontine mic-
turition center the enhanced (?) afferent impulses are able to initiate micturition. 
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Following chemical irritation, the C-fibre afferents ex-
hibit spontaneous firing when the bladder is empty 
and increased firing during bladder distension [Habler 
et al., 1990]. These fibres are normally inactive and 
are therefore termed ”silent fibres” [de Groat and Yo-
shimura, 2001; 2015]. 

4. PATHOGENESIS OF BLADDER 
CONTROL DISORDERS  

As pointed out previously, bladder control disorders 
can be divided into two general categories: disorders 
of filling/storage and disorders of voiding [Wein, 
2012]. Storage problems can occur as a result of 
weakness or anatomical defects in the urethral outlet, 
causing stress urinary incontinence. Failure to store 
also occurs if the bladder is overactive, as in the over-
active bladder (OAB) syndrome.  The prevalence var-
ies with the criteria used for diagnosis, but according 
to Irwin et al. (2006), using the ICS definition of 2002 
[Abrams et al., 2002], the overall prevalence of OAB, 
based on computer assisted telephone interviews 
(the EPIC study) was 11.8%; rates were similar in 

men and women and increased with age [Irwin et al., 
2006]. A similar study based on a cross Canada tele-
phone survey found the prevalence of OAB to be 13 
% in men and 14.7% in women [Herschorn et al., 
2008]. In a Finnish study, taking into account bother, 
the prevalence of clinically meaningful OAB, was was 
much lower than reported in these studies [Vaughan 
et al., 2011].   

OAB (symptomatic diagnosis) is often assumed to be 
caused by detrusor overactivity (DO; urodynamic 
diagnosis), even if this does not always seem to be 
the case [Hyman et al., 2001; Digesu et al., 2003; 
Hashim and Abrams, 2004]. DO/OAB can occur as a 
result of sensitization of afferent nerve terminals in 
the bladder or outlet region, changes of the bladder 
smooth muscle secondary to denervation, or 
consequent upon damage to the central nervous 
system (CNS) inhibitory pathways, as can be seen in 
various neurological disorders, such as multiple 
sclerosis, cerebrovascular disease, Parkinson’s 
disease, brain tumors, and spinal cord injury 
[Andersson and Pehrson, 2003; Ouslander, 2004; 
Banakhar et al., 2012; Meng et al., 2012; Wein and 
Dmochowski, 2012; Michel and Igawa, 2015]. Urinary 
retention and overflow incontinence can be observed 
in patients with urethral outlet obstruction (e.g. 
prostate enlargement), decreased detrusor 
contractility, or both), neural injury, and/or diseases 
that damage nerves (e.g. diabetes mellitus), or in 
those who are taking drugs that depress the neural 
control of the bladder or bladder smooth muscle 
directly [Wein, 2012]. 

5. BLADDER CONTRACTION 

Normal bladder contraction in humans is mediated 
mainly through stimulation of muscarinic receptors in 
the detrusor muscle [Andersson and Wein, 2004] 
(Figure 6). Atropine resistance, i.e. contraction of iso-
lated bladder muscle in response to electrical nerve 
stimulation after pretreatment with atropine, has been 
demonstrated in most animal species, but seems to 
be of little importance in normal human bladder mus-
cle [Andersson, 1993; Bayliss et al., 1999; Rouget et 
al., 2014]. However, atropine-resistant (non-adrener-
gic, non-cholinergic: NANC) contractions have been 
reported in normal human detrusor and may be 
caused mainly by adenosine triphosphate (ATP) [An-
dersson, 1993; Bayliss et al., 1999, Andersson and 
Wein, 2004; Kennedy et al., 2007]. ATP acts on two 
families of purinergic receptors: an ion channel family 
(P2X) and a G-protein-coupled receptor family (P2Y). 
Seven P2X subtypes and eight P2Y subtypes have 
been identified. In several species (rabbit, cat, rat, 
and human), various studies suggested that multiple 
purinergic excitatory receptors are present in the 
bladder [de Groat and Yoshimura, 2001; Ford and 
Cockayne, 2011; Burnstock. 2013; Ford and Undem., 
2013; North and Jarvis, 2013; Andersson, 2015]]. Im-
munohistochemical experiments with specific anti-
bodies for different P2X receptors showed that P2X1 
receptors are the dominant subtype in membranes of 

 
Figure 5: Simplified model of the supraspinal control 
system of micturition. Secondary bladder afferents 
synapse in the Periaqueductal Gray  (PAG) and are 
relayed to the Insula (RI), forming the substrate for 
sensation. Insula representation may have slight 
right-sided predominance. The Anterior Cingulate 
Gyrus (ACG) is responsible for monitoring, arousal, 
and efferent output to the PAG and the Pontine Mic-
turition Center (PMC). The prefrontal cortex (PFC) is 
involved in voluntary decision about voiding and 
generates efferent signals to control ACG and ulti-
mately PMC. PMC provides motor output to cause 
voiding. Modified from Griffiths and Tadic, Neu-
rourol Urodyn, 2008;27:466-474  
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rat detrusor muscle and vascular smooth muscle in 
the bladder. Excitatory receptors for ATP are present 
in parasympathetic ganglia, afferent nerve terminals, 
and urothelial cells [de Groat and Yoshimura, 2001]. 
P2X3 receptors, which have been identified in small-
diameter afferent neurons in dorsal root ganglia, have 
also been detected immunohistochemically in the 
wall of the bladder and ureter in a suburothelial plexus 
of afferent nerves. In P2X3 knockout mice, afferent 
activity induced by bladder distension was signifi-
cantly reduced [Cockayne et al., 2000; Ford et al., 
2006; Ruggieri et al., 2006; Ford and Cockeyne, 
2011; Burnstock, 2013]. These data indicate that pu-
rinergic receptors are involved in mechanosensory 
signaling in the nonprimate mammalian bladder. 

A significant degree of atropine resistance may exist 
in morphologically and/or functionally changed blad-
ders, and has been reported to occur in hypertrophic 
bladders [Sjögren et al., 1982], interstitial cystitis [Pa-
lea et al., 1993], neurogenic bladders [Wammack et 
al., 1995], and in the aging bladder [Yoshida et al., 
2001]. The importance of the NANC component to 
detrusor contraction in vivo, normally, and in different 
micturition disorders, remains to be established [An-
dersson, 2006Muscarinic Receptors 

The neurotransmitter ACh acts on two classes of re-
ceptors, the nicotinic and the muscarinic receptors. 
While the former plays a role in the signal transduc-
tion between neurones or between neurones and 
skeletal muscle (e.g. in the distal urethra), the signal 

transduction between parasympathetic nerves and 
smooth muscle of the detrusor involves muscarinic 
receptors [Abrams and Andersson, 2007]. Im-
portantly, the endogenous muscarinic receptor ago-
nist ACh is not necessarily derived only from para-
sympathetic nerves in the urinary bladder, but can 
also be formed and released non-neuronally by the 
urothelium [Bschleiper et al., 2007; Mansfield et al., 
2005; Zarghooni et al., 2007; Andersson, 2011a; 
Birder and Andersson, 2013]. Five subtypes of mus-
carinic receptors have been cloned in humans and 
other mammalian species, which are designated M1-5 
[Caulfield and Birdsall 1998; Giglio and Tobin, 2009]. 
Based upon structural criteria and shared preferred 
signal transduction pathways, the subtypes can be 
grouped into M1, M3 and M5 on the one hand and the 
subtypes M2 and M4 on the other. The former proto-
typically couple via pertussis toxin-insensitive Gq pro-
teins to stimulation of a phospholipase C followed by 
elevation of intracellular calcium and activation of a 
protein kinase C, whereas the latter prototypically 
couple via pertussis toxin-sensitive Gi proteins to in-
hibition of adenylyl cyclase and modulation of several 
ion channels [Caulfield and Birdsall 1998]. While sen-
sitive molecular techniques such as reverse tran-
scriptase polymerase chain reaction can detect 
mRNA for all five subtypes in the mammalian bladder 
[Abrams et al., 2006; Hegde, 2006], studies at the 
protein level, e.g. based upon radioligand binding, 
have typically detected only M2 and M3 receptors, 
with the former dominating quantitatively [Abrams et 

 
Figure 6: Muscarinic M3 receptor-mediated detrusor activation. Calcium influx and activation of the Rhoki-
nase system are the main pathways mediating activation of the contractile system in the detrusor. 
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al., 2006: Hegde et al., 1997; Hegde, 2006, Anders-
son, 2011]. Inhibitory pre-junctional muscarinic re-
ceptors have been classified as M2 in the rabbit and 
rat, and M4 in the guinea-pig, rat and human (d´Agos-
tini et al., 1997; see Andersson, 2011) bladder.  
These receptors appear to be of the M1 subtype in 
the rat and rabbit urinary bladder, but have also been 
detected in human bladders. The muscarinic facilita-
tory mechanism seems to be upregulated (M3 recep-
tors) in overactive bladders from chronic spinal cord 
transected rats.   

Apparently, most muscarinic receptors in the bladder 
are found on the smooth muscle cells of the detrusor. 
While the detrusor expresses far more M2 than M3 re-
ceptors, it appears that detrusor contraction under 
physiological conditions is largely if not exclusively 
mediated by the M3 receptor [Hegde et al., 1997; 
Chess-Williams et al., 2001; Fetscher et al., 2002; 
Kories et al., 2003; Schneider et al., 2004a; b]. 
Studies in knock-out mice confirm this conclusion 
[Matsui et al., 2000; 2002; Stengel et al., 2002; Ehlert 
et al., 2007]. Under physiological conditions M2 re-
ceptor-selective stimulation causes little contraction 
[Schneider et al., 2005a], but rather appears to act 
mainly by inhibiting β-adrenoceptor-mediated detru-
sor relaxation [Hegde et al., 1997; Ehlert et al., 2007; 
Matsui et al., 2003]. It has been proposed that M2 re-
ceptors can also directly elicit bladder contraction un-
der pathological conditions [Braverman et al., 1998a, 
b; 2002; 2003; 2006; Pontari et al., 2003] , but such 
observations have not been confirmed by other inves-
tigators using distinct methodological approaches 
[Schneider et al., 2005a; b]. 

Based upon the prototypical signalling pathway of M3 
receptors [Cauldfield and Birdsall, 1998] and the 
presence of phospholipase C stimulation by musca-
rinic agonists in the bladder [Kories et al., 2003; 
Schneider et al., 2005a] it had originally been be-
lieved that muscarinic receptor-mediated contraction 
is largely mediated by an activation of phospholipase 
C [Ouslander, 2004]. While some earlier data had 
supported this concept, it now appears clear that, at 
least in rat, mice and humans, muscarinic receptor-
mediated bladder contraction occurs largely inde-
pendent of phospholipase C [Schneider et al., 2004a; 
b; Wegener et al., 2004; Frazier et al., 2007]. Rather, 
alternative signalling pathways such as opening of L-
type calcium channels and activation of a rho-kinase 
(Figure 6) appear to contribute to muscarinic recep-
tor-mediated bladder contraction in a major way [Fra-
zier et al., 2008]. More recently, muscarinic receptors 
have also been identified in the urothelium [Chess-
Williams, 2002; Kumar et al., 2005]. Similarly to the 
findings in bladder smooth muscle, the muscarinic re-
ceptors in the urothelium mainly belong to the M2 and 
M3 subtype, with the former dominating quantitatively 
[Mansfield et al., 2005; Bschleiper et al., 2007]. At 
present the functional role of muscarinic receptors in 
the urothelium has largely been studied indirectly, i.e. 
by investigating the effects of urothelium removal or 
of administration of pharmacological inhibitors. These 
data indicate that muscarinic stimulation of the 

urothelium causes release of an as yet unidentified 
factor which inhibits detrusor contraction [Hawthorn 
et al., 2000; Wuest et al., 2005; Sadananda et al., 
2008]. Some data indicate that muscarinic receptors 
in the urothelium may partly act by releasing nitric ox-
ide (NO) [Andersson et al., 2008]. Muscarinic recep-
tor blockade in urothelial cells may also reduce ATP 
release induced by strech [Young et al., 2012]. Thus, 
it appears that muscarinic receptors in the urothelium 
also contribute to the regulation of overall bladder 
function but their specific roles in health and disease 
have not been fully established.   

Assuming an involvement of muscarinic receptors in 
physiological voiding contractions of the bladder, nu-
merous studies have explored whether an overactiv-
ity of the muscarinic system may play a causative role 
in bladder dysfunction. This could involve, e.g., an en-
hanced expression of such receptors and/or an in-
creased functional responsiveness. In vitro, an in-
creased sensitivity to muscarinic receptor stimulation 
was found in both idiopathic and neurogenic overac-
tive human detrusors [Stevens et al. 2006]. However, 
according to Michel and Barendrecht [2008] the over-
all balance of available studies suggests that the 
muscarinic receptor system is not hyperactive under 
conditions of DO and, if anything, can be even hypo-
active [Michel and Barendrecht, 2008b]. This does 
not exclude a contribution to DO of ACh and musca-
rinic receptor stimulation during bladder filling (see 
below). It appears that the contribution of muscarinic 
mechanisms to the overall regulation of bladder con-
tractility decreases in favour of non-cholinergic mech-
anisms under pathological conditions [Yoshida et al., 
2001; 2008; Rapp et al., 2005]. These observations 
may help to explain the moderate efficacy of musca-
rinic receptor antagonists relative to placebo in con-
trolled clinical studies [Herbison et al., 2003; Chapple 
et al., 2005; 2008; Novara et al., 2008; Shamliyan et 
al., 2008; Buser et al., 2012]. 
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 DRUGS USED FOR 
TREATMENT OF OVERACTIVE 

BLADDER 
SYMPTOMS/DETRUSOR 

OVERACTIVITY 

It has been estimated that more than 50 million peo-
ple in the developed world are affected by urinary in-
continence, and an abundance of drugs has been 

used for treatment (Table 2). Helfand and co-workers 
showed that in a cohort of 7,244,501 patients over 45 
years with an OAB diagnosis, 24.4% of these were 
treated mainly with antimuscarinic agents; 75.6% 
went untreated. Only 25.6% of those treated were 
men. (Helfand et al., 2010). As underlined by several 
other subcommittees, drugs may be efficacious in 
some patients, but they do have side effects, and fre-
quently are not continued indefinitely. Hence it would 
be worth considering them as an adjunct to conserva-
tive therapy.   

Table 2: Drugs used in the treatment of LUTS/OAB/ DO. Assessments according to the Oxford system (mod-
ified) 

 Level of Evidence  Grade of Recommendation 

Antimuscarinic drugs 

Atropine, hyoscyamine  3 C 

Darifenacin  1 A 

Fesoterodine  1 A 

Imidafenacin 1 A 

Propantheline  2 B  

Solifenacin  1 A 

Tolterodine  1 A 

Trospium  1 A 

Drugs with mixed actions 

Oxybutynin  1 A 

Propiverine  1 A 

Flavoxate  2 D 

Drugs acting on membrane channels   

Calcium antagonists  2 D 

K-Channel openers  2 D 

Antidepressants 

Imipramine  3 C 

Duloxetine  2 C 

Alpha-AR antagonists 

Alfuzosin  3 C 

Doxazosin  3 C 

Prazosin  3 C 

Terazosin  3 C 

Tamsulosin 3 C 

Silodosin 3 C 

Naftopidil 3 C 

haode
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 Level of Evidence  Grade of Recommendation 

Beta-AR antagonists 

Terbutaline (beta 2)  3 C 

Salbutamol (beta 2) 3 C 

Mirabegron (beta 3)  1 A 

PDE-5 Inhibitors+   

(Sildenafil, Taladafil, Vardenafil)  1 B 

COX-inhibitors 

Indomethacin  2 C 

Flurbiprofen  2 C 

Toxins 

Botulinum toxin (neurogenic)***  1 A 

Botulinum toxin (idiopathic)***  1 A 

Capsaicin (neurogenic)**  2 C 

Resiniferatoxin (neurogenic)**  2 C 

Other drugs 

Baclofen*  3 C 

Hormones 

Estrogen  2 C 

Desmopressin#  1 A 

+(male LUTS/OAB); * intrathecal; ** intravesical; *** bladder wall; #nocturia (nocturnal polyuria), caution hy-
ponatremia, especially in the elderly! 

1. ANTIMUSCARINIC 
(ANTICHOLINERGIC) DRUGS 

Mechanism of action. Antimuscarinics block, more or 
less selectively, muscarinic receptors irrespective of 
location [Abrams and Andersson, 2007; Andersson, 
2011a; Sellers and Chess-Williams, 2012] (Figure 7). 
The common view is that in OAB/DO, the drugs act 
by blocking the muscarinic receptors on the detrusor 
muscle, which are stimulated by ACh, released from 
activated cholinergic (parasympathetic) nerves. 
Thereby, they decrease the ability of the bladder to 
contract. However, antimuscarinic drugs act mainly 
during the storage phase, decreasing urgency and in-
creasing bladder capacity, and during this phase, 
there is normally no parasympathetic input to the 
lower urinary tract [Andersson, 2004, 2011b]. Fur-
thermore, antimuscarinics are usually competitive an-
tagonists. 

This implies that when there is a massive release of 
ACh, as during micturition, the effects of the drugs 
should be decreased, otherwise the reduced ability of 
the detrusor to contract would eventually lead to uri-

nary retention. Undeniably, high doses of antimusca-
rinics can produce urinary retention in humans, but in 
the dose range used for beneficial effects in OAB/DO 
(Figure 8), there is little evidence for a significant re-
duction of the voiding contraction [Finney et al., 
2006]. However, there is good experimental evidence 
that the drugs act during the storage phase by de-
creasing the activity in afferent nerves (both C- and 
Aδ -fibres) from the bladder [De Laet et al., 2006; 
Ijima et al., 2007] (Figure 9). 

As mentioned previously, muscarinic receptors are 
found on bladder urothelial cells where their density 
can be even higher than in detrusor muscle. The role 
of the urothelium in bladder activation has attracted 
much interest [Andersson, 2002a; Birder and de 
Groat, 2007, Birder and Andersson, 2013], but 
whether the muscarinic receptors on urothelial cells 
can influence micturition has not yet been estab-
lished. Yoshida and colleagues [2004; 2006; 2008] 
found that there is basal ACh release in human blad-
der. This release was resistant to tetrodotoxin and 
much diminished when the urothelium was removed; 
thus, the released ACh was probably of non-neuronal 
origin and, at least partly, generated by the urothe-
lium. There is also indirect clinical evidence for re-
lease of ACh during bladder filling. Smith et al. [1974] 

haode
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found that in patients with recent spinal-cord injury, 
inhibition of ACh breakdown by use of cholinesterase 
inhibitors could increase resting tone and induce 
rhythmic contractions in the bladder. Yossepowitch et 
al. [2001] inhibited ACh breakdown with edrophonium 
in a series of patients with disturbed voiding or urinary 
incontinence. They found a significant change in sen-
sation and decreased bladder capacity, induction or 
amplification of involuntary detrusor contractions, or 
significantly decreased detrusor compliance in 78% 
of the patients with the symptom pattern of overactive 
bladder, but in no patients without specific complaints 
suggesting DO. Thus, during the storage phase, ACh 
and ATP may be released from both neuronal and 
non-neuronal sources (eg, the urothelium) and di-
rectly or indirectly (by increasing detrusor smooth 
muscle tone excite afferent nerves in the suburothe-
lium and within the detrusor. These mechanisms may 
be important in the pathophysiology of OAB/DO and 
represent possible targets for antimuscarinic drugs. 

Pharmacologic properties. Generally, antimusca-
rinics can be divided into tertiary and quaternary 
amines [Guay, 2003; Abrams and Andersson, 2007]. 
They differ with regards to lipophilicity, molecular 
charge, and even molecular size, tertiary compounds 
generally having higher lipophilicity and molecular 
charge than quaternary agents. Atropine, darifenacin, 
fesoterodine (and its active metabolite 5-hydroxyme-
thyl-tolterodine), oxybutynin, propiverine, solifenacin, 
and tolterodine, are tertiary amines. They are gener-
ally well absorbed from the gastrointestinal tract and 

should theoretically be able to pass into the CNS, de-
pendent on their individual physicochemical proper-
ties. High lipophilicity, small molecular size, and less 
charge will increase the possibilities to pass the blood 
brain barrier, but in some cases, such as darifenacin, 
that is compensated by active transport out of the 
CNS by the product of the MDR1 gene. Quaternary 
ammonium compounds, like propantheline and tro-
spium, are not well absorbed, pass into the CNS to a 
limited extent, and have a low incidence of CNS side 
effects [Guay, 2003]. They still produce well-known 
peripheral antimuscarinic side effects, such as ac-
commodation paralysis, constipation, increases in 
heart rate, and dryness of mouth. 

Many antimuscarinics are metabolized by the P450 
enzyme system to active and/or inactive metabolites 
[Guay, 2003]. The most commonly involved P450 en-
zymes are CYP2D6, and CYP3A4. The metabolic 
conversion creates a risk for drug-drug interactions, 
resulting in either reduced (enzyme induction) or in-
creased (enzyme inhibition, substrate competition) 
plasma concentration/effect of the antimuscarinic and 
/or interacting drug. Antimuscarinics secreted by the 
renal tubules (eg trospium) may theoretically be able 
to interfere with the elimination of other drugs using 
this mechanism. Some antimuscarinics and their ac-
tive metabolites are excreted in urine in amounts that 
may affect the mucosal muscarinic receptors from the 
luminal side. This has not yet been demonstrated to 
imply superior clinical efficacy [Andersson et al., 
2008b]. 

 
Figure 7: Important sites of action of antimuscarinics. 
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Antimuscarinics are still the most widely used treat-
ment for urgency and urgency incontinence [Anders-
son, 2004, Andersson et al., 2009]. However, cur-
rently used drugs lack selectivity for the bladder, and 
effects on other organ systems may result in side ef-
fects, which limit their usefulness. For example, all 
antimuscarinic drugs are contraindicated in untreated 
narrow angle glaucoma. 

Theoretically, drugs with selectivity for the bladder 
could be obtained, if the subtype(s) mediating bladder 
contraction, and those producing the main side ef-
fects of antimuscarinic drugs, were different. Unfortu-
nately, this does not seem to be the case. One way 
of avoiding many of the antimuscarinic side effects is 
to administer the drugs intravesically. However, this 
is practical only in a limited number of patients. 

Several antimuscarinic drugs are and have been 
used for treatment of OAB/DO. For some of them, 
documentation of effects is not based on randomized 
controlled trials (RCTs) satisfying currently required 
criteria, and some drugs can be considered as obso-
lete (e.g., emepronium). Information on these drugs 
has not been included, but can be found elsewhere 
[Andersson, 1988; Andersson et al., 1999].   

1.1. Antimuscarinics with "Specific" Action 
Below data on the different antimuscarinics are pre-
sented. These drugs are assumed to block only mus-
carinic receptors (motivating the term "specific"). The 
amount of information for the individual drugs varies, 
and so does the degree of details from the different 
studies presented. However, the information has 
been chosen to give a reasonable efficacy and ad-
verse effect profile of each individual drug.   

1.1.1 Atropine Sulfate 
Atropine (dl-hyoscyamine) is rarely used for treat-
ment of OAB/DO because of its systemic side effects, 
which preclude its use as an oral treatment. However, 
in patients with neurogenic DO, intravesical atropine 

may be effective for increasing bladder capacity 
without causing any systemic adverse effects, as 
shown in open pilot trials [Ekström et al., 1992; Glick-
man et al., 1995; Deaney et al., 1998; Enskat et al., 
2001; Fader et al 2007]. It appears that intravesical 
atropine may be as effective as intravesical oxy-
butynin in patients with neurogenic DO [Fader et al., 
2007].  

The pharmacologically active antimuscarinic compo-
nent of atropine is l-hyoscyamine. Although still 
used, few clinical studies are available to evaluate 
the antimuscarinic activity of l-hyoscyamine sulfate 
[Muskat et al., 1996]. For assessment, see Table 2. 

1.1.2 Darifenacin Hydrobromide 
Darifenacin is a tertiary amine with moderate lipo-
philicity, well absorbed from the gastrointestinal tract 
after oral administration, and extensively metablised 
in the liver by the cytochrome P450 isoforms 
CYP3A4 and CYP2D6, the latter saturating within 

the therapeutic range [Skerjanec, 2006]. UK-148,993, 
UK-73,689, and UK-88862 are the three main circu-
lating darifenacin metabolites of which only UK-
148,993 is said to have significant anti-muscarinic ac-
tivity. However, available information suggests that 
various metabolites of darifenacin contribute little to 
its clinical effects [Michel and Hegde, 2006]. The me-
tabolism of darifenacin by CYP3A4 suggests that co-
administration of a potent inhibitor of this enzyme 

 
Figure 8: Rationale for use of antimuscarinics for 
treatment of OAB/DO. Blockade of muscarinic re-
ceptors at both detrusor and nondetrusor sites may 
prevent OAB symptoms and DO without depressing 
the contraction during voiding. The "Therapeutic 
window for OAB" can be obtained in most patients 
with recommended doses of antimuscarinics 

 
Figure 9: Effects of darifenacin on volume-related 
nerve activity in Aδ afferents (A) and C afferents (B) 
in the rat pelvic nerve. From Iijima et al. Eur Urol. 
2007 Sep;52(3):842 
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(e.g. ketoconazole) may lead to an increase in the cir-
culating concentration of darifenacin [Kerbusch et al., 
2003].   

Darifenacin is a relatively selective muscarinic M3 re-
ceptor antagonist. In vitro, it is selective for human 
cloned muscarinic M3 receptors relative to M1, M2, M4 
or M5 receptors. Theoretically, drugs with selectivity 
for the M3 receptor can be expected to have clinical 
efficacy in OAB/DO with reduction of the adverse 
events related to the blockade of other muscarinic re-
ceptor subtypes [Andersson, 2002b]. However, the 
clinical efficacy and adverse effects of a drug are de-
pendent not only on its profile of receptor affinity, but 
also on its pharmacokinetics, and on the importance 
of muscarinic receptors for a given organ function.  

Darifenacin has been developed as a controlled-re-
lease formulation, which allows once-daily dosing. 
Recommended dosages are 7.5 and 15 mg per day. 
The clinical effectiveness of the drug has been docu-
mented in several RCTs [Haab et al., 2004; Cardozo 
and Dixon 2005; Steers et al., 2005; Chapple et al., 
2005; Foote et al., 2005; Hill et al., 2006; Haab et al., 
2006; Zinner et al., 2006, Chapple et al., 2007; 
Abrams et al., 2008, Chancellor et al., 2008; Dwyer et 
al., 2008; for reviews, see Guay, 2005; Zinner, 2007; 
Novara et al., 2008; Chapple et al., 2008b].  Haab et 
al. [2004] reported a multicentre, double-blind, pla-
cebo-controlled, parallel-group study which enrolled 
561 patients (19−88 years; 85% female) with OAB 
symptoms for more than 6 months, and included 
some patients with prior exposure to antimuscarinic 
agents. After washout and a 2-week placebo run-in, 
patients were randomised (1:4:2:3) to once-daily oral 
darifenacin controlled-release tablets: 3.75 mg 
(n=53), 7.5 mg (n=229) or 15 mg (n=115) or matching 
placebo (n=164) for 12 weeks. Patients recorded 
daily incontinence episodes, micturition frequency, 
bladder capacity (mean volume voided), frequency of 
urgency, severity of urgency, incontinence episodes 
resulting in change of clothing or pads and nocturnal 
awakenings due to OAB using an electronic diary dur-
ing weeks 2, 6 and 12 (directly preceding clinic visits). 
Tolerability data were evaluated from adverse event 
reports. Darifenacin 7.5 mg and 15 mg had a rapid 
onset of effect, with significant improvement com-
pared with placebo being seen for most parameters 
at the first clinic visit (week 2). Darifenacin 7.5 mg and 
15 mg, respectively, was significantly superior to pla-
cebo for (median) improvements in micturition fre-
quency (7.5 mg: -1.6; 15 mg: -1.7; placebo -0.8, fre-
quency of urgency per day (-2.0; -2.0; -0.9), and num-
ber of incontinence episodes leading to a change in 
clothing or pads (-4.0; -4.7; -2.0). There was no sig-
nificant reduction in nocturnal awakenings due to 
OAB. The most common adverse events were mild-
to-moderate dry mouth and constipation with a CNS 
and cardiac safety profile comparable to placebo. No 
patients withdrew from the study as a result of dry 
mouth and discontinuation related to constipation 
was rare (0.6% placebo versus 0.9% darifenacin). 

In a dose titration study on 395 OAB patients, darif-
enacin, allowing individualized dosing (7.5 or 15 mg), 
was found to be effective and well-tolerated [Steers 
et al., 2005]. A 2-year open label extension study of 
these investigations [i.e., Haab et al., 2004; Steers et 
al., 2005], confirmed a favorable efficacy, tolerability 
and safety profile [Haab et al., 2006].  

A review of the pooled darifenacin data from the three 
phase III, multicentre, double blind clinical trials in pa-
tients with OAB was reported by Chapple et al. [2005] 
After a 4-week washout/run-in period, 1,059 adults 
(85% female) with symptoms of OAB (urgency incon-
tinence, urgency and frequency) for at least 
six months were randomized to once-daily oral treat-
ment with darifenacin: 7.5 mg (n = 337) or 15 mg (n = 
334) or matching placebo (n = 388) for 12 weeks. Ef-
ficacy was evaluated using electronic patient diaries 
that recorded incontinence episodes (including those 
resulting in a change of clothing or pads), frequency 
and severity of urgency, micturition frequency, and 
bladder capacity (volume voided). Safety was evalu-
ated by analysis of treatment-related adverse events, 
withdrawal rates and laboratory tests. Relative to 
baseline, 12 weeks of treatment with darifenacin re-
sulted in a dose-related significant reduction in me-
dian number of incontinence episodes per week 
(7.5 mg, –8.8 [–68.4%; placebo -54%, P<004]; 
15 mg, –10.6 [–76.8%; placebo 58%, p<0.001]. Sig-
nificant decreases in the frequency and severity of ur-
gency, micturition frequency, and number of inconti-
nence episodes resulting in a change of clothing or 
pads were also apparent, along with an increase in 
bladder capacity. Darifenacin was well tolerated. The 
most common treatment-related adverse events were 
dry mouth and constipation, although together these 
resulted in few discontinuations (darifenacin 7.5 mg 
0.6% of patients; darifenacin 15 mg 2.1%; placebo 
0.3%). The incidence of CNS and cardiovascular ad-
verse events were comparable to placebo. The re-
sults were confirmed in other RCTs, including also a 
pooled analysis of three phase III studies in older pa-
tients (>65 years), showing that darifenacin (7.5 and 
15 mg) had an excellent efficacy, tolerability and 
safety profile [Foote et al., 2005, Zinner et al., 2005; 
Hill et al. 2006]. 

The time-to effect with darifenacin was analysed in a 
pooled analysis of efficacy and safety data from 1,059 
patients participating in three double-blind 12-week 
studies Khullar et al [2011]. Darifenacin significantly 
improved all OAB symptoms as early as 6 to 8 days.  

One of the most noticeable clinical effects of antimus-
carinics is their ability to reduce urgency and allow 
patients to postpone micturition. A study was con-
ducted to assess the effect of darifenacin, on the 
‘warning time’ associated with urinary urgency. This 
was a multicenter, randomized, double-blind, pla-
cebo-controlled study consisting of 2 weeks’ wash-
out, 2 weeks’ medication-free run-in and a 2-week 
treatment phase [Cardozo and Dixon, 2005]. Warning 
time was defined as the time from the first sensation 
of urgency to voluntary micturition or incontinence 
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and was recorded via an electronic event recorder at 
baseline (visit 3) and study end (visit 4) during a 6-
hour clinic-based monitoring period, with the subject 
instructed to delay micturition for as long as possible. 
During each monitoring period, up to three urgency-
void cycles were recorded. Of the 72 subjects who 
entered the study, 67 had warning time data recorded 
at both baseline and study end and were included in 
the primary efficacy analysis (32 on darifenacin, 35 
on placebo). Darifenacin treatment resulted in a sig-
nificant (p<0.004) increase in mean warning time with 
a median increase of 4.3 minutes compared with pla-
cebo (darifenacin group from 4.4 to 1.8 minutes; pla-
cebo from 7.0 to -1.0 minutes). Overall, 47% of darif-
enacin-treated subjects compared with 20% receiving 
placebo achieved a ≥30% increase in mean warning 
time. There were methodological problems associ-
ated with this study; it utilized a dose of 30 mg (higher 
than the dose recommended for clinical use), the 
treatment period was short, it was conducted in a clin-
ical-centred environment, the methodology carried 
with it a significant potential training effect, and the 
placebo group had higher baseline values than the 
treatment group. In another warning time study [Zin-
ner et al., 2006] on 445 OAB patients, darifenacin 
treatment (15 mg) resulted in numerical increases in 
warning time, however, these were not significant 
compared to placebo. 

Further studies have demonstrated that darifenacin 
treatment is associated with clinically relevant im-
provements on health related quality of life (HRQoL) 
in patients with OAB [Abrams et al., 2008], and such 
improvements were sustained as shown in a two-year 
extension study [Dwyer et al., 2008]. It was shown 
that neither the positive effects on micturition varia-
bles, nor on HRQoL produced by darifenacin (7.5 and 
15 mg) were further enhanced by a behavioural mod-
ification programme including timed voiding, dietary 
modifications and Kegel exercises [Chancellor et al., 
2008a].  

Since darifenacin is a substrate for the P-glycoprotein 
drug efflux transporter [Miller et al., 2011; Chancellor 
et al., 2012], which is present both in the blood-brain 
and blood-ocular barriers, several clinical studies 
have been devoted to investigate possible effect of 
darifenacin on cognition. Neither in healthy volun-
teers (19-44 years) and healthy subjects (>60 years), 
nor in volunteers 65 years or older, could any effect 
of darifenacin (3.75-15mg daily) be demonstrated, 
compared to placebo [Kay and Wesnes, 2005; Lipton 
et al., Kay et al., 2006; Kay and Ebinger 2008; Chan-
cellor et al., 2012].  

To study whether darifenacin had any effect on 
QT/QTc intervals [Serra et al., 2005] performed a 7-
day, randomized, parallel-group study (n = 188) in 
healthy volunteers receiving once-daily darifenacin at 
steady-state therapeutic (15 mg) and supratherapeu-
tic (75 mg) doses, alongside controls receiving pla-
cebo or moxifloxacin (positive control, 400 mg) once 
daily. No significant increase in QTcF interval could 
be demonstrated compared with placebo. Mean 

changes from baseline at pharmacokinetic Tmax ver-
sus placebo were –0.4 and –2.2 milliseconds in the 
darifenacin 15mg and 75 mg groups, respectively, 
compared with +11.6 milliseconds in the moxifloxacin 
group (P < .01). The conclusion was that darifenacin 
does not prolong the QT/QTc interval. 

Darifenacin 15 mg per day given to healthy volun-
teers did not change heart rate significantly compared 
to placebo [Olshansky et al., 2008]. 

The impact of darifenacin on constipation has been 
assessed in an analysis of the Phase III, IIIb and IV 
darifenacin published trials [Tack et al., 2012]. The 
pooled Phase III data, suggested 14.8% (50/337) of 
patients on darifenacin 7.5 mg/day and 21.3% 
(71/334) on 15 mg/day experienced constipation. 
Only 0.6% and 1.2% of patients taking darifenacin 
7.5mg/day and 15mg /day, respectively, stopped 
treatment as a result of constipation. Furthermore, 
3.3% [11/337] and 6.6% [22/334], in the darifenacin 
7.5 mg/day and 15 mg/day, groups required concom-
itant laxative medications. At the end of a long-term 
study (2 years), the incidence of constipation was 
20.9% (150/716) and 5.6% (40/716) of patients initi-
ated use of fiber supplements, stool softeners or lax-
atives [Tack et al. 2012]. 

Assessment 

Darifenacin has a well-documented beneficial effect 
in OAB/DO (Table 2), and tolerability and safety 
seems acceptable.   

1.1.3 Fesoterodine Fumarate 
Fesoterodine functions as an orally active prodrug 
that is converted to the active metabolite 5-hy-
droxymethyltolterodine (5-HMT) by non-specific es-
terases [Michel, 2008a; Malhotra et al., 2009a]. This 
compound, which is chemically identical to the 5-hy-
droxy metabolite of tolterodine, is a non-subtype se-
lective muscarinic receptor antagonist [Ney et al., 
2008]. All of the effects of fesoterodine in man are 
thought to be mediated via 5-HMT, since the parent 
compound remains undetectable upon oral dosing. 5-
HMT is metabolized in the liver, but a significant part 
of 5-HMT is excreted renally without additional me-
tabolism.  Since the renal clearance of 5-HMT is 
about 250 mL/min, with >15% of the administered 
fesoterodine dose excreted as unchanged 5-HM, this 
raises the possibility that 5-HMT also could work from 
the luminal side of the bladder [Michel, 2008]. The bi-
oavailability of fesoterodine, averaging 52%, was in-
dependent of food intake and the drug may be taken 
with or without a meal [Malhotra et al., 2009b]. Peak 
plasma concentration of 5-HMT is reached at 5 h fol-
lowing oral administration and has a half-life of 7–9 h 
[Malhotra et al., 2008]. The suggested starting dose, 
4 mg/day, can be used in patients with moderately 
impaired renal or hepatic function due to the combi-
nation of renal excretion and hepatic metabolism of 
5-HMT [Malhotra et al., 2009c; de Mey et al., 2011]. 
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The clinical efficacy and tolerability of fesoterodine 
have been documented in several RCTs [Chapple et 
al., 2007; 2008c¸Nitti et al., 2007; Dmochowski et al., 
2010a; Herschhorn et al., 2010; Kaplan et al., 2011; 
Nitti et al., 2010; see Dell'Utri et al., 2012].  In a mul-
ticenter, double-blind, double-dummy RCT with tolter-
odine ER, 1132 patients were enrolled and received 
treatment [Chapple et al., 2007]. The trial showed that 
both the 4 and 8 mg doses of fesoterodine were ef-
fective in improving symptoms of OAB, with the 8 mg 
dose having a greater effect at the expense of a 
higher rate of dry mouth. There appeared to be little 
difference between fesoterodine 4 mg and tolterodine 
ER. Only one subject from the fesoterodine 8 mg 
group and one subject from the tolterodine ER group 
withdrew from the study due to dry mouth. The dose-
response relationship was confirmed in another study 
that pooled data from two phase III RCTs [Khullar et 
al., 2008]. Fesoterodine 8 mg performed better than 
the 4 mg dose in improving urgency and UUI as rec-
orded by 3-day bladder diary, offering the possibility 
of dose titration. Subsequently the Eight Trial, a large 
randomised double blind placebo controlled trial com-
pared fesoterodine 8 and 4mgs (n=1745; who com-
pleted the study) (Chapple et al., 2014). At 12 weeks 
UUI, urgency, micturition frequency, diary dry rates, 
PPBC, UPS and OAB-q scores were significantly bet-
ter with fesoterodine 8mg compared to 4mg or pla-
cebo. Dry mouth and constipation rates were 26.1% 
and 4%, 12.9% and 1.5%, 3.4% and 1.8% in the fes-
oterdoine 8mg, 4mg and placebo groups, respec-
tively (Chapple et al., 2014).    

A head to head placebo controlled trial has been com-
pleted comparing fesoterodine 8mg to tolterodine ex-
tended release 4mg and placebo [Herschorn et al., 
2010]. The study randomized 1,590 patients to as-
sess the primary outcome of reduced urgency incon-
tinence episodes at 12 weeks.  Fesoterodine pro-
duced statistically significant improvements in ur-
gency incontinence episodes, complete dry rates 
(64.0% vs. 57.2%, p = 0.015), mean voided volume 
per void (+32.9 ml vs. +23.5 ml, p = 0.005), and in 
patients’ assessments of bladder related problems as 
measured by OAB questionnaire (except sleep do-
main), Patient Perception of Bladder Condition (40% 
vs. 33% with > 2 point improvement, p < 0.001), and 
Urgency Perception Scale (46% vs. 40% with im-
provement, p = 0.014) compared with tolterodine.  
The clinical significance of these statistically signifi-
cant findings is questionable as there was no differ-
ence between agents with respect to number of mic-
turitions, urgency episodes, and frequency-urgency 
sum per 24 hours.  The improved efficacy of fesoter-
odine came at the cost of greater dry mouth (27.8% 
vs. 16.4%), headache (5.6% vs. 3.4 %), constipation 
(5.4% vs. 4.1%), and withdrawal rates (6% vs. 4%).  
Nonetheless, this first head to head trial comparing 
two drugs in class supports the use of fesoterodine 
8mg for additional benefit over tolterodine ER 4 mg.    

Wyndaele et al. [2009] reported the first flexible-dose 
open-label fesoterodine trial, which was conducted at 
80 different centres worldwide and comprised 516 

participants (men and women) >18 years who self-
reported OAB symptoms for at least 3 months before 
screening and had been treated with either toltero-
dine or tolterodine ER within 2 years without symptom 
improvement. Approximately 50% opted for dose es-
calation to 8 mg at week 4. Significant improvements 
from baseline to week 12 were observed in micturi-
tions, urgency urinary incontinence episodes, mictu-
rition-related urgency episodes and severe micturi-
tion-related urgency episodes per 24 h. Significant 
improvements from baseline were observed in QoL 
parameters. Dry mouth (23%) and constipation (5%) 
were the most common adverse events; no safety is-
sues were identified. 

The largest double-blind, double-dummy, flexible-
dose fesoterodine RCT, which was conducted at 210 
different centres with a total of 2,417 patients en-
rolled, was performed by Kaplan et al. [2010]. All pa-
tients were healthy, >18 years of age and self-re-
ported OAB symptoms for at least 3 months. The 960 
patients who received fesoterodine 8 mg showed sig-
nificantly greater mean improvements at week 12 in 
most efficacy parameters (diary variables) than those 
receiving either tolterodine ER or placebo; UUI and 
urgency episodes, micturition frequency and MVV. 
No statistically significant changes were shown in re-
duction of nocturnal micturitions compared with the 
tolterodine group, whereas when comparing the 
mean changes in nighttime micturition with the pla-
cebo group a significant difference was found. This 
phase III study confirmed the superiority of fesotero-
dine 8 mg over tolterodine ER 4 mg for improving of 
UUI and urgency episodes and 24-h micturitions but 
not for MVV and nocturia.  In another RCT of flexible-
dose fesoterodine, Dmchowski et al. [2010] reported 
statistically significant improvements at week 12 in 
the mean number of micturition per 24 h and in both 
UUI and urgency episodes. Between groups, differ-
ence in nocturnal micturition was not statistically sig-
nificant. 

A subsequent pooled analysis of 2 phase III trials con-
firmed superiority of fesoterodine 8mg to tolterodine 
ER 4mg [Ginsberg et al., 2013]. In women fesotero-
dine 8mg was superior to tolterodine at 12 weeks in 
UUI, urgency, micturition episodes, diary dry rates, 
PPBC, UPS and OAB-q scores. In men superiority 
with fesoterodine 8mg was only demonstrated for se-
vere urgency and the symptom bother domain of the 
OAB-q. In women, dry mouth rates were 29%, 15%, 
6%, constipation rates were 5%, 4%, 2%, urinary re-
tention rates were <1%, <1%, 0% for fesoterdoine 
8mg, tolterodine ER 4mg and placebo, respectively. 
In men, dry mouth rates were 21%, 13%, 5%, consti-
pation rates were 5%, 3%, 1% and urinary retention 
rates were 2%, <1%, 2% for fesoterdoine 8mg, tolter-
odine ER 4mg and placebo, respectively [Ginsberg et 
al., 2013]. 

Kaplan et al. [2014] assessed fesoterodine 8mg and 
placebo in patients who had not responded to tolter-
odine ER 4mg (<50% reduction in UUI). At week 12 
UUI and urgency episodes were significantly better in 
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the fesoterodine group but micturition episodes and 
diary dry rates were statistically no different com-
pared to placebo. Patients with > 50% and >70% UUI 
episodes were greater in the fesoterodine 8mg group 
at 8 weeks. Furthermore, at 12 weeks, improvements 
in favor of fesoterodine compared to placebo were 
seen in PPBC, UPDS and OAB-q. Dry mouth and 
constipation were seen in 16.6 and 3.9% in the feso-
terodine group and 4 and 1.3% in the placebo group, 
respectively [Kaplan et al., 2014]. 

Little is known on the impact of antimuscarinics on 
nocturnal urgency. Weiss et al. [2013], explored this 
is a multi-center randomized double blind placebo 
controlled 12-week flexible dosing trial in the US.  In 
the fesoterodine group 61% were escalated at the cli-
nicians’ discretion to the 8mg dose. Nocturnal ur-
gency episodes (-1.28 vs -1.07), nocturnal micturition 
episodes, nocturnal frequency-urgency sum (urgency 
sensations were rated on a 1-5 scale), were signifi-
cantly better in the fesoterodine group. Interestingly, 
UUI per 24 hours was not statistically different be-
tween fesoterodine and placebo in this trial and the 
authors acknowledge there is no minimally important 
difference in nocturnal urgency episodes to ascertain 
clinical significance definitively. However, in an Asian 
post-hoc analysis of a double-blind placebo con-
trolled trial of fesoterodine 4 and 8 mg involving 555 
patients, fesoterodine was not statistically better than 
placebo in reducing nocturnal micturition episodes at 
12 weeks [Yokoyama et al. 2014]. If patients with a 
nocturnal polyuris index of > 33% were excluded, fes-
oterodine 8mg was statistically better than placebo in 
reducing nocturnal micturition episodes. Undisturbed 
sleep increased in both fesoterodine arms (4mg – 80 
minutes; 8mg – 74 minutes) but was only statistically 
significant in the 4mg dose compared with placebo 
(54 minutes). Significant improvements in the sleep / 
energy domain of the KHQ was seen in both fesoter-
odine groups compared to placebo. 

Nitti et al. [2010] determined whether the presence of 
DO in patients with OAB and urgency urinary inconti-
nence was a predictor of the response to treatment 
with fesoterodine in a phase 2 randomized, multicen-
tre, placebo-controlled trial. They concluded that re-
gardless of the presence of DO, the response to fes-
oterodine treatment was dose-proportional and asso-
ciated with significant improvements in OAB symp-
toms, indicating that the response to OAB pharma-
cotherapy in patients with UUI was independent of 
the urodynamic diagnosis of DO. 

Kelleher et al. [2008] evaluated the effect of fesotero-
dine on HRQoL in patients with OAB syndrome. 
Pooled data from two randomized placebo-controlled 
phase III studies [Chapple et al., 2007; Nitti et al., 
2007] were analysed. Eligible patients were random-
ized to placebo or fesoterodine 4 or 8 mg for 12 
weeks; one trial also included tolterodine extended 
release (tolterodine-ER) 4 mg. By the end of treat-
ment, all active-treatment groups had significantly im-
proved HRQoL compared with those on placebo. In a 
post hoc analysis of data pooled from these studies, 

significant improvements in all KHQ domains, ICIQ-
SF scores, and bladder related problems were ob-
served at months 12 and 24 compared to open label 
baseline [Kelleher et al., 2012]. The authors con-
cluded that treatment satisfaction was high through-
out the open-label treatment regardless of gender 
and age. 

A large post marketing study from Korea has con-
firmed the efficacy of fesoterodine in OAB [Kim et al. 
2016]. The mean duration of symptoms was 165 days 
but interestingly, 63% had symptom duration of less 
than a week.  Of the patients included, 92.7% 
(2879/3107), 76.8% (2387/3107), and 37.5% 
(1164/3107) reported having symptoms of urinary fre-
quency, urgency, and UUI, respectively and mean 
fesoterodine treatment duration was 83.2 ± 75.3 
days. Frequency, urgency and UUI per 24 hours de-
clined from 12.1 to 8.0, 3.7 to 1.3, and 1.1 to 0.3, re-
spectively (all p < 0.001). Utilising the PPBC ques-
tionnaire the majority of patients reported their blad-
der condition caused some very minor problems 
(43.0%, 1265/2939) or no problems at all (22.2%, 
651/2939). Adverse events were reported in 8.2%, 
with dry mouth in 5.4% and constipation in 1.5% [Kim 
et al. 2016]. 

Longer term effects were analysed in a pooled analy-
sis of 2 open label extension studies which demon-
strated sustained improvement in OAB with fesotero-
dine [Sand et al. 2012]. Mean duration of exposure 
was 21 months with 51% of patients receiving feso-
terodine for ≥ 24 months. 77% elected to remain on 
fesoteroding 8mg during the open label extension. 
Discontinuations were seen in 51% before the 24-
month visit with insufficient clinical response, adverse 
events or withdrawal of consent being the main rea-
sons for stopping treatment. Significant improve-
ments were seen in UUI, urgency and micturition ep-
siodes over the study period compared to open label 
baseline. The most common adverse events were dry 
mouth and constipation. Significant improvements in 
all KHQ domains (except general health domain), 
ICIQ-SF and perception of bladder related problems 
were seen at 12 and 24 months compared to the open 
label baseline [Kelleher et al. 2012]. During the exten-
sion study treatment satisfaction was seen in 96% 
and 97% at 12 and 24 months, respectively.  

A post-hoc analysis of 2 fixed dose trials, stratified by 
age, suggested fesoterodine 4 and 8 mg doses were 
efficacious compared to placebo in those < 75 years 
of age, but only fesoterodine 8mg in those ≥ 75 years 
of age [Kraus et al. 2010]. As a result, the SOPHIA 
trial recruited patients ≥ 65 years of age with at least 
30% of the population being older than 75 years of 
age, in this flexible fesoterodine dosing placebo con-
trolled study [Wagg et al., 2013]. At week 4, 52% and 
66% opted for dose escalation in the fesoterodine 
4mg and placebo groups, respectively. At week 8 de-
escalation was allowed and occurred in 4% and 3% 
in the fesoterodine and placebo groups, respectively. 
Urgency, severe urgency, micturition and nocturnal 
micturition episodes, as well as pad use significantly 
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improved in the fesoterodine group compared to pla-
cebo at 12 weeks. However, in the 46% who were 
OAB wet no significant difference in UUI episodes 
were demonstrated between the groups. Patient re-
ported outcomes using the TBS, PPBC, UPS, OAB-S 
were significantly greater in the fesoterodine group 
compared to placebo. Age stratification ie less than 
or greater than 75 years of age did not alter the re-
sults. Mini mental state examination did not change 
from baseline to end of study and was not different 
between groups. Dry mouth and constipation rates 
were 33.9% vs 5.3% and 8.9% vs 2.5% in the feso-
terodine and placebo groups, respectively. Central 
nervous system adverse events occurred very rarely 
and 6 patients went into retention (5 in the active 
arm).  The authors concluded that fesoterodine was 
tolerated well and was efficacious in an elderly popu-
lation [Wagg et al., 2013; 2015]).  Subsequently 
Wagg et al. [2014], have published on a 12-week 
open label extension of this trial. Of the original 655 
patients in the SOPHIA trial, 581 completed the open 
label extension with approximately half the population 
being male. Significant improvements were observed 
in bladder diary measures as well as patient reported 
outcome measures in those that originally had pla-
cebo who switched to fesoterodine and efficacy was 
maintained in those that were originally treated with 
fesoterodine by study end. Treatment withdrawal due 
to emergent adverse events were 9.1% in those 
switched to fesoterodine from placebo and 1.3% in 
those that continued with fesoterodine [Wagg et al. 
2014]. Dubeau et al. [2014], looked at the use of fes-
oterodine with dose escalation/de-escalation design 
vs placebo in a vulnerable elderly population with 
complex co-morbidities. Patients had to have moder-
ate bladder problems based on PPBC, UUI 2-15 epi-
sodes, daytime frequency ≥ 8, vulnerable elderly 
score (VES-13) of ≥ 3 and a MMSE ≥ 20.  The pro-
portion of patients who completed the study were sim-
ilar in both groups. Approximately 50% of the popula-
tion were greater than 75 years of age and both 
groups had complex patients with functional impair-
ment and polypharmacy. Significant reductions in 
daytime micturition, daytime and nocturnal urgency, 
UUI episodes per 24 hours and a reduction for the 
need of absorbent products was seen with fesotero-
dine compared to placebo. A greater proportion re-
ported improvements in their bladder condition based 
on PPBC and OAB-q scores and satisfaction were 
better in the fesoterodine group compared to placebo. 
In the fesoterodine group 9.3% vs 5% in the placebo 
group discontinued treatment due to adverse events. 
Dry mouth and constipation rates were 23.5% and 
11%, respectively, in the fesoterodine group. Urinary 
retention occurred in 3.2% in those treated with feso-
terodine but only 3/9 patients were catheterized. No 
significant changes in MMSE were observed. No sig-
nificant changes in blood pressure or heart rate were 
observed in either group until end of study and there 
were no deaths [Dubeau et al. 2014].  

Malhotra et al. [2010] performed a thorough QT study 
to investigate the effects of fesoterodine on cardiac 

repolarization in a parallel-group study. Subjects 
were randomly assigned to receive double-
blind fesoterodine 4 mg, fesoterodine 28 mg, or 
placebo or open-label moxifloxacin 400 mg (positive 
control) for 3 days. Electrocardiograms (ECGs) were 
obtained on Days -1 (baseline), 1, and 3. The primary 
analysis was the time-averaged changes from 
baseline for Fridericia's-corrected QT interval (QTcF) 
on Day 3. Among 261 subjects randomized 
to fesoterodine 4 mg (n = 64), fesoterodine 28 mg (n 
= 68), placebo (n = 65), or moxifloxacin 400 mg (n = 
64), 256 completed the trial. The results indicated 
that fesoterodine is not associated with QTc 
prolongation or other ECG abnormalities at either 
therapeutic or supratherapeutic doses. 

Assessment 

Fesoterodine has a well-documented beneficial effect 
in OAB (Table 2) and has been studied in a variety of 
patient populations, and the adverse event profile 
seems acceptable. 

1.1.4 Imidafenacin 
Imidafenacin (KRP-197/ONO-8025,4-(2-methyl-1H-
imidazol-1-yl)-2,2-diphenylbutanamide) is an antago-
nist for the muscarinic ACh receptor with higher affin-
ities for M3 and M1 receptors than for the M2 receptor. 
Metabolites of imidafenacin (M-2, M-4 and M-9) had 
low affinities for muscarinic ACh receptor subtypes 
[Kobayashi et al., 2007a, b]. The drug blocks pre- as 
well as postjunctional muscarinic receptors and was 
shown to block both detrusor contractions and acetyl-
choline release [Murakami et al., 2003]. The receptor 
binding affinity of imidafenacin in vitro was found to 
be significantly lower in the bladder than submaxillary 
gland or colon [Yamada et al., 2011], and in rats orally 
administered imidafenacin distributes predominantly 
to the bladder and exerts more selective and longer-
lasting effect here than on other tissues. Whether this 
can be translated to the human situation has to be 
established before claims of clinical bladder selectiv-
ity can be made.   

Imidafenacin is well absorbed from the gastrointesti-
nal tract and its absolute bioavailability in human is 
57.8% [Ohmori et al. 2007; Ohno et al. 2008]. It is 
rapidly absorbed with maximum plasma concentra-
tion occuring 1-3h after oral administration [Ohno et 
al. 2008]. Metabolites in the plasma are produced 
mainly by first-pass effects. The major enzymes re-
sponsible for the metabolism of the drug are CYP3A4 
and UGT1A4. The oxidative metabolism is reduced 
by concomitant administration of CYP3A4 inhibitors. 
In contrast, imidafenacin and its metabolites have no 
inhibitory effect on the CYP-mediated metabolism of 
concomitant drugs [Kanayama et al. 2007]. 

Kitagawa et al. [2011] reported that the subjective ef-
ficacy of imidafenacin was observed from 3 days af-
ter the commencement of administration and that 
mean total OABSS decreased gradually during 2 
weeks after administration.  
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A randomized, double-blind, placebo-controlled 
phase II dose-finding study in Japanese OAB pa-
tients was performed to evaluate the efficacy, 
safety/tolerability, and dose-response relationship 
of imidafenacin [Homma et al., 2008a]. Overall, 401 
patients were enrolled and randomized for treatment 
with 0.1 mg of imidafenacin/day (99 patients), 0.2 mg 
of imidafenacin/day (100), 0.5 mg of imidafen-
acin/day (101), or a placebo (101). After 12 weeks of 
treatment, the number of incontinence episodes was 
reduced in a dose-dependent manner, and a signifi-
cant difference between the imidafenacin treatment 
and the placebo was observed (P < 0.0001). Com-
pared with the placebo, imidafenacin caused signifi-
cant reductions in urgency incontinence, voiding fre-
quency, and urinary urgency, and a significant in-
crease in the urine volume voided per micturition. Im-
idafenacin was also well tolerated. The incidence of 
dry mouth in the imidafenacin groups increased 
dose-dependently. Even though the percentage of 
patients receiving 0.5 mg/day who discontinued treat-
ment due to dry mouth was high (8.9%), the percent-
ages in the 0.1 mg/day and 0.2 mg/day groups (1.0% 
and 0.0%, respectively) were comparable with that in 
the placebo group (0.0%). 

A randomized, double-blind, placebo- and propiver-
ine-controlled trial of 781 Japanese patients with OAB 
symptoms were conducted by Homma et al. [2009]. 
They were randomized to imidafenacin 0.1mg twice 
daily (324), propiverine 20mg once daily (310), or a 
placebo (147). After 12 weeks of treatment, a signifi-
cantly larger reduction in the mean number of incon-
tinence episodes was observed in the imidafen-
acin group than in the placebo group (P < 0.0001). 
The non-inferiority of imidafenacin compared with 
propiverine was confirmed for the reduction in using 
incontinence episodes (P = 0.0014, non-inferiority 
margin: 14.5%). Imidafenacin was well tolerated. The 
incidence of adverse events with imidafenacin was 
significantly lower than with propiverine (P = 0.0101). 
Dry mouth, the most common adverse event, was sig-
nificantly more common in the propiverine group than 
in the imidafenacin group. There were no significant 
increases in either the imidafenacin or placebo group 
in the mean QTc interval, whereas there was a signif-
icant increase in the mean QTc interval in the propiv-
erine group (P < 0.0001). However, there were no 
clinical arrhythmia and clinical arrhythmic events in 
any of the treatment groups. Similar results have also 
been published in A population of OAB patients in Ko-
rea [Park et al., 2014]. In this non-inferiority trial com-
paring imidafenacin (0.1mg twice daily) to propiverine 
(20 mg once daily), both drugs significantly improved 
OAB parameters and quality of life measures. Sever-
ity of dry mouth was better in the imidafenacin group. 
The authors concluded that imidafenacin was non-in-
ferior to propiverine with a better adverse event pro-
file [Park et al. 2014]. The long-term safety, tolerabil-
ity, and efficacy imidafenacin 0.1 mg twice daily was 
studied in Japanese OAB patients [Homma and Ya-
maguchi, 2008b], of whom 478 received treatment 

and 376 completed a 52-week program. Imidafen-
acin was well tolerated, the most common adverse 
event being a dry mouth (40.2% of the patients). 
Long-term treatment did not produce an increase in 
the frequency of adverse events compared with 
short-term treatment.  A significant efficacy of the 
drug was observed from week 4 through week 52. Af-
ter 52 weeks, imidafenacin produced mean changes 
from baseline in the number of incontinence episodes 
(-83.51%), urgency incontinence episodes (-84.21%), 
voiding frequency (-2.35 micturitions/day), urgency 
episodes (-70.53%), and volume voided per micturi-
tion (28.99 mL). There were also significant reduc-
tions from baseline in all domains of the King's Health 
Questionnaire. received the treatment and 376 pa-
tients completed the 52-week program. Imidafen-
acin had no significant effects on the corrected QT in-
terval, vital signs, results from laboratory tests, or 
post-void residual volume.A 52-week prospective, 
open randomized comparative study to evaluate the 
efficacy and tolerability of imidafenacin (0.2 mg/day) 
and solifenacin (5 mg/day) was conducted in a total 
of 41 Japanese patients with untreated OAB [Zaitsu 
et al., 2011]. They were randomly assigned to im-
idafenacin and solifenacin groups. There was no dif-
ference in OABSS and KHQ scores between the two 
groups, but the severity and incidence of adverse 
events caused by the drugs showed increased differ-
ences between the groups with time. The severity of 
dry mouth and the incidence of constipation were sig-
nificantly lower in the imidafenacin group (P = 0.0092 
and P = 0.0013, resp.).  An important limitation of this 
study is the low number of patients. Only 25 patients 
(17 males 8 females) were available for long-term 
analysis. Similar results were reported by Yokoyama 
et al. [2013] in their comparative long term study with 
equivalent efficacy and better tolerability for imidafen-
acin compared to solifenacin but high dicontinuation 
rates in both arms at study end.   

Two small open labelled studies and a post-hoc anal-
ysis of a large multi-center RCT of imidafenacin have 
suggested benefits on noctura and/or nocturnal poly-
uria [Kadekawa et al.,. 2012; Wada et al., 2012; Yoko-
yama et al., 2013]. Wada et al. [2012] reported im-
provements in OAB symptoms, Pittsburgh Sleep 
Quality Index scores, nocturia episodes and noctur-
nal polyuria in patients older than 75 years with im-
idafenacin 0.1 mg twice daily. Patients whose main 
complaint was nocturia were treated with 0.1mg daily 
and after 4 weeks were allowed a dose escalation to 
0.2 mg daily if required. This group showed significant 
improvements with regards to nocturia as well as 
other OAB parameters, OAB symptom score and 
IPSS-QoL index score [Kadekawa et al., 2012]. A 
stratified analysis of a a large RCT showed that in 46 
patients with nocturia and nocturnal polyuria (>33% 
urine production at night) imidafenacin 0.1mg twice 
daily after 12 weeks of treatment significantly reduced 
night-time micturition, nocturnal percentage of 24-
hour production, and the interval to the first night-time 
void was significantly longer compared to placebo 
[Yokoyama et al., 2013].  
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In Korea a multi-center a non-inferiority phase IV trial 
of imidafenacin 0.1mg twice daily versus fesoterdine 
4mg was conducted [Lee et al., 2013]. No significant 
differences were observed between the 2 treatments 
for OAB symptoms of KHQ scores. Dry mouth rates 
were 39.4 and 37.3% in the imidafenacin and fesoter-
odine groups, respectively and no statistically differ-
ences were shown for adverse events, blood pres-
sure, pulse or residual volume betwen the groups. In 
another post marketing surveillance study imidafen-
acin was shown to be safe with dry rates of 8.5% and 
no significant deterioration in MMSE at 48 weeks, 
with an acceptable mild cognitive impairment conver-
sion to dementia rate (3.6% ) [Sakakibara et al., 
2014].   

Assessment 

Imidafenacin is effective and has an acceptable toler-
ability (Table 2). However, the drug is not yet widely 
available in the Western countries.  

1.1.5 Propantheline Bromide 
Propantheline is a quaternary ammonium compound, 
non-selective for muscarinic receptor subtypes, 
which has a low (5 to 10%) and individually varying 
biological availability. It is metabolized (metabolites 
inactive) and has a short halflife (less than 2 h) [Beer-
mann et al., 1972]. It is usually given in a dose of 15 
to 30 mg 4 times daily, but to obtain an optimal effect, 
individual titration of the dose is necessary, and often 
higher dosages are required. Using this approach in 
26 patients with detrusor overactivitycontractions 
[Blaivas et al., 1980] in an open study obtained a 
complete clinical response in all patients but one, who 
did not tolerate more than propantheline 15 mg four 
times daily. The range of dosages varied from 7.5 to 
60 mg four times daily. In contrast, Thüroff et al. 
[1991] comparing the effects of oxybutynin 5 mg three 
times daily, propantheline 15 mg three times daily, 
and placebo, in a randomized, double-blind, multicen-
ter trial on the treatment of frequency, urgency and 
incontinence related to DO (154 patients), found no 
differences between the placebo and propantheline 
groups. In another randomized comparative trial with 
crossover design (23 women with idiopathic DO), and 
with dose titration, Holmes et al. [1991] found no dif-
ferences in efficacy between oxybutynin and pro-
pantheline. Controlled randomized trials (n=6) re-
viewed by Thüroff et al [1998], confirmed a positive, 
but varying, response to the drug. 

Assessment 

Although the effect of propantheline on OAB/DO has 
not been well documented in controlled trials satisfy-
ing standards of today, it can be considered effective, 
and may, in individually titrated doses, be clinically 
useful (Table 2). No new studies on the use of this 
drug for treatment of OAB/DO seem to have been 
performed during the last decade. 

1.1.6 Solifenacin Succinate  
Solifenacin succinate (YM905) is a tertiary amine and 
well absorbed from the gastrointestinal tract (absolute 
bioavailability 90%). The mean terminal half-life is 45-
68 hours [Kuipers et al., 2002; Smulders et al., 2002; 
2004].  It undergoes significant hepatic metabolism 
involving the cytochrome P450 enzyme system 
(CYP3A4). In subjects who received a single oral 
dose of 10 mg solifenacin on day 7 of a 20-day regi-
men of ketoconazole administration (200 mg) Cmax 
and AUC0-inf were increased by only approximately 
40% and 56%, respectively [Swart et al., 2006]. Sol-
ifenacin has a modest selectivity for M3 over M2 (and 
M1) receptors [Abrams and Andersson, 2007]. Sup-
porting an effect on sensory function by solifenacin, 
15 women with DO receiving 10 mg/day of the drug 
showed an increase in the area under the bladder-
volume sensation curve [Lowenstein et al., 2012] Sol-
ifenacin also increased maximum bladder capacity, a 
finding in agreement with other studies [Tanaka et al., 
2010; Hsiao et al., 2011]   

Two large-scale phase 2 trials with parallel designs, 
comprising men and women, were performed [Smith 
et al., 2002; Chapple et al., 2004a]. The first dose-
ranging study evaluated solifenacin 2.5 mg, 5 mg, 10 
mg, and 20 mg and tolterodine (2 mg twice daily) in a 
multinational placebo-controlled study of 225 patients 
with urodynamically confirmed DO [Chapple et al., 
2004a].  Patients received treatment for 4 weeks fol-
lowed by 2 weeks of follow-up. Inclusion criteria for 
this and subsequent phase 3 studies of patients with 
OAB included at least 8 micturitions per 24 hours and 
either one episode of incontinence or one episode of 
urgency daily as recorded in 3-day micturition diaries. 
Micturition frequency, the primary efficacy variable, 
was statistically significantly reduced in patients tak-
ing solifenacin 5 mg (-2.21), 10 mg (-2.47), and 20 mg 
(-2.75), but not in patients receiving placebo (-1.03) 
or tolterodine (-1.79). This effect was rapid with most 
of the effect observed at the earliest assessment visit, 
2 weeks after treatment initiation. In addition, there 
was numerically greater reductions in episodes of ur-
gency and incontinence when compared with pla-
cebo. Study discontinuations due to adverse events 
were similar across treatment groups, albeit highest 
in the 20-mg solifenacin group. As the 5 mg and 10 
mg doses caused lower rates of dry mouth than tolter-
odine, and superior efficacy outcomes relative to pla-
cebo, these dosing strengths were selected for fur-
ther evaluation in large-scale phase 3 studies. 
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The second dose-ranging study of solifenacin 2.5 mg 
to 20 mg was carried out in the United States (USA) 
[Smith et al., 2002]. This trial included 261 evaluable 
men and women receiving solifenacin or placebo for 
4 weeks followed by a 2-week follow-up period. Mic-
turition frequency was statistically significantly re-
duced relative to placebo in patients receiving 10 mg 
and 20 mg solifenacin. The number of micturitions per 
24 hours showed reductions by day 7 and continued 
to decrease through day 28; day 7 was the earliest 
time point tested in solifenacin trials and these find-
ings demonstrate efficacy as early as one week. The 
5 mg, 10 mg, and 20 mg dosing groups experienced 
statistically significant increases in volume voided; 
the 10 mg solifenacin dose was associated with sta-
tistically significant reductions in episodes of inconti-
nence.  

In one of the early RCTs, a total of 1077 patients were 
randomized to 5 mg solifenacin, 10 mg solifenacin, 
tolterodine (2 mg twice daily), or placebo [Chapple et 
al., 2004b]. It should be noted that this study was 
powered only to compare active treatments to pla-
cebo. Compared with placebo (-8%), mean micturi-
tions/24 h were significantly reduced with solifenacin 
10 mg (-20%), solifenacin 5 mg (-17%), and toltero-
dine (-15%). Solifenacin was well tolerated, with few 
patients discontinuing treatment. Incidences of dry 
mouth were 4.9% with placebo, 14.0% with solifen-
acin 5 mg, 21.3% with solifenacin 10 mg, and 18.6% 
with tolterodine 2 mg twice daily.  

Cardozo et al. [2004] randomized 911 patients to 12-
week once daily treatment with solifenacin 5 mg, sol-
ifenacin 10 mg or placebo. The primary efficacy vari-
able was change from baseline to study end point in 
mean number of micturitions per 24 hours. Second-
ary efficacy variables included changes from baseline 
in mean number of urgency, nocturia and inconti-
nence episodes per 24 hours, and mean volume 
voided per micturition. Compared with changes ob-
tained with placebo (-1.6), the number of micturitions 
per 24 hours was statistically significantly decreased 
with solifenacin 5 mg (-2.37) and 10 mg (-2.81). A sta-
tistically significant decrease was observed in the 
number of all incontinence episodes with both solifen-
acin doses (5 mg: -1.63, 61%; 10 mg: -1.57, 52%), 
but not with placebo (-1.25, 28%). Of patients report-
ing incontinence at baseline, 50% achieved conti-
nence after treatment with solifenacin (based on a 3-
day micturition diary, placebo responses not given). 
Episodes of nocturia were statistically significantly 
decreased in patients treated with solifenacin 10 mg 
versus placebo. Episodes of urgency and mean vol-
ume voided per micturition were statistically signifi-
cantly reduced with solifenacin 5 mg and 10 mg. 
Treatment with solifenacin was well tolerated. Dry 
mouth, mostly mild in severity, was reported in 7.7% 
of patients receiving solifenacin 5 mg and 23% receiv-
ing solifenacin 10 mg (vs 2.3% with placebo). A 40-
week follow up of these studies [i.e., Chapple et al., 
2004b and Cardozo et al., 2004a] demonstrated that 
the favourable profile, both in terms of efficacy and 

tolerability was maintained over the study period 
[Haab et al., 2005]. 

The STAR trial [Chapple et al., 2005; 2007] was a 
prospective, double blind, double-dummy, two-arm, 
parallel-group, 12-week study was conducted to com-
pare the efficacy and safety of solifenacin 5 or 10 mg 
and TOLT-ER 4 mg once daily in OAB patients. The 
primary effect variable was micturition frequency. Af-
ter 4 weeks of treatment patients had the option to 
request a dose increase, but were dummied through-
out as approved product labelling only allowed an in-
crease for those on solifenacin. The results showed 
that solifenacin, with a flexible dosing regimen, was 
“non-inferior” to tolterodine concerning the primary ef-
fect variable, micturition freqency. However, solifen-
acin showed significant greater efficacy to tolterodine 
in decreasing urgency episodes (-2.85 vs -2.42), in-
continence (-1.60 vs -.83), urgency incontinence (-
1.42 vs -0.83), and pad usage (-1.72 vs -1.19). More 
solifenacin treated patients became continent by 
study endpoint (59 vs 49%) and reported improve-
ments in perception of bladder condition (-1.51 vs -
1.33) assessments. However, this was accompanied 
by an adverse event incidence which was greater with 
solifenacin than with tolterodine. Dry mouth and con-
stipation (mild + moderate + severe) were the most 
common (solifenacin 30 and 6.4%, tolterodine 23 and 
2.5%). The majority of side effects were mild to mod-
erate in nature, and discontinuations were compara-
ble and low (5.9 and 7.3%) in both groups. In the 
SUNRISE trial solifenacin 5/10mg was significantly 
effective in reducing urgency and urgency bother 
when compared to placebo with changes noticeable 
as early as day 3 [Cardozo et al. 2008]. In this flexible 
dosing trial, 591 patients received solifenacin 5mg at 
8 weeks, and 46.5% requested a dose increase to 
10mg and were further randomized for 8 weeks into 
solifenacin 5 or 10 mgs [Cardozo et al. 2013]. Those 
that requested dose escalation had a greater severity 
of OAB at baseline. Solifenacin 10 mg at end of study 
compared to week 8 was statistically better than sol-
ifenacin 5mg for maximum urgency intensity, total ur-
gency score and micturition frequency. PPBC and 
treatment satisfaction were not statistically different 
between the groups. Adverse events were generally 
low and dry mouth rates were 0.7 and 5.7% for sol-
ifenacin 5 and 10 mg, respectively [Cardozo et al. 
2013]. 

Luo et al. [2012] performed a systematic review and 
meta-analysis of solifenacin RCTs and provided a 
comprehensive assessment regarding the efficacy 
and safety of the drug. Their results which largely 
confirmed what could be deduced from previously 
published information, indicated that solifenacin could 
significantly decrease the number of urgency epi-
sodes per 24 h, micturitions per 24 h, incontinence 
episodes per 24 h, nighttime micturitions per 24 h, 
and UUI episodes per 24 h, and improve volume 
voided per micturitions compared with the placebo or 
tolterodine treatment. 
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 A number of studies and reviews have further docu-
mented the effects of solifenacin [Cardozo et al., 
2006; Chapple et al., 2006; 2007; Maniscalco et al., 
2006, see also Chapple et al., 2005; Novara et al., 
2008; Toglia et al., 2009; Vardy et al., 2009; Bolduc 
et al., 2010; Serels et al., 2010; Luo et al., 2012], in-
cluding men with OAB without bladder outlet obstruc-
tion [Kaplan et al., 2010;] In a pooled analysis of four 
RCTs, Abrams and Swift [2005] demonstrated posi-
tive effects on urgency, frequency and nocturia symp-
toms in OAB dry patients. In an analysis of four phase 
III clinical trials, Brubaker and FitzGerald [2007] con-
firmed a significant effect of solifenacin 5 and 10 mg 
on nocturia in patients with OAB (reductions of noctu-
ria episodes with 5 mg: -0.6, p<0.025; with 10 mg: -
0.6, p<0.001vs placebo: -0,4) but without nocturnal 
polyuria. A positive impact on nocturia and sleep 
quality in patients with OAB treated with solifenacin 
has also been reported in other studies [Takao et al., 
2011; Yokoyama et al., 2011; Kelleher et al. [2006] 
and Staskin and Te [2006] presented data showing 
efficacy in patients with mixed incontinence.  

A pooled analysis of four studies confirmed the effi-
cacy and tolerability of solifenacin 5 and 10 mg in el-
derly (> 65 years) patients, and also showed a high 
level of persistence in a 40 -week extension trial 
[Wagg et al., 2006]. Post-hoc analysis of two 12-
week, open label, flexible-dosing studies on 2645 pa-
tients over 65 years of age with OAB, revealed that 
solifenacin was associated with improvements in 
measures assessing patients' perception of their 
bladder problems, symptom bother, and aspects of 
health-related quality of life [Capo et al., 2011]. Sol-
ifenacin was equally well tolerated in younger (<65 
years) and older (>65 years) patients [Herschorn et 
al., 20011b]. An exploratory pilot study with single 
doses of solifenacin 10 mg to 12 elderly volunteers 
suggested no clear propensity to impair cognitive 
functions [Wesnes et al., 2009]. In the SENIOR study 
26 patients with mild cognitive impairment were as-
sessed with 3 treatments of 21 days each (solifenacin 
5 mg, oxybutynin 5 mg twice daily and placebo) with 
suitable washout periods between treatments [Wagg 
et al,. 2013]. Neither solifenacin nor oxybutynin was 
associated with significant changes from baseline in 
power of attention, continuity of attention, quality of 
working memory, quality of episodic memory, and 
speed of memory. However, in a post-hoc secondary 
analysis, oxybutynin was associated with significant 
decreases in power and continuity of attention versus 
placebo at 1-2h post-dose.  

Improvement of QoL by solifenacin treatment has 
been documented in several studies [Kelleher et al., 
2005; Garely et al., 2006]. In 30 patients with mutiple 
sclerosis, van Rey and Heesakkers [2011] improved 
OAB symptoms as well as neurogenic disease-spe-
cific QoL measures.  

Recently the SONIC trial assessed efficacy and toler-
ability of solifenacin in patients with multiple sclerosis 
(MS) and spinal cord injury (SCI) in a prospective ran-

domized phase IIIb/IV parallel group study [Ama-
renco et al., 2015]. Approximately a quarter of the pa-
tients were taking muscle relaxants to help with spas-
ticity. Patients were randomized to solifenacin 5mg, 
solifenacin 10mg, oxybutynin 5mgs three times daily 
or placebo for 4 weeks after a placebo run-in. The pri-
mary analysis was solifenacin 10mg vs placebo. The 
majority of MS patients were female and the majority 
of SCI patients were male. The primary endpoint of 
maximum cystometric capacity was significantly in-
creased with solifenacin 10mg (134 mL) compared 
with placebo (5 mL). Furthermore, significant im-
provements were also observed with regards to blad-
der volume at first contraction and at first leak as well 
as detrusor pressure at first leak. PPBC and I-QoL 
sub scales significantly improved in favor of solife-
ancin 10mg compared to placebo. Significant im-
provements were also seen for oxybutynin compared 
to placebo but the trial was not designed to compare 
outcomes of the different active treatments [Ama-
renco et al. 2015]. The overall incidenece of adverse 
events were low and dry mouth rates were 2.3%, 
4.2%, 7.8% and 17% for placebo, solifenacin 5 mg, 
solifenacin 10mg and oxybutynin 5 mgs three times 
daily, respectively.   

Persistence with solifenacin use has recently been 
assessed in a 12-month multi-center observational 
study involving 1018 OAB patients from Korea [Kim 
et al. 2016]. At the final study follow-up at 52 weeks 
only 22.1% of patients were still using solifenacin. 
Persistence rates were 72.4%, 45.8% and 31.1% at 
12, 24 and 36 weeks. Reasons for discontinuation in-
cluded symptom improvement in 30.4%, lack of effi-
cacy in 13.4% and switch to another antimuscarinic 
in 10.8%.  Older patients and females were more 
likely to persist with the treatment and nocturia epi-
sodes was negatively associated with persistence 
[Kim et al. 2016]. 

A non-interventional observational study in men 
alone (n=799) was conducted in multiple centers in 
Germany in a real life practice setting [Burger et al. 
2014]. In this 12 week study the majority were taking 
solifenacin 5mg at study end (71%) and only 1.9% 
discontinued the treatment. Significant improvement 
in OAB symptoms were observed. In a subgroup of 
men with mild to moderate dementia, MMSE did not 
change significantly over the 12 weeks. Unusually dry 
mouth was only reported in 1.1% and mean PVR did 
not change. In 80% PVR did not change and in only 
2.2% was the change ≥ 50 mL. No retention of urine 
was observed [Burger et al., 2014].  

A recent trial assessed the use of solifenacin 5mg in 
patients with de novo OAB symptoms after an obtu-
rator mid urethral synthetic sling and compared this 
to a group who was stress incontinence treatment na-
ïve [Serati et al., 2014]. Women with a pre-existing 
diagnosis of DO or who had OAB symptoms were ex-
cluded as were patients with significant voiding dys-
function or persistent stress incontinence. At 3- 
month follow-up, interestingly, the reduction in all 
OAB symptoms, PGI-I and OAB-q SF scores were 
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significantly better in the stress incontinent naïve 
group compared with the de novo OAB group [Serati 
et al., 2014]. 

Information on solifenacin treatment in children is 
scarce. Chart review of 138 children with therapy re-
sistant OAB, treated with solifenacin, increased mean 
voided volume and improved continence [Hoebeke et 
al., 2009]. Recently an open labelled study utilizing 
solifenacin doses 1.25-10mg in children with refrac-
tory incontinence was reported [Nadeau et al., 2014]. 
In total 112 girls and 132 boys were included (191 had 
IDO and 53 NDO) with mean age of 9.2 years at start 
of treatment. Significant improvements were seen in 
urodynamic parameters, PPBC, UI episodes with the 
dry rate being 36%. Treatment outcomes were more 
successful for IDO than NDO. The majority of patients 
reported no side effects (n=175).  

In female volunteers, aged 19 to 79 years, the effect 
of 10 mg and 30 mg solifenacin on the QT interval 
was evaluated at the time of peak solifenacin plasma 
concentration in a multi-dose, randomized, double-
blind, placebo and positive-controlled (moxifloxacin 
400 mg) trial [Product monograph, Vesicare]. The QT 
interval prolonging effect appeared greater for the 30 
mg (8 msec, 4, 13: 90%CI) compared to the 10 mg (2 
msec, -3, 6) dose of solifenacin. Although the effect 
of the highest solifenacin dose (three times the maxi-
mum therapeutic dose) studied did not appear as 
large as that of the positive control moxifloxacin at its 
therapeutic dose, the confidence intervals over-
lapped. This study was not designed to draw direct 
statistical conclusions between the drugs or the dose 
levels. 

Michel et al. [2008] studied cardiovascular safety and 
overall tolerability of solifenacin in routine clinical use 
in a 12-week, open-label, post-marketing surveillance 
study. They concluded that “in real-life conditions, i.e. 
with inclusion of large numbers of patients with cardi-
ovascular co-morbidities and taking comedications, 
therapeutically effective doses of solifenacin did not 
increase heart rate or blood pressure”. 

Assessment 

Solifenacin has a well-documented beneficial effect in 
OAB/DO (Table 2), and the adverse event profile 
seems acceptable. 

1.1.7 Tolterodine Tartrate 
Tolterodine is is a tertiary amine, rapidly absorbed 
and extensive metabolized by the cytochrome P450 
system (CYP 2D6). The major active 5-hydroxyme-
thyl metabolite (5-HMT) has a similar pharmacologi-
cal profile as the mother compound [Nilvebrant et al., 
1997a], and significantly contributes to the therapeu-
tic effect of tolterodine [Brynne et al., 1997; Brynne et 
al., 1998]. Both tolterodine and 5-HMT have plasma 
half-lifes of 2-3 h, but the effects on the bladder seem 
to be more long-lasting than could be expected from 
the pharmacokinetic data. Urinary excretion of tolter-
odine accounted for <1-2.4 % of the dose; 5 – 14% of 

5-HMT is eliminated in the urine (Brynne et al., 1997). 
Whether or not the total antimuscarinic activity of un-
changed tolterodine and 5-HMT excreted in urine is 
sufficient to exert any effect on the mucosal signaling 
mechanisms has not been established. However, the 
preliminary studies by Kim et al. [2006] and Chuang 
et al. [2008], do not support such an effect.  

The relatively low lipophilicity of tolterodine and even 
lesser one of 5-HMT, implies limited propensity to 
penetrate into the CNS, which may explain a low in-
cidence of cognitive side effects [Hills et al., 1998; 
Clemett et al., 2001; Salvatore et al., 2008]. However, 
tolterodine may disturb sleep in subjects unable to 
form the even less lipophilic 5-HMT due to a low ac-
tivity of CYP 2D6 [Diefenbach et al., 2008]. 

Tolterodine has no selectivity for muscarinic receptor 
subtypes, but is claimed to have functional selectivity 
for the bladder over the salivary glands [Stahl et al., 
1995; Nilvebrant et al. 1997b]. In healthy volunteers, 
orally given tolterodine in a high dose (6.4 mg) had a 
powerful inhibitory effect on micturition and also re-
duced stimulated salivation 1 hour after administra-
tion of the drug [Stahl et al., 1995]. However, 5 hours 
after administration, the effects on the urinary bladder 
were maintained, whereas no significant effects on 
salivation could be demonstrated.  

Animal experiments have suggested that antimusca-
rinics may affect signaling from the bladder [Anders-
son, 2011b]. Confirming data in humans were found 
by Vijaya et al. [2012]. In a randomized, placebo-con-
trolled study, they evaluated the effect of toltero-
dine on urethral and bladder afferent nerves in 
women with DO in comparison to placebo by studying 
the changes in the current perception threshold 
(CPT). They found a significantly increased CPT 
value at 5 (described as urgency) and 250 Hz upon 
both urethral and bladder stimulation after 1 week of 
treatment. When compared with placebo, women tak-
ing tolterodine had significantly increased bladder 
CPT values at 5 Hz (P-value <0.05).  

Tolterodine is available as immediate-release (TOLT-
IR; 1 or 2 mg; twice daily dosing) and extended-re-
lease (TOLT-ER) forms (2 or 4 mg; once daily dos-
ing). The ER form seems to have advantages over 
the IR form in terms of both efficacy and tolerability 
[Van Kerrebroeck et al. 2001].  

Several randomised, double blind, placebo-controlled 
studies on patients with OAB/DO (both idiopathic and 
neurogenic DO), have documented a significant re-
duction in micturition frequency and number of incon-
tinence episodes [Hills et al., 1998; Clemett et al., 
2001; Salvatore et al., 2008]. Comparative RCTs 
such as the OBJECT (Overactive Bladder: Judging 
Effective Control and Treatment), and the OPERA 
(Overactive Bladder; Performance of Extended Re-
lease Agents) studies have further supported its ef-
fectiveness.  

The OBJECT trial compared oxybutynin ER (OXY-
ER) 10 mg once daily with TOLT-IR 2 mg twice daily 
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[Appell et al., 2001] in a 12-week randomized, double 
blind, parallel-group study including 378 patients with 
OAB. Participants had between 7 and 50 episodes of 
urgency incontinence per week and 10 or more voids 
in 24 hours. The outcome measures were the number 
of episodes of urgency incontinence, total inconti-
nence, and micturition frequency at 12 weeks ad-
justed for baseline. At the end of the study, OXY-ER 
was found to be significantly more effective than 
TOLT-IR in each of the main outcome measures ad-
justed for baseline (see also below: oxybutynin chlo-
ride). Dry mouth, the most common adverse event, 
was reported by 33% and 28% of participants taking 
OXY-ER and TOLT-IR, respectively. Rates of central 
nervous system and other adverse events were low 
and similar in both groups. The authors concluded 
that OXY-ER was more effective than TOLT-IR and 
that the rates of dry mouth and other adverse events 
were similar in both treatment groups. 

In the OPERA study [Diokno et al., 2003], OXY-ER at 
10 mg/d or TOLT-ER at 4 mg/d were given for 12 
weeks to women with 21 to 60 urgency incontinence 
episodes per week and an average of 10 or more 
voids per 24 hours.  Episodes of incontinence epi-
sodes (primary end point), total (urgency and non-ur-
gency) incontinence, and micturition were recorded in 
seven 24-hour urinary diaries at baseline and at 
weeks 2, 4, 8 and 12 and compared.  Adverse events 
were also evaluated.  Improvements in weekly ur-
gency incontinence episodes were similar for the 790 
women who received OXY-ER (n=391) or TOLT-ER 
(n=399).  OXY-ER was significantly more effective 
than TOLT-ER in reducing micturition frequency, and 
23.0% of women taking OXY-ER reported no epi-
sodes of urinary incontinence compared with 16.8% 
of women taking TOLT-ER.  Dry mouth, usually mild, 
was more common with OXY-ER.  Adverse events 
were generally mild and occurred at low rates, with 
both groups having similar discontinuation of treat-
ment due to adverse events.  The conclusions were 
that reductions in weekly urgency incontinence and 
total incontinence episodes were similar with the two 
drugs.  Dry mouth was more common with OXY-ER, 
but tolerability was otherwise comparable, including 
adverse events involving the central nervous system.  

In the ACET (Antimuscarinic Clinical Effectiveness 
Trial) [Sussman and Garely, 2002] study, which con-
sisted of two trials, patients with OAB were random-
ized to 8 weeks of open-label treatment with either 2 
mg or 4 mg of once-daily TOLT-ER (study one) and 
to 5 mg or 10 mg of OXY-ER (study two). A total of 
1289 patients were included. Fewer patients prema-
turely withdrew from the trial in the TOLT-ER 4 mg 
group (12%) than either the OXY-ER 5 mg (19%) or 
OXY-ER 10 mg groups (21%).  More patients in the 
OXY-ER 10 mg group than the TOLT-ER 4 mg group 
withdrew because of poor tolerability (13% vs. 6%).  
After 8 weeks, 70% of patients in the TOLT-ER 4 mg 
group perceived an improved bladder condition, com-
pared with 60% in the TOLT-ER 2 mg group, 59% in 
the OXY-ER 5 mg group and 60% in the OXY-ER 10 
mg group.  Dry mouth was dose-dependent with both 

agents, although differences between doses reached 
statistical significance only in the oxybutynin trial 
(OXY-ER 5 mg vs. OXY-ER 10 mg; p=0.05). Patients 
treated with TOLT-ER 4 mg reported a significantly 
lower severity of dry mouth compared with OXY-ER 
10 mg. The conclusion that the findings suggest im-
proved clinical efficacy of TOLT-ER (4 mg) than of 
OXY-ER (10 mg) is weakened by the open label de-
sign of the study. 

Zinner et al. [2002] evaluated the efficacy, safety, and 
tolerability of TOLT-ER in older (> or =65) and 
younger (<65) OAB patients, in a 12-week RCT in-
cluding 1015 patients with urgency incontinence and 
urinary frequency. Patients were randomized to treat-
ment with TOLT-ER 4 mg once daily (n = 507) or pla-
cebo (n = 508) for 12 weeks. Efficacy, measured with 
micturition charts (incontinence episodes, micturi-
tions, volume voided per micturition) and subjective 
patient assessments, safety, and tolerability end-
points were evaluated, relative to placebo. Compared 
with placebo, significant improvements in micturition 
chart variables with TOLT-ER showed no age-related 
differences. Dry mouth (of any severity) was the most 
common adverse event in both the TOLT-ER and pla-
cebo treatment arms, irrespective of age (<65: ER 
22.7%, placebo 8.1%; > or =65: ER 24.3%, placebo 
7.2%). A few patients (< 2%) experienced severe dry 
mouth. No central nervous system (cognitive func-
tions were not specifically studied), visual, cardiac 
(per electrocardiogram), or laboratory safety con-
cerns were noted in this study. Withdrawal rates due 
to adverse events on TOLT-ER 4 mg qd were com-
parable in the two age cohorts (<65: 5.5%; > or =65: 
5.1%).   

The central symptom in the OAB syndrome is ur-
gency. Freeman et al. [2003] presented a secondary 
analysis of a double-blind, placebo-controlled study 
evaluating the effect of once-daily TOLT-ER on uri-
nary urgency in patients with OAB. Patients with uri-
nary frequency (eight or more micturitions per 24 
hours) and urgency incontinence (five or more epi-
sodes per week) were randomized to oral treatment 
with TOLT-ER 4 mg once daily (n=398) or placebo 
(n=374) for 12 weeks. Efficacy was assessed by use 
of patient perception evaluations. Of patients treated 
with TOLT-ER, 44% reported improved urgency 
symptoms (compared with 32% for placebo), and 
62% reported improved bladder symptoms (placebo, 
48%). The proportion of patients unable to hold urine 
upon experiencing urgency was decreased by 58% 
with TOLT-ER, compared with 32% with placebo 
(P<.001).  

In the IMprovement in Patients: Assessing sympto-
matic Control with Tolterodine ER (IMPACT) study 
[Elinoff et al., 2005], the efficacy of TOLT-ER for pa-
tients’ most bothersome OAB symptom was investi-
gated in an open label, primary care setting. Patients 
with OAB symptoms for >3 months received TOLT-
ER (4 mg once daily) for 12 weeks. By week 12, there 
were significant reductions in patients’ most bother-
some symptom: incontinence, urgency episodes, 
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nocturnal and daytime frequency. The most common 
adverse events were dry mouth (10%) and constipa-
tion (4%), and it was concluded that in primary care 
practice, bothersome OAB symptoms can be effec-
tively and safely treated with TOLT-ER, even in pa-
tients with comorbid conditions. 

Various aspects of the efficacy and tolerability of 
tolterodine have been further documented in a num-
ber of RCTs [Abrams et al., 2006; Dmochowski et al., 
2007a; b; Bharucha et al., 2008; Choo et al., 2008; 
Coyne et al., 2008; Kaplan et al., 2008a; Rogers et 
al., 2008; Rovner et al., 2008a; b see further: Novara 
et al, 2008; Chapple et al., 2008]. Importantly, the 
QTc effects of tolterodine were determined in a cross-
over-designed QT study of recommended (2 mg 
twice daily) and supratherapeutic (4 mg twice daily) 
doses of tolterodine, moxifloxacin (400 mg once 
daily), and placebo was performed.  No subject re-
ceiving tolterodine exceeded the clinically relevant 
thresholds of 500 ms absolute QTc or 60ms change 
from baseline, and it was concluded that tolterodine 
does not have a clinically significant effect on QT in-
terval [Malhotra et al., 2007]. 

Olshansky et al. [2008] compared the effects on heart 
rate of TOLT-ER 4 mg/day with those of darifenacin 
15 mg/day in healthy volunteers. They found that 
tolterodine, but not darifenacin, significantly in-
creased mean heart rate per 24 hours. The proportion 
of subjects with an increase >5 beats/min was signif-
icantly greater in those receiving TOLT-ER (25% than 
with darifenacin (8.9%).  

Hsiao et al. [2011] compared the urodynamic effects, 
therapeutic efficacy and safety of solifenacin [5 mg] 
versus tolterodine ER [4 mg] treatment inwomen with 
the OAB syndrome. Both solifenacin and toltero-
dine had similar urodynamic effects, therapeutic effi-
cacy and adverse events, however, tolterodine had a 
greater effect in increasing heart rate than solifen-
acin. 

In a prospective, open study, Song et al. [2006] com-
pared the effects of bladder training and/or tolterodine 
as first line treatment in female patients with OAB. 
One hundred and thirty-nine female patients with 
OAB were randomized to treatment with bladder 
training (BT), tolterodine (2 mg twice daily) or both for 
12 weeks. All treatments were efficacious, however, 
combination therapy was the most effective. 
Mattiasson et al. [2003] compared the efficacy of 
tolterodine 2 mg twice daily plus simplified bladder 
training (BT) with tolterodine alone in patients with 
OAB in a multicenter single blind study.  At the end of 
the study the median percentage reduction in voiding 
frequency was greater with tolterodine + BT than with 
tolterodine alone (33% vs. 25%; p<0.001), while the 
median percentage increase in volume voided per 
void was 31% with tolterodine + BT and 20% with 
tolterodine alone (p<0.001).  There was a median of 
81% fewer incontinence episodes than at baseline 
with tolterodine alone, which was not significantly dif-
ferent from that with tolterodine + BT (-87%).  It was 

concluded that the effectiveness of tolterodine 2mg 
twice daily can be augmented by a simplified BT reg-
imen. However, Millard et al. [2004] investigated 
whether the combination of tolterodine plus a simple 
pelvic floor muscle exercise program would provide 
improved treatment benefits compared with toltero-
dine alone in 480 patients with OAB. Tolterodine ther-
apy for 24 weeks resulted in significant improvement 
in urgency, frequency, and incontinence, however, no 
additional benefit was demonstrated for a simple pel-
vic floor muscle exercise program. In a 16-week, mul-
ticenter, open label study tolterodine extended re-
lease plus behavioral intervention resulted in high 
treatment satisfaction and improved bladder diary 
variables in patients who had previously been treated 
and were dissatisfied with tolterodine or other anti-
muscarinics [Klutke et al., 2009]. More recently the 
combination of intravaginal oestradiol and tolterodine 
has been assessed to ascertain its impact on OAB 
[Ellington et al., 2016]. After 12 weeks of monother-
apy with either tolterodine ER 4mg or oestradiol no 
significant differences in OAB symptom score or blad-
der diary was seen between the groups although 
within group changes were observed. In the exten-
sion study the addition of tolterodine ER to in-
travgainal oestrodiol significantly improved OAB 
symptom bother score when compared to oestradiol 
alone [Ellington et al., 2016].  

A large, 26-week, multicenter, randomized, double-
blind, placebo-controlled, three-period crossover 
study enrolled women aged ≥ 18 years that were di-
agnosed with OAB and reported ≥ 8 micturitions/24 
hr and ≥ 4 urgency episodes/week on 5-day bladder 
diary at baseline [Marencak et al. [2011]. Subjects 
were randomized to 1 of 10 treatment sequences and 
received three of five treatments, each for 4 weeks 
with 4-week washout periods: standard-dose pregab-
alin/tolterodine ER (150 mg twice daily [BID]/4 mg 
once daily [QD], n=102), pregabalin alone (150 mg 
BID, n=105), tolterodine ER alone (4 mg QD, n=104), 
low-dose pregabalin/tolterodine ER (75 mg BID/2 mg 
QD, n=105), and placebo (n=103). Subjects com-
pleted 5-day diaries at the end of treatment and wash-
out periods. The primary endpoint was change from 
baseline to week 4 in mean voided volume (MVV) per 
micturition. Baseline-adjusted changes in MVV were 
significantly greater after treatment with standard-
dose pregabalin/tolterodine ER (39.5 ml) ver-
sus tolterodine ER alone (15.5 ml; P<0.0001), and 
with pregabalin alone (27.4 ml) versus tolterodine ER 
alone (P=0.005) and placebo (11.9 ml; P=0.0006). 
Treatments were generally well tolerated; discontinu-
ation rates due to adverse events were 4%, 2%, 5%, 
0%, and 1% with standard- and low-dose pregaba-
lin/tolterodine ER, pregabalin, tolterodine ER, and 
placebo, respectively. See further section on Combi-
nations].  

Dmochowski et al. [2014] have recently assessed a 
new formulation of IR tolterodine 2mg with delayed 
release pilocarpine 9mg slow release twice daily. In 
this double-blind crossover trial with open label exten-
sion, combination of tolterodine and pilocarpine and 
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tolterodine alone were better than placebo at improv-
ing daily incontinence and micturition episodes, how-
ever were no different compared to each other. Dry 
mouth as assessed by VAS (0-100) were 20.9, 28.7 
and 40.4 for placebo, tolterodine / pilocarpine and 
tolterodine alone, respectively. Other parameters 
such as general discomfort around the mouth and dif-
ficulty swallowing / chewing showed similar trends. 
The incidence of dry mouth in tolterodine / pilocarpine 
was similar to placebo (3.9% vs 5.3%). In the exten-
sion study patients were randomized to toltrodine 
3mg and pilocarpine 13.5 mg twice daily or tolterodine 
ER 4mg once daily. Incidence of dry mouth were sim-
ilar in the 2 groups despite the tolterodine / pilocar-
pine combination having 50% more tolterodine [Dmo-
chowski et al. 2014]. 

Assessment 

Both the IR and ER forms of tolterodine have a well-
documented effect in OAB/DO (Table 2), and are well 
tolerated.  

1.1.8 Trospium Chloride 
Trospium is a quaternary ammonium compound with 
a biological availability less than 10% [Fusgen and 
Hauri, 2000; Doroshyenko et al., 2005]. The drug has 
a plasma half-life of approximately 20 h, and is mainly 
(60% of the dose absorbed) eliminated unchanged in 
the urine. The concentration obtained in urine seems 
to be enough to affect the mucosal signaling system 
in a rat model [Kim et al., 2005]. Whether or not it 
contributes to the clinical efficacy of the drug remains 
to be established. 

Trospium is not metabolized by the cytochrome P450 
enzyme system [Beckmann-Knopp et al., 1999; 
Doroshyenko et al., 2005]. It is expected to cross the 
blood-brain to a limited extent since it is a substrate 
for the drug-efflux transporter P-glycoprotein, which 
restricts its entry into the brain [Geyer et al., 2009]. 
This was demonstrated by Staskin et al. [2010], 
showing that trospium chloride levels in CSF samples 
were undetectable on Day 10 at steady-state peak 
plasma concentration concurrent with measureable 
peak plasma values. Clinically, trospium seems to 
have no negative cognitive effects [Fusgen and 
Hauri, 2000; Todorova et al., 2001; Wiedemann et al., 
2002; Staskin et al., 2010; Chancellor et al., 2012]. 

Trospium has no selectivity for muscarinic receptor 
subtypes. In isolated detrusor muscle, it was more po-
tent than oxybutynin and tolterodine to antagonize 
carbachol-induced contractions [Uckert et al., 2000].    

Several RCTs have documented positive effects of 
trospium both in neurogenic [Stöhrer, et al., 1991; 
Madersbacher et al., 1995; Menarini et al., 2006] and 
non-neurogenic DO [Allousi et al., 1998; Cardozo et 
al., 2000; Junemann et al., 2000; Halaska et al., 2003; 
Zinner et al., 2004a; Rudy et al., 2006; Staskin et al., 
2007; Dmochowski et al., 2008]. In a placebo-con-
trolled, double blind study on patients with with neu-
rogenic DO [Stöhrer et al, 1991], the drug was given 

twice daily in a dose of 20 mg over a 3-week period. 
It increased maximum cystometric capacity, de-
creased maximal detrusor pressure and increased 
compliance in the treatment group, whereas no ef-
fects were noted in the placebo group. Side effects 
were few and comparable in both groups. In another 
RCT including patients with spinal cord injuries and 
neurogenic DO, trospium and oxybutynin were 
equieffective; however, trospium seemed to have 
fewer side effects [Madersbacher et al., 1995].  

The effect of trospium in urgency incontinence has 
been documented in several RCTs. Allousi et al. 
[1998] compared the effects of the drug with those of 
placebo in 309 patients in a urodynamic study of 3-
weeks duration. Trospium 20 mg was given twice 
daily. Significant increases were noted in volume at 
first involuntary contraction and in maximum bladder 
capacity. Cardozo et al. [2000] investigated 208 pa-
tients with DO, who were treated with trospium 20 mg 
twice daily for two weeks. Also in this study, signifi-
cant increases were found in mean volume at first un-
stable contraction (from 233 to 299 ml; placebo 254 
to 255 ml) and in maximum bladder capacity (from 
329 to 356 ml; placebo 345 to 335 ml) in the trospium 
treated group. Trospium was well tolerated with simi-
lar frequency of adverse effects as in the placebo 
group. Jünemann et al. [2000] compared trospium 20 
mg twice daily with tolterodine 2 mg twice daily in a 
placebo-controlled double-blind study on 232 patients 
with urodynamically proven DO, urgency inconti-
nence without demonstrable DO, or mixed inconti-
nence. Trospium reduced the frequency of micturi-
tion, which was the primary endpoint, more than 
tolterodine and placebo, and also reduced the num-
ber of incontinence episodes more than the compar-
ators. Dry mouth was comparable in the trospium and 
tolterodine groups (7 and 9%, respectively).  

Halaska et al. [2003] studied the tolerability and effi-
cacy of trospium chloride in doses of 20 mg twice 
daily for long-term therapy in patients with urgency 
syndrome. The trial comprised a total of 358 patients 
with urgency syndrome or urgency incontinence. Af-
ter randomisation in the ratio of 3:1, participants were 
treated continuously for 52 weeks with either tro-
spium chloride (20 mg twice daily) or oxybutynin (5 
mg twice daily). Urodynamic measurements were 
performed at the beginning, and at 26 and 52 weeks 
to determine the maximal cystometric bladder capac-
ity. Analysis of the micturition diary clearly indicated a 
reduction of the micturition frequency, incontinence 
frequency, and a reduction of the number of urgency 
episodes in both treatment groups. Mean maximum 
cystometric bladder capacity increased during treat-
ment with trospium chloride by 92 ml after 26 weeks 
and 115 ml after 52 weeks (P=0.001). Further com-
parison with oxybutynin did not reveal any statistically 
significant differences in urodynamic variables be-
tween the drugs. Adverse events occurred in 65% of 
the patients treated with trospium and 77% of those 
treated with oxybutynin. The main symptom encoun-
tered in both treatment groups was dryness of the 
mouth. An overall assessment for each of the drugs 
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revealed a comparable efficacy level and a better 
benefit-risk ratio for trospium than for oxybutynin due 
to better tolerability. 

Zinner et al. [2004a] treated 523 patients with symp-
toms associated with OAB and urgency incontinence 
with 20 mg trospium twice daily or placebo in a 12-
week, multicenter, parallel, double-blind, placebo 
controlled trial. Dual primary end points were change 
in average number of toilet voids and change in ur-
gency incontinent episodes per 24 hours. Secondary 
efficacy variables were change in average of volume 
per void, voiding urgency severity, urinations during 
day and night, time to onset of action and change in 
Incontinence Impact Questionnaire. By week 12, tro-
spium significantly decreased average frequency of 
toilet voids per 24 hours (-2.37) and urgency inconti-
nent episodes 59% compared to placebo (-1.29; 
44%). It significantly increased average volume per 
void (32 ml; placebo: 7.7) ml, and decreased average 
urgency severity and daytime frequency. All effects 
occurred by week 1 and all were sustained through-
out the study. Nocturnal frequency decreased signifi-
cantly by week 4 (-0.43; placebo: 0.17) -  and Incon-
tinence Impact Questionnaire scores improved at 
week 12. Trospium was well tolerated. The most com-
mon side effects were dry mouth (21.8%; placebo 
6.5%), constipation (9.5%; placebo 3.8%) and head-
ache (6.5%; placebo 4.6%). In a large US multicenter 
trial with the same design, and including 658 patients 
with OAB, Rudy et al. [2006] confirmed the data by 
Zinner et al [2004a], both with respect to efficacy and 
adverse effects.  

Dose escalation seems to improve therapeutic effi-
cacy. In a 12-week, randomised, double-blind, phase 
IIIb study including 1658 patients with urinary fre-
quency plus urgency incontinence received trospium 
chloride 15 mg TID (n = 828) or 2.5 mg oxybutynin 
hydrochloride TID (n = 830). After four weeks, daily 
doses were doubled and not readjusted in 29.2% 
(242/828) of patients in the trospium group, and in 
23.3% (193/830) in the oxybuytnin group, until the 
end of treatment.  At study end, there were no rele-
vant differences between the "dose adjustment" sub-
groups and the respective "no dose adjustment" sub-
groups (trospium: P = 0.249; oxybutynin: P = 0.349). 
After dose escalation, worsening of dry mouth was 
higher in both dose adjusted subgroups compared to 
the respective "no dose adjustment" subgroups (P < 
0.001). Worsening of dry mouth was lower in the tro-
spium groups than in the oxybutynin groups [Bödeker 
et al., 2010]. 

An extended release formulation of trospium allowing 
once daily dosing, has been introduced [Silver et al., 
2010], and and its effects tested in controlled trials 
[Dmochowski et al., 2008; Staskin et al., 2009; Chan-
cellor et al., 2010; MacDiarmid et al., 2011; Sand et 
al., 2011a; b; Zinner et al., 2011]. These studies 
demonstrated similar efficacy as found with previous 
formulations, but include experiences in e.g., elderly 
patients (>75 years), obese patients, and in patients 
who use multiple concomitant medications. In the 

pooled analysis of 2 large phase III trials (n=1027), 
trospium chloride extended release 60 mg once daily 
significantly improved micturition and UUI epsidoes 
per 24 hours compared to placebo [Staskin et al. 
2009]. Furthermore, trospium was superior to pla-
cebo in OAB symptom composite score, urgency ep-
isodes and mean voided volume. Dry mouth and con-
stipation were the 2 commonest adverse events be-
ing 10.7% and 8.5% with trospium compared to 3.7% 
and 1.5% with placebo. The pooled analysis of the 
long-term extension study (n=667) with extended re-
lease once daily trospium chloride 60 mg daily also 
showed benefit in managing OAB [Zinner et al. 2011]. 
Significant improvements were seen in the placebo to 
trospium group and efficacy maintained in the tro-
spium to trospium group by end of study. Approxi-
mately 85% of the population felt their symptoms 
were improved with trospium chloride treatment. Fur-
thermore, significant improvements in quality of life 
were demonstrated when using the KHQ. 

Intravesical application of trospium may be an inter-
esting alternative. Frölich et al. [1998] performed a 
randomised, single-blind, placebo-controlled, mono-
centre clinical trial in 84 patients with urgency or ur-
gency incontinence. Compared to placebo, intravesi-
cal trospium produced a significant increase in maxi-
mum bladder capacity and a decrease of detrusor 
pressure accompanied by an increase of residual 
urine. There was an improvement in uninhibited blad-
der contractions. No adverse events were reported.  
Interestingly, intravesical trospium does not seem to 
be absorbed [Walter et al., 1999], thus offering an op-
portunity for treatment with minimal systemic anti-
muscuscarinic effects. 

Assessment 

Trospium has a well-documented effect in OAB/DO, 
and tolerability and safety seems acceptable (Table 
2). 

1.2. Antimuscarinics with “Mixed” Action 
Some drugs used for treatment of the OAB syn-
drome/DO have been shown to have more than one 
mechanism of action. They all have a more or less 
pronounced antimuscarinic effect and, in addition, an 
often poorly defined "direct" action on bladder mus-
cle. For several of these drugs, the antimuscarinic ef-
fects can be demonstrated at much lower drug con-
centrations than the direct action, which may involve 
blockade of voltage operated Ca2+ channels. Most 
probably, the clinical effects of these drugs can be ex-
plained mainly by an antimuscarinic action.  Among 
the drugs with mixed actions was terodiline, which 
was withdrawn from the market because it was sus-
pected to cause polymorphic ventricular tachycardia 
(torsade de pointes) in some patients [Connolly et al., 
1991; Stewart et al., 1992]. 

1.2.1 Oxybutynin Chloride 
Oxybutynin is a tertiary amine that is well absorbed, 
and undergoes extensive upper gastrointestinal and 
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first-pass hepatic metabolism via the cytochrome P-
450 system (CYP3A4) into multiple metabolites. The 
primary metabolite, N-desethyloxybutynin (DEO) has 
pharmacological properties similar to the parent com-
pound [Waldeck et al., 1997], but occurs in much 
higher concentrations after oral administration 
[Hughes et al., 1992]. It has been implicated as the 
major cause of the troublesome side effect of dry 
mouth associated with the administration of oxy-
butynin.  It seems reasonable to assume that the ef-
fect of oral oxybutynin to a large extent is exerted by 
the metabolite. The occurrence of an active metabo-
lite may also explain the lack of correlation between 
plasma concentration of oxybutynin itself and side ef-
fects in geriatric patients reported by Ouslander et al. 
[1988]. The plasma half-life of the oxybutynin is ap-
proximately 2 hours, but with wide interindividual var-
iation [Hughes et al., 1992; Douchamps et al, 1988]. 

Oxybutynin has several pharmacological effects in 
vitro, some of which seem difficult to relate to its ef-
fectiveness in the treatment of DO. It has both an an-
timuscarinic and a direct muscle relaxant effect, and, 
in addition, local anesthetic actions. The latter effect 
may be of importance when the drug is administered 
intravesically, but probably plays no role when it is 
given orally. In vitro, oxybutynin was 500 times 
weaker as a smooth muscle relaxant than as an anti-
muscarinic agent [Kachur et al., 1988]. Most proba-
bly, when given systemically, oxybutynin acts mainly 
as an antimuscarinic drug. Oxybutynin has a high af-
finity for muscarinic receptors in human bladder tis-
sue and effectively blocks carbachol-induced con-
tractions [Waldeck et al., 1997; Nilvebrant et al., 
1988]. The drug was shown to have slightly higher af-
finity for muscarinic M1 and M3 receptors than for M2 
receptors [Nilvebrant et al., 1986; Norhona-Blob et 
al., 1991], but the clinical significance of this is un-
clear.  

The immediate release (IR) form of oxybutynin (OXY-
IR) is recognized for its efficacy and most of the 
newer anti-muscarinic agents have been compared 
to it once efficacy over placebo has been determined.  
In general, the new formulations of oxybutynin and 
other anti-muscarinic agents offer patients efficacy 
roughly equivalent to that of OXY-IR, and the ad-
vantage of the newer formulations lies in improved 
dosing schedules and side-effect profile [Appell et al., 
2001; Diokno et al., 2003; Dmochowski et al., 2002]. 
An extended release oxybutynin (OXY-ER) once 
daily oral formulation and an oxybutynin transdermal 
delivery system (OXY-TDS) are available. OXY-TDS 
offers a twice-weekly dosing regimen and the poten-
tial for improved patient compliance and tolerability. 
Some of the available formulations of oybutynin were 
overviewed by McCrery and Appell [2006]. 

1.2.1.1 Immediate-Release Oxybutynin 
(OXY-IR) 

Several controlled studies have have shown that 
OXY-IR is effective in controlling DO, including neu-
rogenic DO [Yarker et al., 1995; Andersson and 

Chapple, 2001]. The recommended oral dose of the 
IR form is 5 mg three times daily or four times daily, 
even if lower doses have been used.  Thüroff et al. 
[1998] summarized 15 randomized controlled studies 
on a total of 476 patients treated with oxybutynin. The 
mean decrease in incontinence was recorded as 52% 
and the mean reduction in frequency per 24 h was 
33% (data on placebo not presented). The overall ” 
subjective improvement” rate was reported as 74 % 
(range 61% - 100%). The mean percent of patients 
reporting an adverse effect was 70 (range 17% - 
93%). Oxybutynin, 7.5 to 15 mg/day, significantly im-
proved quality of life of patients suffering from over-
active bladder in a large open multicenter trial. In this 
study, patients´ compliance was 97% and side ef-
fects, mainly dry mouth, were reported by only 8% of 
the patients [Amarenco et al., 1998]. In nursing home 
residents (n=75), Ouslander et al. [1995] found that 
oxybutynin did not add to the clinical effectiveness of 
prompted voiding in a placebo-controlled, double 
blind, cross-over trial. On the other hand, in another 
controlled trial in elderly subjects (n=57), oxybutynin 
with bladder training was found to be superior to blad-
der training alone [Szonyi et al., 1995]. 

Several open studies in patients with spinal cord inju-
ries have suggested that oxybutynin, given orally or 
intravesically, can be of therapeutic benefit [Szollar et 
al., 1996; Kim et al., 1996]. 

The therapeutic effect of OXY-IR on DO is associated 
with a high incidence of side effects (up to 80% with 
oral administration). These are typically antimusca-
rinic in nature (dry mouth, constipation, drowsiness, 
blurred vision) and are often dose-limiting [Baigrie et 
al., 1988; Jonville et al., 1992]. The effects on the 
electrocardiogram of oxybutynin were studied in el-
derly patients with urinary incontinence [Hussain et 
al., 1998]; no changes were found. It cannot be ex-
cluded that the commonly recommended dose 5 mg 
x 3 is unnecessarily high in some patients, and that a 
starting dose of 2.5 mg x 2 with following dose-titra-
tion would reduce the number of adverse effects 
[Amarenco et al., 1998]. 

1.2.1.2 Extended Release Oxybutynin (OXY-
ER) 

This formulation was developed to decrease liver me-
tabolite formation of desethyloxybutynin (DEO) with 
the presumption that it would result in decreased side 
effects, especially dry mouth, and improve patient 
compliance with remaining on oxybutynin therapy 
[see Arisco et al., 2009].  The formulation utilizes an 
osmotic system to release the drug at a controlled 
rate over 24 hours distally primarily into the large in-
testine where absorption is not subject to first-pass 
metabolism in the liver. This reduction in metabolism 
is meant to improve the rate of dry mouth complaints 
when compared to OXY-IR.  DEO is still formed 
through the hepatic cytochrome P-450 enzymes, but 
clinical trials have indeed demonstrated improved dry 
mouth rates compared with OXY-IR [Appell et al., 
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2003]. Salivary output studies have also been inter-
esting.  Two hours after administration of OXY-IR or 
TOLT-IR, salivary production decreased markedly 
and then gradually returned to normal. With OXY-ER, 
however, salivary output was maintained at predose 
levels throughout the day [Chancellor et al., 2001]. 

The effects of OXY-ER have been well documented 
[Siddiqui et al., 2004]. In the OBJECT study [Appell et 
al., 2001], the efficacy and tolerability of 10 mg OXY-
ER was compared to a twice daily 2 mg dose of 
TOLT-IR. OXY-ER was statistically more effective 
than the TOLT-IR in weekly urgency incontinence ep-
isodes (OXY-ER from 25.6 to 6.1%; TOLT-IR 24.1 to 
7.8), total incontinence (OXY-ER from 28.6 to 7.1%; 
TOLT-IR 27.0 to 9.3), and frequency (OXY-ER from 
91.8 to 67.1%; TOLT-IR 91.6 to 71.5) and both med-
ications were equally well tolerated.  The basic study 
was repeated as the OPERA study [Diokno et al., 
2003] with the difference that this study was a direct 
comparison of the two extended-release forms, OXY-
ER (10 mg) and TOLT-ER (4 mg) and the results 
were quite different.  In this study there was no signif-
icant difference in efficacy for the primary endpoint of 
urgency incontinence, however, TOLT-ER had a sta-
tistically lower incidence of dry mouth. OXY-ER was 
only statistically better at 10 mg than TOLT-ER 4 mg 
in the reduction of the rate of urinary frequency. 
These studies made it clear that in comparative stud-
ies IR entities of one drug should no longer be com-
pared with ER entities of the other.    

Greater reductions in urgency and total incontinence 
have been reported in patients treated in dose-esca-
lation studies with OXY-ER.  In two randomized stud-
ies, the efficacy and tolerability of OXY-ER were com-
pared with OXY-IR.  In a 1999 study [Anderson et al., 
1999], 105 patients with urgency or mixed inconti-
nence were randomized to receive 5-30 mg OXY-ER 
once daily or 5 mg of OXY-IR 1-4 times/day.  Dose 
titrations began at 5 mg and the dose was increased 
every 4-7 days until one of three endpoints was 
achieved.  These were 1) the patient reported no ur-
gency incontinence during the final two days of the 
dosing period; 2) the maximum tolerable dose was 
reached; the maximum allowable dose (30 mg for 
OXY-ER or 20 mg for OXY-IR) was reached.  The 
mean percentage reduction in weekly urgency and to-
tal incontinence episodes was statistically similar be-
tween OXY-ER and OXY-IR but dry mouth was re-
ported statistically more often with OXY-IR.  In the 
2000 study [Versi et al., 2000], 226 patients were ran-
domized between OXY-ER and OXY-IR with weekly 
increments of 5 mg daily up to 20 mg daily.  As in the 
1999 study, OXY-ER again achieved a >80% reduc-
tion in urgency and total incontinence episodes and a 
significant percentage of patients became dry.  A 
negative aspect of these studies is that there were no 
naïve patients included, as all patients were known 
responders to oxybutynin.  Similar efficacy results 
have been achieved, however, with OXY-ER in a 
treatment-naïve population [Gleason et al., 1999]. 

In an RCT comparing different daily doses of oxy-
butynin (5, 10 and 15 mg), Corcos et al. [2006] found 
a significant dose-response relationship for both ur-
gency incontinence episodes and dry mouth. The 
greatest satisfaction was with 15 mg oxybutynin/day. 

In a multicentre, prospective, observational, flexible-
dosing Korean study, Yoo et al. [2012] investigate the 
prescription pattern and dose distribution of OXY-ER 
in patients the OAB syndrome in actual clinical prac-
tice. The dosage of for each patient was adjusted af-
ter discussions of efficacy and tolerability between 
doctor and patient, over a 12-week treatment period. 
Efficacy was measured by administering the Primary 
OAB Symptom Questionnaire (POSQ) before and af-
ter treatment. Patients were also administered, the 
patient perception of treatment benefit (PPTB) ques-
tionnaire at the end of the study.  Of the 809 patients 
enrolled, 590 (73.2%) continued to take study medi-
cation for 12 weeks. Most patients were prescribed 
5–10 mg ⁄ day oxybutynin ER as both starting and 
maintenance doses, with a dose escalation rate of 
only 14.9%.  All OAB symptoms evaluated by the 
POSQ were improved; 94.1% of patients reported 
benefits from treatment and 89.3% were satisfied. 

1.2.1.3 Transdermal Oxybutynin (OXY-TDS) 
Transdermal delivery also alters oxybutynin metabo-
lism reducing DEO production to an even greater ex-
tent than OXY-ER.  A study [Davila et al., 2001] com-
paring OXY-TDS with OXY-IR demonstrated a statis-
tically equivalent reduction in daily incontinent epi-
sodes (from 7.3 to 2.3: 66% for OXY-TDS, and 7.4 to 
2.6: 72% for OXY-IR), but much less dry mouth (38% 
for OXY-TDS and 94% for OXY-IR).  In another study 
[Dmochowski et al., 2002] the 3.9-mg daily dose 
patch significantly (vs placebo) reduced the mean 
number of daily incontinence episodes (from 4.7 to 
1.9; placebo from5.0 to 2.9), while reducing average 
daily urinary frequency confirmed by an increased av-
erage voided volume (from 165 to 198 ml; placebo 
from 175 to 182 ml).  Furthermore, dry mouth rate 
was similar to placebo (7% vs 8.3%).  In a third study 
[Dmochowski et al., 2003a] OXY-TDS was compared 
not only to placebo but to TOLT-ER.  Both drugs 
equivalently and significantly reduced daily inconti-
nence episodes and increased the average voided 
volume, but TOLT-ER was associated with a signifi-
cantly higher rate of antimuscarinic adverse events. 
The primary adverse event for OXY-TDS was appli-
cation site reaction pruritis in 14% and erythema in 
8.3% with nearly 9% feeling that the reactions were 
severe enough to withdraw from the study, despite 
the lack of systemic problems. 

The pharmacokinetics and adverse effect dynamics 
of OXY-TDS (3.9 mg/day) and OXY-ER (10 mg/day) 
were compared in healthy subjects in a randomized, 
2-way crossover study [Appell et al., 2003].  Multiple 
blood and saliva samples were collected and phar-
macokinetic parameters and total salivary output 
were assessed.  OXY-TDS administration resulted in 
greater systemic availability and minimal metabolism 
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to DEO compared to OXY-ER which resulted in 
greater salivary output in OXY-TDS patients and less 
dry mouth symptomatology than when taking OXY-
ER.  

Dmochowski et al. [2005] analyzing the combined re-
sults of two RCTs concluded that transdermal oxy-
butynin was shown to be efficacious and well toler-
ated. The most common sytemic side effect was dry 
mouth (7.0 % vs placebo 5.3%). Application site ery-
thema occurred in 7% and pruritus in 16.1 %. Also 
Cartwright and Cardozo [2006], reviewing published 
and presented data concluded that transdermal oxy-
butynin has a good balance between efficacy and tol-
erability with a rate of systemic antimuscarinic side 
effects lower that with oral antimuscarinics – how-
ever, this benefit was offset by the rate of local skin 
reaction. The reviews of Sahai et al. [2008] and 
Staskin and Salvatore [2010] largely confirmed these 
conclusions, which also have been supported by fur-
ther studies [Cartwright et al., 2011]. 

In a Japanese population of OAB an alternative daily 
73.5mg transdermal oxybutynin patch was assessed 
against propiverine 20mg daily and placebo [Yama-
guchi et al., 2014]. Aproximately 570 patients were in 
the active arms and 380 in placebo. At 12 weeks, the 
oxybutynin patch was significantly superior than pla-
cebo and non-inferior to propiverine for daily micturi-
tion episodes. Urgency and voided volume was better 
compared to placebo for transdermal oxybutynin, 
however urgency incontinence episodes and nocturia 
were no different. Furthermore 8 out of 9 domains as-
sessed utilising the KHQ were better for transdermal 
oxybutynin compared to placebo suggesting better 
quality of life in this group.  Dry mouth and constipa-
tion were seen in 6.5% and 0.7%, 13.2% and 5%, and 
1.8% and 1% in the transdermal oxybutynin, propiv-
erine and placebo groups, respectively. In the trans-
dermal oxybutynin group application site dermatitits 
was seen in 31.8%, with site erythema in 5.6%.  

Recently the transdermal patch (3.9mg/day) has 
been shown to be subjectively effective in a small 
paediatric population but with 35% skin site irritation 
and 20% discontinuation rate [Gleason et al., 2014].  

1.2.1.4 Oxybutynin Topical Gel 
Given the efficacy and tolerability of the transdermal 
application, limited only by skin site reactions, a gel 
formulation was developed. oxybutynin topical gel 
(OTG) was approved by the US FDA in January 2009.  
OTG is applied once daily to the abdomen, thigh, 
shoulder, or upper arm area [Staskin et al., 2009]. 
The 1g application dose delivers approximately 4 mg 
of drug to the circulation with stable plasma concen-
trations and a "favorable" N-desethyloxybutynin me-
tabolite: oxybutynin ratio believed to minimizing anti-
muscarinic side effects [Staskin and Robinson, 2009]. 
In a multicenter RCT, 789 patients (89% women) with 
urgency-predominant incontinence were assigned to 
OTG or placebo once daily for 12 weeks [Staskin et 
al., 2009]. The mean number of urgeny episodes, as 
recorded by 3-day voiding diary, was reduced by 3.0 

episodes per day versus 2.5 in the placebo arm (P 
<0.0001). Urinary frequency decreased by 2.7 epi-
sodes per day and voided volume increased by 21 
mL (versus 2.0 episodes [P = 0.0017] and 3.8 mL [P 
= 0.0018], respectively, in the placebo group). Dry 
mouth was reported in 6.9% of the treatment group 
versus 2.8% of the placebo group. Skin reaction at 
the application site was reported in 5.4% of the treat-
ment group versus 1.0% in the placebo arm. It was 
felt that improved skin tolerability of the gel over the 
OXY transdermal patch delivery system was second-
ary to lack of adhesive and skin occlusion. The gel 
dries rapidly upon application and leaves no residue; 
person-to-person transference via skin contact is 
largely eliminated if clothing is worn over the applica-
tion site [Dmochowski et al., 2011]. The evolution of 
the transdermal gel allows greater patient tolerability 
and improved compliance. This was confirmed by 
Sand et al. [2012] showing that in 704 women with 
OAB OTG significantly reduced the number (mean ± 
standard deviation) of daily incontinence episodes 
(OTG, -3.0 ± 2.8 episodes; placebo, -2.5 ± 3.0 epi-
sodes), reduced urinary frequency, increased voided 
volume, and improved select health-related quality-
of-life domains vs placebo. Dry mouth was the only 
drug-related adverse event significantly more com-
mon with OTG (7.4%) than with placebo (2.8%). 

Anewer 3% topical oxybutynin gel has been as-
sessed in a phase III randomised placebo controlled 
trial (randomised n=626) [Goldfischer et al. 2015]. 
This product is administered via a metered dose 
pump dispenser and was hypothesised to have less 
adverse events. Furthermore, it is made with propyl-
ene glycol to help with skin permeation. Two doses of 
84mg/day and 56 mg/day of the 3% topical oxy-
butynin were assessed against placebo gel in this 
population of patients with urgency and / or urge pre-
dominant mixed incontinence. The 84 mg / day dose 
was statistically better than placebo after 12 weeks in 
improving weekly UI episodes (primary endpoint) and 
also daily urinary frequency and urine voided vol-
umes. The lower dose of 56mg / day was not statisti-
cally better than placebo. Dry mouth and application 
site erythema was seen in 12.1% and 3.3% in the 84 
mg / day group compared to 5% and 0.5% in the pla-
cebo arm.   

1.2.1.5 Other Administration Forms 
Rectal administration [Collas and Malone-Lee, 1997] 
was reported to have fewer adverse effects than the 
conventional tablets. 

Administered intravesically, oxybutynin has in several 
studies been demonstrated to increase bladder ca-
pacity and produce clinical improvement with few side 
effects, both in neurogenic and in other types of DO, 
and both in children and adults [Lose and Norgaard, 
2001; Fader et al., 2007; George et al., 2007; Guerra 
et al., 2008], although adverse effects may occur 
[Kasabian et al., 1994; Palmer et al., 1997]. More re-
cently a phase II exploratory randomized placebo 
controlled trial (n=323) of intra-vaginal oxybutynin 
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ring was conducted based on the premise that there 
is a shared lymphovascular network between the 
vagina and bladder [Gittelman et al. 2014]. Approxi-
mately one quarter of the patients had an accidental 
fallout of the ring. Both formulations of 4 and 6 mg 
were better than placebo at reducing weekly UI epi-
sodes when compared to placebo. Dry rates, fre-
quency and UUI episodes were also statistically bet-
ter in the 6mg intravgainal oxybutynin group com-
pared to placebo. UTI, dry mouth and vaginal dis-
charge were the commonest adverse events. UTI and 
dry mouth rates were 11.6% and 10.2% in the 6mg 
oxybutynin group, 9.1% and 4.9% in the 4mg oxy-
butynin group and 4.5% and 2.6% in the placebo 
groups.   

1.2.1.6 Effects on Cognition 
Several studies have documented the possibility that 
oxybutynin may have negative effects on cognitive 
functions, particularly in the elderly population [see 
section on “Condiderations in the Elderly”], but also in 
adults and inchildren [see, e.g., Kay et al., 2006; 
Klausner and Steers, 2007; Kay and Ebinger, 2008]. 
This factor should be taken into consideration when 
prescribing the drug. 

Assessment 

Oxybutynin has a well-documented efficacy in the 
treatment of OAB/DO (Table 2). Despite the adverse 
effect profile, it is still an established therapeutic op-
tion. 

1.2.2 Propiverine Hydrochloride 
Several aspects of the preclinical, pharmacokinetic, 
and clinical effects of propiverine were reviewed by 
Madersbacher and Murz [2001]. The drug is rapidly 
absorbed (tmax 2 h), but has a high first pass metabo-
lism, and its biological availability is about 50%. Pro-
piverine is an inducer of hepatic cytochrome P450 en-
zymes in rats in doses about 100-times above the 
therapeutic doses in man [Walter et al., 2003]. Sev-
eral active metabolites are formed which quantita-
tively and qualitatively differ from the mother com-
pound [Haustein et al., 1988; Muller et al., 1993; 
Wuest et al., 2006; Zhu et al., 2008; Sugiyama et al., 
2008]. Most probable these metabolites contribute to 
the clinical effects of the drug, but their individual con-
tributions have not been clarified [Michel and Hegde, 
2006]. The half-life of propiverine itself is about 11-14 
h. An extended release preparation was shown to be 
effective [Junemann et al., 2006; May et al., 2008]. 
Oral absorption of propiverine is site dependent and 
influenced by dosage form and circadiantime–de-
pendent elimination processes [May et al., 2008]. 

Propiverine has combined antimuscarinic and cal-
cium antagonistic actions [Haruno, 1992; Tokuno et 
al., 1993]. The importance of the calcium antagonistic 
component for the drug´s clinical effects has not been 
established. Propiverine has no selectivity for musca-
rinic receptor subtypes. The effects of propiverine on 

cardiac ion channels and action potentials were in-
vestigated by Christ et al. [2008]. Propiverine blocked 
in a concentration-dependent manner HERG chan-
nels expressed in HEK293 cells, as well as native 
I(Kr) current in ventricular myocytes of guinea pig. 
However, action potential duration was not prolonged 
in guinea-pig and human ventricular tissue, and the 
investigators concluded that their results did not pro-
vide evidence for an enhanced cardiovascular safety 
risk with the drug. 

Propiverine has been shown to have beneficial ef-
fects in patients with DO in several investigations. 
Thüroff et al [1998] collected 9 randomized studies on 
a total of 230 patients, and found a 17% reduction in 
micturitions per 24 hours, a 64 ml increase in bladder 
capacity, and a 77% (range 33-80%) subjective im-
provement. Side effects were found in 14 % (range 8-
42%). In patients with neurogenic DO, controlled clin-
ical trials have demonstrated propiverine´s superiority 
over placebo [Stöhrer et al., 1999]. Propiverine also 
increased bladder capacity and decreased maximum 
detrusor contractions. Controlled trials comparing 
propiverine, flavoxate and placebo [Wehnert et al., 
1989], and propiverine, oxybutynin and placebo 
[Wehnert et al., 1992; Madersbacher et al., 1999], 
have confirmed the efficacy of propiverine, and sug-
gested that the drug may have equal efficacy and 
fewer side effects than oxybutynin. In a comparative 
RCT including 131 patients with neurogenic DO, pro-
piverine and oxybutynin were compared [Stöhrer et 
al., 2007]. The drugs were found to be equally effec-
tive in increasing bladder capacity and lowering blad-
der pressure. Propiverine caused a significantly lower 
frequency of dry mouth than oxybutynin. Recently the 
once daily extended release formulation of propiver-
ines was compared to immediate release propiverine 
in a trial with 66 patients suffering with NDO [Stohrer 
et al. 2013]. The primary endpoint was change in re-
flex volume which was improved and comparable be-
tween the two formulations. However, continence 
rates were statistically better in the ER group com-
pared to IR. Adverse events were similar with dry 
mouth rates 27% and 24% for ER and IR formula-
tions, respectively. 

Also in children and adolescents with neurogenic DO, 
propiverine was found to be effective [Schulte-Bauk-
loh et al., 2006; Grigoleit et al., 2006], with a low inci-
dence rate of adverse events: <1.5% [Grigoleit et al., 
2006]. A randomized, double-blind, placebo-con-
trolled trial with parallel-group design in children aged 
5–10 yr was performed by Marschall-Kehrel et al. 
[2009]. Of 171 randomized children, 87 were treated 
with propiverine and 84 with placebo. Decrease in 
voiding frequency per day was the primary efficacy 
parameter; secondary endpoints included voided vol-
ume and incontinence episodes. There was a signifi-
cant decrease in voiding frequency episodes for pro-
piverine versus placebo. Superiority could also be 
demonstrated for voided volume and incontinence 
episodes per day. Propiverine was well-tolerated: 
23% of side-effects were reported for propiverine and 
20% for placebo.  
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In a randomised, double-blind, multicentre clinical 
trial, patients with idiopathic DO were treated with 15 
mg propiverine twice daily or 2 mg TOLT-IR twice 
daily over a period of 28 days [Junemann et al., 
2005]. The maximum cystometric capacity was deter-
mined at baseline and after 4 weeks of therapy. The 
difference of both values was used as the primary 
endpoint. Secondary endpoints were voided volume 
per micturition, evaluation of efficacy (by the investi-
gator), tolerability, post void residual urine, and qual-
ity of life. It was found that the mean maximum cysto-
metric capacity increased significantly (p < 0.01) in 
both groups. The volume at first urgency and the fre-
quency/volume chart parameters also showed rele-
vant improvements during treatment. The most com-
mon adverse event, dry mouth, occurred in 20 pa-
tients in the propiverine group and in 19 patients in 
the tolterodine group. The scores for the quality of life 
improved comparably in both groups.  

Madersbacher et al. [1999] compared the tolerability 
and efficacy of propiverine (15 mg three times daily) 
oxybutynin (5 mg twice daily) and placebo in 366 pa-
tients with urgency and urgency incontinence in a 
randomized, double-blind placebo-controlled clinical 
trial. Urodynamic efficacy of propiverine was judged 
similar to that of oxybutynin, but the incidence of dry 
mouth and the severity of dry mouth were judged less 
with propiverine than with oxybutynin. Dorschner et 
al. [2000] investigated in a double-blind, multicentre, 
placebo-controlled, randomized study, the efficacy 
and cardiac safety of propiverine in 98 elderly pa-
tients (mean age 68 years), suffering from urgency, 
urgency incontinence or mixed urgency-stress incon-
tinence. After a 2-week placebo run-in period, the pa-
tients received propiverine (15 mg three times daily) 
or placebo (three times daily) for 4 weeks. Propiver-
ine caused a significant reduction of the micturition 
frequency (from 8.7 to 6.5) and a significant decrease 
in episodes of incontinence (from 0.9 to 0.3 per day). 
The incidence of adverse events was very low (2% 
dryness of the mouth under propiverine – 2 out of 49 
patients). Resting and ambulatory electrocardio-
grams indicated no significant changes. The cardiac 
safety of propiverine was further studied by Donath et 
al. [2011] in two comprehensively designed mono-
centric ECG studies (including 24 healthy females, 
followed by a second study on 24 male patients with 
coronary heart disease (CHD) and a pathological 
Pardee-Q-wave in the ECG). Both studies were pla-
cebo-controlled and compared the effects of single 
(30 mg s.i.d.) and multiple dosing (15 mg t.i.d.) of pro-
piverine hydrochloride in a crossover design over 6 
and 13 days, respectively., They were performed to 
investigate the influence of propiverine hydrochloride 
and its main metabolite propiverine-N-oxide on car-
diac function with regard to QTc prolongation, QTc 
dispersion and T-wave shape. No negative effects on 
cardiac safety could be demonstrated. 

Abrams et al. [2006] compared the effects of propiv-
erine and oxybutynin on ambulatory urodynamic 
monitoring parameters, safety, and tolerability in OAB 
patients. Patients (n=77) received two of the following 

treatments during two 2-week periods: propiverine 20 
mg once daily, propiverine 15 mg three times daily, 
oxybutynin 5 mg three times daily, and placebo. They 
found that oxybutynin 15 mg was more effective than 
propiverine 20 mg in reducing symptomatic and 
asymptomatic involuntary detrusor contractions in 
ambulatory patients. Oxybutynin had a higher rate of 
dry mouth, and propiverine had a more pronounced 
effect on gastrointestinal, cardiovascular, and visual 
function. 

Yamaguchi et al. [2007] performed a multicentre, 12-
week, double-blind phase III trial in Japanese men 
and women with OAB (1593 patients were random-
ized and 1584 were treated), comparing solifenacin 5 
or 10 mg, propiverine 20 mg, and placebo. Changes 
at endpoint in number of voids/24 hours, urgency, in-
continence, urgency incontinence and nocturia epi-
sodes, volume voided/void, restoration of continence 
and quality of life (QoL) were examined. It was found 
that at endpoint, there were greater reductions in 
mean (SD) voids/24 hours with all drug regimens than 
with placebo. All active treatments improved the vol-
ume voided and QoL vs placebo; solifenacin 10 mg 
reduced nocturia episodes and significantly improved 
urgency episodes and volume voided vs propiverine 
20 mg, and solifenacin 5 mg caused less dry mouth. 
Solifenacin 10 mg caused more dry mouth and con-
stipation than propiverine 20 mg. Wada et al. [2011] 
performed a prospective nonrandomized crossover 
study of female OAB patients, assigned alternately to 
treatment with propiverine (20 mg) for 8 weeks then 
solifenacin (5 mg) for 8 weeks or solifenacin for 8 
weeks then propiverine for 8 weeks. At baseline, 8th 
week and 16th week, symptoms were assessed us-
ing overactive bladder symptom score (OABSS). Of 
the 121 patients enrolled 83 were analysed. Both 
drugs were effective. Urgency was further improved 
after switching from propiverine to solifenacin, but not 
after switching from solifenacin to propiverine. Sol-
ifenacin was better tolerated than propiverine. 

In another multicenter, prospective, parallel, double 
blind, placebo-controlled trial, Lee et al. [2010] stud-
ied the effects of 30 mg propiverine/day in 264 OAB 
patients (mean age 52.2 years), 221 of whom had ef-
ficacy data available from baseline and at least one 
on-treatment visit with >75 compliance. The study 
was focused on improving urgency. Overall, among 
patients treated with propiverine, 39% rated their 
treatment as providing ‘much benefit’, compared with 
15 % in the placebo group. Adverse events reported 
by 32 (22.5%) and 10 (12.7%) patients in the propiv-
erine and placebo group were all tolerable.  

Recently the extended release formulation of propiv-
erine was compared to the extended release formu-
lation of tolterodine in a non-inferiority trial with ap-
proximately 150 patients in each study arm [Leng et 
al., 2016]. Statistically more significant reductions 
were seen for propiverine ER compared with toltero-
dine ER. Discontinuation rates because of adverse 
events were more in the tolterodine ER group com-
pared to propiverine ER (7.4% vs 3.1%). Based on 
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the way the study was designed and powered the au-
thors concluded that ER propiverine was non-inferior 
to ER tolterodine [Leng et al., 2016]. 

Masumori et al. [2011] examined prospectively the ef-
ficacy and safety of propiverine 20mg / day in patients 
withOAB symptoms who poorly responded to previ-
ous treatment with solifenacin, tolterodine or im-
idafenacin. Of 73 patients enrolled (29 malesand 44 
females, median age 71 years), 52 completed the 
protocol treatment. The OABSS was significantly im-
proved by propiverine treatment. The scores of OAB 
symptoms (nighttime frequency, urgency and urge in-
continence) except daytime frequency also improved 
significantly. No increase in PVR was observed. The 
most frequent adverse event wasdry mouth (13.7%), 
followed by constipation (6.8%).  

In a non-controlled study in patients with wet OAB the 
efficacy of propiverine on symptoms and quality of life 
was confirmed [Komatsu et al. [2009].  

Assessment 

Propiverine has a documented beneficial effect in the 
treatment of OAB/DO (Table 2), and seems to have 
an acceptable side effect profile. 

1.2.3 Flavoxate Hydrochloride 
Flavoxate is often discussed as a drug with mixed ac-
tions, however, its main mechanism of action may not 
be antimuscarinic. Flavoxate is well absorbed, and 
oral bioavailability appeared to be close to 100% 
[Guay, 2003]. The drug is extensively metabolized 
and plasma half-life was found to be 3.5 h [Sheu et 
al., 2001].  Its main metabolite (3-methylflavone-8-
carboxylic acid, MFCA) has been shown to have low 
pharmacological activity [Cazzulani et al., 1988; 
Caine et al., 1991]. The main mechanism of flavox-
ate's effect on smooth muscle has not been estab-
lished. The drug has been found to possess a mod-
erate calcium antagonistic activity, to have the ability 
to inhibit phosphodiesterase, and to have local anes-
thetic properties; no antimuscarinic effect was found 
[Guarneri et al., 1994]. Uckert et al. [2000], on the 
other hand, found that in strips of human bladder, the 
potency of flavoxate to reverse contraction induced 
by muscarinic receptor stimulation and by electrical 
field stimulation was comparable, It has been sug-
gested that pertussis toxin-sensitive G-proteins in the 
brain are involved in the flavoxate-induced suppres-
sion of the micturition reflex, since intracerebroven-
tricularly or intrathecally administered flavoxate abol-
ished isovolumetric rhytmic bladder contractions in 
anesthetized rats [Oka et al., 1996].  

The clinical effects of flavoxate in patients with DO 
and frequency, urgency and incontinence have been 
studied in both open and controlled investigations, 
but with varying rates of success [Ruffman, 1988]. 
Stanton [1973] compared emepronium bromide and 
flavoxate in a double-blind, cross-over study of pa-
tients with detrusor overactivity and reported im-
provement rates of 83% and 66% after flavoxate or 

emepronium bromide, respectively, both adminis-
tered as 200 mg 3 times daily. In another double-
blind, cross-over study comparing flavoxate 1200 
mg/day with that of oxybutynin 15 mg daily in 41 
women with idiopathic motor or sensory urgency, and 
utilising both clinical and urodynamic criteria, Milani 
et al. [1993] found both drugs effective. No difference 
in efficacy was found between them, but flavoxate 
had fewer and milder side effects. Other investiga-
tors, comparing the effects of flavoxate with those of 
placebo, have not been able to show any beneficial 
effect of flavoxate at dosages up to 400 mg three 
times daily [Briggs et al., 1980; Chapple et al., 1990; 
Dahm et al., 1995]. In general, few side effects have 
been reported during treatment with flavoxate. On the 
other hand, its efficacy, compared to other therapeu-
tic alternatives, is not well documented (Table 2).  

Assessment 

No RCTs seem to have been performed with flavox-
ate during the last decade. The scarcity of docu-
mented clinical efficacy should be considered before 
using the drug.  

1.3. Clinical Use of Antimuscarinics 
The clinical relevance of efficacy of antimuscarinic 
drugs relative to placebo has been questioned. Her-
bison et al. [2003] stated in a widely discussed article: 
“Anticholinergics produce significant improvements in 
overactive bladder symptoms compared with pla-
cebo. The benefits are, however, of limited clinical 
significance” Large meta-analyses of studies per-
formed with the currently most widely used drugs 
[Chapple et al., 2005; 2008; Novara et al., 2008], 
clearly show that antimuscarinics are of significant 
clinical benefit. Novara et al. [2008] reviewed 50 
RCTs and 3 pooled analyses, which they considered 
of good methodological quality. They concluded that 
still more clinical studies are needed to decide which 
of the drugs should be used as first-, second-, or third-
line treatment. Reviewing information from more than 
12,000 references, Chapple et al. [2008], based their 
conclusions (“antimuscarinics are efficacious, safe, 
and well tolerated treatments”) on 73 RCTs selected 
for their meta-analysis. It was recommended that 
since the profiles of each drug (see below) and dos-
age differ, these factors should be considered in mak-
ing treatment choices.  

The durability of the effects of antimuscarinics is not 
known and the relapse rate of symptoms after discon-
tinuation of treatment has not been systematically 
studies. In 173 women with OAB symptoms for >6 
months, Lee et al. [2011a] studied in a prospective, 
randomized, open-label, trial what happened 3 
months after the patients had been successfully 
treated for 1, 3, or 6-months. The relapse rate was 
62%, and the request for treatment was 65 %, indi-
retly suggesting an efficacy of treatment.  None of the 
antimuscarinic drugs in common clinical use (darifen-
acin, fesoterodine, imidafenacin, oxybutynin, propiv-
erine, solifenacin, tolterodine or trospium) is ideal as 
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a first-line treatment for all OAB/DO patients. Optimal 
treatment should be individualized, implying that the 
patient´s co-morbidities and concomitant medica-
tions, and the pharmacological profiles of the different 
drugs, should be taken into consideration [Chapple et 
al., 2008].  

To compare the effects of different antimuscarinic 
drugs for OAB symptoms, Madhuvrata et al. [2012] 
analysed 86 trials, 70 with parallel and 16 with cross-
over designs (31,249 adults). They concluded that 
when the prescribing choice is between oral immedi-
ate release oxybutynin or tolterodine, tolterodine 
might be preferred for reduced risk of dry mouth. ER 
preparations of oxybutynin or tolterodine might be 
preferred to immediate release preparations because 
there is less risk of dry mouth. Comparing solifenacin 
and immediate release tolterodine, solifenacin might 
be preferred for better efficacy and less risk of dry 
mouth. Fesoterodine might be preferred over ER 
tolterodine for superior efficacy, but has higher risk of 
withdrawal due to adverse events and higher risk of 
dry mouth. 

Several studies have documented that the persis-
tence with prescribed antimuscarinic therapy for over-
active bladder is low [Kelleher et al., 2005; Basra et 
al.,2008; Sears et al., 2010; Wagg et al., 2012]. The 
most common causes seem to be lack of efficacy and 
adverse effects. However, there is some evidence 
suggesting that the tolerability of the different anti-
muscarinics may differ. Wagg et al. [2012] analysed 
prescription data for patients receiving antimusca-
rinics for treatment of the OAB syndrome over a 12-
month period. At 12 months, they found that the pro-
portions of patients still on their original treatment 
were: solifenacin 35%, tolterodine ER 28%, propiver-
ine 27%, oxybutynin ER 26%, trospium 26%, toltero-
dine IR 24%, oxybutynin IR 22%, darifenacin 17%, 
and flavoxate 14%. The longest mean persistence 
was reported for solifenacin (187 days versus 77 − 
157 days for the other treatments). Similar trends in 
other healthcare systems have been reported [Mau-
seth et al., 2013; Kalder et al. 2014]. Gomes et al. 
[2012] compared the persistence of oxybutynin or 
tolterodine therapy among older patients newly pre-
scribed one of these drugs. This was a retrospective 
cohort study of Ontarians aged 66 years and older. 
Persistence with treatment was defined on the basis 
of refills for the drug within a grace period equal to 
50% of the prescription duration. The authors identi-
fied 31,996 patients newly treated with oxy-
butynin and 24,855 newly treated with tolterodine. Af-
ter 2 years of follow-up, persistence on oxy-
butynin (9.4%) was significantly lower than that on 
tolterodine (13.6%, p < 0.0001). The median time to 
discontinuation of oxybutynin and tolterodine was 68 
and 128 days, respectively. Kessler et al. [2011] ana-
lysed 69 trials enrolling 26'229 patients with OAB with 
the aim was to compare adverse events of antimus-
carinics using a network meta-analytic approach that 
overcomes shortcomings of conventional analyses. 
They found similar overall adverse event profiles for 
darifenacin, fesoterodine, transdermal oxybutynin, 

propiverine, solifenacin, tolterodine, and trospium 
chloride, but not for oxybutynin orally administered 
when currently used starting dosages were com-
pared. They concluded that most currently used anti-
muscarinics seem to be equivalent first choice drugs 
to start the treatment of OAB, except for oral oxy-
butynin dosages of ≥ 10 mg/day, which may have 
more unfavorable adverse event profiles. Another 
systematic review concluded that persistence rates 
regardless of antimuscarinic was generally poor, with 
median rates 12-39.4% at 12 months and 6-12% at 
24 months [Veenboer and Bosch, 2014]. Risk factors 
for discontinuation included younger age group, use 
of IR formulations and oxybutynin.  

Even if the use of antimuscarinics is associated with 
many adverse effects, they are generally considered 
to be ‘safe’ drugs. However, among the more serious 
concerns related to their use is the risk of cardiac ad-
verse effects, particularly QT prolongation and induc-
tion of polymorphic ventricular tachycardia (torsade 
de pointes), and increases in heart rate (HR) [Anders-
son and Olshansky, 2007; Andersson et al., 2011].  

QT prolongation and its consequences are not re-
lated to blockade of muscarinic receptors, but rather 
linked to inhibition of the hERG potassium channel in 
the heart.  

However, the experiences with terodiline, an antimus-
carinic drug that caused torsade de pointes in pa-
tients [Connolly et al., 1991; Stewart et al., 1992], 
have placed the whole drug class under scrutiny. 

The parasympathetic actions on the heart (Figure 10) 
oppose the excitatory actions of the sympathetic 
nervous system, and slows the heart rate (Figure 11). 
An elevated resting HR has been linked to overall in-
creased morbidity and mortality, particularly in pa-
tients with cardiovascular diseases. The prevalence 
of CV comorbidities was found to be significantly 
higher in patients with than without OAB [Andersson 
et al., 2010]. Since mean changes in HR reported in 
population studies might not be applicable to an indi-
vidual patient, and particularly in patients at risk of 
cardiac disease, even moderate increases in HR 
might be harmful. The potential of the different anti-
muscarinic agents to increase HR and/or prolong the 
QT time has not been extensively explored for all 
agents in clinical use. Differences between drugs 
cannot be excluded, but risk assessments based on 
available evidence are not possible. 

Antimuscarinics are recommended in treating OAB 
when lifestyle interventions have failed. However, 
many guidelines would recommend when one anti-
muscarinic fails due to lack of efficacy or poor tolera-
bility that a second and even third should be tried. A 
recent retrospective medicine and pharmacy claims 
analysis in the US linked to a one-time patient survey 
of members with OAB-wet was recently reported with 
the specific aim of assessing antimuscarinic treat-
ment patterns and outcomes [Chancellor et al., 2016]. 
A total of 620 patients were finally included after ex-
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clusions. Patients cycled through 1-6 unique antimus-
carinics. In general adherence to the medication was 
poor and 35% of the population used ≥ 2 antimusca-
rinics. Moreover, UI episodes and burden was fairly-
consistent despite antimuscarinic cycling and 
whether patients continued or discontinued their 
medication. Discontinuation rates were high being 
71% of the whole population at study end. Approxi-
mately 89% of patients continued to be bothered by 
their bladder symptoms and requested additional 
help, whether or not they remained on antimusca-
rinics. The study suggests that antimuscarinic cycling 
does not have a positive impact on patients in terms 
of UI. As a result, alternative therapies should be 
sought for patients who have failed 1-2 antimusca-
rinics.It seems logical that if there is inadequate effi-
cacy with 1 antimuscarinic that the maximum dose 
should be trialled in those with a flexible dosing option 
especially if the lower dose had an acceptable ad-
verse event profile.  

In those where tolerability is an issue switching to an 
alternative muscarinic is also reasonable. However, 
thereafter treatment should be escalated to include 
non antimusacrinic options. 

The use of antimuscarinics to treat the storage com-
ponent of lower urinary tract symptoms in combina-
tion with other classes of drugs is increasing. Further-
more, the evidence base to support this is also ex-
panding. Details of the use of antimuscarinics in com-
bination with β3-AR agonist agents to treat refractory 
OAB, in combination with alpha blockers and 5 alpha 
reductase inhibitors to combat lower urinary tract 
symptoms attributable to benign prostatic enlarge-
ment are covered in later sections of this chapter (see 
section on Combinations). 

2. β-ADRENOCEPTOR AGONISTS 

In isolated human bladder, non-subtype selective β-
AR agonists like isoprenaline have a pronounced in-
hibitory effect, and administration of such drugs can 
increase bladder capacity in man [Andersson, 1993]. 
However, the β-ARs of the human bladder were 
shown to have functional characteristics typical of 
neither β1-, nor β2- ARs, since they could be blocked 
by propranolol, but not by practolol or metoprolol (β1) 
or butoxamine (β2) [Nergard et al., 1977; Larsen, 
1979].  

On the other hand, early receptor binding studies us-
ing subtype selective ligands, suggested that the β-
ARs of the human detrusor are primarily of β2 subtype 
[Andersson, 1993], and favourable effects on DO 
were reported in open studies with selective β2-AR 
agonists such as terbutaline [Lindholm and Lose, 
1986]. In a double-blind investigation clenbuterol 0.01 
mg 3 times daily was shown to have a good therapeu-
tic effect in 15 of 20 women with DO [Gruneberger, 
1984]. Other investigators, however, have not been 
able to show that non-subtype selective β-ARs ago-

nists represent an effective therapeutic principle in el-
derly patients with DO [Castleden and Morgan, 1980], 
or in young patients with myelodysplasia and DO 
[Naglo et al., 1981].  

However, three subtypes (β1, β2, and β3) have been 
identified in the detrusor of most species, including 
humans [Andersson and Arner, 2004; Michel and 
Vrydag, 2006]. Also the human urothelium contains 
all three receptor subtypes [Otsuka et al., 2008].  
Studies, using real-time RT-PCR, have revealed a 
predominant expression of β3-AR mRNA in human 
detrusor muscle [Nomiya and Yamaguchi, 2003; 
Michel and Vrydag, 2006; Igawa et al., 2010] and the 
functional evidence for an important role in both nor-
mal and neurogenic bladders is convincing [Fujumura 
et al., 1999; Igawa et al., 1999; Takeda et al., 1999; 
Morita et al., 2000; Igawa et al., 2001; 2010; Biers et 
al., 2006; Michel and Vrydag, 2006; Badawi et al., 
2007; Leon et al., 2008].  

The human detrusor also contains β2-ARs, and most 
probably both receptors are involved in the physiolog-
ical effects (relaxation) of noradrenaline in this struc-
ture [Andersson and Arner 2004; Michel and Vrydag, 
2006; Igawa et al., 2010].  



 

 
840  COMMITTEE 8. PHARMACOLOGICAL TREATMENT OF URINARY INCONTINENCE 
 

 

 
Figure 10: Cardiac control via the autonomic nervous system. Acetylcholine, released from parasympathetic 
nerve terminals activate muscarinic receptors that mediate decrease in heart rate, decrease in force of con-
traction, and decrease in conduction velocity  

 
Figure 11: Autonomic receptors controlling heart rate. Acetylcholine, released form parasympathetic nerve 
terminals, activate muscarinic M2 receptors that mediate a decrease in heart rate. Inhibition of these recep-
tors by antimuscarinics may increase heart rate.  
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Figure 12: During bladder filling, there is normally no parasympathetic nervous outflow to the bladder and 
no release of acetylcholine (ACh). The sympathetic nervous system is active and releases noradrenaline 
(NA) that via β3 adrenoceptors stimulates adenylyl cyclase (AC) and generation of cyclic AMP (cAMP) which 
mediates relaxation of the bladder. In addition, β3-adrenoceptor stimulation activate K+ channels, stimulat-
ing outflow of K+, which causes hyperpolarisation and inhibition of Ca2+ inflow. 

 
Figure 13: During voiding, the parasympathetic system is activated, releasing acetylcholine (ACh) which 
causes bladder contraction, directly via muscarinic M3 receptor stimulation, and indirectly by inhibition of 
adenylyl cyclase (AC) via stimulation of muscarinic M2 receptors. The sympathetic nerve activity is turned 
off. In vivo exogenous stimulation of the β 3-adrenoceptors by β 3-adrenoceptor agonists is not sufficient to 
inhibit the muscarinic receptor mediated activation, which implies that the voiding contraction is not com-
promised. 
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The generally accepted mechanism by which β-ARs 
induce detrusor relaxation in most species, is activa-
tion of adenylyl cyclase with the subsequent for-
mation of cAMP (Figures 12 and 13). 

However, there is evidence suggesting that in the 
bladder K+ channels, particularly BKCa channels, may 
be more important in β-AR mediated relaxation than 
cAMP [Hudman et al., 2000; Frazier et al., 2005; 
Uchida et al., 2005; Frazier et al., 2008]. β3- AR ago-
nists have generally been considered to relieve OAB 
symptoms by relaxing detrusor muscle, inhibiting 
spontaneous contractile activity in the detrusor (in 
vitro: microcontractions; in vivo: non-voiding contrac-
tions), and reducing bladder afferent activity (Figure 
14) [Biers et al., 2006; Takasu et al., 2007; Aizawa et 
al., 2012; Gillespie et al., 2012; Hatanaka et al., 2013; 
Igawa and Michel, 2013].  

However, Gillespie and colleagues have questioned 
the accepted view on the mode and site of action of 
β3-AR agonists [Eastham and Gillespie, 2013; Gilles-
pie et al., 2015a; 2015b; Granato et al., 2015], and 
suggested that effects on neither spontaneous micro-
contractions, nor on non-voiding contractions in e.g., 
obstructed rats, can fully explain the effects of mira-
begron. Assuming that acetylcholine (ACh) release 
from cholinergic terminals during bladder filling con-
tributes to OAB symptoms, the finding that activation 
of pre-junctional β3-ARs may down-regulate ACh re-
lease resulting in an inhibitory control of parasympa-
thetic activity, may be of importance [Rouget et al., 
2014; D'Agostino et al., 2015].  

Since β-ARs are present in the urothelium, their pos-
sible role in bladder relaxation has been investigated 
[Murakami et al., 2007; Otsuka et al., 2008]. Mura-
kami et al. [2007] found that the relaxation responses 
of the detrusor were not influenced by the urothelium. 
However, isoprenaline was more potent at inhibiting 
carbachol contractions in the presence of the urothe-
lium than in its absence. It was suggested that this 
might reflect the release of an inhibitory factor from 
the urothelium. Further support for this hypothesis 
was given by Otsuka et al. [2008]. However, to what 
extent a urothelial signaling pathway contributes in 
vitro and in vivo to the relaxant effects of β-AR ago-
nists in general, and β3-AR agonists specifically, re-
mains to be elucidated.  

The in vivo effects of β3-AR agonists on bladder func-
tion have been studied in several animal models. It 
has been shown that compared with other agents (in-
cluding antimuscarinics), β3-AR agonists increase 
bladder capacity with no change in micturition pres-
sure and the residual volume [Fujimura et al., 1999; 
Woods et al., 2001; Takeda et al., 2002; Kaidoh et al., 
2002; Igawa et al., 2010]. For example, Hicks et al. 
[2007] studied the effects of the selective β3-AR ago-
nist, GW427353, in the anesthetized dog and found 
that the drug evoked an increase in bladder capacity 
under conditions of acid evoked bladder hyperactiv-
ity, without affecting voiding.  

A number of β3-AR selective agonists are currently 
being evaluated as potential treatment for OAB (Fig-

 
Figure 14: The β 3-adrenoceptor is the predominating β -adrenoceptor subtype in different structures of the 
bladder (mucosa, detrusor smooth muscle) and they can be stimulated by highly selective β 3-adrenoceptor 
agonists like mirabegron and solabegron.   
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ure 15) but so far the only drug approved for treat-
ment in humans is mirabegron. The effects of mira-
begron in men and women with OAB have been sum-
marised in several recent reviews [Chapple et al., 
2014; Cui et al., 2014; Rossanese et al., 2015], and 
also in men with both voiding and OAB symptoms 
[Suarez et al. 2013; Otsuki et al, 2013].   

2.1. Mirabegron 

Takusagawa et al. [2012] found that mirabegron was 
rapidly absorbed after oral administration. It circulates 
in the plasma as the unchanged form, its glucuronic 
acid conjugates and other metabolites. Of the admin-
istered dose, 55% is excreted in urine, mainly as the 
unchanged form, and 34% is recovered in feces, al-
most entirely as the unchanged form. Mirabegron is 
highly lipophilic and is metabolised in the liver via mul-
tiple pathways, mainly by cytochrome P450 3A4 and 
2D6 (CYP2D6) [van Gelderen et al., 2009]. In a 
Phase I pharmacokinetic study, sixteen healthy vol-
unteers, phenotyped as either poor or extensive me-
tabolisers of CYP2D6 were enrolled. They received a 
160-mg single oral dose after overnight fasting. Poor 
metabolisers excreted a slightly higher urinary frac-
tion of mirabegron (15.4±4.2%) than extensive me-
tabolisers (11.7±3.0%).  Tmax in both extensive and 
poor metabolizers was about 2 hours and the terminal 
elimination half-life (t1/2) approximately 23-25 hours. 

Chapple et al. [2008] reported the results of a phase 
IIA trial of mirabegron in patients with OAB. The Blos-
som trial, conducted in several European countries, 
was a proof of concept study. It enrolled 314 patients 
with OAB symptoms - 262 patients were randomly as-
signed to 4 groups: placebo, mirabegron 100 mg bid, 
mirabegron 150 mg bid, and tolterodine 4 mg qd for a 
4-week treatment period. The primary endpoint was 
efficacy, and the primary efficacy variable was the 
change in the mean number of micturitions per 24 

hours as recorded on a frequency/volume chart. In 
both mirabegron groups significant improvements in 
the mean number of micturitions per 24 hours were 
found compared with the placebo group (−2.19 and 
−2.21 vs. −1.18, respectively). Mean volume voided 
was dose-dependently increased in the mirabegron 
groups, and the change reach significance in the mir-
abegron 150 mg group. Urgency episodes per 24 
hours decreased significantly in both mirabegron 
groups compared with the placebo group. No severe 
adverse events were reported and treatment was 
generally well tolerated. A small, mean increase in 
pulse rate with mirabegron 150 mg (5 beats per mi-
nute) was demonstrated, but this was not associated 
with a clinically significant increase in adverse events 
such as tachycardia and palpitations. This successful 
phase IIA trial was followed by a phase IIB trial in 
OAB patients carried out in Europe [Chapple et al., 
2010]. This trial was a dose-ranging study of once-
daily mirabegron (an extended release formula of mir-
abegron) with multiple arms (placebo, mirabegron 25 
mg, 100 mg, 150 mg, and 200 mg qd, for a 12-week 
treatment period), and the primary endpoint was to 
evaluate the dose-response relationship on efficacy. 

The mean number of micturitions per 24 hours de-
creased dose-dependently, and the decreases were 
statistically significant with mirabegron 50 mg, 150, 
and 200 mg compared with placebo. The mean vol-
ume voided per micturition increased dose-de-
pendently, and the increases were significant with 
mirabegron 50 mg and more. Adverse events were 
experienced by 45.2% of the patients - the incidence 
of adverse events was similar among all treatment 
groups (placebo 43.2% vs. mirabegron 43.8-47.9%). 
The overall discontinuation rate owing to adverse 
events was 3.2% (placebo 3.0% vs. mirabegron 2.4-
5.3%). The most commonly reported adverse events 
considered treatment-related was gastrointestinal 

 
Figure 15: Stimulation by highly selective β3-adrenoceptor agonists like mirabegron may inhibit bladder 
afferent activity in both Aδ- and C-fibres. From Aizawa et al., Eur Urol. 2012 Dec;62(6):1165-73 
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disorders, including constipation, dry mouth, dyspep-
sia, and nausea. There was no patient-reported acute 
retention. No significant difference in ECG parame-
ters between the groups was demonstrated. How-
ever, a small but significant increase in mean pulse 
rate was observed after mirabegron 100 mg and 200 
mg (1.6 and 4.1 beats per minute, respectively), alt-
hough this was not in associated with an increase in 
cardiovascular adverse events. 

Nitti et al. [2011] reported on a phase III multicentre, 
randomized, double-blind, parallel-group, placebo-
controlled trial of mirabegron in North America. They 
enrolled 1328 patients ≥18 years with OAB symptoms 
for ≥3 months. Patients who completed a 2-week, sin-
gle-blind, placebo run-in and had ≥8 micturitions/24 h 
and ≥3 urgency episodes/72 h (with or without incon-
tinence) during a 3-day micturition diary period, were 
randomized to receive placebo, or mirabegron 50 or 
100 mg once daily for 12 weeks. Co-primary end-
points were change from baseline to final visit (study 
end) in the mean number of incontinence epi-
sodes/24 h and micturitions/24 h. Efficacy was as-
sessed according to patient micturition diaries and 
safety assessments included adverse event (AE) re-
porting. Patients were randomized and received 
study drug (placebo: n=453; mirabegron 50 mg: 
n=442; mirabegron 100 mg: n=433). Mean age was 
60.1 years, 74.3% were female, 29.7% had urgency 
incontinence, 38.1% had mixed stress/urgency incon-
tinence with urgency predominant and 32.2%had fre-
quency without incontinence. At the final visit, mira-
begron 50 and 100 mg showed statistically significant 
improvements in the co-primary efficacy endpoints 
and mean volume voided/micturition compared with 
placebo. Statistically significant benefits were 
achieved at the first-measured time point of Week 4. 
The incidence of AEs was similar across the placebo 
and mirabegron 50 and 100 mg groups (50.1, 51.6 
and 46.9%, respectively). The most common (≥3%) 
AEs in any treatment group were hypertension (6.6, 
6.1 and 4.9%, respectively), urinary tract infection 
(1.8, 2.7 and 3.7%), headache (2.0, 3.2 and 3.0%) 
and nasopharyngitis (2.9, 3.4 and 2.5%). 

Khullar et al. [2011] performed a similarly designed 
study i Europe and Australia, enrolling 1978 patients, 
which included a fourth arm in which tolterodine SR 4 
mg was used as a comparator. Like the American 
study, Khullar et al. [2011] found that mirabegron 
caused a statistically significant improvement from 
baseline compared with placebo in the number of ur-
gency incontinence episodes and number of micturi-
ons per 24 hours.  Mirabegrom 50 and 100 mg was 
numerically superior to tolterodine in these two key 
OAB symptoms, but the study was not powered for 
further analysis. Mirabegrom 50 and 100 mg was well 
tolerated, no differences being found between the 
placebo arm and the two mirabegron arms. In partic-
ular the incidence of hypertension or UTI were identi-
cal. In contrast with tolterodine, no increased dry 
mouth incidence was observed with mirabegron. 

Otsuki et al. [2013] reported on the efficacy and safety 
of mirabegron in a predominantly male population of 
OAB patients. In this prospective, non-randomized, 
controlled study, patients with at least one episode of 
urgency per week and scoring at least 2 for urinary 
urgency in the Overactive Bladder Symptom Score 
(OABSS) were enrolled. Fifty-two patients (36 men) 
with newly diagnosed OAB received mirabegron 50 
mg once daily, and 45 (36 men) with OAB refractory 
to antimuscarinics switched to mirabegron, and an-
other 27 patients (18 men) with newly diagnosed OAB 
received antimuscarinics and served as controls. Pa-
tients on a stable α 1-AR blocker dose for treatment of 
LUTS were allowed in the study, but those with a PVR 
greater than 100 ml were excluded. Mirabegron 
achieved significant improvements in all efficacy out-
comes (OABSS: Overactive Bladder Symptom Score 
and IPSS: International Prostate Symptom Score). In 
patients with newly diagnosed OAB, improvements 
were not significantly different to those achieved by 
antimuscarinics. Mirabegron was well tolerated and 
did not significantly change PVRs. However, these 
encouraging results for mirabegron in treating male 
OAB should be interpreted with caution in view of the 
limitations of the study, which included small patient 
numbers, lack of randomization, and a suboptimal 
treatment period for the indication. 

In a study by Chapple et al. [2013] assessing the 12-
months safety and efficacy of mirabegron, tolterodine 
was used as active control. There were no significant 
differences in efficacy between drugs.  However, 
whether mirabegron has similar efficacy to antimus-
carinics awaits direct comparison studies. Mira-
begron seems to have definite advantages over the 
antimuscarinics with respect to adverse events.  Dry 
mouth and constipation are essentially non-existent 
in comparison to placebo [Chapple et al., 2013; 2014; 
Cui et al., 2014; Rossanese et al., 2015]. 

Mirabegron 50 mg and solifenacin 5 mg were recently 
compared in OAB patients dissatisfied with previous 
antimuscarinic treatment. The Beyond study [Batista 
et al., 2015] was a randomized, double-blind, phase 
IIIb, noninferiority study that enrolled male and female 
patients aged ⩾18 years old, with symptoms of OAB 
for ⩾3 months, who were dissatisfied with their previ-
ous antimuscarinic drug due to lack of efficacy 

Assessment 

Mirabegron has a documented beneficial effect in the 
treatment of OAB/DO (Table 2), and seems to have 
an acceptable side effect profile.    

2.2. New Developments 
Thiagamoorthy et al. [2015] reviewed “novel and pu-
tative” β3-AR agonists for management of OAB, in-
cluding CL-316243, TRK-380, AJ-9677, BRL37344. 
Another agent, vibegron, was claimed to have an 
overall superior preclinical profile compared to MK-
0634, which was discontinued due to unacceptable 
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structure-based toxicity in preclinical species [Ed-
monson et al., 2016]. Even if these agents have been 
reported as being in development, no clinical data 
have been published, and it may be questioned 
whether any of them can be regarded as “novel and 
putative”.  Phase II and III randomised, double blind, 
placebo controlled studies of ritobegron in patients 
with OAB has been initiated and completed, but the 
results have not been published and it seems that that 
the primary efficacy endpoint of the studies was not 
met. No new clinical trials with ritobegron seem to 
have been initiated.   

Efficacy and safety of solabegron (GW427353) have 
been reported in a phase II multicenter, randomized, 
proof-of-concept trial in 258 women with wet OAB. 
The drug produced a statistically significant differ-
ence in percent change from baseline to week 8 in 
incontinence episodes over 24 h (primary outcome) 
when compared with placebo (p=0.025) and was well 
tolerated [Ohlstein et al., 2012].  

There seems to be a number of β3-AR agonists in the 
pipeline some of which are under development. How-
ever, it is uncertain which, if any, will come to market 
and be available for the management of OAB.  

3. DRUGS ACTING ON MEMBRANE 
CHANNELS 

3.1. Calcium Antagonists.  
Calcium channels play an important role in the regu-
lation of free intracellular calcium concentrations and 
thereby contribute to the regulation of smooth muscle 
tone [Berridge, 2008] Two major groups of calcium 
channels include the voltage-gated [Caterall et al., 
2003] and the store-operated channels [Leung et al., 
2008]. While both can contribute to the maintenance 
of smooth tone in general, store-operated calcium 
channels apparently contribute only to a limited if any 
extent to the regulation of bladder smooth muscle 
tone [Schneider et al., 2004 a; b]. On the other hand, 
various types of voltage-operated calcium channels 
have been implicated in the regulation of bladder 
smooth muscle including Q-type [Frew and Lundy, 
1995] and L-type channels [Wuest et al., 2007]. The 
latter appears to be of particular importance as inhib-
itors of L-type channels have repeatedly been shown 
to inhibit bladder contraction in vitro with tissue from 
multiple mammalian species, including humans [Fra-
zier et al., 2008]. However, the relative importance of 
L-type channels may be somewhat less in humans 
than in other mammalian species [Wuest et al., 2007]. 
In confirmation of the role of L-type calcium channels, 
it has been shown that knock-out mice lacking a cru-
cial subunit of this channel exhibit a markedly im-
paired bladder contractility [Wegener et al., 2004]. 

While these in vitro data suggest a possible role for 
calcium channel inhibitors, particularly those of L-type 
channels, in the treatment of DO and incontinence, 

only limited clinical studies are available in this re-
gard. One urodynamic study compared the effects of 
intravesical installation of the calcium channel inhibi-
tor verapamil, the muscarinic receptor antagonists 
oxybutynin and trospium and placebo to patients with 
urgency or urgency incontinence. While the two mus-
carinic receptor antagonists significantly increased 
bladder capacity, verapamil treatment was not asso-
ciated with relevant changes in bladder function 
[Fröhlich et al., 1998]. In a clinical study of limited size 
the calcium channel inhibitor nimodipine (30 mg per 
day) did not significantly improve the number of in-
continence episodes as compared to placebo [Naglie 
et al., 2002]. Larger studies with clinical endpoints re-
lated to effects of calcium channel inhibitors have not 
been reported in incontinent patients (based upon a 
Medline search using the MeSH terms “calcium chan-
nel blockers” and “urinary incontinence”). Moreover, 
it should be noted that despite a long-standing and 
wide-spread use of calcium channel inhibitors in the 
treatment of cardiovascular disease, there are no ma-
jor reports on impaired bladder contractility as a side 
effect of such treatment. The reasons for the discrep-
ancy between the promising in vitro and the lack of 
clinical data are not fully clear, but it may relate to 
pharmacokinetic properties of the currently used 
drugs which may insufficiently either reach or pene-
trate bladder tissue in therapeutically administered 
doses.  

At present, there is no clinical evidence to support a 
possible use of calcium channel inhibitors in the treat-
ment of bladder dysfunction (Table 2). No new infor-
mation has been added since the assessment in 
2008 [Andersson et al., 2009; 2013]. 

3.2. Potassium Channel Openers 
In a similar fashion to calcium channels, potassium 
channels also contribute to the membrane potential 
of smooth muscle cells and hence to the regulation of 
smooth muscle tone. Numerous types of potassium 
channels exist [Gutman et al., 2003; Petkov et al., 
2012; 2014]. With regard to bladder function, ATP-
dependent (KATP) and big calcium-activated (BKCa) 
channels have been studied most intensively. The 
BKCa channels also appear to be important physiolog-
ically as their activation can cause hyperpolarization 
of bladder smooth muscle cells and by this mecha-
nism they can contribute to the relaxation of bladder 
smooth muscle by, e.g., β-adrenoceptor agonists 
[Frazier et al., 2008]. Openers of both KATP [Howe et 
al., 1995; Hu et al., 1997; Martin et al., 1997] and 
BKCa channels [Hu et al., 1997; Sheldon et al., 1997; 
Petkov et al., 2012; 2014] have been shown to induce 
bladder smooth muscle relaxation in various mamma-
lian species, but the density of some types of potas-
sium channels may differ markedly between species. 
Some potassium channel openers have also been 
shown to suppress non-voiding detrusor contractions 
in vivo in animal models of DO [Howe et al., 1995; 
Martin et al., 1997; Tanaka et al., 2003] and this also 
includes activators of the KCNQ type of potassium 
channels [Streng et al., 2004]. Although potassium 
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channel openers are believed to mainly act directly on 
smooth muscle cells [Gopalakrishnan and Shieh, 
2004; Petkov et al., 2012; 2014], they may also at 
least in part affect bladder function by modulating the 
activity of afferent neurones [Tanaka et al., 2003].  

While the above data demonstrate the potential of po-
tassium channel openers to inhibit non-voiding detru-
sor contractions, these channels are expressed not 
only in bladder, but also e.g. in vascular smooth mus-
cle. Therefore, potassium channel openers may also 
affect cardiovascular function, and in effective doses 
may considerably lower blood pressure [Howe et al., 
1995; Shieh et al., 2007]. While some compounds of 
this class have a certain degree of selectivity for the 
bladder as compared to the cardiovascular system, it 
remains unclear whether the degree of selectivity of-
fers a sufficiently large therapeutic window for clinical 
use. This consideration has led to a considerable 
hesitancy to study potassium channel openers in 
OAB patients. Nevertheless, one randomized, pla-
cebo-controlled clinical study on the KATP opener 
ZD0947 has been reported [Chapple et al., 2006]. 
While ZD0947 at the chosen dose did not lower blood 
pressure or cause adverse events typical for a vaso-
dilating drug, it also failed to achieve superiority rela-
tive to placebo for the treatment of OAB symptoms. 
Therefore, despite promising preclinical efficacy data, 
potassium channel openers at present are not a ther-
apeutic option and may never become one due to a 
lack of selectivity for bladder over cardiovascular tis-
sues (Table 2). 

Another way to use potassium channels to normalize 
bladder function was suggested by Christ et al. [2001] 
in a rat model of detrusor hyperactivity. They injected 
"naked" hSlo/pcDNA3 (maxiK channel) into the blad-
der and found a significant amelioration of the hyper-
activity. As to whether this principle can be therapeu-
tically useful in man is currently under investigation.   

4. α-ADRENOCEPTOR (AR) 
ANTAGONISTS 

It is well documented that α1-AR antagonists can 
ameliorate lower urinary tract symptoms in men, and 
currently used α1-AR antagonists are considered ef-
fective for treatment of both storage and voiding 
symptoms in men with LUTS associated with or sug-
gestive of BPH [Andersson, 2002; McVary et al., 
2011; Oelke et al., 201l; Lepor et al., 2012; Fonseca 
and Martins da Silva., 2015]. However, in a study 
where tamsulosin was given alone, or together with 
tolterodine, to patients with male LUTS and OAB 
symptoms, monotherapy with the drug was not effec-
tive [Kaplan et al., 2006]. In an RCT from Korea, 
doxazosin monotherapy resulted in only minimal 
effects in IPSS storage subscore, urgency episodes 
and no improvement in the patient perception of 
bladder condition (PPBC) [Lee et al., 2011b]. Thus, 

there is no convincing evidence that α-AR antago-
nists, given as monotherapy, are effective in patients 
with storage symptoms only.  

A pivotal question is if better efficacy and/or tolerabil-
ity can be obtained by highly subtype selective drugs 
than with the commonly used alternatives. α1-ARs in-
clude three receptor subtypes, α1A, α1B, and α1D, that 
are structurally and pharmacologically distinct and 
have different tissue distributions [Andersson and 
Gratzke, 2007]. α1A-ARs are the predominant subtype 
in the human prostate, where they mediate smooth 
muscle contraction. A fourth subtype, α1L, also pre-
sent in human prostate, is derived from the same 
gene as α1A, but α1L- and α1A-receptors have different 
pharmacologic properties and bind some α-AR antag-
onists with different affinities. The precise structural 
relationship between the two subtypes remains to be 
elucidated. 

Selectivity for α1B-AR has been considered disadvan-
tageous from a cardiovascular point of view [Schwinn 
et al., 2004; Schwinn and Roehrborn, 2008]. Kojima 
et al. [2008)] studied the expression of α1-AR in the 
transitional zone of prostates from 55 patients with 
BPH, comparing patients treated with tamsulosin pre-
sumed to block α1A-ARs and naftopidil presumed to 
block α1D-ARs. However, the selectivity of naftopidil 
for α1D- vs α1A-ARs is modest [Take et al., 1998] and 
its use as a tool to separate between α1-AR subtypes 
is questionable. Nevertheless, the tamsulosin and 
naftopidil groups were classified as α1A-AR dominant 
(22 and 12 patients) and α1D-AR dominant (11 and 
16, respectively). The efficacy of tamsulosin and 
naftopidil differed depending on the dominant expres-
sion of the α1-AR subtype in the prostate. Tamsulosin 
was more effective in patients with dominant expres-
sion of the α1A-AR subtype, whereas naftopidil was 
more effective in those with dominant expression of 
the α1D-AR subtype. In another study, the same group 
assessed whether there was a direct correlation be-
tween the prostatic expression of α1-AR subtype 
mRNA and severity of LUTS or bladder outlet ob-
struction [Kojima et al., 2010]. They found no direct 
correlation between the expression of α1-AR subtype 
mRNA in the prostate and severity of LUTS or BOO, 
although there was a significant regression of this ex-
pression with patient age. Kojima et al. [2010] con-
cluded that the expression level of α1-AR subtype 
mRNA in the prostate could be a predictor of the effi-
cacy of subtype selective α1-AR antagonists in pa-
tients with BPH, and suggested that genetic differ-
ences were responsible for the diverse responses to 
the drugs.    

Silodosin (KD-3213), which has a high selectivity for 
α1A-ARs [Tatemichi et al., 2006a; b; Lepor and Hill, 
2010; Yoshida et al., 2011], had clinically good effects 
on both voiding and storage symptoms in men with 
BPH [Kawabe et al., 2005; Yoshida et al., 2007; 
Marks et al., 2009a;b; Chapple et al., 2010; 
Morganroth et al., 2010; Yoshida et al., 2011; Novara 
et al., 2014; Montorsi et al., 2016]. Chapple et al. 
[2010] conducted a multicenter double-blind, 
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placebo- and active-controlled parallel group study 
comparing silodosin, tamsulosin, and placebo. A total 
of 1228 men ≥50 yr of age with an International 
Prostate Symptom Score (IPSS) ≥13 and a urine 
maximum flow rate (Qmax) >4 and ≤15ml/s were 
selected at 72 sites in 11 European countries. The 
patients were entered into a 2-wk wash-out and a 4-
wk placebo run-in period. A total of 955 patients were 
randomized (2:2:1) to silodosin 8 mg (n=381), 
tamsulosin 0.4 mg (n=384), or placebo (n=190) once 
daily for 12 wk. Its overall efficacy was not inferior to 
tamsulosin. Only silodosin showed a significant effect 
on nocturia over placebo. There was no significant 
difference between the two α1-AR antagonists and 
the placebo in terms of Qmax. There was also no 
difference between the two α-AR antagonists for the 
QoL parameter, whereas both were better than the 
placebo. Active treatments were well tolerated, and 
discontinuation rates due to adverse events were low 
in all groups (2.1%,1.0%, and 1.6% with silodosin, 
tamsulosin, and placebo, respectively). The most 
frequent adverse event with silodosin was a reduced 
or absent ejaculation during orgasm (14%), a 
reversible effect as a consequence of the potent and 
selective α1A-AR antagonism of the drug. The 
incidence was higher than that observed with 
tamsulosin (2%); however, only 1.3% of silodosin-
treated patients discontinued treatment due to this 
adverse event. Silodosin treatment improved DO and 
obstruction grade by decreasing detrusor opening 
pressure, detrusor pressure at Qmax, bladder outlet 
obstruction index and Schafer´s obstruction class 
significantly [Yamanishi et al., 2009]. In a different 
open, nonblinded prospective study silodosin 8 mg 
lead to a significant increase in bladder capacity at 
first desire to void with no significant change in 
maximum cystometric capacity. In the voiding phase 
mean detrusor pressure at maximum flow 
significantly decreased, mean bladder outlet 
obstruction index decreased significantly and 
obstruction grade as assessed by the Schaefer 
nomogram improved significantly [Matsukawa et al., 
2009]. 

It thus seems that selective blockade of α1A-ARs is a 
clinically effective approach (Table 2), and silodosin 
is an effective and well-tolerated treatment for the 
relief of both voiding and storage symptoms in male 
patients with LUTS, even if treatment is associated 
with a high incidence of ejaculatory dysfunction.  

Interest has also been focussed on the α1-ARs (α1D), 
specifically in the bladder [Schwinn et al., 2004; 
Schwinn and Roehrborn, 2008], assuming that these 
receptors were responsible for storage symptoms. 
However, the inter-relationship between the α1D-ARs 
in the human detrusor smooth muscle and the patho-
physiology of LUTS is unclear. Naftopidil was shown 
to significantly improve the OAB symptom score 
[Sakai et al., 2011] and urgency episodes [Yokoyama 
et al., 2009]. Ikemoto et al. [2003] gave tamsulosin 
and naftopidil to 96 patients with BPH for 8 weeks in 
a crossover study. Whereas naftopidil monotherapy 
decreased the I-PSS for storage symptoms, 

tamsulosin monotherapy decreased the I-PSS for 
voiding symptoms. However, this difference (which 
was suggested to depend on differences in affinity for 
α1-AR subtypes between the drugs) could not be 
reproduced in a randomized head to head 
comparison between the drugs [Gotoh et al, 2005]. 
Based on available evidence, it therefore cannot be 
concluded that the α1D-ARs on the detrusor smooth 
muscle are the main therapeutic target.  However, 
α1D-ARs may have effects on different locations in the 
bladder beside the detrusor smooth muscle: the de-
trusor vasculature, the urothelium, and the afferent 
and efferent nerve terminals and intramural ganglia 
[Andersson and Gratzke, 2007]. The importance and 
functional role of this observation remain to be estab-
lished.  

In females, treatment with OAB, α1-AR antagonists 
seem to be ineffective. In an RCT, comprising 364 
women with OAB, no effect of tamsulosin vs placebo 
could be demonstrated [Robinson et al., 2007]. On 
the other hand, voiding symptoms in women with 
functional outflow obstruction, or LUTS, were treated 
(with modest success) with an α1-AR antagonist 
[Kessler et al., 2006, Low et al., 2008]. It should be 
remembered that in women, these drugs may 
produce stress incontinence [Dwyer and Teele, 
1992]. 

In patients with neurogenic DO, treatment with α1-AR 
antagonists was moderately successful [Abrams et 
al., 2003]. 

5. PHOSPHODIESTERASE (PDE) 
INHIBITORS 

Drugs stimulating the generation of cAMP are known 
to relax smooth muscles, including the detrusor [An-
dersson, 1999; Andersson and Wein, 2004]. It is also 
well established that drugs acting through the 
NO/cGMP system can relax the smooth muscle of the 
bladder outflow region [Andersson and Arner, 2004]. 
Use of PDE inhibitors to enhance the presumed 
cAMP- and cGMP-mediated relaxation of LUT 
smooth muscles (detrusor prostate, urethra) should 
then be a logical approach (Andersson et al., 1997; 
2007; 2011). There are presently 11 families of PDEs, 
some of which preferentially hydrolyse either cAMP 
or cGMP [Uckert et al., 2006]. 

As a basis for PDE inhibitor treatment of LUTS, Uck-
ert et al. [2006] investigated  human bladder tissue, 
revealing messenger RNA for PDEs 1A, 1B, 2A, 4A, 
4B, 5A, 7A, 8A, and 9A; most of these PDEs prefera-
bly inhibit the breakdown of cAMP. In vitro, human 
detrusor muscle responded poorly to sodium nitro-
prusside, and to agents acting via the cGMP system 
[Truss et al., 2000]. However, significant relaxation of 
human detrusor muscle, paralleled by increases in 
cyclic nucleotide levels, was induced by papaverine, 
vinpocetine (a low affinity inhibitor of PDE 1), and for-
skolin (stimulating the generation of cAMP), suggest-
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ing that the cAMP pathway and PDE 1 may be im-
portant in regulation of detrusor smooth muscle tone 
[Truss et al., 2001]. Significant dose-dependent relax-
ations were also induced by human cAMP analogs 
[Truss et al., 2001]. With these studies as a back-
ground, Truss et al. presented preliminary clinical 
data with vinpocetine in patients with urgency/ur-
gency incontinence or low compliance bladders, and 
not responding to standard antimuscarinic therapy 
(Truss et al., 2000).  This initial open pilot study sug-
gested a possible role for vinpocetine in the treatment 
of OAB. However, the results of a larger RCT in pa-
tients with DO showed that vinpocetine only showed 
statistically significant results for one parameter 
[Truss et al., 2001]. Studies with other PDE 1 inhibi-
tors than vinpocetin (which may not be an optimal 
drug for elucidation the principle) do not seem to have 
been performed. 

PDE 4 (which also preferably hydrolyses cAMP) has 
been implicated in the control of bladder smooth mus-
cle tone. PDE 4 inhibitors reduced the in vitro contrac-
tile response of guinea pig [Longhurst et al., 1997] 
and  rat [Kaiho et al., 2008] bladder strips, and also 
suppressed rhythmic bladder contractions of the iso-
lated guinea pig and rat bladder [Gillespie and Drake, 
2004; Nishiguchi et al., 2007]. Xin et al. [2014] found 
that that selective pharmacological inhibition of PDE4 
increases the frequency of Ca2+ sparks and their 
functionally coupled BK channels, which lead to the 
attenuation of DSM excitability and contractility and 
suggested that PDE4 isoforms might be valuable 
therapeutic targets for the treatment of overactive 
bladder. However,  previous experiences with selec-
tive PDE 4 inhibitors showed emesis to be a dose -
limiting effect [Giembycz, 2005]. If this side action can 
be avoided, PDE 4 inhibition seems to be a promising 
approach. 

Oger and co-workers showed that PDE5-inhibitor 
sildenafil-induced relaxation of human detrusor 
smooth muscle involved cGMP-, cAMP- and K(+) 
channel-dependent signalling pathways, with a minor 
contribution from NO [Oger et al., 2010]. In 
combination with the alpha-blocker doxazosin,  
sildenafil reduced adrenergic tone of prostatic and 
cavernosal smooth muscle and their combination 
provided a significant benefit when targeting 
relaxation of both tissues [Oger et al., 2008]. 

In-vivo, several studies have indicated a role for 
PDE5-inhibitors in the regulation of micturition 
function. Systemic vardenafil reduced both non-
voiding contractions and bladder afferent nerve firing 
in unanesthetized, decerebrate, spinal cord injury 
rats, indicating potential mechanisms by which 
PDE5-Is improve storage symptoms in SCI patients 
[Behr-Roussel et al., 2010]. The effect of vardenafil 
on OAB-symptoms could be related to a cGMP-
dependent RhoA/ROCK signaling inhibition, as 
shown in spontaneously hypertensive rats (SHR) 
[Morelli et al., 2009a; Morelli et al., 2009b]. Using the 
same animal model, bladder hypoxia was 
significantly reduced by acute vardenafil treatment 

[Morelli et al., 2009b]. Thus, besides relaxing 
muscular wall, PDE5 inhibition may positively affect 
urinary bladder blood perfusion. In the same respect, 
tadalfil was shown to increase prostate tissue 
oxygenation in SHR and human vesicular-deferential 
artery is characterized by a high expression and 
activity of PDE5, which was inhibited by tadalafil in 
vitro; these results suggest another possible 
mechanism through which PDE5i exert beneficial 
effects on LUT symptoms [Morelli et al., 2011; Cellek 
et al., 2014]. 

NO has been demonstrated to be an important inhib-
itory neurotransmitter in the smooth muscle of the 
urethra and its relaxant effect is associated with in-
creased levels of cyclic GMP [Andersson and Arner, 
2004]. However, few investigations have addressed 
the cAMP- and cGMP-mediated signal transduction 
pathways and its key enzymes in the mammalian ure-
thra. Morita et al. examined the effects of isopro-
terenol, prostaglandin E1 and E2, and SNP on the 
contractile force and tissue content of cAMP and 
cGMP in the rabbit urethra [Morita et al., 1994]. They 
concluded that both cyclic nucleotides can produce 
relaxation of the urethra. Werkström et al.[2006] char-
acterized the distribution of PDE 5, cGMP and PKG1 
in female pig and human urethra, and evaluated the 
effect of pharmacological inhibition of PDE-5 in iso-
lated smooth muscle preparations. After stimulation 
with the NO donor, DETA NONO-ate, the cGMP-im-
munoreactivity (IR) in urethral and vascular smooth 
muscles increased. There was a wide distribution of 
cGMP- and vimentin-positive interstitial cells between 
pig urethral smooth muscle bundles. PDE-5 IR could 
be demonstrated within the urethral and vascular 
smooth muscle cells, but also in vascular endothelial 
cells that expressed cGMP-IR. Nerve-induced relax-
ations of urethral preparations were enhanced at low 
concentrations of sildenafil, vardenafil and tadalafil, 
whereas there were direct smooth muscle relaxant 
actions of the PDE-5 inhibitors at high concentrations. 
Fibbi et al. [2009] confirmed that the highest 
expression and biological activity of PDE5 was found 
in bladder. However, a consistent PDE5 expression 
and activity was also found in prostatic urethra. In 
contrast, the prostate gland showed the lowest PDE5 
abundance and cultures derived from this tissue were 
less sensitive to vardenafil. Using a different animal 
model associated with C-fibre afferent activation, it 
was shown that the NO/cGMP signalling pathway is 
involved in the regulation of the micturition reflex, with 
an action that seems more predominant on the 
sensory rather on the motor component of the 
micturition reflex [Caremel et al., 2010].   

The observation that patients treated for erectile dys-
function with PDE5 inhibitors had an improvement of 
their LUTS, has sparked a new interest in using these 
drugs also for treatment of LUTS and OAB. After the 
report in an open study that treatment with sildenafil 
appeared to improve urinary symptom scores in men 
with ED and LUTS [Sairam et al., 2002], this obser-
vation has been confirmed in several well designed 
and conducted RCTs.  
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A number of RCTs are available comparing the effect 
of PDE5 inhibitors alone to placebo and the combina-
tion of α-AR antagonists and PDE5 inhibitors vs α-AR 
antagonists alone [Bechara et al., 2008; Gacci et al., 
2011; Kaplan et al., 2007; Liguori et al., 2009; McVary 
et al., 2007a; b; Porst et al., 2009; 2011; Roehrborn 
et al., 2008; Stief et al., 2008; Tamimi et al., 2010; 
Tuncel et al., 2010; see Gacci et al., 2016]. In these 
studies, different PDE5 inhibitors and different doses 
were administered. PDE5-inhibitors significantly im-
prove IPSS and IIEF scores, but not Qmax when 
compared to placebo. According to a meta-analysis 
by Gacci and co-workers, differences in IPSS score 
were significantly lower in older and obese patients 
[Gacci et al., 2011]. The combination of PDE5-
inhibitors and α-AR-blockers lead to significant im-
provements of the IPSS and IIEF score as well as 
Qmax when compared to the use of α-AR-blockers 
alone. Dmochowski showed that tadalafil once daily 
for LUTS had no significant effect on bladder function 
as measured by detrusor pressure at maximum uri-
nary flow rate or such as maximum detrusor pressure 
and bladder outlet obstruction index while improving 
IPSS [Dmochowski et al., 2010b]. PDE5-inhibitors 
were generally shown to be safe and well tolerated. 

The mechanism behind the beneficial effect of the 
PDE inhibitors on LUTS/OAB and their site(s) of ac-
tion largely remain to be elucidated. There is in vitro 
evidence that PDE5 inhibition might relax the smooth 
muscle of the prostate, bladder, and urethra, dilate 
the pelvic vasculature (including the microvascula-
ture), and modulate sensory bladder functions [An-
dersson et al., 2011; Giuliano et al., 2013; Cellek et 
al., 2014]. Improvement of bladder blood flow to the 
LUT has been suggested [Cellek et al., 2014], and 
this has been supported by studies in animals with 
chronic bladder ischemia [Nomiya et al., 2013]. How-
ever, Pinggera et al. [2014], using transrectal ultraso-
nography, compared the effects of tadalafil 5 mg/day 
and placebo given for 8 weeks to men with moderate 
to severe LUTS/BPH. They found no differences be-
tween the treatments, but did not exclude that 
changes in blood flow may have occured which for 
several reasons could not be detected. Previously, 
Pinggera et al. [2008], using the same methodology, 
quite convincingly showed that tamsulosin could in-
crease perfusion to the LUT. 

Currently, tadalafil is the only FDA approved PDE-5 
inhibitor for treatment of male LUTS even of e.g, 
sildenafil and and vardenafil have been shown to be 
effective. However, there are several other drugs be-
longing to the same class that are used for treating 
erectile dysfunction, including avanafil, udenafil, mi-
crodenafil, gisadenafil [Gacci et al., 2014], and there 
are no reasons to believe that they should not be ef-
fective in relieving male LUTS. To what extent new 
molecules with ability to inhibit PDE-5 [Sawant et al., 
2015] will be developed for future clinical application 
remains to be seen. 

6. ANTIDEPRESSANTS 

Several antidepressants have been reported to have 
beneficial effects in patients with DO [Lose et al., 
1989; Martin and Schiff, 1984]. However, the use of 
antidepressants was shown to be an independent risk 
factor for LUTS suggestive of benign prostatic 
hyperplasia in a community based population of 
healthy aging men (Krimpen Study) [Kok et al., 2009]. 
In a prospective trial, and in total, 205 consecutive fe-
male (113 patient taking antidepressants for various 
disorders and 92 healthy controls), Albayrak et al. 
[2015] found that the prevalence of OAB was signifi-
cantly higher in antidepressant users (64 %) than in 
the control group (33 %) (p = 0.003). They suggested 
that since each SSRI and SNRI has a unique phar-
macological profile, this could explain the opposing 
reports in the literature. 

6.1. Imipramine 
Imipramine is the only drug that has been widely used 
clinically to treat this disorder. Imipramine has com-
plex pharmacological effects, including marked sys-
temic antimuscarinic actions [Baldessarini, 1985] and 
blockade of the reuptake of serotonin and noradren-
aline [Maggi et al., 1989], but its mode of action in DO 
has not been established [Hunsballe and Djurhuus, 
2001]. Even if it is generally considered that imipra-
mine is a useful drug in the treatment of DO, no good 
quality RCTs that can document this have been re-
trieved. It has been known for a long time that imipra-
mine can have favourable effects in the treatment of 
nocturnal enuresis in children with a success rate of 
10-70 % in controlled trials [Glazener et al., 2003; 
Hunsballe and Djurhuus, 2001]. It is well established 
that therapeutic doses of tricyclic antidepressants, in-
cluding imipramine, may cause serious toxic effects 
on the cardiovascular system (orthostatic hypoten-
sion, ventricular arrhythmias). Imipramine prolongs 
QTc intervals and has an antiarrhythmic (and 
proarrhythmic) effect similar to that of quinidine [Big-
ger et al., 1977; Giardina et al., 1979]. Children seem 
particularly sensitive to the cardiotoxic action of tricy-
clic antidepressants [Baldessarini, 1985]. The risks 
and benefits of imipramine in the treatment of voiding 
disorders do not seem to have been assessed. Very 
few studies have been performed during the last dec-
ade [Hunsballe and Djurhuus, 2001; Natalin et al., 
2009].  No good quality RCTs have documented that 
the drug is effective in the treatment DO. However, a 
beneficial effect has been documented in the treat-
ment of nocturnal enuresis. 

A prospective (no controls) study the impact of the 
"three-drug therapy" (antimuscarinic, alpha-blocker 
and tricyclic antidepressants) on the treatment of 
refractory detrusor overactivity  (DO) showed a 
significant increase on bladder capacity and 
decreases on urgency, urge-incontinence and 
frequency. Objective urodynamic data as well as 
symptom score improved significantly with triple 
therapy [Natalin et al., 2009].   
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Selective serotonin-reuptake-inhibitors (SSRIs) have 
been tested with regard to their effects on OAB 
symptoms. Milnacipran hydrochloride, a serotonin-
norepinephrine reuptake inhibitor (SNRI), or 
paroxetine hydrochloride, a selective serotonin 
reuptake inhibitor, were analysed in a prospective 
open trial in neurogenic OAB-patients. Milnacipran 
reduced daytime urinary frequency, improved the 
quality of life index and increased bladder capacity as 
shown in urodynamic studies. No such changes were 
noted in the other categories of the lower urinary tract 
symptoms questionnaire or urodynamic studies, or in 
the paroxetine group [Sakakibara et al., 2008].  

In a retrospectively Hillelsohn et al [2014] evaluated 
43 patients who were treated with desipramine for 
OAB refractory to antimuscarinic therapy. Twelve pa-
tients (28%) discontinued desipramine, 9 due to per-
ceived lack of efficacy. Still, the authors concluded 
that desipramine is a potential useful treatment for pa-
tients with OABsymptoms, e.g., those with pain. To 
confirm any useful effect of desipramine, RCTs are 
needed. 

6.2. Duloxetine 
Duloxetine hydrochloride is a combined norepineph-
rine and serotonin reuptake inhibitor, which has been 
shown to significantly increase sphincteric muscle ac-
tivity during the filling/storage phase of micturition in 
the cat acetic acid model of irritated bladder function 
[Katofiasc et al., 2002; Thor and Katofiasc, 1995].  
Bladder capacity was also increased in this model, 
both effects mediated centrally through both motor ef-
ferent and sensory afferent modulation (Fraser and 
Chancellor, 2003].  In a placebo-controlled study, the 
drug showed efficacy in patients with OAB [Steers et 
al., 2007]. The number of micturition episodes, the 
primary outcome, was reduced by 2 in the duloxetine 
arm and by 0.5 in the placebo arm. Episodes of ur-
gency incontinence were also significantly reduced 
by duloxetine. These data have not been reproduced 
so far in another trial.  However, the high withdrawal 
rate observed across all studies in which the drug was 
evaluated fou SUI, affecting 20-40% of the patients at 
short-term and up to 90% in long-term studies, do not 
predict clinical utility of duloxetine in OAB. 

7. CYCLOOXYGENASE (COX) 
INHIBITORS 

Prostanoids (prostaglandins and thromboxanes) are 
synthesized by cyclooxygenase (COX) from a 
common precursor, arachidonic acid. Prostanoids 
may be involved in the control of bladder function 
under normal and pathological conditions, including 
DO and OAB. Human bladder mucosa has the ability 
to synthesize eicosanoids [Jeremy et al., 1987], and 
these agents can be liberated from bladder muscle 
and mucosa in response to different types of trauma 
[Downie and Karmazyn, 1984; Leslie et al., 1984]. 
Even if prostaglandins cause contraction of human 

bladder muscle, it is still unclear whether prostaglan-
dins contribute to the pathogenesis of unstable detru-
sor contractions. More important than direct effects 
on the bladder muscle may be sensitization of sen-
sory afferent nerves, increasing the afferent input pro-
duced by a given degree of bladder filling. Involuntary 
bladder contractions can then be triggered at a small 
bladder volume. If this is an important mechanism, 
treatment with prostaglandin synthesis inhibitors 
could be expected to be effective. However, clinical 
evidence for this is scarce. 

Cardozo et al. performed a double-blind controlled 
study of 30 women with DO using the prostaglandin 
synthesis inhibitor flurbiprofen at a dosage of 50 mg 
3 times daily [Cardozo et al., 1980a]. The drug was 
shown to have favourable effects, although it did not 
completely abolish DO. There was a high incidence 
of side effects (43%) including nausea, vomiting, 
headache and gastrointestinal symptoms. Palmer 
studied the effects of flurbiprofen 50 mg x 4 versus 
placebo in a double-blind, cross-over trial in 37 pa-
tients with idiopathic DO (27% of the patients did not 
complete the trial) [Palmer, 1983]. Active treatment 
significantly increased maximum contractile pres-
sure, decreased the number of voids and decreased 
the number of urgent voids compared to baseline. In-
domethacin 50 to 100 mg daily was reported to give 
symptomatic relief in patients with DO, compared with 
bromocriptine in a randomized, single-blind, cross-
over study [Cardozo and Stanton, 1980b]. The inci-
dence of side effects was high, occurring in 19 of 32 
patients.  

Although these early clinical studies with nonselective 
COX inhibitors showed some promise in the 
treatment of these disorders, the drugs were not 
further developed for this indication mainly due to 
side effects. The interest in the use of selective COX-
2 inhibitors was hampered by concerns about long-
term cardiovascular toxicity with these drugs.  

No recent clinical studies on the use of COX-inhibitors 
for treatment of LUTS/OAB seem to have been 
published. 

8. TOXINS 

Intravesical pharmacological therapy for LUTS stems 
from the fact that circumventing systemic administra-
tion of active compounds offers two potential ad-
vantages. First, high concentrations of pharmacolog-
ical agents can be given to the bladder tissue produc-
ing enhanced local effects. Second, drugs inappropri-
ate for systemic administration due to off target ef-
fects can be safely used. Attractive as it may be, in-
travesical pharmacological therapy should still be 
considered as a second line treatment in patients re-
fractory to oral therapy or that do not tolerate its sys-
temic side effects. However, this statement is based 
on the assumption that intervention therapy should 
follow oral medication. Research aiming at defining if 
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patients subgroups will benefit of intravesical therapy 
as first line is clearly necessary.  

8.1. Botulinum Toxin   
Mechanism of action. Botulinum toxin (BoNT) is a 
neurotoxin produced by Clostridium botulinum, Of the 
seven subtypes of BoNT, sub-type A (BoNT/A) has 
the longest duration of action, making it is the most 
relevant clinically. BoNT/A is available in different 
commercial forms, with the proprietary names of Bo-
tox, Dysport, Xeomin, and Prosigne. Although 
the toxin is the same, it is wrapped by different pro-
teins which modify the relative potency of each brand. 
This was the basis for the introduction of the non-pro-
prietary names onabotulinum toxin A (onabotA), 
abobotulinum toxin A (abobotA) and incobotulinum 
toxin A (incobotA) for Botox, Dysport and 
Xeomin, respectively. Prosigne is the proprietary 
name of a BoNT/A produced in China, which currently 
does not have a known non-proprietary name.  

The current approved method to estimate the potency 
of a BoNT/A brand is the mouse LD50 (lethal dose 
50%); that is, the mass of toxin (expressed in ng/kg 
of body weight) that kills 50% of mice. More recently, 
a cell-based potency assay was approved specifically 
for onabotulinum toxin assay which uses differenti-
ated human neuroblastoma SiMa cells and replicates 
all steps in BoNT/A mechanism of action. The assay 
measures the BoNT/A-dependent intracellular in-
crease of cleaved SNAP-25. The EC50, that is, the 
concentration of toxin required to provoke a response 
halfway between the baseline and maximum re-
sponse for OnabotA, is about 1–0.4 U per well [Fer-
nandez-Salas et al., 2012]. 

Although potency of each toxin brand is expressed in 
units (U) the doses are not inter-changeable and con-
version ratios between the different brands do not ex-
ist. Estimates from studies carried in the skeletal mus-
cle suggest that onabotA is roughly three times more 
potent than abobotA and equivalent to incobotA. Nev-
ertheless, these equivalences should be approached 
with caution. Comprehensive reviews have been pro-
duced during the last few years. The interested 
reader is also invited to read [Chapple and Patel., 
2006; Nitti, 2006; Patel et al., 2006; Karsenty et al., 
2008; Apostolidis et al., 2009; Silva and Cruz, 2009b; 
Dowson et al., 2010; Duthie et al., 2011; Mangera et 
al., 2011].  

In a recent experimental study in the mice the capac-
ity of 1 U of onabotA and 1 U of abobotA to cleave 
SNAP25 were compared after one single injection in 
the bladder wall. The average number of cleaved 
SNAP-25 positive fibers was higher after onabotA, 
than after abobotA, the difference suggesting that 
when injected in the bladder wall, in the same unit 
amount and same volume, the conversion ratio be-
tween onabotA and abobotA should be around 1:1.6 
[Oliveira et al., 2015].   

Most of the information available about intravesical 
application of BoNT/A derives from the use of onab-
otA (Botox). However, in addition to sub-type A, 
some studies have investigated the effect of detrusor 
injection sub-type B, rimabotulinumtoxinB (proprie-
tary names being Miobloc or Neurobloc depend-
ing on country). For further details, see below. 

8.1.1 BoNT/A 
BoNT consists of a heavy and a light chain linked by 
a disulphide bond. As the BoNT/A gene may differ in 
nucleotides, four A subtypes have been classified 
based on up to 15% variation in the amino acid com-
position. The amino acid sequence of the BoNT/A 
light chain constitutes a catalytic Zn-dependent endo-
peptidase domain. The heavy chain is subdivided into 
three portions (HN, HCN, and HCC), but only two 
have clear functions. The HCC is associated both 
with the recognition of neuronal-specific areas and 
toxin internalization. The HN is responsible for trans-
location of the light chainfrom synaptic vesicles into 
the neuronal cytoplasm. In the synaptic cleft BonT/A 
binds predominately to the isoform C of the synaptic 
vesicle protein or SV2 (SV2C) [Dong et al., 2006, 
Dolly et al., 2014], or to the FGF Receptor 3 [Jacky et 
al., 2013] by the heavy chain. The importance of the 
latter toxin acceptor is still unclear. 

The most well studied process involves SV2 binding 
before being internalized by the nerve terminal during 
the recycling process of synaptic vesicles (Figure 16). 
The two chains are then cleaved and the light chain 
passes into the cytosol, where it cleaves the attach-
ment proteins involved with the mechanism of fusion 
of synaptic vesicles to the cytoplasmatic membrane 
necessary for neurotransmitter release. Attachment 
protein (SNARE or soluble N-ethylmaleimide-sensi-
tive fusion attachment protein receptor) include syn-
aptosome associated protein 25 kD (SNAP 25), syn-
aptobrevin (vesicle associated membrane protein -
VAMP) and syntaxin. BonT/A cleaves SNAP 25 ren-
dering the SNARE complex inactive (Figure 17) 
[Humeau et al., 2000; Chancellor et al., 2008b]. Sub-
type B, acts preferentially through the inactivation of 
VAMP [Humeau et al., 2000]. Interestingly, BonT/A 
cleaves SNAP 25 always in the same position, cutting 
the 9 terminal amino-acids of the C terminal of the 
protein [Dolly et al., 2014] 

BonT/A application was extensively evaluated in stri-
ated muscle. In this tissue paralysis occurs by pre-
vention of acetycholine (ACh) release from choliner-
gic motor nerve endings [Humeau et al., 2000]. Accu-
mulation of neurotransmitter containing synaptic ves-
icles is followed by terminal axonal degeneration. 
Striate muscle paralysis recovers within 2 to 4-
months time. During this time axons develop lateral 
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sprouts and eventually regenerate completely [de 
Paiva et al., 1999].  

In the human bladder SV2 and SNAP-25 expression 
has been demonstrated in parasympathetic, sympa-
thetic and sensory fibers [Coelho et al., 2010; 2012a; 
b]. Almost all parasympathetic nerves express the 
two proteins [Coelho et al., 2012b]. As these nerves 
play a fundamental role for detrusor contraction dur-
ing voiding, the blockade of ACh release is believed 
to play an essential role in detrusor hypo- or a con-
tractility that follows BoNT/A injection in the bladder. 
In accordance with this view it was shown that in nor-
mal or SCI animals BoNTA treatment decreased the 
bladder contractions evoked by electrical stimulation 
of spinal nerves without altering intrinsic contractions 
[Ikeda et al., 2012]. However cholinergic axon sprout-
ing concomitant with clinical remission could not been 
documented in the detrusor [Haferkamp et al., 2004].  

Bladder sensory impairment is also expected to play 
an important role in the final effect of BoNT/A bladder 
injection (Figure 18). About half of the peptidergic 
sensory fibers express SV2 and SNAP25 [Coelho et 
al., 2010]. BoNT/A inhibits the spinal cord release of 
glutamate, substance P (SP) and CGRP from sen-
sory nerves [Purkiss et al., 2000; Aoki et al., 2005; 
Meng et al., 2007] as well as the release of neuropep-
tides at the peripheral extremities [Rapp et al., 2006; 
Lucioni et al., 2008]. BoNT/A has also been shown to 

reduce the suburothelium immunoreactivity for 
TRPV1 or P2X3 [Apostolidis et al., 2005]. BonT/A 
also impedes TRPV1 trafficking from intracellular 
vesicles to the neuronal membrane, as this process 
is also dependent on SNARE proteins [Morenilla 
Palao et al., 2004; Shimizu et al., 2012]. All these 
mechanisms may contribute to the recent observation 
that BoNT/A reduces afferent firing from bladder af-
ferents and antidromic release of neuropeptides 
[Ikeda et al., 2012].   

In the human bladder SV2 and SNAP-25 expression 
by immunohistochemistry could not be demonstrated 
[Coelho et al., 2010]. In another study using im-
munoblot analysis the existence of SV2 in isolated 
human urothelial cells also was not demonstrate alt-
hough SV2 was present in the human bladder mu-
cosa (which contains sub-urothelal connective layer). 
SNAP 25 was present in both isolated human urothe-
lial cells and human bladder mucosa [Hanna-Mitchell 
et al., 2013]. Another SNARE protein, SNAP 23 was 
identified in the human urothelial cells and may con-
tribute to the activity of BonT/A in the urothelium 
[Hanna-Mitchell et al.,2013; Cruz, 2014]. As a matter 
of fact urothelial function seems also compromised 
after BoNT/A administration. BonT/A has been shown 
to inhibit ATP release from urothelium in animal mod-
els of spinal cord injury [Khera et al.,2004; Smith et 

 
Figure 16: Mechanism of action of botulinum toxin (BoNT). BoNT consists of a heavy and a light chain linked 
by a disulphide bond. In the synaptic cleft the toxin binds to synaptic vesicle protein or SV2 by the heavy 
chain before being internalized by the nerve terminal along with the recycling process of synaptic vesicles. 
The two chains are then cleaved and the light chain passes into the cytosol, where it cleaves the attachment 
proteins involved with the mechanism of fusion of synaptic vesicles to the cytoplasmatic membrane neces-
sary for neurotransmitter release. Attachment protein (SNARE or soluble N-ethylmaleimidesensitive fusion 
attachment protein receptor) include synaptosome associated protein 25 kD (SNAP 25), synaptobrevin (vesi-
cle associated membrane protein -VAMP) and syntaxin.  
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al., 2008]. Therefore, it is not surprising that admin-
istration of BoNT/A to inflamed rat bladders reduces 
spinal c-fos counts at the L6 and S1 spinal cord seg-
ments [Vemulakonda et al., 2005].  

Cleaved, inactive SNAP-25 appears rapidly after 
BoNT/A injection. In the guinea-pig a robust expres-
sion of cleaved SNAP 25 could be detected already 
at 12 hours and maximum intensity could be detected 
at 24 hours with little changes afterwards. In guinea-
pigs cleaved SNAP-25 expression was restricted to 
nerve fibers. Almost all parasympathetic fibers, either 
preganglionic and postganglionic were affected while 
less than half of the senory fibers express the cleaved 
protein [Coelho et al., 2012a; b].  In the human urinary 
bladder cleaved SNAP 25 could be detected in NDO 
patients up to 11 months after BoNT/A injection. 
[Schulte-Baukloh et al., 2007].  

BoNT/A has a unique long lasting effect. The struc-
tural basis for this remarkable persistence remains 
poor explained. The enzymatic capacity of the light 
chain is long lasting apparently due to presence of 
two leucines near the C terminus of the protease light 
chain of A toxin [Wang et al., 2011b]. The duration of 
effect of BoNT/A in the detrusor smooth muscle, 
longer than in striated muscles, has currently no firm 
explanation. However, the longer persistence of the 
inactive form of SNAP-25 plus the involvement of pre 
and post-ganglionicparasympathetic neurons may 
contribute to persistence of the BoNT/A effect in the 
bladder.   

Myofibroblasts form a syncytium through extensive 
coupling via the gap-junction protein connexin 43 and 
have close contacts with sensory nerves.  These facts 
led to the hypothesis that myofibroblasts act as mod-
ulators of bladder behaviour [Wiseman et al., 2003; 
Apostolidis et al., 2006]. However, the expression of 
connexin 43 is not altered by BoNT/A [Roosen et al., 
2009]. Hence, currently a firm evidence for the action 
of BoNT/A on myofibroblasts is scant.  

BonT/A may decrease the levels of neurotrophic 
agents in the bladder tissue. Levels of Nerve Growth 
Factor (NGF) [Giannantoni et al., 2006; Liu et al., 
2009] and Brain-derived Neurotrophic Factor (BDNF) 
[Pinto et al., 2010] have been shown to decrease in 
the bladder and/or urine following BoNT/A injections.  
As both neurotrophins have paramount roles for 
growth, maintenance and plasticity of peptidergic 
sensory nerves, these findings may point toward an-
other mechanism whereby BonT/A acts upon the 
bladder. 

8.1.1.1 BoNT/A Effects on Bladder Histol-
ogy 

There is no evidence that repeated injections of nnab-
otA into the detrusor muscle cause inflammatory infil-
trates, fibrotic activity or apoptosis within the bladder 
wall [Comperat et al., 2006; Apostolidis et al., 2008; 
Kessler et al., 2010].  Rather the reverse, one study 
demonstrated that NDO patients treated with BonT/A 
had less fibrosis than nontreated patients [Compérat 
et al., 2006]. The presence of eosinophilic infiltrate 

 
Figure 17: Onabotulinum toxin A inhibition of acetylcholine (ACh) release decreases detrusor smooth mus-
cle contraction. 
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was shown to increase in specimens of patients re-
ceiving multiple treatments, a finding that could not be 
fully explained [Apostolidis et al., 2008]. 

BoNT/A injection protocol in the bladder wall. 
When the treatment was first described in 1999 for 
NDO patients, onabotA was diluted in normal saline 
in order to obtain a concentration of 10 units/ml 
[Schurch et al., 2000a; b]. Under visual control 
through a rigid cystoscope and a flexible 6 Fr injection 
needle, 30 injections of 1 ml (10 units of botulinum-A 
toxin) were done in 30 different bladder wall locations 
above the trigone to prevent vesico-urethral reflux. 
Additional refinements have been added to this tech-
nique along the following years, including the use of 
a local anaesthetic agent (4% lidocaine) and a flexible 
cystoscope [Harper et al., 2003].  

The pivotal studies [Cruz et al, 2011; Ginsberg et al., 
2012] which included more than 700 NDO patients 
led to the approval of a dose of onabotA 200 U ap-
plied in 30 injections sites above the trigone (1ml sa-
line each 6.66 U/ml). The studies showed that 300 U 
produced the same results and had the same dura-
tion of effect but caused more adverse events than 
the 200 U dose [Cruz et al., 2011; Ginsberg et al., 
2012). When considering OAB/IDO two large pivotal 
studies have been published after enrolling more than 
1000 patients. The protocol was first investigated in a 
dose finding study which led to the conclusion that 

100 U was the ideal dose [Dmochowski et al., 2010c]. 
The toxin was administered via cystoscopy as 20 in-
tradetrusor injections of 0.5 ml, evenly spaced but 
avoiding the trigone [Chapple et al., 2013; Nitti et al., 
2013). Following the approval of 100 U of onabotA for 
the treatment of refractory incontinence in OAB pa-
tients, this protocol should be considered standard 
while those reviewed in previous systematic reviews 
for OAB/IDO should be considered off-label. This in-
cludes the use of 200 U or abobotA 500 U [see Man-
gera et al., 2011; Karsenty et al., 2014 for review of 
other protocols].  

Despite the existence of an approved protocol for 
onabotA injection in the bladder wall, in NDO and 
OAB/IDO, several variations have been investigated. 

One variable at stake is the trigone injection, the ra-
tionale for the injection being the dense sensory in-
nervation of this part of the bladder. The suggested 
risks of ureteral reflux after injecting bladder trigone 
were never demonstrated, whether onabotA or 
abobotA was used [Karsenty et al., 2007; Citeri et al., 
2008; Mascarenhas et al., 2008; Pinto et al., 2010). A 
few studies have, therefore, compared trigonal vesus 
trigonal sparing protocols in IDO patients. A recent 
trial randomised 22 IDO patients to receive abobotA 
500 U administration in 20 injections (1ml each) spar-
ing the trigone against 15 off the trigone plus 5 injec-
tions in the trigone [Manecksha et al., 2012].  Mean 

 
Figure 18: Onabotulinum toxin A inhibition of the release of adenosin triphosphate (ATP) from the urothelium 
decreases bladder afferent activity. 
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postvoid residual volumes and clean intermittent self-
catheterisation rates between the two groups were 
similar. However, the change from baseline of the 
OABSS score was greater in the trigone injected 
group.  

One study compared 10 trigonal injections versus 40 
injections into the detrusor or suburothelium of 100 U 
of OnabotA in IDO patients [Kuo, 2007a]. The most 
effective protocol was the 40 detrusor injections be-
cause it brought more robust symptomatic improve-
ment which lasted longer. The trigone injection only 
protocol was the less effective and durable of the 
three, although the risk of urinary retention was null 
[Kuo, 2007a]. The suburothelial protocol brought in-
termediate results, worse than the detrusor but better 
than the trigone only technique [Kuo, 2007a].  Pinto 
et al. [2010] injected 100 U distributed by 10 sites only 
in the trigone in 26 women with BPS/IC: No cases of 
voiding dysfunction were observed. PVR remained 
normal and bladder contractility index was not 
changed by OnabotA.  

In patients with BPS/IC, pilot studies used onabotA 
100 U injected in 10 sites in the trigone to treat blad-
der pain in patients with and without Hunner’s lesions. 
This protocol was not associated with urinary reten-
tion or clinically relevant increase of PVR (Pinto et al., 
2010; Pinto et al., 2013).  

Another variable under investigation is the reduction 
of injection sites while increasing the dose in each 
site. One study randomized NDO patients to receive 
300 U either in 10 or 30 sites [Karsenty et al., 2005]. 
The authors reported that 10 site injection was 
quicker and less painful and that no differences in ef-
ficacy between the two procedures could be detected 
up to 24 weeks. In another study, it was found that 
patients receiving 300 U of onabotA distributed over 
30 injection sites (30 ml of fluid in total) or the same 
dose of toxin distributed over 10 injection sites (10 ml 
of fluid in total) had a similar distribution of the fluid, 
as determined by MRI. About 1/3 to 1/4 of the total 
detrusor volume was covered by the two protocols, 
respectively [Mehnert et al., 2009].  

More recently forty-five patients (22 IDO, 23 NDO) 
were treated with 100–300U of onabotA injected on 1 
or 3 injection sites in the posterior bladder wall. ICIQ-
SF score improvement of  >5 points was achieved in 
73% of them  (IDO 55%, NDO 91%) and the subjec-
tive success rate was 69% (50% IDO, 87%NDO). Full 
continence was achieved in 52% of NDO patients.  In-
crease of PVR was modest and urinary retentions 
were not reported. Urinary tract infection occurred in 
11.1%. Mean duration of effect was 31 weeks. It is 
unclear if this protocol has already been applied in 
other centers. 

Another variable in the injection protocol is the vol-
ume of the saline used to reconstitute the toxin. Most 
studies used 1.0 mL per injection, although a few 
used 0.5 mL [Grosse et al., 2005; Schulte-Baukloh et 
al., 2005], 0.2 mL [Kuo et al., 2004], 0.25 ml [Grise et 
al., 2010] or even 0.1 mL per injection site [Rapp et 

al., 2004]. In a recent experimental study, the amount 
of cleaved SNAP-25 induced by a fixed amount of 
OnabotA was directly related with the volume of the 
injection [Coelho et al., 2012a]. Thus, more controlled 
studies designed to compare different number and lo-
cals of injection and the volume of each injection are 
necessary.  

BoNT/A does not cross the rat urothelium if instilled 
in the bladder [Coelho et al., 2012a]. Onabot/A instil-
lation in the bladder encapsulated in liposomes may 
however overcome the urothelial barrier and induced 
distinctive bladder effects [Chuang et al., 2009].  

Recently the lipossome encapsulation technology to 
deliver onabotA was tested in humans. The study 
used the change of total urinary frequency per 3-day 
bladder diary at 1 mo after treatment as the primary 
end-point. A small group of 24 patients were random-
ized to intravesical instillation of Lipotoxin containing 
80 mg liposomes and 200 U BoNT-A or normal saline. 
Patients were retreated with Lipotoxin 1 month later if 
they failed the first treatment. At 1 month after treat-
ment, the change of urinary frequency per 3d was sig-
nificantly improved in the Lipotoxin group. Urgency 
episodes also showed a significant decrease in the 
Lipotoxin group. Although no adverse events were re-
ported, the duration of the effect was unfortuntely 
short lasting [Kuo et al., 2014].  

Electromotive administration may also help to carry 
the large botulinum toxin molecule across the urothe-
lium. In 15 children with NDO due to myelomeningo-
cele, a 10F indwelling catheter containing a silver spi-
ral electrode was placed in the bladder, after provid-
ing a local transurethral anaesthesia with 2% lido-
caine. The bladder was filled with saline and 10 U/kg 
of abobotA was added. A maximal current of 10 mA 
(100 mA increment/s) for 15 minutes was applied us-
ing abdominal pads [Kajbafzadeh et al., 2010]. The 
urodynamic and symptomatic results were excellent. 
Skin erythema and burning sensation were de only 
side effects reported with this method. If this tech-
nique can be applied to adults it is not known. How-
ever, it would certainly simplify BoNT/A administra-
tion.  

AbobotA administration remains off-label. Neverthe-
less, in larger cohorts coming from several institutions 
aboboatA was applied in the bladder wall by similar 
technique albeit the number of injections was only 20 
[del Popolo et al., 2008; Grise et al., 2010]. A total of 
500-1000 U of abobotA are injected [del Popolo et al., 
2008]. The volume of saline at each injection site is 
commonly 1 ml but volumes so low as 0.25 ml per site 
were also used [Grise et al., 2010].  

In the pivotal RCT with NDO some type of antibiotic 
prophylaxis was allowed for onabotulinum toxin injec-
tion in the bladder wall on the presumption that bac-
teriuria reduced the efficacy of the toxin [Cruz et al., 
2011; Ginsberg et al., 2012). However, many of in-
jected SCI patients relied on some type of bladder 
catheterisation and presented therefore chronic bac-
teriuria. Thus, the relevance of antibiotic prophylaxix 
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before botulinum toxin injection in SCI patients was 
investigated in 154 SCI patients undergoing a total of 
273 treatments with onabotA for refractory NDO. Pa-
tients with no clinical signs of UTI underwent injec-
tions without antibiotic prophylaxis. Bacteriuria was 
found in 73% (200/273) of all patients pre-treatment. 
Following treatment, symptomatic UTI occurred in 7% 
(5/73) of cases with sterile urine culture and in 5% 
(9/200) with bacteriuria. These results suggest that 
routine antibiotic prophylaxis is not required prior to 
botulinum toxin injection in assymptomatic SCI pa-
tients [Leitner et al., 2016]. Is patients non-catheteriz-
ing at treatment, however, the high risk of UTI recom-
mends that antibiotic prophylaxis should be 
maintaained together with a careful exclusion of ac-
tive UTI at the moment of injection. TI screening after 
each BoNT/A bladder treatment remains justifiable 
until further study.   

Effect of BoNT/A on NDO adult patients. OnabotA 
200 U is the only dose approved by FDA and by Eu-
ropean Authorities to treat NDO in SCI and MS pa-
tients. This was in part the consequence of the find-
ings of two large pivotal phase 3 studies where effi-
cacy and safety of onabot A in about 700 patients with 
NDO was compared against placebo in patients with 
NDO and incontinence caused by multiple sclerosis 
(EDSS ≤ 6.5) or spinal cord injury below T1 [Cruz et 
al., 2011; Ginsberg et al., 2012]. Thesestudies were 
preceded by small exploratory RCT (Schurch et al., 
2005; Schurch et al., 2007]. Two doses, 200 and 300 
U of onabotA were compared against placebo. Pri-
mary outcome measure was the change from base-
line in week episodes of urinary incontinence at week 
6 after treatment. Secondary outcome measures in-
cluded the change from baseline in maximum cysto-
metric capacity, maximum detrusor pressure during 
first involuntary detrusor contraction and quality of life 
using the I-QOL total score. Both studies yielded sim-
ilar findings, and indicated that 200 and 300 U pro-
vided the same effect and had the same duration of 
action. In the first study [Cruz et al., 2011] onabotA 
significantly reduced UI and improved QOL in both 
MS and SCI patients, with no clinically relevant differ-
ences between the two doses. At week 6 mean 
change from baseline in weekly incontinence epi-
sodes was  -21.8 in onabotA 200U,   -19.4 with 300U 
and -13.2 with placebo (p < 0.01). At the same time 
point 7.6%, 38.0%, and 39.6% of patients in the pla-
cebo, 200U, and 300U onabotA groups, respectively, 
were fully continent. The proportion of patients with-
out IDC was around 60% after onabotA 200 and 300 
groups but only 17.4% after placebo.  In the second 
study [Ginsberg et al., 2012], onabotA resulted in a 
23.0%, 26,7% and 27.4% change from baseline in the 
incontinence episodes in the placebo, and 200 and 
300 groups, respectively. Furthermore, 36% and 41% 
of patients in the 200 and 300 U groups, respectively, 
achieved dry status, contrasting with 10% in the pla-
cebo arm. In both studies, detrusor pressure and cys-
tometric capacity increased significantly with the two 
onabotA doses, without clinically relevant differences 
between them [Cruz et al., 2011; Ginsberg et al., 

2012]. Patients could request a retreatment 12 weeks 
after initial treatment. Median time for saline treated 
patients was about 90 days days and 250 to 300 days 
for those treated with 200 or 300 onabotA, without dif-
ferences between the two doses [Cruz et al., 2011; 
Ginsberg et al., 2012]. No differences were found be-
tween patients with SCI or MS in terms of clinical re-
sponse to onabotA [Cruz et al., 2011; Ginsberg et al., 
2012]. 

When pooled data were analysed by etiology, both 
MS and SCI patients treated with the toxin exhibited 
decreases from baseline in urinary incontinence epi-
sodes that were significantly larger than in those 
treated with placebo. A significantly higher percent-
age of MS and SCI patients were dry during week 6 
after treatment than in the placebo group [Ginsberg 
et al., 2013]. The change in the number of voluntary 
voids per week was examined only in MS patients, 
the majority of whom did not use intermittent self-
catheterization at study entrance. Following onabotA 
200 U treatment, a decrease from baseline of 2 mic-
turitions per day at week 6 and around 3 micturitions 
per day at week 12 was deteced [Ginsberg et al., 
2013]. There was no difference in terms of continence 
between patients on or off anticholinergic medication 
[Ginsberg et al., 2013]. Antibody formation against 
onabotA were not detected in the pivotal RCT during 
the first treatent cycle [Cruz et al, 2011; Ginsberg et 
al., 2012].  

As a consequence of the symptomatic improvement 
detected after onabotA injection, NDO patients of 
both MS and SCI etiologies found a significant im-
provement in quality of life whether analysed by the I-
QoL Questionnaire (Ginsberg et al., 2012; 2013), the 
3 domain scores of the I-QoL Questionnaire (avoid-
ance and limiting behavior, psychosocial, and social 
embarrassment), the modified Overactive Bladder 
Patient Satisfaction with Treatment Questionnaire 
(OAB-PSTQ), or the Patient Global Assessment 
[Chancellor et al., 2013]. The change from baseline 
in I-QOL score was analysed in patients who did not 
perform CIC at baseline. Surprisingly, the magnitude 
of the I-QoL improvement was similar whether they 
did or did not require this maneuver after toxin admin-
istration [Ginsberg et al., 2012]. 

The symptomatic improvement brought by BoNT/A 
injection in the bladder does not coincide with the mo-
ment of injection. The onset of BoNT/A effect was 
evaluated in a small open-label prospective study that 
specifically investigated the chronology of the symp-
tomatic changes. Some improvement in urgency, 
nocturia and frequency could already be demon-
strated as soon as 2 days after neurotoxin injection in 
NDO patients [Kalsi et al., 2008]. In a large RCT with 
SCI and MS patients treated with OnabotA, 200 or 
300U, significant decrease in the number of inconti-
nence episodes over placebo were first detected at 
week 2 after injection [Cruz et al., 2011; Ginsberg et 
al, 2012].  
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About 60% of the patients were taking antimusca-
rinics and maintained the same dose throughout the 
pivotal studies. A recent subanalysis of the pooled 
data of the 2 pivotal studies showed that similar re-
ductions in urinary incontinence episodes and propor-
tion of patients fully dry were achieved, regardless of 
anti-cholinergic use. Moreover, increment of maximal 
cystometric, decrease in detrusor pressure, improve-
ment in quality of and median time to patient request 
for re-treatment were similar in anticholinergic users 
and non-users [Ginsberg et al., 2013; Sievert et al., 
2012] These observations go along with previously 
made suggestions by Reitz et al. [2004a; b] and 
Grosse et al. [2005] that a substantial proportion of 
SCI patients could reduce or interrupt anti-muscarinic 
medication after BoNT/A injection.  

Doses of onabotA below 200 U were tested in pa-
tients with SCI below T1. Patients (n= 73) with NDO 
and UI (C14 UI episodes/week) received 30 intra-
detrusor injections of onabotA (50 U [n = 19], 100 U 
[n = 21], or 200 U [n = 17]) or placebo (n = 16) via 
cystoscopy, avoiding the trigone for the treatment of 
NDO. Linear dose response for UI episodes/week 
was identified with a maximal effect detected with 200 
U and no effect observed in patients treated with 50U 
[Apostolidis et al., 2013].  

A consequence of BoNT/A treatment in NDO patients 
is the decrease in the incidence of severe urinary tract 
infections. In 30 SCI patients Gamé et al. [2008] ob-
served that the number of pyelonephritis, orchitis and 
prostatitis in the 6 month before onabotA 300U, 
1.75±1.87 per patient, decreased to 0.2±0.41 in the 
first 6 month after treatment. In 17 SCI patients that 
received onabotA injections for a period of 6 years, 
the number of urinary tract infection at the sixth year 
was 1.8±0.5 per year, significantly lower than at base-
line, 6.7±2.1 [Giannantoni et al., 2008]. In a multicen-
tre, cross-sectional retrospective cohort study, data 
from 214 NDO patients treated in 7 German centers 
were collected. The rate of urinary tract infections in 
12 months preceding and in the 12 months following 
onabotA was 68% and 28%, respectively [Boy et al., 
2008]. The reason for these findings is unclear but 
may lie in a decreased maximum detrusor pressure 
resulting in less bladder wall ischemia and vesico-
ureteral reflux [Wefer et al., 2009]. 

Multiple Sclerosis patients represent a particular sub-
group of patients in whom a careful analysis of the 
efficacy and safety of BoNT/A requires additional at-
tention if voluntary voiding is present before treat-
ment. The first cohort studies used onabotA 300 U 
and while this dose was effective in improving or cur-
ing urinary incontinence most patients non-catheter-
izing at baseline had to initiate CIC [Kalsi et al., 2007; 
Khan et al., 2011].  Despite this drawback, improve-
ments in quality of life were quite remarkable indicat-
ing that patients may prefer CIC to incontinence [Kalsi 
et al., 2007; Khan et al., 2011]. The large pivotal 
phase 3 studies [Cruz et al., 2011; Ginsberg et al., 
2012) showed that 200 and 300 U of onabotA had 
exactly the same efficacy in terms of continence and 

duration of effect but 200 U had a much lower risk of 
urinary retention and de novo CIC.  

The efficacy and safety of 100 U of onabotA in MS 
patients non-catheterising before onabotA injection 
was recently compared against placebo. Injections of 
1ml each were carried out in 30 places above the 
trigone containing onabotA (n=66) or saline (n=78). 
OnabotA 100U significantly improved UI epi-
sodes/day compared with placebo (-3.3 vs -1.1; 
P<.001), and improved all the key urodynamic param-
eters like maximal cystometric capacity and maximal 
detrusor pressure. Improvements in I-QOL total score 
with onabotA were 4 times higher than placebo (40.4 
vs 9.9; P<.001).  Median duration of effect was 11.9 
for onabotA and 2.9 months for placebo (P<.001). 
The risk of UTI (25.8%) and de novo CIC (15.2%) af-
ter 100 U onabotA was half of that observed with 200 
U of toxin injections [Chartier Kastler et al., 2016]. 
This RCT confirmed therefore the small pilot studies 
that investigated onabotA 100 U in non-catheterising 
MS patients [Mehnert et al., 2010] and points out to  
such dose as the ideal to start treatment of  in MS 
patients with NDO resistant to oral pharmacotherapy 
but not requiring any form of bladder catheterization.  
From the initial pivotal trials, it was possible to con-
clude that there is no risk of MS exacerbation after 
onabotA administration. The annualized event rate 
was 0.36 and 0.19 in the onabotA and placebo popu-
lations, respectively, therefore in the lower range of 
the annualized rate known for the general MS popu-
lation risk, that varies between 0.2 and 1.2 in general 
MS population [da Silva et al., 2015]. 

Although not officially approved for NDO, abobotA 
has been the object of investigation in a few compar-
ative clinical trials. A small study randomized a total 
of 31 NDO patients due to spinal cord injury, mye-
lomeningocele, trauma at birth, multiple sclerosis and 
myelitis to intravesical injections of abobotA 500 U or 
placebo [Ehren et al., 2007]. Patients in the abobotA 
arm had a significantly higher cystometric capacity at 
6 and 12 weeks, lower maximum detrusor pressure 
and episodes of urinary incontinence and less con-
sumption of antimuscarinic drugs. Efficacy and safety 
of abototA were, additionally, investigated in NDO pa-
tients that had abandoned anticholinergic therapy. 
Two doses, 500 U (n = 39) or 750 U (n = 38) were 
compared. Complete continence at day 30 was ob-
served in 22 patients (56.4%) and 28 patients 
(73.7%) receiving 500Uor 750U. The median delay in 
the reappearance of leakages was 168 days. Alt-
hough there was a trend towards a greater improve-
ment with 750 U, no statistically significant differ-
ences in terms of clinical and urodynamic variables 
and QoL were found between the treatment groups. 
Excellent tolerability was reported for both doses.  

A single-center retrospective study investigated 750 
U intradetrusor injection of abobotA in 81 consecutive 
patients performing CIC. Six weeks after the first in-
jection, the success rate, defined as a combination of 
no incontinence episode, a number of catheterization 
<8 reported in a 3-day bladder diary and the lack of 
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detrusor overactivity, was reported in 64.2 %.  Mean 
reinjection number was 3.9 and mean interval be-
tween reinjection was 8.8 ± 3 months. The clinical ef-
ficacy rate after each reinjection (up to fourteen) was 
at least 86.7 % [Peyronnet et al., 2016]. 

Recently a phase IIa, randomised, placebo con-
trolled, pilot study enrolled 47 patients with NDO and 
urinary incontinence resulting from spinal cord injury 
(SCI) or multiple sclerosis (MS). Patients were 
treated with 15 intra-detrusor injections of abobotA 
750 U or the equivalent placebo (n = 16 and 7) or 30 
injections of AbobotA 750 U or the equivalent placebo 
(n = 17 and 7). Primary endpoint was change from 
baseline in mean number of daily incontinence epi-
sode frequency at day 84. Adjusted mean changes 
from baseline were -3.2 and -1.7 in the 15 injections 
group for abobotA and plcebo respectively. In the 30 
injections group the change was -3.2 and -2.6, re-
spectively for the toxin and placebo. Statistically sig-
nificant improvements in maximum cystometric ca-
pacity, maximum detrusor pressure and volume at 
first contraction were reported in the toxin groups 
compared with placebo. Three muscle weakness ep-
isodes were reported as serious adverse events in 
two tetraplegic and one paraplegic patient, all in the 
15 injections group [Denys et al., 2016]. 

8.1.1.2 BoNT/A in IDO Patients 
The enthusiasm of investigators rapidly produced a 
reasonable number of pilot studies investigating 
BoNT/A in patients with IDO refractory to 
antimuscarics. Although proper dose-escalating 
studies capable of defining ideal doses were lacking, 
investigators opted for the administration of BoNT/A 
in doses smaller than those initially used in NDO. 
That is the reason why most pilot studies used either 
onabot 200 U or abobot 500 U ([see list at the end, 
see also Mangera et al,, 2011 ] and 4 RCT trials 
compared onabotA 200 U against placebo [Kuo, 
2005b; Sahai et al., 2007;  Brubaker et al., 2008; 
Flynn et al., 2009; Tincello et al., 2012]. Due to high 
incidence of voiding dysfunction associated with the 
use of onabotA 200U in IDO patients one large 
cohort, 100 patients, investigated the effect of onabot 
100 U.  

Two large well designed dose escalating placebo 
controlled studies investigated the ideal dose of 
onabotA. Dmochowski et al. [2010d; see also Rovner, 
2011] enrolled 313 OAB wet and experiencing 8 or 
more urinary urgency incontinence episodes a week 
and 8 or more micturitions daily at baseline. They re-
ceived 50, 100, 150, 200 or 300 U intradetrusor onab-
otA, or placebo. Durable efficacy was observed for all 
groups treated with 100 U dose or higher but in dose 
response curve doses greater than 150 U contributed 
minimally to the symptomatic improvement.  As the 
use of CIC was also dose dependent, 100 U offered 
the best balance between efficacy and safety. Denys 
et al. [2012] randomised 99 OAB patients to receive 
a single injection of either placebo or onabotA 50 U, 

100 U or 150 U. A >50% improvement versus base-
line in urgency and urge urinary incontinence (UUI) in 
65% and 56% of patients who respectively received 
100 and 150 U. Complete continence was observed 
in 55% and 50% patients after 100 U and 150 U. The 
dose of 100 U seemed to offer the best balace be-
tween efficacy and increase of PVR.  

A few additional studies contributed to defined 100 U 
as rhe ideal dose for refractory OAB treatment.  Co-
hen et al. [2009] randomized 44 OAB-dry and wet pa-
tients to receive 100 U or 150 U. No significant differ-
ences in clinical or urodynamic outcome measures 
were noted between the two doses. QOL was signifi-
cantly improved in both groups with no difference be-
tween 100 U or 150 U. Altaweel et al. [2011] random-
ized 11 patients for onabotA 100U and 11 patients to 
onabotA 200 U. No clinical or urodynamic differences 
were detected between the 2 groups at 3-months fol-
low-up. Urinary retention occurred in 2 patients in the 
200 U and in 1 patient in the 100 U arm. The same 
conclusion was withdrawn by Schmid et al. [2006] 
who injected onabotA 100 U in 100 IDO patients re-
fractory to antimuscarinic therapy. Treatment re-
mained highly effective, incontinence and urgency 
sensation disappearing in 86% and 82% of patients, 
respectively, during an average period of 6 months. 
Temporary urinary retention only occurred in 4% of 
the cases, with additional 15% reporting moderate 
voiding difficulties 

Data from two large pivotal phase 3 studies in which 
patients were randomized to receive 20 injections of 
0.5 mL each above the trigone, containing 5 U per 
injection with a total of 100 U or only saline are now 
available [Chapple et al., 2013; Nitti et al., 2013). 
These studies enrolled mostly female patients with id-
iopathic OAB with ≥3 urgency urinary incontinence 
(UUI) episodes over 3 days and ≥ 8 micturitions per 
day and a postvoid residual less than 100 mL who 
were inadequately managed by anticholinergics. The 
co–primary efficacy end points were change from 
baseline in the number of UI episodes and the pro-
portion of patients with a positive treatment response 
on the treatment benefit scale (TBS) at week 12.   

The Chapple et al. [2013] study randomized 277 pa-
tients to onabotA and 271 for saline injection. At base-
line the average number of daily UI episodes was 
above 5 per day. OnabotA significantly decreased UI 
episodes per day at (-2.95 for onabotA versus -1.03 
for placebo; p < 0.001). Significant reductions in fre-
quency, urgency episodes per day and nocturia were 
also observed. Changes in TBS indicate that patients 
perceived a significant improvement in their condition 
(62.8% for onabotA versus 26.8% for placebo; p < 
0.001). Clinically meaningful improvements from 
baseline in all I-QOL and KHQ multi-item domains in-
dicated positive impact on quality of life.  

The Nitti et al. [2013] study randomised 280 for onab-
otA and 277 for saline. In average patients experi-
enced more than 5 episodes of UI per day. At week 
12 there were greater decreases from baseline in the 
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mean daily UI in the active group ((–2.65 for onabotA 
and  –0.87 for saline, p <0.001). The percentage of 
fully dry patients at week 12, was 22.9% after onab-
otA and 6.5% with saline. The other key OAB symp-
toms, frequemcy, urgency and nocturia also im-
proved after onabotA. Of interest, all changes in OAB 
symptoms detected at week 12 were already present 
at week 2. A higher proportion of onabotA treated pa-
tients reported a positive treatment response on the 
TBS vs those on placebo. Large, clinically significant 
improvements in all I-QOL and KHQ multi-item do-
main scores were noted after onabotA. 

A pooled analysis of the two pivotal phase 3 studies 
[Sievert et al., 2014] included a population of 1,105 
patients randomized to onabotulinumtoxinA 100 U (n 
= 557) or placebo (n = 548) confirmed the results of 
the 2 RCT and allowed additional insights into the ef-
fect of onabotA 100 U in OAB patients. Patients 
treated with onabotA 100 U had an average decline 
of 2.8 episodes of urinary incontinence per day 
whereas the reduction in the placebo group was only 
0.95 episodes per day (p < 0.001). In the group sub-
mitted to onabotA the rate of dry patients at week 12 
was 27.1%, significantly higher than the rate of 8.4% 
in the placebo group (p<0.001). Moreover, 60.5 % of 
onabotA treated patients reported a reduction ≥50% 
from baseline in urinary incontinence episodes com-
pared to 31% in the placebo group (p < 0.001). Other 
key OAB symptoms were also substantially improved 
by toxin treatment. The decrease from baseline in the 
number of episodes of urinary urgency per day was 
3.30 and 1.23 in the onabotA and placebo groups, re-
spectively. As to urinary frequency, there was a de-
crease of 2.35 and 0.87 micturitions per day, respec-
tively. The median time to request retreatment was 24 
weeks following treatment with onabotA compared 
with 13 weeks with placebo. 

Further breakdown of the pooled data [Sievert et al., 
2014] showed that the number of previous 
anticholinergic drugs does not seem to influence the 
outcome of onabotA treatment. The number of prior 
anticholinergics also did not affect the improvement 
caused by onabotA in urinary urgency episodes per 
day and in the number of micturitions per day. The 
rate of satisfaction was also independent from the 
number of previously used anticholinergic drugs. 
When analysing the efficacy of onabotA by the 
reasons why the anticholinergic treatment was 
stopped, insufficient efficacy or intolerable side 
effects, the symptomatic improvement and patient 
satisfaction after onabotA was similar in the two 
subgroups and comparable with the results achieved 
by the overall pooled population [Sievert et al., 2014]. 
However, the latter data should be compared with 
those of a retrospective analysis of a single center co-
hort that evaluated the efficacy of 100-150 U of onab-
otA injections in 85 patients. Results were superior in 
patients who did not tolerate anticholinergics than in 
those who abandoned the medication due to poor ef-
ficacy (86% vs. 60%, respectively) [Makovey et al., 
2011]. 

Drake et al. [2015] conducted another post hoc anal-
ysis of the two pivotal phase 3 studies where the ef-
fect of the treatment was examined according to the 
severity of the incontinence at study entry. Patients 
with < 2, between 2 and 5 or > 5 UUI episodes per 
day had decreases in incontinence episodes of 2.7, 
3.0 and 3.8, respectively. The percentages of patients 
with a reduction of more than 50% in the urinary in-
continence episodes in each subgroup were 56.6%, 
66.5% and 56.7%, respectively. All these numbers 
were significantly better than in the placebo groups, 
indicating that OnabotA is effective regardless of the 
grade of urinary incontinence at baseline.  

A large placebo controlled RCT was conducted in 8 
centers in UK (the RELAX study) and randomised a 
total of 240 women with refractory DO to receive 
onabotA 200 U or placebo distributed by 20 bladder 
wall sites above the trigone (10 U/1ml) [Tincello et al., 
2012]. Primary outcome was voiding frequency per 
24 h at 6 months. Secondary outcomes included ur-
gency and incontinence episodes and quality-of-life 
data. A total of 122 women received onabotA and 118 
received placebo. Median leakage episodes were al-
ready significantly reduced by week 6 and at 6 
months were 1.67 in onabotA vs 6.0 in the placebo 
group. Continence was more common after onabotA 
(31% vs 12%).  Significant decreases also occurred 
in voiding frequency (8.3 vs 9.67) and in daily urgency 
episodes (3.83 vs 6.33). Quality of life scores were 
better in the toxin group.  

Other small RCTs have been conducted on IDO us-
ing onabotA 200 U [Sahai et al., 2007, Brubaker et al. 
2008) or a combination onabotA 200 or 300 U [Flynn 
et al., 2009]. These studies were extensively re-
viewed in the 2013 edition of this book, but their rele-
vance after the large RCTs of Chapple et al. and Nitti 
et al. make their detailed analysis today superfluous. 
Only safety data of these small studies will be men-
tioned below. A small open-label prospective study 
specifically investigated the chronology of the effect 
of onabot 200 U in IDO patients. Urgency, nocturia 
and frequency improved as soon as 4 days in IDO 
patients, a time-period slightly longer than that re-
ported in NDO cases [Kalsi et al., 2008].  

Successful OAB treatment with onabotA does not ap-
pear to be related to the existence of DO.  In a sub-
analysis of the dose finding study for onabotA, no dif-
ferences in outcomes were found between those with 
and those without baseline DO [Rovner et al., 2011]. 
Likewise, in a cohort of 5 male and 27 female patients 
with OAB and without DO, improvement in frequency 
and urinary incontinence was observed after treat-
ment with onabotA [Kanagarajah et al., 2012]. Two 
doses were tested, 100 and 150 U, without no clini-
cally relevant differences between them [Kanagara-
jah et al., 2012]. Thus, in clinical practice there is little 
justification to indicate routinely urodynamic testing in 
subjects with OAB symptoms refractory to oral medi-
cation to decide onabotA administration. 
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8.1.1.3 Adverse events in OAB and NDO Pa-
tients After BoNT/A Injection 

In NDO the most common adverse events were UTI 
and de novo CIC [Cruz et al., 2011; Ginsberg et al., 
2012; 2013).  

In the SCI population, the majority of which was per-
forming CIC at baseline, the incidence of UTI was 
similar across all treatment groups (around 50%). In 
the MS population, the rate of UTI was highest in the 
onabotA 300 U arm (saline 32%, 200U: 58.5%, 300U: 
70%) in the study by Cruz et al. [2011] whereas the 
incidence of UTI was similar, around 50%, after 200 
and 300 onabotA doses in the study by Ginsberg et 
al., [2012]. The high incidence of UTI among MS pa-
tients in the pivotal studies was related with dose de-
pendent increase in PVR and necessity of de novo 
CIC. The latter was considered necessary in 12.2% 
of the patients after after saline, 29.5 after 200 U, and 
42.2 after 300U in the study by Cruz et al. [2011]. 
Ginsberg et al. [2012] observed that the incidence of 
de novo CIC in patients not catheterizing at baseline 
was dose 10% on placebo, 35% on 200 U and 42% 
on 300 U, and also mainly affected MS patients. The 
pooled data of the two pivotal studies showed that the 
incidence of UTIs was similar among all treatment 
groups for SCI patients (P = 0.534), but was higher in 
the onabotA-treated MS patients compared with pla-
cebo (P<0.001). However, very few complicated UTIs 
were reported: pyelonephritis was reported in one MS 
patient (onabotA 300U group) and in two SCI patients 
(both in the placebo group), and urosepsis was re-
ported in two SCI patients (both in the placebo group). 
Among patients non-catheterizing at baseline that re-
ceived 200 U of onabotA about 1/3 required CIC. The 
period of time in which CIC was required was long 
lasting (>36 weeks) in about half of them [Ginsberg et 
al., 2013]. The risk of urinary retention and de novo 
CIC in MS patients non-catheterising before treat-
ment may be substantially decreased by using a 
lower dose of the toxin. Using 100U of OnabotA in 
non-catheterising MS patients de novo CIC (15.2%) 
and the rate of UTI (25.8%) was half of that observed 
with 200 U of toxin injections [Chartier Kastler et al., 
2016) 

Paralysis of the striated musculature due to systemic 
leakage of the toxin has never been reported with the 
doses tested in the several studies reviewd here. 
Transient muscle weakness was, nevertheless, re-
ported with AbobotA application in several studies 
[Wyndaele and Van Dromme, 2002; Akbar et al., 
2007; Del Popolo et al., 2008]. Among 199 NDO pa-
tients followed during 8 years, 5 developed hypos-
tenia when injected with after abotbotA 1000 U [Del 
Popolo et al., 2008]. In another study with 44 patients, 
3 adults also treated with 1000 U developed muscular 
weakness which subsided after 5 to 7 weeks [Akbar 
et al., 2007]. In a recent phase IIa RCT with abobotA 
750 U, 3 cases of muscle weakness episodes were 
reported in two tetraplegic and one paraplegic patient 
among 15 NDO patients who received the toxin in 15 
injection sites [Denys et al., 2016). No such cases 

were reported with onabotA by Karsenty et al. [2008]. 
The reason for the less frequent transient muscle 
weakness among onabotA-treated patients is unclear 
but might be related with the larger size of its mole-
cule which limits diffusion into the blood stream or a 
dose of abobotA which is more powerful that the 
doses used with onabotA. Anyway, the risk of hypos-
thenia associated with abobotA might be avoided by 
using lower doses of the toxin, no more that 750 U for 
adults and 20 units/kg for children [Akbar et al., 2007, 
Del Popolo et al., 2008] or by avoiding high amounts 
of toxin per injection site. In addition, caution should 
be used in selecting high risk patients for botulism in-
cluding children, patients with low pulmonary reserve 
or patients with myasthenia gravis. Aminoglycosides 
should be avoided during BoNT-A treatment since 
they might blockade motor plates and therefore en-
hance BoNT/A effect. 

Episodes autonomic dysreflexia in SCI patients dur-
ing injection were rare. Ginsberg et al. [2012] in 167 
injected patients reported 7 events of autonomic dysr-
reflexia.  

Data from long-term studies that followed the large 
RCT are now available. In NDO, most common ad-
verse events during 4-year follow-up were urinary 
tract infections and urinary retention. De novo CIC 
rates were 29.5%, 3.4%, and 6.0% (200U), and 43.0, 
15.0, and 4.8% (300U) for treatments 1–3, respec-
tively; de novo CIC rates were 0% for treatments 4–6 
[Kennelly et al., 2015]. UTI ranged between 20% and 
30% along the follow-up without relevant differences 
bewteen patients treated with 200 U or 300 U [Ken-
nelly et al., 2015]. In OAB studies UTI was the most 
common adverse event and ranged between 17.0% 
after treatment cycle 1 and 14.4% after treatment 6. 
CIC was necessary in 4.0% after the first treatment 
but this incidence decreased in all subsequent treat-
ment cycles and was below 1% after treatment cycle 
5 and 6. The median duration of CIC ranged from 3.1 
to 8.3 weeks [Nitti et al., 2016]. 

Although it is a concerned frequently rose by caregiv-
ers, at this moment there is no evidence that repeated 
BoNT/A injections cause detrusor atrophy or bladder 
wall fibrosis. Whether onabotA or abobotA were 
used, repeated injections in NDO patients in the short 
to medium term did not decrease bladder compliance 
which would presumably be the case if fibrosis were 
to develop [Reitz et al., 2007; Del Popolo et al., 2008]. 
Histological inspection of injected bladders did not 
show inflammatory changes, fibrosis, or dysplasia af-
ter repeated treatments and independently of the 
neurogenic or non-neurogenic origin of the detrusor 
overactivity [Haferkamp et al., 2004; Compérat et al., 
2006; Apostolidis et al., 2008].  Rather the reverse, 
one study demonstrated that NDO patients treated 
with BoNT/A had less fibrosis than nontreated pa-
tients [Compérat et al., 2006]. Curiously, the pres-
ence of eosinophilic infiltrate was shown to increase 
in specimens of patients receiving multiple treat-
ments, a finding that could not be fully explained [Ap-
ostolidis et al., 2008]. 
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In OAB, the dose finding study conducted by Dmo-
chowski et al. [2010] the proportion of patients with 
posttreatment PVR of 200 ml or greater was dose de-
pendent and patients requiring CIC were 0%, 3,6%, 
9,1% 12,7% 18,2% and 16,4 after  placebo or 50, 
100, 150, 200 and 300 U onabotA injections. In what 
concerned UTI this complication occurred in 16,3%, 
33,9%, 44%, 48.1% and 34.5% patients after pla-
cebo, and 50, 100, 150, 200 and 300 U onabotA in-
jections, respectively . 

In the pivotal studies the most common adverse event 
was uncomplicated UTI followed by urinary retention. 
In the Chapple et al. [2013] study, UTI occurred in 
24.1% of the onabotA patients and 9.6% in the pla-
cebo group. The majority of patients treated with 
onabotA (75.8%) did not have an increase from base-
line in PVR excceding 100 ml and only 8.8% had PVR 
increases exceeding 200 ml. The proportion of pa-
tients who initiated CIC in the first 12 weeks after 
treatment was 6.9% following onabotA and 0.7% after 
placebo injection. In the Nitti et al study [2013] UTI, 
again the most frequently reported AE occurred in 
15.5% for onabotA and 5.9% for placebo in the first 
12 weeks after treatment. All UTIs were uncompli-
cated, coursing without pyelonephritis. Other notable 
adverse events that occurred in the first 12 weeks at 
a higher incidence in patients treated with onabotA 
were dysuria (12.2%) assymptomatic bacteriuria 
(5.0%) and urinary retention (5.4%). PVR significantly 
increased in patients treated with the toxin, with the 
highest increase being detected at week 2 (49.5 ml). 
A total of 8.7% had a 200 ml or greater increase from 
baseline in PVR. CIC was necessary in 6.1% ptients 
treated with onabotA and in none in the placebo 
group. For more than half the patients who initiated 
CIC the duration was 6 weeks or less.  

In the RELAX study, as mentioned before, the dose 
of onabotA used was 200 U. UTI occurred in 31% vs 
11% in the onabotA and placebo groups, respec-
tively. Voiding difficulty requiring CIC occurred in 16% 
of cases that received the toxin and in 4 % of patients 
that received placebo [Tincello et al., 2012].  

In a small RCT, CIC was required in 37.5% of patients 
treated with 200 U of onabotA [Sahai et al., 2007]. In 
another small RCT comparing onabotA 200U vs pla-
cebo, PVR increased above 200 ml in 43% of the 
women in the BONT/A group and UTI developed in 
75% of these women [Brubaker et al., 2008]. 

Currently it is not possible to identify beforehand pa-
tients who will develop voiding difficulties after 
BoNT/A injection. The positive or negative status of 
the ice water test does not correlate with the risk of 
urinary retention after onabotA injection in NDO pa-
tients [Huwyler et al., 2007]. A retrospective analysis 
of 217 patients receiving their first intravesical 
BoNT/A injection for refractory IDO in a tertiary center 
concluded that risk factors for dysfunctional voiding 
and urinary retention included male gender (p = 
0.013), baseline postvoid residual (PVR) > 100 ml (p 
= 0.003) and onabotA > 100 U (p = 0.029) [Kuo et al., 

2010]. Also in a retrospective analysis of a cohort of 
67 patients with IDO treated with onabotA 200 U CIC 
was necessary in 19 (28%). When compared to those 
not requiring CIC, those that started CIC had lower 
pretreatment maximum flow rate (15 vs 22 mL/s, 
P=0.003), lower projected isovolumetric pressure (43 
vs 58, P=0.02) and lower bladder contractility índex 
(113 vs 180, P=0.001) [Sahai et al., 2009].  

Hematuria may occur after toxin injection in the 
bladder wall of OAB or NDO patients but in  most of 
the times is mild in nature and does not require any 
active treatment. 

8.1.1.4 BONT/A in Children and Elderly Pa-
tients 

In children, the dose of BoNT/A should be calculated 
according to body weight. Doses of between 12 U/kg 
of weight up to a maximum dose of 300 U [Schulte-
Baukloh et al., 2002] and 4 U/Kg [Corcos et al., 2002] 
have been used for onabotA. The maximum sug-
gested for abobotA is 20 U/kg up to a maximum of 
400 U [Altaweel et al., 2006; Akbar et al., 2007).  
BoNT/A has been essentially assayed in children with 
myelomeningocele [Schulte-Baukloh et al., 2002; 
2003; Corcos et al., 2002; Riccabona et al., 2004; 
Kajbafzadeh et al., 2006; Altaweel et al., 2006]. Like 
in adults, the toxin increased bladder capacity and 
decreased maximal detrusor pressure. In 26 children 
with a mean age of 6,9 years, 19 of them (73%) be-
came completely dry between clean intermittent cath-
eterizations while 88% reported a global improve-
ment in urine incontinence. Interestingly, in 11 (73%) 
out of the 15 children who had vesicoureteral reflux 
before injection, reflux either disappeared or de-
creased in grade. BONT/A also improved bowel func-
tion in 66% of the children with intestinal problems 
[Kajbafzadeh et al., 2006]. The success rate in terms 
of continence and cessation of anticholinergic medi-
cation may, however, be substantially inferior to that 
seen in adults, potentially due to irreversible bladder 
wall changes associated with longstanding detrusor 
overactivity [Altaweel et al., 2006]. In a group of 20 
children with myelomenigocele continence was 
achieved in only 13 children. At a second injection, 
this number also did not change appreciably 
[Altaweel et al., 2006].  

A recent systematic review found a total of  13 studies 
reported on 368 children receiving BoNTA for NDO, 
none with a placebo comparator arm. The only pa-
rameters reported with consistency between studies 
were the MCC and MDP, which changed by bewteen 
42 to 59% [Mangera et al., 2014]. 

To date, two case series have looked at the use of 
BoNT/A in children with non-neurogenic OAB refrac-
tory the anti-cholinergics. Both studies have shown 
an excellent response to treatment [Hoebeke et al., 
2006; Marte et al., 2010]. Data have been updated 
recently [McDowell et al., 2011]. A total of 57 children 
of both gender received abobotA 12 U/kg up to a 
maximum dose of 480 U in multiple bladder sites. A 
total disappearance of OAB symptoms occurred in 
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66% and a partial improvement in 19% of the pa-
tients. About half of the cases had repeated injections 
after a mean time slightly exceeding 6 months No 
cases of voiding dysfunction or UTI were reported 
[McDowell et al., 2011]. 

Electromotive administration of BoNT/A may repre-
sent a substantial breakthrough among children.  In 
15 children with NDO due to myelomeningocele, 
electromotive administration of abobotA instilled in 
the bladder in a dose of 10 U/kg, proved very effective 
and safe. The mean reflex volume (99 ± 35 ml to 216 
± 35 ml) and maximal bladder capacity (121 ±39 ml 
to 262 ± 41 ml) increased substantially while maximal 
detrusor pressure decreased from 75 ± 16 cm H2O to  
39 ± 10 cm H2O. Urinary incontinence improved in 12 
patients (80%) [Kajbafzadeh et al., 2011].  

Elderly patients represent, as well, a very special pop-
ulation where urgency and incontinence are not only 
very distressful but also particularly prevalent. Never-
theless, only one study specifically addressed effi-
cacy and safety of BoNT/A in elderly patients. 
Twenty-one patients with refractory IDO (18 females 
and 3 males) with a mean age of 81.2 years (range 
75 to 92) received onabotA 200 U in 20 bladder sites 
[White et al., 2008]. A significant decrease in the num-
ber of daily voids, from 11.4 ± 1.67 to 5.19 ± 0.83 and 
incontinence pads per day, from 4.0 ± 0.89 to 1.3 ± 
0.60, occurred. One month after treatment 16 of the 
21 patients (76%) reported greater than 50% im-
provement in symptoms after 1 injection while only 3 
did not show improvement after 2 injections [White et 
al., 2008]. Mean time to deterioration was 7.12 
months. There were no treatment related complica-
tions. 

8.1.1.5 Effect of  BoNT/A on Quality of Life 
Firm evidence that BoNT/A bladder injection in NDO 
and IDO patients increases quality of life can be 
extracted from several RCT in which QoL changes 
were in most cases a secondary outcome parameter. 

One pivotal phase 3 study in NDO patients used the 
I-QoL questionnaire to evaluate quality of live 
changes in SCI and MS patients randomized to 200 
and 300 U of onabotA or placebo. Change from base-
line was 24 points for both onabotA doses at 6 and 
12 weeks but only 11 points at week 6 and 8 points at 
week 12 in the placebo group. The I-QoL question-
naires requires that a minimum change of 11 point 
occur in order to QoL to be detectable by patients, a 
barrier that was overcome by both OnabotA doses 
[Cruz et al., 2011]. Improvements were present both 
in SCI and MS patients. In another large phase 3 trial 
these data were totally confirmed [Ginsberg et al., 
2012]. Interestingly, a comparison in QoL in patients 
performing and non-performing CIC in the placebo, 
200U and 300U arms did not show differences in pa-
tient perception, indicating that improvement in the 
continence condition was a more relevant outcome 
[Ginsberg et al., 2012]. Improvements from baseline 
in the avoidance, limiting behavior, psychosocial and 

social embarrassment domains of the I-QoL Ques-
tionnaire were greater after onabotA treatment. Re-
sponses to the OAB-PSTQ and to the Patient Global 
Assessment also demonstrated superior mean im-
provements from baseline in 200 U onabotA than in 
placebo treated group [Chancellor et al., 2013].  The 
Canadian multicenter double-blind study [Herschorn 
et al., 2011a] that randomised to onabotA 300 U or 
placebo 57 incontinent patients with NDO secondary 
to spinal cord injury or multiple sclerosis also found 
significant advantage of onabotA in terms of I-QoL 
score. A small exploratory, multicenter, randomized, 
double blind placebo controlled trial by Schurch  et al. 
[2007] which  randomized 59 NDO patients with uri-
nary incontinence for onabotA 200U or 300U or pla-
cebo found that. I-QOL scores improved significantly 
over placebo, at all time points whether 300U or 200U 
were used. 

The importance of continence for patients’ quality of 
life is also confirmed by the study of 43 MS patients 
treated with onabotA 300 U [Kalsi et al., 2007]. Alt-
hough 98% of patients had to perform CIC after treat-
ment, there were sustained improvements in all qual-
ity-of-life scores with a mean duration of effect was 
9.7 months. Results were maintained with repeat 
treatments for 11.7 months. These results were con-
firmed in a larger MS cohort by Khan et al. [2011]. 
Urogenital Distress Inventory and Incontinence Im-
pact Questionnaire 7 scores showed considerable 
improvement 4 weeks after onabotA 300 U treatment 
even when repeated 6 times. Again, the fact that 76% 
of the patients were dry seemed more relevant for 
QoL score than the necessity of CIC that was re-
quired by almost all patients [Khan et al., 2011].   

Improvement in QoL was also found in a study that 
compared abobot 500 U versus /750 in a NDO popu-
lation predominantly suffering from SCI. A disease- 
and organ-specific Qualiveen questionnaire with four 
domains (limitations, constraints, fears, and feelings) 
was used to assess the Specific Impact of Urinary 
Problems on QoL The initial evaluation was repeated 
at days 30, 90, 180, and 360. Identical improvements 
were detected for the two doses [Grise et al., 2010]. 
A single center, double blind, placebo controlled 
study performed by Ehren et al. [2007] randomised 
37 NDO patients with incontinence to abobotA 500 U 
or placebo. Patients in the AbobotA group showed 
greater improvement in quality-of-life parameters 
compared to the placebo group.  Amore recent study 
that compared 750 U of abobotA injected in 15 or 30 
sites showed increases in I-QOL scores were ob-
served in both groups and to a lesser extent the pla-
cebo groups at day 14 and 84 after injection which 
were statistically significant differences only for the 15 
injection sites group [Denys et al., 2016]. 

In IDO/OAB, the dose finding study by Dmochowski 
et al. [2010] in which placebo and onabotA 50, 100, 
150, 200 and 300 U were compared showed a sus-
tained improvement in the King’s Health Question-
naire score only in patients that received doses of 100 
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U or higher. In contrast, patients randomized to onab-
otA 50 U had changes similar to those observed after 
placebo [Dmochowski et al., 2010].  The dose finding 
study by Denys et al. [2012] showed an I-QoL im-
provement in patients receiving onabotA 100 U and 
150 U, though at some time points scores were only 
numerically higher than in placebo or 50U groups. 
The general health status, as measured by the EQ-
5D visual analogue scale also improved in patients 
that received 100 or 150 U [Denys et al., 2012].  

In the pivotal study conducted by Chapple et al. 
[2013] in OAB patients there were significant im-
provements in the I-QOL total summary score and all 
three domain scores in the onabotA group vs pla-
cebo. The improvement far exceeded the predefined 
minimal important difference (MID) of a 10-point in-
crease. Improvements from baseline in all seven 
multi-item domains of the KHQ were also greater in 
the onabotA group. The same was observed by Nitti 
et al. [2013]. Large, clinically significant improve-
ments in all I-QOL and KHQ multi-item domain scores 
were noted after onabotA vs placebo treatment in 
OAB patients. Improvements from baseline for onab-
otA, in contrast to placebo, were considerably greater 
than the predefined minimally important differences.  

The RELAX study [Tincello et al., 2012] showed sig-
nificant improvement in ICIQ-SF and I-QoL scores. 
However, none of the questionnaires were restored 
to the normal score (0 for ICIQ; 100 for IQOL) 
[Tincello et al., 2012].  

Two small RCT with OAB/IDO patients [Sahai et al., 
2009] used the King’s Health Questionnaire (KHQ) at 
baseline and at 4 and 12 weeks, after injection of 
onabotA 200 U or saline in 16 and 18 patients of both 
genders. Overall QoL was significantly improved in 
the onabotA treated patients compared with placebo 
in the KHQ subdomains, ‘Incontinence Impact’, ‘Emo-
tions’, ‘Physical imitations’, ‘Social Limitations’ and 
‘Severity Measures’ at the two time-points.  

8.1.1.6 Repeated Injections in NDO Patients 
Median time for NDO patients due to SCI or MS to 
request a retreatment was around 300 days after 
onabotA 200 or 300 U but only 92 days after placebo 
[Cruz et al., 2011]. Therefore, for patients that re-
spond to BoNT/A a programme of reinjections is in-
evitable.  

With the objective of evaluating the long-term efficacy 
and safety of repeated onabotA injections, patients 
who completed the two pivotal phase III studies were 
invited to participate in a long-term study. At the start 
of the extension study, patients that had received 
onabotA 200 U or 300 U continued with the same 
dose while dose on placebo were randomized to re-
ceive the active compound in one of the two doses. 
Later, with the license of 200 U, all patients were con-
verted to this dose. The primary assessment was the 
change from baseline in urinary incontinence epi-
sodes during the week 6 after each injection. The first 
analysis was carried out after 5 treatment cycles 

[Kennelly et al., 2013].  Update of the long-term study 
in patients that were treated up to 4 years was re-
ported recently [Kennelly et al., 2015]. OnabotA 200 
U consistently reduced UI episodes/day, ranging from 
–3.2 to –4.1 across six treatments (variations from 
baseline). Volume/void consistently increased, nearly 
doubling after treatment. I-QOL improvements were 
consistently greater than twice the minimally im-
portant difference. Overall median duration of effect 
was 9.0 months for patients treated with 200 U. In the 
reduced number of cases treated with 300 U results 
were similar [Kennelly et al., 2015]. However, patients 
did not request the same number of treatments along 
the 4 yeras follow-up.  While some patients required 
8 re-injections, others asked only for 2.  Patients with 
fewer treatments had a slightly fewer baseline epi-
sodes of incontinence per day than those that re-
quired 7 or 8 treatments.  Nonetheless, the daily epi-
sodes that were observed in week 6 after each treat-
ment indicated a similar efficacy of onabotA, regard-
less of the number of injections requested. This sug-
gests that patient preference for retreatment was not 
motivated by a different degree of toxin efficacy.  

Rovner et al. [2016] reanalysed this large cohort look-
ing only to the 227 patients who did not abandon the 
study and therefore completed the 4-year period of 
analysis. Patients reported 4.3 urinary incontinence 
episodes per day at baseline and received 1.4 to 1.5 
onabotA treatments per year. The decrease in urinary 
incontinence following onabotA consistently ranged 
from -3.4 to -3.9 episodes per day across 4 years. A 
high proportion of patients achieved 50% or greater 
and 100% urinary incontinence reductions in each 
year (range 86.6% to 94.1% and 43.6% to 57.4%, re-
spectively). Consistent and clinically relevant im-
provements in I-QOL scores were observed in each 
treatment year. The overall median duration of effect 
of onabotA range beween 3.0 to 49.2 months and 
26.0% or more of patients experienced a duration of 
effect of 12 months or greater. The most common ad-
verse event was urinary tract infection with no in-
creased incidence with time the proportion of UTI in 
the years 1 to 4 were 21.5%, 20.9%, 17.3% and 
18.9%, respectively [Rovner et al., 2016].  

Toxin-neutralizing antibody formation (i.e., serocon-
version), occurred in three patients who received 
onabotA 200U (one in each of cycles 2, 8, and 9) and 
five patients who received 300U [Kennelly et al, 
2015]. 

It may be interesting to compare this study with data 
extracted from real-life practice, in a population of 
NDO subjects mainly composed by SCI and MS pa-
tients. The number of patients requesting retreat-
ments substantially decrease during follow-up and 5 
years after the initial injection only 10% of the original 
cohort remained on treatment. The explanation for 
such decrease includes the progression of the neuro-
logical disease, which can be particularly expected in 
MS patients. The worsening of the motor capacities 
will restrain a significant number of these patients to 
a bed-ridden condition in which the advantages of 
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onabotA injections may no longer be perceived. One 
should remember that the regulatory studies ex-
cluded patients wheel-chair bound or bed-ridden. In 
addition, a significant number of SCI patients had 
bladder augmentation or urinary diversion during the 
period of analysis.   

Three studies were identified that assessed the effect 
of repeated injections of onabotA and abobotA in 
NDO patients. A cohort of 199 patients with spinal 
cord lesions treated with abobotA 500 U to 1000 U 
was analysed retrospectively, after 8 years of re-
peated injections. The intervals of between injections 
remained constant. Urodynamic improvements, pa-
tients’ satisfaction with treatment and number of pads 
or other protective devices was also constant after 
treatments [Del Popolo et al., 2008]. Intervals ex-
ceeded 12 months in 19.5% of the patients, ranged 
between 10 and 12 months in 40.2%, was < 10 
months in 30.5% and < 6 months in only 10% of the 
patients [Del Popolo et al., 2088].  

In another study, 20 consecutive NDO (SCI 18, MS 
2) patients received at least five intradetrusor injec-
tions of onabotA 300 U in 30 sites above the trigone. 
Intervals between injections remained constant, be-
tween 193 and 199 days. Clinical continence im-
proved significantly after the first injection and then 
remained constant after repeat injections. The me-
dian reflex volume increased from a 200 ml at base-
line to values between 440 and 500 ml at follow-up 
studies. The presence of NDO decreased by 60–
75%. Maximum cystometric capacity increased more 
than 2 folds and maximum detrusor pressure from a 
median of 70 cm H2O to values of about 20 cmH2O 
[Reitz et al., 2007].  

In a MS cohort with137 patients who underwent de-
trusor onabot 300 U, 99 (72%) returned for a second 
treatment, and 47, 25, 14 and 5 returned for re-treat-
ments 3 to 6, respectively. The median interval for 1st, 
2nd , 3rd, 4th, and 5th re-injections ranged between 12 
and 13 months. The outcome in terms of continence 
did not differ among treatments [Khan et al., 2011]. 

8.1.1.7 Repeated Injections in IDO/OAB 
The median time to request a retreatment in the 
Chapple et al. [2013] and Nitti et al.  [2013] RCTs was 
was 24 weeks following treatment with onabotA impli-
cates that repeated njections are necessary if treat-
ment is required. 

Patients participating in the two phase 3 studies were 
invited to participate in a long-term, 3-year extension 
study to determine the efficacy and safety of repeated 
onabotA 100 U injections for the management of 
OAB. This is the largest cohort with the longest follow-
up available until now. Treatments were requested by 
participants upon reappearance of OAB symptoms 
and once eligible, patients were re-injected with a 
similar 100 U dose of onabotA.  An interim analysis 
after 5 treatment cycles showed that the decrease 
from baseline of UUI episodes remained stable, 

around 3 episodes per day and the proportion of pa-
tients reporting a high satisfaction rate remained high, 
ranging from 70% to 90 %. The duration of the effect 
remained stable or even increased in subsequent 
treatments.  However, for reasons that are unclear 
patients that received up to 5 treatments were a mi-
nority when compared with those that requested only 
1 or 2 injections.  These results were up-dated re-
cently by Nitti et al. [2016]. From the initial 839 pa-
tients enrolled, a total of 829 received one or more  

treatments and 430 (51.3%) completed the 3.5-year 
study period. At baseline the mean 

episodes of UI per day was 5.6 and the I-QOL total 
score was low. The decrease of UI episodes ranged 
between -3.1 and -3.8 episodes per day wether pa-
tients received 1 to 6 treatments. The median dura-
tion of effect, calculated as the time to requalify to a 
retreatment was 7.6 months. The median duration of 
effect was 6 months or less in 34.2% ofthe partici-
pants, between 6 to 12 months in 37.2% and greater 
than 12 months in 28.5% [Nitti et al., 2016]. The over-
all incidence of toxin neutralizing antibody formation 
was 0.4% [Nitti et al., 2016].  

Real-life studies offer contradictory results concern-
ing persistence on an onabotA program. Malde et al. 
[2014] reported that in a group of 100 patients with 
refractory OAB 90% would return to the program in 
the future and 93 % would recommend the treatment 
to a friend. Moreover, 81% accepted  the treatment 
as life-long. On the other hand, Mohee et al. [2013] 
found that 66.3% of patients discontinued therapy at 
36 months. The main reasons for abandonment were 
UTIs and the need for CIC. In a single-centre retro-
spective study [Marcelissenet al., 2016] the persis-
tence on treatment of a total of 128 women with at 
least 5-year follow-up after their first injection and a 
mean follow-up  97 (60-125) months was investi-
gated. Of all patients, 30 % were still on BoNT-A treat-
ment at the last follow-up visit. Of the 70 % that dis-
continued treatment, 27 % had insufficient effect and 
43 % had tolerability issues. Most patients discontin-
ued treatment after the first (79 %) and second (19 
%) injections. Only 2 % of patients discontinued treat-
ment after more than two injections during follow-up. 
In these ladt two studies [Mohee et al., 2013; Marcel-
issen et al., 2016] the majority of patients were 
treated with onabotA 200 U. A high rate of adverse 
events related with the high dose used may have, 
therefore, contributed to the low persistence in treat-
ment.   

Other 4 studies were identified that analysed re-
peated injections in IDO patients. In general, longer 
duration of BoNT/A effect and a relatively higher rate 
of treatment drop out is seen among IDO patients. A 
cohort of 34 IDO patients treated with onabotA 200 U 
[Sahai et al., 2010] was updated with 100 patients 
[Dowson et al., 2012]. A statistically significant reduc-
tion in frequency, urgency, and urge urinary inconti-
nence were seen following onabotA 200 U injection 
compared to baseline. Such improvement was again 
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maintained after repeated injections. The mean inter-
injection interval was 322 days. Interestingly, 37% of 
the patients stopped treatment after the first two in-
jections, dropouts being rare thereafter. The most 
common reason for discontinuing treatment was poor 
efficacy (13%). CIC related issues was pointed out by 
11% of patients despite the incidence of CIC after the 
first injection being 35% [Dowson et al., 2012]. 

In a prospective, observational study after 1 single 
onabotA 100 U injection, 26 patients were followed up 
for 2 years.  One patients did not respond (primary 
failure), 3 were lost to follow-up, and 11 patients had 
a repeated injection at 5–26 months. At 2 years 7 of 
the remaining 11 patients were recommended re-
peated injection or another treatment, and four re-
quired no other treatment. 

Schmid et al. [2008] reported on 25 women and 5 
men that received repeated (2) injections of onabotA 
for treatment of IDO. The interval between two sub-
sequent treatments ranged between 4 and 26 months 
(mean 12 months). Improvement of OAB symptoms, 
quality of life and urodynamic parameters were ob-
served after reinjection. 

8.1.1.8 Cost-effectiveness of BoNT/A 
Economic aspects of BonT/A are a concern due to 
the price of the drug and the need for repeated cys-
toscopies, very often performed under general an-
aesthesia and under close monitoring to detect and 
treat eventual episodes of autonomic dysreflexia. 
Nevertheless, In UK, in a cohort of 101 patients with 
detrusor overactivity, 63 of whom of neurogenic 
origin, BonT/A treatment was shown to be cost-effec-
tive in both NDO and IDO cases [Kalsi et al, 2006]. 
Costs were based on the resources used by typical 
patients in UK and in the cost-effectiveness of 200-
300 U BoNT/A (Botox) compared with standard care 
[Kalsi et al., 2006]. In Germany, a multicenter cost 
analysis showed that BonT/A (onabotA) treatment 
halved costs for incontinence aids and for urinary 
tract infection treatment in 214 NDO patients. In pa-
tients using incontinence aids, mean costs per patient 
decreased from €2 to €1 per day, whereas the mean 
cost of drugs to treat UTIs per patient decreased from 
€163 to €8 per year [Wefer et al., 2009]. 

Also in NDO patients, break-even point for BoNT/A 
and augmentation cystoplasty costs may be reached 
at five years. However, BoNT/A may be substantially 
more cost-effective if the duration of effect of each in-
jection is superior to 5 months or if the complications 
associated with augmentation cystoplasty overtake 
40% of the patients [Padmanabhan et al., 2011]. 

For OAB/IDO, an assessment of costs, from a US 
payer perspective, extending up to 3 years, was 
made for 3 interventions, sacral neuromodulation, 
BoNTA, and augmentation cystoplasty in patients re-
fractory to antimuscarinics. The initial treatment cost 
was $22,226, $1,313, and $10,252 for sacral neuro-
modulation, BoNTA, and augmentation cystoplasty 
respectively. Three years after initiating treatment, 

the cumulative cost was $26,269, $7651, and 
$14,337 respectively. Sensitivity analyses revealed 
that sacral neuromodulation persisted as the most 
costly intervention [Watanabe et al., 2010].  

Visco et al. [2016] analysed cost and effectiveness 
data from participants in the Anticholinergic versus 
Botox Comparison randomized trial of daily 
anticholinergic medication versus 100 U of 
intradetrusor Botox injection. They concluded that 
Botox and anticholinergic medications have similar 
costs and effectiveness in the first 6 months of UUI 
treatment. If costs and outcomes are considered 
through 9 months, Botox may have significantly lower 
costs but similar symptom control as anticholinergics. 

8.1.1.9 Clinical Comparisons and Switch 
Between Different BoNT/A Brands 

Different brands of botulinum toxin type A cannot be 
used interchangeably. The molecular weights are dif-
ferent. OnabotA is a 900 kDa molecule, abobotuli-
numtoxinA is approximately 500 kDa   and incobotA, 
is a 150 kDa molecule [Cruz, 2014]. In addition, po-
tency of these brands is impossible to compare due 
to the distinct tests used to evaluate it. While onab-
otA’s potency is determined by the EC50 (amount of 
toxin required to provoke a response halfway be-
tween the baseline and the maximum response) of 
cleaved synaptosomal associated protein of 25 kDa 
(cSNAP-25) in differentiated neuroblastoma cells, 
abobotA potency is determined by the mouse LD50 
(amount of toxin that kills 50% of the mice) [Cruz, 
2014]. Despite the fact that they are not licenced both 
abobotA and incobotA are however being used in 
real-life clinical practice to treat NDO and OAB. As 
doses for these brands were never established by ap-
propriate dose finding studies in the lower urinary 
tract, empiric conversion ratios are applied with un-
known consequences.for the comparison of the out-
comes. Mangera et al. [2011] in a systematic review 
identified good-quality studies that evaluated onab-
otA for all the indications in adults. However, that was 
not the case with abobotA. Although this does not im-
ply that onabotA is more effective than abobotA, it 
should be a consideration when counselling patients 
on the use of botulinum toxin in urologic applications., 
either in terms of predicting outcomes or in determin-
ing doses to be used. 

A study compared two different brands of BonT/A, 
onabot A 200 or 300 U against the Chinese BoNT/A 
Presigne in the same dosage.  Improvement in MCC 
was significantly greater with onabotA Botox versus 
Prosigne (+103.3% vs. +42.2%; P = 0.019). Conti-
nence was achieved by week 12 in 16 onabotA recip-
ients (76.2%) and in 10 Presigne recipients (47.6%; 
P = 0.057) [Gomes et al., 2010]. Future studies 
seems, therefore, justified to assess the relative po-
tencies of the different brands of BoNT/A. 

A few studies have examined the consequences of 
changing botulinum toxin type A brands to treat blad-
der dysfunction. Ravindra et al. [2013] initially treated 
OAB patients with onabotA with a standard dose of 
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200 U. Then, they switched to abobotA with a stand-
ard dose of 500 U based on an empiric conversion 
ratio of 1:2.5 between the two toxins. The onabotA (n 
= 101) and the abobotA cohorts (n = 106) had similar 
reductions in frequency, nocturia and daily inconti-
nence episodes. No difference in the duration of the 
effect was observed. However, the abobotA group 
had almost twice the rate of symptomatic urinary re-
tention requiring CIC (42% versus 23%). 

Peyronnet et al. [2016] assessed the results of onab-
otA detrusor injections when abobotA detrusor injec-
tion failed. Twenty-six patients with SCI (n=14), MS 
(n=9), myelomeningocele (n=2) and myelitis (n=1) in 
whom a first injection of 750 U abobotA in 20 sites 
failed in treating NDO received onabotA 300 U in 30 
sites. The reasons for the failure of first treatment 
were not clear and in no case a second injection of 
abobotA was attempted. OnabotA injections brought 
continence to 65.4% and detrusor overactivity was re-
lieved in 57.7% of the patients. 

In another study Peyronnet et al. [2015] reviewed the 
charts of 58 NDO patients who received either onab-
otA or abobotA for the management of NDO. A toxin 
switch was carried out in 29 patients, whereas the 
other 29 patients received a reinjection of the same 
toxin at the same dose. The success rate was higher 
in patients who switched toxin (51.7% vs 24.1%, P = 
0.03). Patients treated with a switch from abobotA to 
onabotA and those treated with a switch from onab-
otA to abobotA had similar success rates (52.9% vs 
50%) 

Switch between brands is currently clearly being 
made on empiric grounds. In particular the lack of ef-
fect of a treatment with a particular brand should not 
be seen as a compulsory reason for switching to an-
other brand. In a recent sub-analysis of the NDO pa-
tients included in the onabotA pivotal studies whom 
experienced <50% reduction in urinary incontinence 
episodes following the first onabotA treatment, about 
1/3 had a positive response in subsequent injections 
[Denys et al., 2015]. Even in patients with an initial 
response below 25%, marked improvements were 
found in subsequent treatments. As a matter of fact, 
in 10 of the 23 patients with <25% reduction at the 
first treatment, mean urinary incontinence reduction 
was ≥50% in all subsequent injections. Thus, an initial 
low response does not necessarily predict a perma-
nent low response to subsequent treatments. 

Reasons for the lack of response to botulinum toxin A 
injection in the bladder wall cannot be attributed nei-
ther to the lack of SNAP-25, an indispensable mem-
brane protein nor to the formation of antibodies 
against the toxin which is a rare event. Rather, inap-
propriate storage the vials, incorrect toxin reconstitu-
tion, or incorrect technique of administration, includ-
ing the type of needle used, should be more obvious 
reasons for treatment failure [Karsenty et al., 2014]. 
A large variation of the number of bladder neurons 
expressing cleaved SNAP-25, the end-product of bot-
ulinum toxin A activity, after 1 injection of a fixed dose 

of onabotA was recently shown in experiments con-
ducted in rodent bladder. The amount of cleaved pro-
tein after onabotA injection reached a 5-fold variation 
between experiments [Oliveira et al., 2015]. 

8.1.1.10 Comparison Between BoNT/A and 
Other Treatments 

BonT/A has been compared to other OAB treatments 
only rarely as it is assumed that its introduction should 
follow the failure of first line oral pharmacotherapy, 
antimuscarinics and the beta3 agonist mirabegron. 
However, given the frequently suboptimal efficacy 
and long-term compliance of anticholinergic medica-
tions, researchers must assess whether BONT/A has 
a role as first line therapy for women with OAB. The 
Anticholinergic Versus Botulinum Toxin A Compari-
son Trial (ABC trial) [Visco et al., 2012] randomization 
of 249 women with OAB who had 5 or more episodes 
of urgency urinary incontinence in a 3-day bladder di-
ary. For a 6-month participants were randomly as-
signed to one intradetrusor injection of 100 U of onab-
otA plus daily oral placebo daily or oral anticholinergic 
medication (solifenacin, 5 mg initially, with possible 
escalation to 10 mg and, if necessary, subsequent 
switch to trospium XR, 60 mg) plus one intradetrusor 
injection of saline. The primary outcome was the re-
duction from baseline in mean episodes of urgency 
urinary incontinence per day recorded in 3-day dia-
ries over the 6-month [Visco et al., 2012]. The mean 
reduction in episodes of urgency urinary incontinence 
per day, from a baseline average of 5.0 per day, was 
3.3 in the onabotA group and 3.4 in the anticholiner-
gic group (P = 0.81). Complete continence was re-
ported by more commonly in the onabotA than in the 
anticholinergic group, 27% vs 13% (P = 0.003), re-
spectively. The toxin group had higher rates of cath-
eter use at 2 months (5% vs. 0%, P = 0.01) and UTI 
(33% vs. 13%, P<0.001) than the anticholinergic 
group. The latter on the other hand had a higher rate 
of dry mouth (46% vs. 31%, P =0.02) [Visco et al., 
2012]. 

In a similar study researchers randomised patients 
with OAB and urinary incontinence to receive double 
placebo (n = 60), onabotA 100 U injection plus pla-
cebo (n = 145), or oral solifenacin plus placebo injec-
tion (n = 151) for 12 weeks. Co-primary endpoints 
were change from baseline in urinary incontinence 
episodes/day and the proportion of patients with 
100% reduction in urinary episodes at week 12 after 
injection. Overall, patients had 4.9 urinary inconti-
nence episodes per day. At week 12, mean reduction 
from baseline in urinary incontinence episodes/day 
was significantly greater with either onabotA (-3.2) or 
solifenacin (-2.6) versus placebo (-1.3; P < .001 for 
both). Reduction in urinary incontinence epi-
sodes/day was significantly greater with onabotA 
than solifenacin (post-hoc analysis; P = .022). The 
proportion of patients with 100% reduction in urinary 
incontinence episodes at week 12 was significantly 
better for onabotA (33.8%) and solifenacin (24.5%) 
compared with placebo (11.7%) [Everaert et al., 
2016] 
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The Rosetta study compared onabotA 200 U bladder 
injections against SNM (interStim) in refractory OAB 
patients [Amundsen et al., 2014]. The proportion of 
randomised patients suitable for SNM implant was 
identical in the two arms. At baseline the onabotA 
group (n=190) had 5.4 and the SNM (n=174) had 5.2 
episodes of urinary incontinence per day.  OnabotA 
200 U resulted in a significantly greater mean daily 
reduction in UUI episodes over 6 months, which av-
eraged one episode/day. A significantly greater num-
ber of patients experienced a complete resolution 
(20% vs 4%) or 75% reduction of UUI episodes (46% 
s 26%) with OnabotA 200 U treatment than with SNM 
InterStim. 

In addition, a survey in 50 OAB patients, with a mean 
age of 61 years, 74% prefer onabotA and only 26 % 
chose SNM as first treatment option. In those who 
preferred onabotA, 54 % disliked the thought of a for-
eign body in the back, 45.9 % made the option due to 
a short waiting list and 43.24 % made the choice 
based on the quicker onset of benefit. In the SNM 
group 61.5 % were averse to the potential need for 
repeated injections and 46.1 % chose SNM to avoid 
the risk of urinary retention associated with the toxin 
[Balchandra and Rogerson, 2014].  

Although the outcomes of SNM (interStim) seem 
worse than those of onabotA it should be noticed that 
SNM may be useful in non-responders to onabotA. In 
a small cohort with 20 patients 17 (85%) had discon-
tinued onabotA because of lack of efficacy and 3 had 
been treated successfully with BonT/A but requested 
a more permanent solution. In 14 patients (70%) the 
test stimulation was successful and they received a 
definitive implant. Of the 14 patients 5 even showed 
a decrease of greater than 90% in leakage episodes. 
One year after implantation 11 patients (79%) were 
satisfied with SNM [Smits et al., 2013]. This study 
suggests therefore that half of patients non-respond-
ers to onabotA may still have a chance of long term 
improvement with SNM. 

8.1.1.11 BONT/A in IC/PBS 
BoNT/A significantly inhibits the noxious sensory in-
put from the bladder [Vemulakonda et al., 2005; Rapp 
et al., 2006; Lucioni et al., 2008]. Moreover, BoNT/A 
decreases the urinary levels of NGF and BDNF which 
may contribute to decrease the bladder allodynia ob-
served in these patients [Pinto et al., 2010; 2014). 
Therefore, several pilot studies were carried out in the 
last few years. None is placebo controlled, a fact that 
limits the scientific value of the observations. On the 
other hand, different techniques of administration 
have been assessed. These two facts may explain 
some heterogeneity of results.  

The first pilot study with 13 females observed that, 9 
(69%) had subjective improvement after onabotA 100 
or 200 U injected in the trigone and above the trigone. 
Mean scores in the Interstitial Cystitis Symptom Index 
and the Interstitial Cystitis Problem Index improved 
by 71% and 69%, respectively. Daytime frequency, 
nocturia, and pain measured by a Visual Analogue 

Scale (VAS) decreased by 44%, 45%, and 79%, re-
spectively. Symptom improvement lasted a mean of 
3.7 months (range 1 to 8) [Smith and Chancellor, 
2004]. In another pilot study with 15 patients, Gian-
nantoni et al. [2006; 2008] reported similar oberva-
tions after bladder injection of onabotA 200 U (150U 
above the trigone, 50 U in the trigone).  Subjective 
improvement at 1- and 3-month follow-up occurred in 
86% of the patients but at 5-month only persisted in 
26.6%. Importantly, 9 patients experienced moderate 
to severe voiding difficulties [Giannantoni et al., 2006; 
2008] A third study could not demonstrate any effect 
of onabotA in 13 IC/PBS patients treated with onab-
otA 100–300 U in the bladder [Davies et al., 2006].    

Three other studies, which added substantial modifi-
cations to the above protocol, reported, on the con-
trary, considerable improvement in clinical and urody-
namic outcomes after BoNT/A adminitration.  

A prospective, randomized study enrolled 67 patients 
with refractory IC/PBS. Of these, 44 patients received 
suburothelial injection of onabotA 200 U (15) or 100 
U (29) followed by cystoscopic hydrodistention 2 
weeks later. The control group (23 patients) only re-
ceived hydrodistention. The IC/PBS symptom score 
significantly decreased in all three groups, but VAS 
pain reduction and urodynamic improvement were 
only observed at 3 months in the arms that received 
onabotA, without any relevant differences between 
the two doses. A successful result at 12 and 24 
months was reported in 55% and 30% of onabotA 
treated patients, respectively, compared with only 
26% and 17% in the control group. The validity of 
these positive long-term results should however be 
interpreted with caution since all patients remained 
on baseline pentosan polysulphate throughout the 
study [Kuo and Chancellor, 2009]. 

Taking in consideration that most of the bladder noci-
ceptors course in the trigone, Pinto et al. [2010] re-
stricted 100 U onabotA injections to the trigone, in 10 
sites (10 U/ 1 ml each. Twenty-six women with posi-
tive findings at cystoscopy and biopsy were enrolled.  
All patients reported subjective improvement at 1- 
and 3-month follow-up in pain, daytime and nighttime 
voiding frequency, O’Leary-Sant score and QoL. 
Bladder volume to first pain and maximal cystometric 
capacity more than doubled. Treatment remained ef-
fective in >50% of the patients for 9 months. Retreat-
ment was equally effective in all cases, with similar 
duration of the effect up to four consecutive treat-
ments (Pinto et al., 2013). No cases of dysfunctional 
voiding were reported after trigonal injections of 
onabotA 100 U. Also, PVR at urodynamics and blad-
der contractility index were not impaired [Pinto et al., 
2010; Pinto et al., 2013]. Interestingly trigonal injec-
tions of onabotA 100 U were equally effective in pa-
tients with and without Hunner´s lesions [Pinto et al., 
2014].  

The third was a small placebo controlled trial compar-
ing periurethral injections of onabotA 50U (n=9) ver-
sus saline (n=11). The rationale was to investigate 
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the participation of periurethral somatic afferents to 
pain. The solution, 2 ml, was injected in the region of 
the bladder neck, at the 3 o’clock and 9 o’clock posi-
tions. Unfortunately, there was no differences be-
tween the onabotA and the at 3-month follow-up in 
terms of symptoms.  

8.1.2 BoNT/B 
Some humans repeatedly injected with BoNT/A may 
develop resistance to the toxin, possibly due to anti-
body formation. Although this event seems very rare 
in the case of bladder injections, a minimum interval 
of 3 months between two BoNT/A injections is gener-
ally recommended to decrease its occurrence. If re-
sistance appears, recent reports [Dykstra et al., 2003; 
Pistolesi et al., 2004; Reitz et al., 2004] investigated 
the replacement of BoNT/A serotype by BoNT/B. At 
this moment empiric doses of BoNT/B are being used 
as there is no clear potency equivalents for the two 
serotypes and between BoNT/B brands. 

In 3 patients with spinal NDO, bladder injection of 
5000 U [Pistolesi et al., 2004] or 7500 U [Reitz and 
Schurch, 2004) of BoNT/B (Neurobloc ®) restored 
bladder function for 6 months [Reitz and Schurch, 
2004]. Interestingly, one patient experienced dry 
mouth and dry eyes that resolved within 20 days. As 
this side effect was not reported after bladder BoNT/A 
application, it is possible that different toxin serotypes 
have some different degrees of organ affinity. Dykstra 
et al. [2003] carried on a dose escalation study with 
BoNT/B (rimabotB) in 15 female patients with OAB. 
They used doses of 2500, 3750, 5000, 10,000, and 
15,000 U injected at 10 sites. Only one patient failed 
to respond and a clear dose-dependent effect, was 
observed, with the longest response seen in those in-
jected with 15,000 U. Two patients, both injected with 
15,000 U, experienced dry mouth and general ma-
laise.  In another study involving IDO and NDO pa-
tients, in which rimabotB 5000 U were used, Hirst and 
coworkers [2007] observed a limited duration of ac-
tion, with most of the symptomatic beneficial effects 
wearing off by 10 weeks in most of the patients. The 
short duration of action for BoNT/B at safe doses 
may, therefore, limit the clinic usefulness of this sero-
type.  

BoNT is effective for treatment of both NDO and IDO 
and has an acceptable adverse effect profile (Table 
2). 

8.2. Capsaicin and Resiniferatoxin (RTX) 

8.2.1 Rationale for Intravesical Vanilloids 
The rationale for intravesical vanilloid application in 
patients with detrusor overactivity (DO) was offered 
by the demonstration that capsaicin, following blad-
der C-fiber desensitization, suppresses involuntary 
detrusor contractions dependent upon a sacral mictu-
rition reflex [de Groat, 1997]. The C-fiber micturition 
reflex is usually inactive but it was shown that it is en-
hanced in patients with chronic spinal-cord lesions 
above sacral segments [de Groat, 1997] in those with 

chronic bladder outlet obstruction [Chai et al., 1998) 
and in those with IDO [Silva et al., 2002].  In the blad-
ders of NDO patients, the enhancement of the mictu-
rition reflex is accompanied by an increase in the 
number of sub-urothelial C-fibers expressing TRPV1 
[Brady et al., 2004].  Curiously, NDO patients who re-
sponded better to intravesical RTX exhibited a signif-
icant decrease in the density of TRPV1 immunoreac-
tive fibers, whereas non-responders experience a 
non-significant variation [Brady et al., 2004].  A de-
crease in TRPV1 expression in urothelial cells of 
NDO patients was also demonstrated after intravesi-
cal application of RTX [Apostolidis et al., 2005; 2006]. 

Changes in sub-urothelial C-fiber innervation ex-
pressing neuropeptides [Smet et al. 1997] or TRPV1 
[Liu and Kuo, 2007] were also reported in patients 
with and sensory urgency. In IDO patients, respond-
ers to intravesical RTX are closely associated with the 
over-expression of the receptor in the bladder mu-
cosa [Liu and Kuo, 2007]. In women with sensory ur-
gency, TRPV1 mRNA expressed in trigonal mucosa 
was not only increased but also inversely correlated 
with the bladder volume at first sensation of filling dur-
ing cystometry further indicating that TRPV1 play a 
role in premature bladder sensation [Liu et al., 2007]. 

8.2.2 Intravesical Capsaicin 
Intravesical capsacin for NDO was studied in 6 non-
controlled [Fowler et al., 1992; Fowler et al., 1994; 
Geirsson et al., 1995; Das et al.,1996; Cruz et al., 
1997, De Ridder et al., 1997] and one controlled clin-
ical trial [de Seze et al., 1998]. Capsaicin was dis-
solved in 30% alcohol and 100-125 ml (or half of the 
bladder capacity if lower than that volume) of 1-2 mM 
solutions were instilled into the bladder and left in 
contact with the mucosa for 30 minutes. Best clinical 
results were found among patients with incomplete 
spinal cord lesions, in whom clinical improvement 
could be observed in up to 70-90% the patients 
[Fowler et al., 1994, Cruz et al., 1997; De Ridder et 
al., 1997]. In patients with complete spinal cord le-
sions the success rate was much lower [Geirsson et 
al., 1995].   

Only one small randomized controlled study com-
pared capsaicin against 30% ethanol, the vehicle so-
lution. Ten patients received capsaicin and found a 
significant regression of the incontinence and urge 
sensation. In contrast, only 1 among the 10 patients 
that received ethanol had clinical improvement [de 
Seze et al., 1998].  

The pungency of alcoholic capsaicin solutions has 
prevented the widespread use of this compound. The 
possibility of triggering autonomic dysreflexia with 
capsaicin, especially in patients with higher spinal 
cord lesions has progressively restrained its use. The 
relevance of capsaicin might however be back with a 
recent observation by de Séze et al. [2006] with a new 
capsaicin formulation. They conducted a double-blind 
placebo controlled study with a glucidc solution of 
capsaicin in 33 NDO patients. The glucidic-capsaicin 
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treated group showed improvement both in symp-
toms and urodynamic parameters above the compar-
ator arm. The global tolerance of this new capsaicin 
formulation was excellent [de Sèze et al., 2006]. 

8.2.3 RTX in NDO 
Resiniferatoxin (RTX) has the advantage over capsa-
icin in being much less pungent [Cruz et al., 1997]. 
Intravesical RTX application in NDO patients was 
evaluated in five small open-label studies (Cruz et al., 
1997; Lazzeri et al., 1997; 1998; Silva et al., 2000; 
Kuo, 2003). Different RTX concentrations, 10 nM, 50 
nM, 100 nM and 10 µM were tested. RTX brought a 
rapid improvement or disappearance of urinary incon-
tinence in up to 80% of the selected patients and a 
30% decrease in their daily urinary frequency. Fur-
thermore, RTX also increased the volume to first de-
trusor contraction and maximal cystometric capacity. 
In general, in patients receiving 50-100 nM  RTX the 
effect was long-lasting, with a duration of more than 
6 month being reported. In patients treated with 10 
µM doses, transient urinary retention may occur 
[Lazzeri et al., 1998]. 

In a recent placebo-controlled study, the urodynamic 
effects of RTX in NDO patients was specifically eval-
uated. Only in the RTX arm a significant increase in 
first detrusor contraction and maximal cystometric ca-
pacity was found [Silva et al., 2005]. RTX also caused 
a significant improvement in urinary frequency and in-
continence [Silva et al., 2005].  

RTX, 600 nM was compared against BONT/A (Botox, 
300U) in a study involving 25 patients with NDO due 
to chronic spinal cord injury [Giannantoni et al., 2004].  
Both neurotoxins were capable of significantly reduc-
ing the number of daily incontinence episodes and 
improving maximum bladder capacity, although 
BONT/A turned out to be more effective.  

8.2.4 RTX in IDO 
The first study with intravesical RTX in IDO patients 
was designed as a proof-of-concept study and in-
volved 13 patients. Intravesical RTX 50 nmol/L was 
associated with an improvement in volume to FDC 
from 170 ± 109 mL to 440 ± 153 mL at 30 days, and 
to 391 ± 165 mL at 90 days. An increase in mean 
MCC from 291 ± 160 mL to 472 ± 139 mL at 30 days 
and to 413 ± 153 mL at 90 days was also observed. 
These improvements were accompanied by a de-
crease in episodes of urgency incontinence and of 
daily frequency [Silva et al., 2002]. Subsequent small 
open label studies confirmed these observations us-
ing either a single high (50-100 nM) or multiple low 
(10 nM) dose approaches [Kuo, 2003; Dinis et al, 
2004b; Kuo et al., 2005a]. 

The effect of RTX on refractory IDO was evaluated in 
two randomized clinical trials [Kuo et al., 2006; Rios 
et al., 2007]. Kuo et al. [2006] randomised 54 patients 
to receive 4 weekly instillations of a low concentration 
RTX solutions (10 nmol/L) or the vehicle solution, 
10% ethanol in saline [Kuo et al., 2006] Three months 

after completing the 4 intravesical treatments, the 
RTX treated group had 42.3% and 19.2% of patients 
feeling much better or improved, respectively. This 
was significantly more than in the placebo group, 
14.2% and 7.1% respectively. At 6 months, treatment 
remained effective in 50% patients in the RTX group 
but only in 11% in the placebo group [Kuo et al., 
2006]. Such clinical and urodynamic findings could 
not be reproduced in another study in which patients 
were randomly assigned to receive a single intraves-
ical dose of 100 ml of either RTX 50 nM or placebo. 
Patients were followed-up only for 4 weeks. During 
this period a single 50 nM intravesical dose of RTX 
was not better than placebo for the treatment of 
women with IDO and urgency incontinence [Rios et 
al., 2007]. 

8.2.5 RTX and Urgency 
The involvement of bladder C-fibers in IDO has led 
some investigators to explore the role of these sen-
sory afferents to the genesis of urgency. In a non-
controlled study involving 12 male patients with LUTS 
associated with BPH, mean IPSS halved following in-
travesical administration of RTX (50 nmol/L). The de-
crease in IPSS was largely due to improvements in 
scores related to urgency, in addition to improvement 
in nocturia and frequency [Dinis et al., 2005]. In an-
other open-label study 15 patients with intractable ur-
gency and frequency, with or without urgency incon-
tinence or bladder pain/discomfort, and without uro-
dynamic evidence of DO received one single 50 nM 
RTX solution. A trend towards an improvement of ur-
gency was noticed [Apostolidis et al., 2006].  

In a quasi-randomised study, 23 OAB patients with 
refractory urgency entered a 30-day run-in period in 
which medications influencing the bladder function 
were interrupted. At the end of this period patients 
filled a 7-day bladder diary. Then, patients were 
instilled with 100 ml of 10% ethanol in saline (vehicle 
solution) and 30 days later a second 7-day diary was 
collected. Finally, patients were instilled with 100 ml 
of 50 nM RTX in 10% ethanol in saline and additional 
bladder diaries were collected at 1 and 3 months. 
After vehicle instillation, the mean number of 
episodes of urgency per week was 56 ± 11. At 1 and 
3 months after RTX instillation the number of 
episodes of urgency decreased to 39 ± 9 (p = 0.002) 
and 37 ± 6 (p = 0.02), respectively [Silva et al., 2007]. 

8.2.6 Intravesical RTX and IC/PBS 
TRPV1 involvement in pain has stimulated the inves-
tigation of RTX as a treatment for bladder pain in 
IC/PBS. After desensitization of bladder C-fibers, 
RTX reduces the spinal expression of c-fos, a pain 
evoked gene, in animal models of cystitis [Dinis et al., 
2004a]. TRPV1 knock-out mice, which do not express 
the receptor in the bladder, do not experience an in-
crease in the frequency of bladder reflex contractions 
or in the expression of c-fos in the spinal cord during 
cystitis [Charrua et al., 2007]. Patients with IC/PBS 
have more TRPV1 expressing sensory fibers in their 
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bladder mucosa than normal individuals [Mukerji et 
al., 2006].   

In a placebo-controlled study of 18 patients with 
IC/PBS, Lazzeri et al. [2000] reported an improve-
ment in pain and urinary frequency after administra-
tion of intravesical RTX in 10 nmol/L concentration. 
This effect was short-lasting, eventually due to the 
use of a low dose of RTX. Chen and co-workers con-
ducted a dose-escalating study and concluded that 
the most commonly reported adverse event with RTX 
was pain during instillation. However, at 10 or 5 nM 
RTX was safe and could improve bladder pain [Chen 
et al., 2005]. Additionally, 3 non-controlled studies 
have also reported bladder pain improvement after in-
travesical RTX [Lazzeri et al., 2004; Apostolidis et al., 
2006; Peng and Kuo, 2007]. A randomized, double-
blind study in 163 patients with IC/PBS, in which sev-
eral doses of intravesical RTX (10 nmol/L, 50 nmol/L, 
and 100 nmol/L) were compared with placebo, failed, 
however, to show any advantage for the neurotoxin 
over placebo in terms of overall symptoms, pain, ur-
gency, frequency, nocturia, or average voided vol-
ume during 12 weeks of follow up [Payne et al., 2005]. 

9. OTHER DRUGS 

9.1. Baclofen 
Gamma-amino-butyric acid (GABA) is a ubiquitous 
inhibitory neurotransmitter in the CNS that can inhibit 
the micturition reflex in several points along its central 
pathway [de Groat, 1997; Pehrson et al., 2002]. Ex-
perimental data suggest the GABAergic system as an 
interesting target for bladder dysfunction therapy. 
Baclofen intrathecally attenuated oxyhemoglobin in-
duced detrusor overactivity, suggesting that the inhib-
itory actions of GABA(B) receptor agonists in the spi-
nal cord may be useful for controlling micturition dis-
orders caused by C-fiber activation in the urothelium 
and/or suburothelium [Pehrson et al., 2002]. In spinal 
intact rats, intrathecal application of bicuculline in-
duced detrusor-sphincter dyssynergia (DSD)-like 
changes whereas intrathecal application of baclofen 
induced urethral relaxation during isovolumetric blad-
der contractions [Miyazato et al., 2009]. After spinal 
cord injury (SCI), Miyazato et al. [2009] found signs 
of hypofunction of the GABAergic system (glutamate 
decarboxylase 67 mRNA levels in the spinal cord and 
dorsal root ganglia were decreased), and showed 
that activation of GABA(A) and GABA(B) receptors in 
the spinal cord inhibited DO as evidenced by a reduc-
tion in non-voiding contractions. GABA(B) receptor 
activation preferentially reduced DO prior to inhibiting 
voiding contractions while GABA(A) receptor activa-
tion inhibited DO and voiding contraction at the same 
concentration. 

As a GABA agonist on GABA(B) receptors, baclofen 
was used orally in IDO patients. However, its efficacy 
was poor, eventually dictated by the fact that baclofen 
does not cross the blood-brain barrier [Taylor and 

Bates, 1979]. ADX71441 is a selective positive allo-
steric modulator of the GABAB receptor (GABAB 
PAM), which is orally available and showed promising 
effects in animal models of micturition disturbances 
[Kalinichev et al., 2014]. Further studies of this agent 
would be of interest.  

Baclofen is one of the most effective drugs for the 
treatment of spasticity following spinal cord injury, 
traumatic or hypoxic brain injury, and cerebral palsy 
[Ochs, 1993], and intrathecal baclofen was shown to 
be useful in some patients with spasticity and bladder 
dysfunction [Bushman et al., 1993]. Baldo et al. 
[2000] found a rapid (24 hours) and persistent incre-
ment in the volume to first detrusor contraction and of 
the maximal cystometric whereas maximal detrusor 
pressure decreased. At ten days, the volume to first 
detrusor contraction had increased from 143 ml to 
486 ml. In selected patients with spasticity and blad-
der dysfunction, intrathecal baclofen seems to be an 
effective therapy. 

10. COMBINATIONS 

10.1. α1-AR Antagonists with 
Antimuscarinics or β3-AR Agonists 

Traditionally, male lower urinary tract symptoms 
(LUTS) were thought to result from benign prostatic 
obstruction (BPO) secondary to benign prostatic en-
largement (BPE). However, male LUTS may arise 
from prostatic pathology, bladder dysfunction, or 
both. Thus, diagnosis and appropriate treatment of 
men with overactive bladder (OAB) symptoms are 
complex and difficult. α1-AR antagonists remain the 
most widely used pharmacologic agents for relief of 
bladder outflow resistance as they relax prostatic and 
urethral smooth muscle tone, which is the dynamic 
component of BPO. In contrast, antimuscarinics, 
which function by competitively blocking muscarinic 
receptors, are the first-line pharmacologic treatment 
for OAB. Given the prevalence of combined voiding 
and OAB symptoms, as well as the finding that the 
quality of life (QoL) of these patients is affected pri-
marily by the symptoms of OAB, it is logical for this 
category of patients to be given antimuscarinic drugs. 

A number of studies have demonstrated the superior 
efficacy of combination treatment with an α1-AR an-
tagonist and an antimuscarinic for alleviating symp-
toms of benign prostatic hyperplasia (BPH) and con-
comitant OAB compared to either monotherapy 
[Saito, et al., 1999; Athanasopoulos et al., 2003; Lee 
et al., 2005; Ruggieri et al., 2005; Kaplan et al., 2006, 
MacDiarmid et al., 2006; Kaplan et al., 2013a; van 
Kerrebroeck et al., 2013a; b Van Kerrebroeck et al., 
2013]. The combination treatment is now recom-
mended treatment for men with moderate-to-severe 
LUTS in those with predominant storage symptoms 
by AUA, EAU, and NICE.  

The therapeutic benefits of combining an antimusca-
rinic agent (propiverine) with α1-AR antagonists 
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(tamsulosin) compared to α1-AR antagonists alone 
were reported by Saito and colleagues [Saito et al.. 
1999]. The rates of improvement in daytime fre-
quency, incontinence, and urgency were greater in 
the combination group than the α1-AR antagonist-
alone group. The post-void residual (PVR) was un-
changed in both groups, and there was one case 
(1.5%) of acute urinary retention (AUR) with the com-
bined treatment. Subsequently, Lee et al. [2005] com-
pared the efficacy and safety of combination therapy 
using propiverine and doxazosin in 211 men with uro-
dynamically confirmed bladder outlet obstruction 
(BOO) and OAB symptoms for 8 weeks. Compared 
with doxazosin monotherapy, patients in the combi-
nation therapy group showed greater improvement in 
urinary frequency, average micturition volume, and 
storage and urgency scores of international prostate 
symptom score (IPSS). Patient satisfaction was sig-
nificantly higher in the combination group. There was 
also a significant increase in PVR (+20.7 mL) in the 
combination group, but no case of urinary retention 
was reported.  

A large-scale, multicenter, randomized, double-blind, 
placebo-controlled trial (TIMES study) demonstrated 
the efficacy and safety of tolterodine extended re-
lease (ER) alone, tamsulosin alone, and the combi-
nation of both in 879 men with OAB and BPO [Kaplan 
et al. 2006]. In their primary efficacy analysis, 172 
men (80%) receiving tolterodine ER plus tamsulosin 
reported treatment benefits by week 12 (p<0.001 vs. 
placebo; p=0.001 vs. tolterodine ER; p=0.03 vs. 
tamsulosin). In their secondary efficacy analysis, pa-
tients receiving tolterodine ER plus tamsulosin com-
pared with placebo experienced small but significant 
reductions in urgency incontinence, urgency epi-
sodes, daytime frequency, and nocturia. However, 
there were no significant differences between 
tamsulosin monotherapy and placebo for any dietary 
variables at week 12. Patients receiving tolterodine 
ER plus tamsulosin demonstrated significant im-
provements in total IPSS (−8.02 vs. placebo, −6.19, 
p=0.003) and QoL (−1.61 vs. −1.17, p=0.003). Alt-
hough there were significant improvements in total 
IPSS among patients who received tamsulosin alone, 
the differences in total IPSS among patients that re-
ceived tolterodine ER versus placebo were not signif-
icant. A subanalysis [Rovner et al., 2008] of data from 
the TIMES study focused on the urgency perception 
scale and concluded that the group of 217 men who 
received tolterodine plus tamsulosin showed signifi-
cantly improved urgency variables and patient-re-
ported outcomes. Moreover, this group of patients re-
ported increased satisfaction with the treatment as 
well as a greater willingness to continue the treat-
ment. Another subanalysis [Kaplan et al., 2008b] of 
data from the TIMES study examined the effects of 
the drugs on urinary symptoms as assessed by the 
IPSS. Based on this subanalysis, the authors con-
cluded that tolterodine ER plus tamsulosin was signif-
icantly more effective than placebo in treating storage 
LUTS, including OAB symptoms.  

Maruyama et al. [2006] reported different results in 
their prospective, randomized, controlled study in 
which naftopidil (25-75 mg/day), an α1d-AR antago-
nist, was administered alone or in combination with 
propiverine hydrochloride (10-20 mg/day) or oxy-
butynin hydrochloride (2-6 mg/day) for 12 weeks to 
101 BPH patients. In their study, the IPSS and QoL 
indexes improved significantly in both groups, with no 
marked differences between groups. Maximum flow 
rate (Qmax) and PVR showed an improvement trend 
in both groups, again with no differences between 
groups. However, the median post-therapeutic PVR 
was significantly higher in the combination group 
(45.0 mL) than in the monotherapy group (13.5 mL, p 
= 0.021). There were significantly more patients with 
increased residual urine volume relative to un-
changed residuals in the combination therapy 
(22.9%) group versus the monotherapy group (5.0%, 
p = 0.038). The authors concluded that combination 
therapy with a low-dose antimuscarinic agent was not 
more effective than monotherapy. Moreover, alt-
hough they did not encounter any cases of urinary re-
tention, the percentage of patients with increased re-
sidual urine volume was significantly greater in the 
combination therapy group than in the monotherapy 
group.  

In caution of increased PVR or voiding symptoms, 
low-dose antimuscarinic therapy was studied in men 
with OAB and BPO. Kang et al. [2009] evaluated the 
efficacy and safety of combined treatment with 
tamsulosin 0.2 mg and propiverine hydrochloride (10 
mg) compared with tamsulosin monotherapy. After 3 
months, both groups showed significant improve-
ments in IPSS, QoL, voided volume, Qmax, and PVR, 
but only the QoL index was significantly different be-
tween the groups in favor of the combination group. 
No cases of AUR were recorded in this low-dose 
study.  

The efficacy and safety of solifenacin in combination 
with tamsulosin were assessed in several large-scale 
RCTs, including the VICTOR [Kaplan et al., 2013] and 
SATURN [Van Kerrebroeck et al,. 2013b] trials. The 
VICTOR trial [Kaplan et al., 2013] was a randomized, 
placebo-controlled study assessing solifenacin 5 mg 
as an add-on therapy to α1-AR antagonists treatment 
in men with residual OAB symptoms. Significant re-
ductions in daytime frequency, the primary outcome 
of the study, were achieved in both solifenacin (and 
tamsulosin) and placebo (and tamsulosin) trials com-
pared to baseline, but the difference between the two 
drug groups was not significant. Solifenacin add-on 
significantly reduced daily urgency episodes com-
pared to placebo, but this was the only significant ef-
ficacy difference between solifenacin and placebo. 
Seven patients (3%) in the solifenacin group devel-
oped retention problems, with three requiring cathe-
terisation, versus none in the placebo group. The 
SATURN study was a randomized, placebo-con-
trolled trial evaluating the combination of different 
doses of solifenacin (3, 6, and 9 mg/day) with 
tamsulosin versus tamsulosin alone in men with void-
ing and storage LUTS [Van Kerrebroeck et al., 2013]. 
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Decreases in micturition frequency and total urgency 
and frequency scores and increases in void volume 
per micturition were significantly greater with increas-
ing solifenacin dosage in the combination groups ver-
sus with tamsulosin monotherapy. In a post-hoc anal-
ysis, patients with at least two urgency episodes and 
at least eight micturitions per 24 h at baseline showed 
clear improvements in storage and QoL parameters 
with combination treatment over tamsulosin alone. 
The subgroup of patients with fewer storage symp-
toms experienced little or no additional benefit from 
combination therapy compared with tamsulosin mon-
otherapy. Combination therapy was well tolerated, 
and adverse events were consistent with the safety 
profiles of each individual compound. Mean PVR vol-
ume increased with increasing solifenacin dose, but 
the changes were not clinically relevant and were not 
accompanied by an increase in the incidence of re-
tention. 

A meta-analysis compared the efficacy and safety of 
treatment with α-blockers and anticholinergics to α-
blocker monotherapy among men with storage uri-
nary symptoms related to benign prostatic hyper-
plasia (BPH) [Filson et al., 2013]. Combination ther-
apy produced a significantly greater reduction in IPSS 
storage subscore (Δ -0.73, 95% CI -1.09 - -0.37) and 
voiding frequency (Δ -0.69 voids, 95% CI -0.97 - -
0.41) than monotherapy. There was also a greater re-
duction in Qmax (Δ -0.59 ml/sec, 95% CI -1.04 - -
0.14) and an increase in PVR (Δ 11.60 ml, 95% CI 
8.50-14.70) with combination therapy. The number of 
patients needed to be treated with combination ther-
apy to cause 1 acute urinary retention episode was 
101.  

More recently, the efficacy and safety of a fixed-dose 
combination (FDC) tablet containing solifenacin 6 mg 
plus an oral controlled absorption system (OCAS™) 
formulation of tamsulosin (TOCAS) 0.4 mg has been 
studied in a phase III trial (NEPTUNE). NEPTUNE, 
which included 1,334 men with LUTS/BPH who had 
moderate-to-severe storage symptoms and voiding 
symptoms, showed that an FDC of solifenacin 6 mg 
plus TOCAS improved storage symptoms and QoL 
compared with TOCAS alone [van Kerrebroeck al., 
2013]. FDC treatment was also well tolerated and ex-
hibited an adverse event profile similar to those re-
ported for the individual monotherapies. Conse-
quently, a once-daily FDC tablet of solifenacin 6 mg 
plus TOCAS 0.4 mg aimed at treating both storage 
and voiding symptoms in men with LUTS/BPH is li-
censed and available in several countries, including 
the UK. NEPTUNE and NEPTUNE II open-label ex-
tension studies further evaluated long-term (up to 52 
wk) safety and efficacy of flexible dosing of two FDC 
of solifenacin plus TOCAS (Soli 6 mg plus TOCAS 
0.4 mg or Soli 9 mg plus TOCAS 0.4mg) in men with 
moderate to severe storage and voiding symptoms 
[Drake et al., 2015]. Reductions in total IPSS and total 
urgency and frequency score (TUFS) during 
NEPTUNE were maintained for up to 52 wk of FDC 
treatment, with mean reductions of 9.0 (standard de-
viation [SD]: 5.7) and 10.1 (SD: 9.2), respectively, 

from baseline to end of treatment. Urinary retention 
occurred in 13 of 1208 (1.1%) patients receiving one 
or more FDCs in NEPTUNE and/or NEPTUNE II; 8 
(0.7%) required catheterization. Responder and 
health-related QoL (HRQoL) analyses of the 
NEPTUNE study reported that men treated with an 
FDC of solifenacin 6 mg plus TOCAS consistently 
had significantly improved outcomes compared with 
both the placebo and TOCAS [Drake et al., 2016]. 
There was a significant correlation between the re-
duction in total urgency frequency score and the im-
provement in HRQoL defined by the IPSS QoL score, 
the OAB-q symptom bother score, the overall patient 
global impression bladder symptoms, and the general 
health of the patient. Sokol et al. expected that the 
positive HRQoL data for FDC of solifenacin 6 mg plus 
TOCAS are likely to translate into improved persis-
tence of treatment and possibly increased confidence 
to prescribe combined therapy as the initial treatment 
for moderate-to-severe LUTS/BPH. 

Ichihara et al. [2015] evaluated the efficacy and 
safety of add-on treatment with mirabegron for over-
active bladder symptoms remaining after α1-blocker 
(tamsulosin) treatment in men with benign prostatic 
obstruction. The change in post-void residual urine 
volume was significantly greater in the combination 
group. Six patients (out of 76) experienced adverse 
events in the combination group, and urinary reten-
tion was observed in 1 patient. Nevertheless, the au-
thors concluded that combination was effective and 
safe in these patients.   

10.2. Combined Antimuscarinics 
Although antimuscarinic agents are the first choice of 
treatment for patients with OAB symptoms, these 
drugs do not always lead to the desired effects of de-
trusor stability and continence, especially for patients 
with spinal cord injury or neurologic diseases such as 
multiple sclerosis or meningomyelocele. When anti-
muscarinic treatments fail, invasive procedures such 
as the injection of botulinum toxin, electrical nerve 
stimulation, or augmentation cystoplasty are neces-
sary. In patients who failed to respond or showed 
suboptimal response to antimuscarinic drugs but tol-
erated the treatment well, it was shown that increas-
ing the daily dose may lead to significant improve-
ments of OAB symptoms. A significant decrease of 
incontinence episodes was observed after doubling 
the recommended daily doses of trospium chloride 
and tolterodine to 90 and 8 mg, respectively, in pa-
tients with persistent neurogenic detrusor overactivity 
(NDO) [Horstmann et al., 2006]. Another  non-inva-
sive approach in patients with refractory NDO or OAB 
is the combination of two different antimuscarinic 
drugs; this has been demonstrated as effective and 
safe in several clinical studies including patients with 
either NDO [Amend et al., 2008; Nardulli et al., 2012] 
or OAB [Bolduc et al., 2009; Kosilov et al., 2014a; b] 
(Table 3). 

Positive results were speculated to be due to 1) syn-
ergistic activation of different muscarinic receptors or 
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interactions of receptors on different parts of the blad-
der wall, 2) undiscovered faster metabolism of anti-
muscarinics requiring an increased dosage of differ-

ent antimuscarinic drugs, 3) down-regulation of sub-
divisions of antimuscarinic receptors under mono-
therapy that may lead to better susceptibility of other 
subdivisions when treated by the second drug.  

Study  Patients (n) Initial antimuscarinics Combined 
antimuscarinics 

Efficacy results 

Amend et al. (Amend, 
Hennenlotter et al. 
2008) 

NDO (27) Oxybutynin 30mg/day 
Tolterodine 2×8mg/day 
Trospium 3×30 mg 

+trospium 45–90 mg 
+oxybutynin 15–30 mg 
+tolterodine 4–8 mg 

UI episodes 
decreased: 
8.6±2.7 to 1.3±0.9 
7.0±1.5 to 0.6±0.7 
7.5±2.7 to 2.0±1.5 

Nardulli et al. (Nardulli, 
Losavio et al. 2012) 

NDO (12) Oxybutynin 15mg/day 
Oxybutynin 15mg/day 

+trospium 80 mg 
+solifenacin 10 mg 

UI episodes 
decreased: 
5.3±SD to 0.8±SD 
4.5±SD to 1.0±SD 

Bolduc et al. (Bolduc, 
Moore et al. 2009) 

NDO (19) 
OAB (14) 

Tolterodine 4mg +solifenacin 5 mg 
+solifenacin 10 mg 

UI episodes 
decreased: 
100% in 17 pts  
 > 90% in 14 pts 
50–89% in 2 pts  

Kosilov et al. (Kosilov, 
Loparev et al. 2014a) 

OAB (313) Trospium 60mg + 
solifenacin 20mg (198) 
or Placebo (115) 

 Significant 
decrease in UI 
episodes compared 
to placebo 

Kosilov et al. (Kosilov, 
Loparev et al. 2014b) 

OAB (341) Trospium 60 mg/day + 
solifenacin 20 (58) 
Trospium 30 mg/day + 
solifenacin 10 (55) 
Trospium 30 mg/day + 
solifenacin 10 (62) 

 Cyclic therapy with 
high-dose 
combination 
showed the most 
successful 
treatment without 
increase in side 
effects  

Kosilov et al. (Kosilov, 
Loparev et al. 2016) 

OAB & BPH 
(338) 

solifenacin 5 mg + 
trospium 5 mg + 
tamsulosin 0.4 mg 
vs. tamsulosin 0.4 mg 

 UI episodes 
decreased: 
3.4(0.8) to 0.9(0.7)  

Table 3. Clinical studies of combined antimuscarinic treatments 

A combined antimuscarinic regimen using toltero-
dine, oxybutynin, and trospium was evaluated as a 
non-invasive alternative by Amend and colleagues 
[Amend et al., 2008] for patients who had neurogenic 
bladder dysfunction with incontinence, reduced blad-
der capacity, and increased intravesical pressure. 
They added secondary antimuscarinics to the exist-
ing double-dosed antimuscarinics for patients who 
previously demonstrated unsatisfactory outcomes 
with double-dosed antimuscarinic monotherapy. After 
a 4-week combined regimen, incontinence episodes 
decreased, and reflex volume, maximal bladder ca-
pacity, and detrusor compliance increased. Side-ef-
fects were comparable to those seen with normal-
dose antimuscarinics. 

Kosilov and colleagues evaluated the effectiveness of 
cyclic therapy of combined high–dosed trospium and 
solifenacin depending on severity of OAB symptoms 
in elderly men and women. They found that cyclic 
therapy of high-dose solifenacin and trospium in el-
derly patients with moderate or severe symptoms of 

OAB enabled patients to maintain a longer therapeu-
tic effect with an acceptable level of side effects 
[Kosilov et al., 2014a]. 

They conducted another study to evaluate the effi-
ciency of treatment for severe symptoms of OAB with 
cyclic therapy of combined antimuscarinic drugs in el-
derly men and women and determined that cyclic 
therapy with combined antimuscarinics appeared to 
be effective for controlling severe OAB in elderly pa-
tients, increasing the compliance level (76–84%). 
However, continuous therapy with standard doses of 
trospium and solifenacin results in low adherence and 
high rates of treatment withdrawal (≥ 66%) despite 
satisfactory clinical and urodynamic results. 

The effectiveness of combination therapy with two dif-
ferent antimuscarinics was also evaluated in patients 
with severe symptoms of OAB and BPH [Kosilov et 
al., 2015b; Kosilov et al., 2016]. Patients in the exper-
imental group for 2 months received treatment with a 
daily combination of solifenacin 5 mg and trospium 5 
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mg simultaneous with tamsulosin 0.4 mg. Patients in 
the control group were treated only with tamsulosin. 
In the experimental group, the number of episodes of 
incontinence reduced from a moderate level of 3.4 
(0.8) per day to 0.9 (0.7) per day, and most urody-
namic indices normalized significantly. 

In the control group, changes in urodynamic indices 
were not significant. The quantity of side effects did 
not exceed the level that is commonly found in pa-
tients receiving antimuscarinic monotherapy. The au-
thors concluded that combination of trospium and sol-
ifenacin in standard doses is an efficient and safe 
method for managing severe symptoms of OAB over 
the course of treatment with tamsulosin in patients 
with OAB/BPH [Kosilov et al., 2016]. However, in pa-
tients with OAB/BPH, the efficacy and side effects of 
combination therapy using different antimuscarinics 
should be further evaluated.  

10.3. Antimuscarinics and 5α-Reductase 
Inhibitors 

The standard first-line medical therapy for men with 
moderate-to-severe LUTS is an α1-AR antagonist, a 
5α-reductase inhibitor, or combination therapy with 
both drugs. Both α1-AR antagonist and 5α-reductase 
inhibitors alleviate LUTS in men by reducing bladder 
outlet resistance α1-AR antagonists decrease smooth 
muscle tone in the prostate and bladder neck, while 
5α-reductase inhibitors reduce prostate volume. Sev-
eral trials have demonstrated the efficacy and safety 
of combination therapy with antimuscarinics and α1-
AR antagonist for patients with OAB and coexisting 
BPO. However, post hoc analyses of the TIMES 
study [Kaplan et al., 2006] suggested that men with 
smaller prostates benefit more from antimuscarinic 
therapy than those with larger prostates [Roehrborn 
et al., 2008; Roehrborn et al., 2009]. Chung and co-
workers conducted an open-label, fixed-dose study to 
assess the efficacy and safety of tolterodine ER in 
combination with dutasteride in men with large pros-
tates (≥30 g) and persistent OAB symptoms after α1-
AR antagonist therapy who had been unsuccessfully 
treated with dutasteride alone [Chung et al., 2010]. At 
the start of the study, all patients had been on dutas-
teride 0.5 mg daily for at least 6 months, and α1-AR 
antagonist therapy had failed. All patients were given 
4 mg tolterodine ER daily for 12 weeks and had dis-
continued α1-AR antagonist before the start of the 
study. At 12 weeks, the frequency (-3.2/24hrs, p < 
0.02), urgency (19.2%, p < 0.03), number of severe 
OAB episodes (71.4%, p < 0.05), and incidence of 
nighttime voiding (-0.9, p < 0.003) were found to have 
decreased significantly from baseline. IPSS de-
creased with dutasteride treatment (from 19.3 to 
14.3) and further decreased with the addition of tolter-
odine to 7.1 (p < 0.001). Storage symptoms de-
creased from 9.8 to 4.5 (p < 0.001). Dry mouth oc-
curred in four (7.5%) subjects, constipation in one 
(2%), and decreased sexual function in two (3.9%). 
PVR increased by 4.2 mL, Qmax decreased by 0.2 
mL/s, and no patients went into retention. The au-
thors concluded that the combination of tolterodine 

and dutasteride was effective, safe, and well-toler-
ated in men with large prostates with persistent OAB 
symptoms and LUTS secondary to BPO. Their results 
indicate that antimuscarinics are safe and effective in 
select patients with OAB and BPO when used in com-
bination with 5α-reductase inhibitors. Further studies 
are required to verify the efficacy of antimuscarinics 
combined with 5α-reductase inhibitors in patients with 
persistent OAB symptoms and LUTS secondary to 
BPO.  

Dutasteride was evaluated in terms of OAB symp-
toms and bladder ischemia in men with BPE [Wada 
et al., 2015]. Twenty-four weeks after dutasteride 
treatment, bladder vascular resistive index (RI) signif-
icantly decreased, and urgency score of IPSS was 
significantly improved from 2.3 ± 1.9 to 1.4 ± 1.4 
(P < 0.01). In 20 patients with persistent urgency after 
dutasteride, RI was less improved than in an addi-
tional 10 patients without urgency. Post-treatment 
bladder outlet obstruction index (BOOI) and 
PdetQmax in patients with persistent urgency were 
significantly higher than in those without urgency after 
dutasteride. The authors suggested that reduction of 
obstruction and improvement of bladder ischemia 
might play important roles in the beneficial impact of 
dutasteride on OAB symptoms. 

10.4. α1-AR Antagonists with 5a-Reductase 
Inhibitors  

The Medical Therapy of Prostatic Symptoms Study 
(MTOPS) and Combination of Avodart® and 
Tamsulosin study (ComBAT) have demonstrated that 
superiority of combinations of α1-AR antagonists with 
5-α reductase inhibitors over monotherapy for im-
proving clinical outcomes and preventing sympto-
matic progression, risk of AUR, and BPH-related sur-
gery [McConnell et al., 2003; Roehrborn et al., 2010]. 
Currently, a combination of α1-AR antagonist with a 
5-α reductase inhibitor is recommended by the Amer-
ican Urological Association (AUA) and European As-
sociation of Urology (EAU) for men with bothersome 
moderate to severe LUTS, high risk of disease pro-
gression-enlarged prostate (prostate volume > 40 
mL), and higher PSA [McVary et al., 2011; Oelke et 
al., 2013]. The possible disadvantage of combina-
tions of α1-AR antagonists with 5α-reductase inhibi-
tors is the increased incidence of adverse events, 
since there are concomitant effects of both classes of 
drugs [Fullhase et al., 2013; La Torre et al., 2016]. 
Potential side effects (e.g., ejaculation dysfunction 
with α1-AR antagonists or loss of libido with 5α-reduc-
tase inhibitors) might be additive and may negatively 
affect patient quality of life and, especially, sexual 
function. 

10.5. Antimuscarinic with β3-Adrenoceptor 
Agonists 

Since the mechanism of action of β3-adrenoceptor 
agonists is different from that of antimuscarinics, it 
might prove to be a useful treatment in patients expe-
riencing adverse events to antimuscarinics or insuffi-
cient symptom improvement. In addition, combining 
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β3-AR agonist with an antimuscarinic may potentially 
improve efficacy in the treatment of OAB. Several 
clinical trials have demonstrated the efficacy and 
safety of the combination therapy of antimuscarinics 
and β3-AR agonists. Abrams et al. reported results of 
a phase II trial (Symphony) of combination treatment 
with mirabegron and solifenacin in patients with OAB 
[Abrams et al., 2015]. A total of 1306 patients were 
randomly assigned to 12 groups: placebo, 6 combi-
nation groups (solifenacin 2.5, 5, or 10 mg plus mira-
begron 25 or 50 mg), and 5 monotherapy groups (sol-
ifenacin 2.5, 5, or 10 mg, or mirabegron 25 or 50 mg) 
for a 12-week treatment period. The primary endpoint 
was change from baseline to end of treatment in 
mean volume voided per micturition (MVV). All com-
binations with solifenacin 5 or 10 mg improved MVV 
significantly comparing to solifenacin 5 mg monother-
apy, and a decreasing trend in the mean number of 
micturitions per 24 hours was observed with increas-
ing solifenacin and mirabegron doses. The three drug 

combinations (solifenacin 5 mg plus mirabegron 50 
mg, solifenacin 10 mg plus mirabegron 25 mg, and 
solifenacin 10 mg plus mirabegron 50 mg) demon-
strated significant improvements compared to both 
solifenacin 5 mg and placebo.  

No severe adverse events were reported, and treat-
ment was generally well tolerated. In Japan, Yama-
guchi et al. conducted a multicenter, open-label, 
phase IV study (MILAI study) to assess the safety and 
efficacy of mirabegron in combination with solifenacin 
in OAB patients who were being treated with solifen-
acin 2.5 mg or 5 mg once daily for at least 4 weeks 
[Yamaguchi et al., 2015]. A total of 223 patients were 
randomly assigned to one of 4 groups: solifenacin 2.5 
mg plus mirabegron 25 mg (n=35), solifenacin 2.5 mg 
plus mirabegron 50 mg (n=37), solifenacin 5 mg plus 
mirabegron 25 mg (n=58), or solifenacin 5 mg plus 
mirabegron 50 mg (n=93) for a 16-week treatment pe-
riod. 

Table 4.  Current status of possible future drugs/targets  

Negative proof of concept 

Potassium channel openers   

Prostaglandin receptor antagonists 

Positive proof of concept    

Neurokinin receptor antagonists   

Vitamin D3 receptor agonists  

Monoamine reuptake inhibitors   

Opioid receptor agonists   

Cox inhibitors   

Promising based on animal data 

Rho- kinase - inhibitors 

Drugs acting on GABA receptors 

Purinergic system – P2X3 receptor antagonists 

Cannabinoid system – exocannabinoids; FAAH inhibitors 

TRP channel family – TRP channel antagonists  
 

The overall incidence of drug-related TEAEs was 
23.3%, and all TEAEs were mild or moderate. All 
treatments showed significant improvements in 
OABSS total score, overactive bladder questionnaire 
short form (OAB-q SF) score (symptom bother and 
total HRQL score), mean number of micturitions/24 h, 
mean number of urgency episodes/24 h, mean num-
ber of UI episodes/24 h, mean number of urgency UI 
episodes/24 h, mean volume voided/micturition, and 
mean number of nocturia episodes/night. 

Recently, a phase IIIB trial (BESIDE) in incontinent 
OAB patients was carried out in Europe [Drake et al., 
2016]. A total of 2174 patients with OAB who re-
mained incontinent despite solifenacin 5 mg once 

daily during 4-wk single-blind run-in were randomized 
1:1:1 to a double-blind daily combination (n=727), sol-
ifenacin 5 mg (n=728), or 10 mg (n=719) for 12 wk. 
The primary efficacy end-point was change in mean 
number of incontinence episodes per 24 h. Key sec-
ondary efficacy end points were change in mean 
number of micturitions per 24 h and the number of 
incontinence episodes noted in the 3-d voiding diary. 
All combinations significantly improved daily inconti-
nence episodes (p=0.001), daily micturitions 
(p<0.001), and incontinence noted in a 3-d voiding di-
ary (p=0.014) compared to solifenacin 5 mg mono-
therapy. The combination of drugs was not inferior to 
solifenacin 10 mg for key secondary end points and 
was superior to solifenacin 10 mg for improving daily 
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micturitions. All treatments were well tolerated. These 
results suggest that combination therapy of mira-
begron 50 mg with solifenacin 5 mg may be an alter-
native to dose escalation of solifenacin in patients 
with insufficient response to solifenacin 5 mg mono-
therapy. 

11. FUTURE POSSIBILITIES 

Much nonclinical and clinical research is ongoing, 
both involving modifications of existing options and 
directed at identifying novel pharmacological princi-
ples involved in LUTS/OAB pathophysiology, and this 
has been extensively discussed in several reviews 
[Yeo et al., 2013; Zacche et al 2014; Sacco and Bien-
tinesi, 2015; Bechis et al. 2015, Andersson, 2015; 
2016]. Details on some of the drugs under discussion 
are given below as is a critical summary of the current 
situation (Table 4).  

11.1. Peripherally Acting Drugs 

11.1.1 P2X3-Receptors and P2X3 Receptor An-
tagonists 

During bladder filling the urothelium is stretched and 
ATP is released from the umbrella cells, thereby acti-
vating mechanotransduction pathways via stimulation 
of purinergic receptors on suburothelial sensory 
nerves to initiate the voiding reflex and to mediate the 
sensation of bladder filling and urgency [Burnstock, 
2013; 2014]. P2X receptors are ligand-gated ion 
channels (Figure 19), and seven P2X receptor subu-
nits have been identified from molecular studies and 
characterized functionally and pharmacologically 
[North and Surprenant, 2000; Gever et al., 2006; Ford 
and Cockayne, 2011].   Sensory nerve fibers express-
ing P2X3 immunoreactivity have been found project-
ing into the lamina propria, urothelium and detrusor 
smooth muscle (Ford and Cockayne, 2011), where 
this and several other P2X receptors are functionally 
expressed (Ford and Cockayne 2011; Shabir et al., 
2013). As mentioned, ATP is released from the 
urothelium in response to bladder filling [Ferguson et 
al., 2007; Vlaskovska et al., 2001; Wang et al., 
2005a], and studies using an isolated rodent bladder-
pelvic nerve preparation have shown that bladder dis-
tension leads to increased afferent nerve activity that 
is mimicked by ATP and/or α,β-meATP [Na-
masivayam et al., 2009; Vlaskovska et al., 2001; 
Rong et al., 2002]. Intravesical infusion of ATP or α,β-
meATP can directly stimulate bladder overactivity in 
conscious rats, in a manner that is concentration-de-
pendent and sensitive to the ATP receptor antago-
nist, TNP-ATP [Pandita and Andersson, 2002]. Thus, 
P2X3 and P2X2/3 receptors may be important in 
sensing volume changes during normal bladder fill-
ing, and may participate in lowering the threshold for 
C-fiber activation under pathophysiological condi-
tions. 

Purinergic signaling in the bladder may be changed 
in different LUT disorders [Burnstock, 2014]. Thus, 

bladder inflammation can sensitize and enhance P2X 
receptor function on pelvic visceral and hypogastric 
splanchnic afferents in the lumbosacral and thoracol-
umbar DRG [Dang et al., 2005]. In bladder urothelial 
cells from patients with bladder pain syndrome/inter-
stitial cystitis (BPS/IC), P2X3 receptor expression ap-
pears to be abnormally up-regulated in response to 
stretch [Sun and Chai, 2004; Sun et al., 2009]. 

An increased density of P2X3 and TRPV1-expressing 
nerve fibers has been observed in the bladders of pa-
tients with neurogenic detrusor overactivity, and fol-
lowing treatment with resiniferatoxin, patients re-
sponding to treatment showed diminished levels of 
both TRPV1 and P2X3 immunoreactivity [Brady et al., 
2004].  

P2X receptors, andin particular P2X3 receptors, have 
been of interest for treatment of LUT disorders for a 
long time [Ford et al., 2006: Ford and Cockayne, 
2011; Ford, 2012; North and Jarvis, 2013]. Selective 
P2X3 antagonists, such as A-317491, were shown to 
effectively reduce the signs of cyclophosphamide-in-
duced cystitis [Ito et al., 2008], and to improve blad-
der function in a rat spinal cord injury (SCI) model [Lu 
et al., 2007]. A-317491 produced a dose-dependent 
inhibition of non-micturition contractions, increased 
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inter-micturition intervals, and bladder capacity, with-
out influencing the amplitude of voiding contractions. 
Munoz et al. [2012] showed that SCI rats had signifi-
cantly higher frequencies for field potentials and non-
voiding contractions than normal rats. Intravesical 
ATP increased field potential frequency in control but 
not SCI rats, while systemic administration of the 
P2X3/P2X2/3 antagonist, AF-353 [Gever et al., 
2010], significantly reduced this parameter in both 
groups. AF-353 also reduced the inter-contractile in-
terval in control but not in SCI rats; however, the fre-
quency of non-voiding contractions in SCI rats was 
significantly reduced. AF-353 was also studied in a 
closed cystometric model (“refill VIBC”) in a urethane 
anesthetized rat model.  A dose-dependent increase 
in volume threshold by up to 50–70%, with slightly re-
duced frequency, but no appreciable change in am-
plitude was demonstrated [Ford and Cockayne, 
2011]. As AF-353 penetrates the blood–brain barrier 
[Gever et al., 2010], it was not clear whether these 
effects resulted from P2X3 antagonism at peripheral 
terminals within the bladder wall, or alternatively at 
central terminals in the spinal cord dorsal horn. It has 
been suggested that ATP can be released and act on 
spinal P2X3 and P2X2/3 receptors to affect afferent 
signals originating from the bladder [Ford, 2012]. Spi-
nal ATP may then constitute an endogenous central 
presynaptic purinergic mechanism to regulate vis-
ceral sensory transmission. Further characterization 
of this spinal purinergic control in visceral activities 
may help the development of P2X3 and P2X2/3 an-
tagonists to treat urological dysfunction, such as 
overactive bladder [Ford, 2012]. 

11.1.2 TRP Channel Antagonists 
The transient receptor potential (TRP) channel super-
family has been shown to be involved in nociception 
and mechanosensory transduction in various organ 
systems, and studies of the LUT have indicated that 
several TRP channels, including TRPV1, TRPV2, 
TRPV4, TRPM8, and TRPA1, are expressed in 
the bladder, and may act as sensors of stretch and/or 
chemical irritation [Araki et al., 2008; Everaerts et al., 
2008; Andersson et al., 2010; Skryma et al., 2011; 
Avelino et al., 2013; Deruyver et al., 2014; Franken et 
al., 2014]. TRPV1 and TRPV4 channels have been 
found to be expressed in the urinary bladder [Tom-
inaga et al., 1998; Birder et al., 2001; Gevaert et al., 
2007]. TRPV1 is present and active both in the 
urothelium and in the nerve fibers of several species 
including humans [Ji et al., 2002; Charrua et al., 
2009a]. TRPV4 was initially described  in the urothe-
lium of rodents and humans [Janssen et al., 2011]. 
Co-expression of the two receptors was observed in 
20% of rat urothelial cells [Kullmann et al., 2009]. 
boducRecent observations indicate, however, that 
TRPV4 may also be expressed in bladder afferents. 
In fact, about 30% of L6 dorsal root ganglia neurons 
that project to the urinary bladder co-express TRPV1 
and TRPV4 [Cao et al., 2009; Charrua et al., 2012a]. 
The physiological meaning of this observation is un-
clear.  

TRPV1 KO mice have a normal or quasi-normal phe-
notype. In awake animals, the only change detected 
in TRPV1 KO mice was a smaller volume per void 
when compared with wild type (WT) controls [Birder 
et al., 2001]. In cystometries performed under anaes-
thesia, the TRPV1 KO mice phenotype seems also 

 
Figure 19: During bladder filling the urothelium is stretched and ATP is released from the umbrella cells, 
thereby activating mechanotransduction pathways via stimulation of purinergic receptors on suburothelial 
sensory nerves to initiate the voiding reflex and to mediate the sensation of bladder filling and urgency. 
Selective P2X3 antagonists have been shown to decrease signs of bladder overactivity in different animal 
models without affecting bladder contraction amplitude.  
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very benign. Some studies reported that this animals 
have totally normal cystometric traces [Charrua et al., 
2007]. However, other studies showed that TRPV1 
KO mice develop a few non-voiding contractions pre-
ceding the voiding contraction [Birder et al., 2001; 
Frias et al., 2012]. Accordingly, TRPV1 antagonists 
(GRC 6211) did not show any relevant effect on blad-
der activity of intact rodents [Charrua et al, 2009b]. In 
contrast with TRPV1 KO mice, the micturition pheno-
type of TRPV4 KO animals is clearly abnormal. 
TRPV4 KO mice are incontinent, most probably due 
to incomplete bladder emptying [Gevaert et al., 2007] 
Cystometric studies carried out under physiological 
conditions revealed that TRPV4 KO mice have an 
marked increase in the inter-contraction interval when 
compared to wild-type (WT) littermates. [Gevaert et 
al., 2007; Birder et al. 2002]. Likewise, TRPV4 antag-
onists (HC-067047) decreased the frequency of blad-
der contractions and increased the inter-contraction 
interval [Everaerts et al, 2010]. These observations 
indicated that TRPV4 has a role in the control of nor-
mal micturition reflex. 

Indisputably, TRPV1 or TRPV4 have a role in the in-
crease of micturition frequency associated with cysti-
tis [Charrua et al., 2007; Everaerts et al., 2010]. While 
inflamed WT mice exhibit bladder hyperactivity and 
intense spinal Fos expression after different forms of 
bladder inflammation, including acetic acid or bacte-
rial extracts, TRPV1 KO mice have normal cystome-
tries and normal spinal c-fos expression [Charrua et 
al., 2007] ). The The same holds true for TRPV4. In 
fact, TRPV4 KO mice exhibit significantly lower void-
ing frequencies and larger voided volumes than WT 
after inflammation with cyclophosphamide [Everaerts 
et al., 2010].  

The blockade of TRPV1 and TRPV4 with specific an-
tagonist confirm the observations carried out in 
knock-out animals. As a matter of fact, the TRPV1 
antagonist GRC 6211 or the TRPV4 antagonist HC-
067047 both abolish the increase of micturition fre-
quency associated with chemical cystitis [Everaerts 
et al., 2010; Charrua et al., 2009b]. Recently, it was 
shown that the systemic co-administration of TRPV1 
and TRPV4 antagonist was more effective in treating 
the cystitis-induced increase of micturition frequency 
than the individual application of each antagonist 
[Charrua et al., 2012b].  The effect could be observed 
at very low doses of the TRPV1 and TRPV4 antago-
nists, which had no effect when given isolated. This 
observed effect might be the answer to overcome the 
eventual adverse events related with the application 
of some of these antagonists [Planells-Cases et al., 
2011]. Just to mention a few, TRPV1 antagonists are 
associated with hyperthermia and increased risk of 
cardiac ischemia [Avelino et al., 2012] while TRPV4 
antagonists may eventually precipitate urinary reten-
tion and overflow incontinence [Gevaert et al., 2007]. 

It is known for long that TRPV1 is involved in the 
emergence of neurogenic detrusor overactivity fol-
lowing spinal cord transaction [Avelino & Cruz, 2006]. 
A TRPV1 antagonist GRC 6211 has been shown to 

decrease reflex detrusor overactivity in rats after 
chronic spinal cord transaction. With increasing 
doses, it was possible to obtain a total suppression of 
bladder activity [Santos-Silva et al., 2012]. Kitagawa 
et al. [2013] evaluated the effects of the selective 
TRPV1 antagonist JTS-653 evaluated the effects of 
JTS-653 on the increased pelvic nerve discharge and 
intravesical pressure induced by intravesical infusion 
of capsaicin, in anesthetized rats. The drug signifi-
cantly suppressed both parameters (Figure 20). The 
clinical relevance of this finding will be certainly fur-
ther investigated in the future. Interestingly, Uvin et 
al. [2015] found evidence for involvement of TRPM8 
in rat and mouse models of acute cold-induced uri-
nary urgency. 

There seem to be several links between activation of 
different members of the TRP superfamily and 
LUTS/DO/OAB, and further exploration of the in-
volvement these channels in LUT function, normally 
and in dysfunction, may be rewarding. However, 
proof of concept studies in humans are still lacking. 

11.1.3 Vitamin D3 Receptor Analogues 
It is well known that vitamin D affects skeletal muscle 
strength and functional efficiency, and vitamin D in-
sufficiency has been associated with notable muscle 
weakness. The levator ani and coccygeus skeletal 
muscles are critical components of the pelvic floor 
and may be affected by vitamin D nutritional status. 
Weakened pelvic floor musculature is thought to be 
associated with the development of urinary inconti-
nence and fecal incontinence symptoms. Aging 
women are at increased risk for both pelvic floor dys-
function as well as vitamin D insufficiency [Kilic et al., 
2016], and to date only case reports and observa-
tional studies have shown an association between in-
sufficient vitamin D and pelvic floor dysfunction symp-
tom severity (Parker-Autry et al., 2012). Rat and hu-
man bladders were shown to express receptors for 
vitamin D [Crescioli et al., 2005], which makes it con-
ceivable that the bladder may also be a target for vit-
amin D. Analogues of vitamin D3 have also been 
shown to inhibit benign prostatic hyperplasia (BPH) 
cell proliferation and to counteract the mitogenic ac-
tivity of potent growth factors for BPH cells [Crescioli 
et al., 2002; 2003; 2004]. Experiments in rats with 
bladder outflow obstruction, Schröder et al. [2006] 
showed that a vitamin D analogue, BXL-628 m(elo-
calcitol), at non-hypercalcemic doses, did not prevent 
bladder hypertrophy, but reduced the decrease in 
contractility of the bladder smooth muscle which oc-
curred with increasing bladder weight [Schröder et 
al., 2006]. The mechanism of action for the effects 
has not been clarified. However, elocalcitol was 
shown to have an inhibitory effect on the RhoA/Rho 
kinase pathway [Morelli et al., 2007]. Upregulation of 
his pathway has been associated with bladder 
changes associated with diabetes, outflow obstruc-
tion, and DO [Peters et al., 2006; Christ and Anders-
son, 2007]. In rats with outflow obstruction, previous 
elocalcitol-treatment improved the effects of toltero-
dine on bladder compliance [Streng at al., 2012]. It 
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was suggested that in rats elocalcitol exerted addi-
tional beneficial actions on outflow obstruction-in-
duced functional changes during the filling phase of 
micturition, which may support combined therapy in 
BPH-related LUTS. If valid in humans, combined 
therapy with the drug would be of value. 

The effect of elocalcitol on prostate volume was eval-
uated in patients with BPH, and it was found that the 
drug was able to arrest prostate growth within 12 
weeks in men aged >or=50 years with prostatic vol-
ume > or = 40 ml [Colli et al., 2006]. In an RCT enrol-
ling 120 female patients with OAB, where the primary 
endpoint was an increase in the mean volume voided, 
a significant increase vs placebo (22% vs 11%) was 
demonstrated [Colli et al., 2007]. Whether or not vita-
min D receptor agonism (monotherapy or in combina-
tion) will be a useful alternative for the treatment of 
LUTS/OAB, requires further RCTs. However, cur-
rently, the development of the drug seems to be 
stopped [Tiwari, 2009]. 

11.1.4 Prostanoid Receptor 
Agonists/Antagonists 

Recent developments in the field of prostanoid 
receptors may open new possibilities to use selective 
prostanoid receptor antagonists for DO/OAB 
treatment [Aoki et al., 2009; Jones et al., 2009; 
Rahnama'i et al., 2012; Dobrek and Thor, 2015]. 
There is evidence suggesting that PGE2 contributes 
to the pathophysiology of DO/OAB: PGE2 infused 
into the bladder induces DO in humans and animals, 
increases PGE2 production in DO models and there 

are high concentrations of PGE2 in the urine of 
patients with OAB [McCafferty et al., 2008].  PGE2 is 
an agonist at EP receptors 1 to 4, all G-protein 
coupled, which mediate its physiological effects. 
Based on studies using knockout (KO) mice and EP1 
receptor antagonists, it was suggested that the 
effects of PGE2 on bladder function were mediated 
through EP1 receptors (Schroder et al., 2004). EP 
receptors can be found on urothelium/urothelium, in 
detrusor smooth muscle and in intramural ganglia [ 
Rahnama'i et al., 2010; Rahnama'i et al., 2011]. 
Functionally, it has been proposed that modulation of 
bladder activity exerted via EP1 receptors occurs via 
an afferent mechanism. Schröder et al. [2004] found 
no difference in urodynamic parameters between 
unobstructed EP1 receptor KO and WT mice. 
However, EP1 receptor KO mice did not respond to 
intravesical PGE2 instillation, while WT mice 
developed DO. The lack of EP1 receptor did not 
prevent bladder hypertrophy due to partial bladder 
outflow obstruction but after obstruction WT mice had 
pronounced DO, while this was negligible in EP1 
receptor KO mice.  

Lee et al. [2008] found that in normal rats, a selective 
EP receptor antagonist significantly increased 
bladder capacity, micturition volume and micturition 
intervals. The antagonist significantly decreased the 
stimulatory effects of PGE2, and decreased the 
frequency and amplitude of nonvoiding contractions 
in animals with BOO. More recently it has been 
shown that also EP3 receptor KO mice have a 
diminished response to bladder infusion of PGE2, 
and demonstrate an enhanced bladder capacity 

 
Figure 20: Effect of the selective TRPV1 antagonist JTS-653 given intravenously on capsaicin induced in-
crease in pelvic nerve firing frequency (A) and IVP (B) in anesthetized rats. Modified from Kitagawa et al., J 
Urol. 2013 Mar;189(3):1137-46. 



 

 
880  COMMITTEE 8. PHARMACOLOGICAL TREATMENT OF URINARY INCONTINENCE 
 

under basal conditions [Jones et al., 2009]. This 
findings suggest an important contribution for EP3 
receptors in the modulation of bladder function under 
physiological conditions as well as under conditions 
of enhanced PGE2 production evoking DO. Thus, 
EP1 and EP3 receptors may have a role in PGE2 
mediated DO.  

Interestingly, activation of EP3 receptors evoked 
diuresis and EP3 receptor antagonism was found to 
induce an antidiuretic effect [Jugus et al., 2009]. 
Thus, to modulate bladder activity, it appears that the 
EP3 receptor has a role in regulating urine 
production. Both effects may be useful for treatment 
of DO/OAB. It cannot be denied that EP1/EP3 
receptors constitute interesting and promising targets 
for drugs aimed at DO/OAB treatment. However, a 
randomised, double-blind, placebo-controlled phase 
II study to investigate the efficacy and safety of the 
EP-1 receptor antagonist, ONO-8539, in patients with 
the overactive bladder syndrome suggests that the 
role of EP1 receptor antagonism in the management 
of OAB syndrome is minimal [Chapple et al., 2011]. 

11.1.5 Cannabinoids 
There is increasing evidence that cannabinoids can 
influence micturition in animals as well as in humans, 
both normally and in bladder dysfunction [Ruggieri, 
2011; Hedlund, 2014: Hedlund and Gratzke, 2016]. 
The effects of the cannabinoids are exerted via two 
types of well defined receptors, CB1 and CB2, distrib-
uted widely in the body. However, additional receptor 
subtypes cannot be excluded [Pertwee et al., 2010; 
Ruggieri, 2011]. Both in the CNS and in peripheral 
tissues, CB1 and CB2 receptors have been identified; 
centrally CB1 and peripherally CB2 receptors seem 
to be predominant [Pertwee et al., 2010; Ruggieri, 
2011] CBI as well as CB2 receptors have been iden-
tified in all layers of the human bladder [Merriam et 
al., 2008; Gratzke et al., 2009; Tyagi et al., 2009; 
Walczak et al., 2009]; their expression in the urothe-
lium was found to be significantly higher than in the 
detrusor, and the expression of CB1 was higher than 
that of CB2 [Tyagi et al., 2009]. Gratzke et al. [2009] 
found higher expression of CB2 receptors, but not 
CB1 receptors, in the mucosa than in the detrusor. 
Compared to the detrusor, larger amounts of 
CB2receptor containing nerves that also expressed 
TRPV1 or CGRP were observed in the suburothe-
lium. Nerve fibers containing CB2 receptors and 
VAChT (cholinergic neurons) were located in the de-
trusor. In general, activation of CB1 peripherally has 
been associated with vasodilation and motility 
changes via suppression of release of neurotransmit-
ters, whereas activation of CB2 appears to induce 
anti-inflammatory, antinociceptive, and immunosup-
pressive actions [Pertwee et al., 2010; Ruggieri, 
2011]. Several animal studies have suggested a 
modulatory role of CB2 receptors in both afferent sig-
nalling and cholinergic nerve activity [Gratzke et al., 
2009; 2010; 2011]. Thus, in vivo the selective CB2 
receptor agonist, cannabinor, increased micturition 
intervals and volumes, and increased threshold and 

flow pressures, suggesting that peripheral CB2 re-
ceptors may be involved in sensory functions. In rats 
with partial urethral obstruction treated daily for 14 
days with cannabinor, bladder weight was lower, the 
ability to empty the bladder was preserved and non-
voiding contraction frequency was low compared to 
those in controls. 

The key enzyme for the degradation of anandamide 
and other endogenous cannabinoids, is fatty acid am-
ide hydrolase (FAAH). FAAH was found to be ex-
pressed in rat and human urothelium and was coex-
pressed with CB2 receptors. In rats, a FAAH inhibitor 
altered urodynamic parameters that reflect sensory 
functions, suggesting a role for the endocannabinoid 
system in bladder mechanoafferent functions 
[Strittmatter et al., 2011]. Aizawa et al. [2016] found 
that URB937, a peripherally restricted FAAH inhibitor, 
reduced BO and C-fibre hyperactivity in the rat blad-
der provoked by PGE2, suggesting an important role 
of the peripheral endocannabinoid system in bladder 
overactivity and hypersensitivity. Charrua et al. [2016] 
showed that URB937 in LPS induced cystitis de-
creased voiding contactions on a dose dependent 
manner in low to mederate doses. In high doses the 
FAAH inhibitor did the opposite effect, increasing 
voiding frequency. Moreover, in the same model of 
cystitis URB937 in the doses that decreased bladder 
overactivity decreased the levels of anandamide and 
increase the levels of palmitoylethanolamide in the 
bladder tissue.  Therefore, more studies are neces-
sary in this field to clearly understand the dynamic of 
endocannabinoids in peripheral tissues. In addition, 
there seem to be no clinical studies assessing the ef-
fects of FAAH inhibitors on LUTS or on LUT visceral 
functions in humans [Hedlund and Gratzke, 2016]. 

It has not been established whether the effects of the 
cannabinoids are exerted in the CNS (brain, spinal 
cord) or peripherally. In a preliminay report Blywert et 
al. [2003] demonstrated an effect of combined 
CB1/CB2 receptor activation on detrusor overactivity 
in rats with spinal cord transection, which seemed to 
exclude the brain as a main site of action.  

The clinical experiences the cannabinoid treatment of 
micturition disturbances inclung LUTS are limited 
[Ruggieri, 2011], but both open-label and placebo-
controlled studies have demonstrated that orally ad-
ministered cannabinoid modulators may alleviate 
neurogenic overactive bladder (OAB) symptoms re-
fractory to first-line treatment [Brady et al., 2004b; 
Freeman et al., 2006; Kavia et al., 2010]. Brady et al. 
[2004b] evaluated the efficacy of 2 whole plant ex-
tracts (δ9-tetrahydrocannabinol and cannabidiol) of 
Cannabis sativa in patients with advanced MS and 
refractory LUTS. Urinary urgency, the number and 
volume of incontinence episodes, frequency and noc-
turia decreased significantly following treatment. 
Freeman et al. [2006] tested in a subanalysis of a 
multicenter trial (the CAMS study) whether canna-
binoids could decrease urge incontinence episodes 
without affecting voiding in patients with MS. The 
CAMS study randomized 630 patients to receive oral 
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administration of the cannabis extract δ9-tetrahydro-
cannabinol or matched placebo. Based on inconti-
nence diaries a significant decrease in incontinence 
episodes was demonstrated. 

Kavia et al. [2010] assessed the efficacy, tolerability 
and safety of Sativex(®) (nabiximols) as an add-on 
therapy in alleviating bladder symptoms in patients 
with MS. They performed a 10-week, double-blind, 
randomized, placebo-controlled, parallel-group trial 
on 135 randomized subjects with MS and overactive 
bladder (OAB). The primary endpoint, reduction in 
daily number of urinary incontinence episodes from 
baseline to end of treatment (8 weeks), showed little 
difference between Sativex and placebo. However, 
four out of seven secondary endpoints were signifi-
cantly in favour of Sativex, including number of epi-
sodes of nocturia, number of voids/day, and number 
of daytime voids. The improvement in I-QOL was in 
favour of Sativex, but did not reach statistical signifi-
cance.   

Systemic cannabinoids have effects on the lower 
urinary tract that may have a therapeutic potential; 
local delivery (intravesical, spinal) may be possible, 
but more information is needed. The mechanisms of 
cannabinoid receptors in control of the human LUT is 
incompletely known, and further research is 
necessary for the development of novel cannabinoid 
drugs for treatment of LUT disorders. In a recent 
review, Hedlund and Gratzke [2016] concluded that 
currently “the endocannabinoid system can be 
considered as a potential drug target for 
pharmacological management of LUTS, with a more 
favourable adverse event profile than antimuscarinic 
agents”. 

11.1.6 Intraprostatic Injections of Drugs. 
Intraprostatic injection therapy is probably the oldest 
minimally invasive surgical therapy for BPH and has 
been investigated for over 100 years with renewed in-
terest recently. There are different injectables and 
various routes of administration, transperineal, 
transrectal and transurethral (Andersson, 2015]. 

11.1.7 Ethanol 
Ethanol injection is one of the most investigated intra-
prostatic therapies and have been investigated for 
more than a decade [Goya et al., 1999]. However, the 
mechanism of action, patient selection and applica-
tion of ethanol (the number of injection sites and the 
injection volume) have not been well investigated and 
long-term results are scarce. It seems that ethanol 
causes inflammation, coagulative necrosis with pro-
tein denaturation and cell membrane lysis, and, fi-
nally, sloughing of prostatic tissue resulting in cavity 
formation [Plante et al., 2003]. The majority of trials 
demonstrated a significant reduction in symptoms 
and post-void residual volume as well as a significant 
improvement in Qmax and QoL and prostate volume 
also decreased significantly in the majority of studies 
[Goya et al., 2004; Grise et al., 2004; Plante et al., 

2007; Sakr et al., 2009]. The durability of clinical ef-
fects beyond 1 year seems poor. One trial with a 
mean follow-up of 3 years showed a retreatment rate 
of 41% [Goya et al., 2004]. 

11.1.8 BoNT/A 
BoNT-A investigation for the treatment of benign 
prostatic enlargement (BPE) due to benign prostatic 
hyperplasia (BPH) started in 2003 [Maria et al., 2003] 
after the experimental study by Doggweiler et al. 
[1998] demonstrating prostatic atrophy in the rat after 
intraprostatic injection of the neurotoxin. In an explor-
atory study, which involved injection of 200 U of onab-
otA in moderate to large prostate glands, a rapid pros-
tate volume decrease was induced and still present 
at 12 months [Maria et al., 2003]. Following this study, 
Kuo [2005] reported similar findings when injecting 
prostate glands of 50 ml or larger. BoNT/A injection 
in smaller prostate glands caused a much lesser re-
duction in prostate volume, but a 15% reduction was 
still observed [Chuang et al., 2005; Chuang et al., 
2006c). Independent of the extent of prostate volume 
reduction, improvement of LUTS and flow were con-
sistently reported [Maria et al., 2003; Kuo, 2005; 
Chuang et al., 2005; Chuang et al., 2006c], while a 
decrease in total serum PSA were observed only in 
some studies [Maria et al., 2003; Guercini et al., 
2005].  In a multicenter, double-blind, randomized 
phase II clinical trial of 100 and 300 unit doses of 
onabotA to treat the lower urinary tract symptoms of 
BPH, Crawford and coworkers concluded that in-
traprostatic injection of 100 or 300 units of onabotA 
passed predetermined criteria for treatment efficacy 
and safety (30% improvement from baseline to 3 
months in American Urological Association symptom 
index and/or maximum urinary flow rate and safety). 
The ideal dose was not found, but it seemed that the 
100 U dose may be preferable due to similar efficacy 
with reduced costs and adverse effects [Crawford et 
al., 2011]. Some serious adverse events were re-
ported, including 3 cases of urosepsis related to the 
onabotA injection. Other minor adverse events re-
ported were urinary tract infection, pelvic pain, urinary 
retention, macroscopic hematuria and hemato-
spermia [Crawford et al., 2011). 

Silva et al. [2008], selected a particular group of pa-
tients with high co-morbidity in which more invasive 
treatments were contraindicated. Intraprostatic 
BoNT/A injection was carried out transrectally, under 
ultrasound guidance.  Twenty-one men with large 
BPE, 70±10 ml, on chronic indwelling catheter for at 
least 3 mo who were not candidates for surgery be-
cause of poor general condition received 200 U 
BoNT/A in the transition zone.  Baseline prostate vol-
ume of decreased to 57±10 ml at 1mo and to 47±7ml 
at 3 months. At 1 month, 16 patients (76%) could re-
sume voiding with a mean Qmax of 9.0±1.2 ml/s. At 
3 months, 17 patients (81%) voided with a mean 
Qmax of 10.3±1.4 ml/s. Residual urine was not signif-
icant and mean serum total PSA showed a slight de-
crease [Silva et al. 2008]. The analysis of 11 patients 
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of the initial cohort showed that the duration of pros-
tate atrophy after the single injection of 200U of 
BoNT/A was found to be about 18 months [Silva et 
al., 2009b].   

Intraprostatic injection of BoNT/A seems devoid of 
sexual adverse events. Sixteen sexually active men 
aged > 60 years with BPH/benign prostatic enlarge-
ment (BPE) refractory to standard medical therapy re-
ceived 200U of BoNT/A by transrectal route. Erectile 
function was evaluated using the International Index 
of Erectile Function – Short Form (IIEF-5) question-
naire. Orgasmic/ejaculatory function and libido were 
evaluated using questions 9, 10, 11 and 12 of the IIEF 
– Long Form.  Intraprostatic injection of BoNT/A did 
not cause deterioration of any domain of sexual func-
tion [Silva et al., 2011].  

Although necrosis of the gland at the places of 
BoNT/A injection could explain the rapid volume re-
duction, transrectal ultrasound examination of the 
glands, performed in these or in previous studies [Ma-
ria et al., 2003; Kuo 2005; Chuang et al., 2005; Silva 
et al., 2008, was unable to detect signs of cavitation 
that indirectly could suggest the presence of necrosis. 
Therefore, the reason for the decreased prostate vol-
ume should be more appropriately related to the 
widespread apoptosis detected in the gland after 
BoNT/A administration. Apoptosis was reported in 
rats, dogs, and humans, and affected both the epithe-
lial and stromal components [Doggweiler et al., 1998; 
Chuang et al., 2005; Chuang et al., 2006b; Chuang et 
al., 2006d, Silva et al., 2009a]. 

Although until now, no important side-effects have 
been reported after intraprostatic injection of the neu-
rotoxin in doses ranging between 100 and 300 U, a 
multicenter, double-blind, randomized phase II clini-
cal trial of 100 and 300 unit doses of onabotA to treat 
the lower urinary tract symptoms of benign prostatic 
hyperplasia, was recently published [Crawford et al., 
2011]. OnabotA prostatic injection met the two safety 
criteria proposed, (a dose failed if: 1- a life threaten-
ing, disabling or fatal event was determined to be re-
lated to the onabotA injection, or 2- 40% or more of 
the participants reported a moderate or severe side 
effect related to the botulinum toxin injection). None-
theless, some serious AEs were reported, including 3 
cases of urosepsis related to the onabotA injection 
and the remaining events were judged not related to 
the injection. Other minor AEs reported were urinary 
tract infection, pelvic pain, urinary retention, macro-
scopic hematuria and hematospermia [Crawford  et 
al., 2011].  

These findings were not reproduced, however, in two 
recent, large RCTs. One enrolled patients with IPSS 
> 12 and a peak flow rate (Qmax) between 5-15 ml/s 
[Marberger et al., 2012]. A total of 380 men met the 
inclusion/exclusion criteria, were randomized (ITT 
population), and received treatment via the transper-
ineal (n = 63) or transrectal (n = 311) routes with ei-
ther placebo (n = 94) or onabotA 100 U (n = 95), 200 
U (n = 94), or 300 U (n = 97). The other [McVary et 

al., 2014] enrolled 427 men with IPSS score > 14 and 
Q max between 4 to 15 ml/s. All received initially a 
sham procedure to exclude cases with a high placebo 
response during the run-in phase. Then a total of 315 
patients were randomized 1:1 to receive a single in-
traprostatic treatment of onabotA 200U or placebo. 
Although in both studies a substantial decrease in 
IPSS score and increase in Qmax occurred in the 
onabotA 200 U groups, the changes were not signifi-
cantly different from those observed in the saline arm, 
indicating that they arose from a considerable pla-
cebo effect associated with the injection procedure. 

The population enrolled in the Marberger and McVary 
trials may vary from those usually referred to minimal 
invasive BPH procedures. As a matter of fact, 51% of 
the men enrolled in the Marberger study, although 
having moderate to severe LUTS had never received 
treatment with licensed drugs for BPH/LUTS. In the 
McVary study [2014], 78.3% of the patients were not 
on α-AR antagonists or 5 ARI when they were en-
rolled in the study. From a total of 313 patients only 
68 (21.7%) were on treatment, while all the others 
had meanwhile abandoned oral pharmacotherapy. 
Interestingly, patients unsatisfied with medical treat-
ment for their BPH/LUTS seem to respond more pos-
itively to onabotA injection in the prostate. In the Mar-
berger trial, an exploratory post hoc analysis of the 
subgroup of patients who had received α-AR antago-
nists showed a significant reduction from baseline in 
IPSS in the onabotA 200-U group versus placebo. A 
sub analysis of the population on concurrent BPH 
therapy in the McVary study showed an improvement 
in Qmax that was significantly greater in the onabotA 
than in the placebo arm. 

Recently, a non-inferiority randomized clinical trial 
compared in BPH patients dissatisfied with oral phar-
macotherapy prostatic injection of onabotA 200 U 
against optimized medical therapy [Robert et al., 
2015]. Patients on optimized drug therapy received 
any possible drug combination for treatment of 
BPH/LUTS. The group submitted to toxin injection 
stopped oral medication 30 days after the procedure. 
Total IPSS at the end of treatment was similar in the 
two arms, allowing the conclusion that onabotA is not 
inferior to optimized medical therapy, in men with 
BPH/LUTS refractory to initial oral pharmacotherapy. 
Interestingly, in the onabotA group only 1 episode of 
acute urinary retention occurred. In contrast, 6 cases 
were observed in the optimized medical treatment 
group.  

11.1.9 NX-1207 
NX-1207 is a new drug under investigation for the 
treatment of LUTS associated with BPH [Kunit and 
Lusuardi, 2014]. It is a new therapeutic protein of pro-
prietary composition with selective pro-apoptotic 
properties [Shore, 2011]. The drug is injected directly 
into the directly into the transitional zone of the pros-
tate as a single administration to induce focal cell loss 
in prostate tissue through apoptosis, leading to non-
regressive prostate shrinkage and both short- and 
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long-term symptomatic improvement. Information 
about the drugs is scarce and mostly published in ab-
stract form and not yet in the peer-reviewed literature. 
Two US Phase II trials have been performed [Shore, 
2011]. One of them was a multicenter, randomized, 
non-inferiority study involving 32 clinical sites with 85 
subjects and two dose ranges (2.5 and 0.125 mg) and 
an active open-label comparator (finasteride). Sub-
jects and investigators on NX-1207 were double-blind 
as to dosage. The primary endpoint was change in 
AUASI at 90 and 180 days for a single injection of NX-
1207 as compared to finasteride on a non-inferiority 
basis. Inclusion criteria included an AUA Symptom 
Score ‡ 15, diminished peak urine flow (< 15 ml/s) 
and a prostate size of > 30 and < 70 mg. The mean 
AUA Symptom Score improvement after 90 days in 
the intent to- treat group was 9.71 points for 2.5 mg 
NX-1207 (n = 48) versus 4.13 points for finasteride (n 
= 24) (p = 0.001) and 4.29 for 0.125 mg NX-1207 (n 
= 7) (p = 0.034). The 180-day results also were posi-
tive (NX-1207 2.5 mg non-inferior to open-label finas-
teride). 

No significant changes in serum testosterone or se-
rum PSA levels in the NX-1207 cohorts. There were 
no reported adverse effects on sexual function. Two 
US multicenter, double-blind, placebo-controlled 
Phase III studies are currently underway. The results 
of such studies are needed to assess whether or not 
this therapeutic principle is a useful addition to the 
current treatment alternatives. 

Recently, the clinical development of this drug was 
suspended and clinicals trials going on in Europe sus-
pended due to the releaseof negative data coming 
from a phase III trial run in the US.  

11.1.10 PRX302 
PRX302 is a modified form of proaerolysin, a highly 
toxic bacterial pore-forming protoxin that requires 
proteolytic processing by prostate-specific antigen 
(PSA). [Singh et al., 2007].  The safety and efficacy 
of PRX302 was evaluated in men with moderate to 
severe BPH [Denmeade et al., 2010]. The patients 
were refractory, intolerant, or unwilling to undergo 
medical therapies for BPH and had an IPSS >12, a 
quality of life (QoL) score >3, and prostate volumes 
between 30 and 80 g. Fifteen patients were enrolled 
in phase 1 studies, and 18 patients entered phase 2 
studies. Subjects received intraprostatic injection of 
PRX302 into the right and left transition zone via a 
transperineal approach in an office-based setting. 
Phase 1 subjects received increasing concentrations 
of PRX302 at a fixed volume; phase 2 subjects re-
ceived increasing volumes per deposit at a fixed con-
centration. IPSS, QoL, prostate volume, Qmax), IIEF, 
serum PSA levels, pharmacokinetics, and adverse 
events were recorded at 30, 60, 90, 180, 270, and 
360 days after treatment. Sixty percent of men in the 
phase 1 study and 64% of men in the phase 2 study 
treated with PRX302 had >30% improvement com-
pared to baseline in IPSS out to day 360. Patients 
also experienced improvement in QoL and reduction 

in prostate volume out to day 360. Patients receiving 
>1 ml of PRX302 per deposit had the best response 
overall. There were no deleterious effects on erectile 
function. Adverse eventswere mild tomoderate and 
transient in nature. The major study limitation was the 
small sample size. The promising safety profile and 
evidence of efficacy in the majority of treated subjects 
in these phase 1 and 2 studies supports further de-
velopment of PRX302 as a minimally invasive, tar-
geted treatment for BPH.  

To overcome theses limitations, a phase IIb study 
was carried out recently [Elhilali et al., 2013]. A total 
of 92 men with an IPSS ≥15, Qmax  ≤12 ml/s and pros-
tate volume beween 30 and 100 ml were randomized 
2:1 to a single ultrasound guided prostatic injection of 
PRX302 (0.6 mg per g prostate) or placebo. Benign 
prostatic hyperplasia medications were prohibited. 
The toxin decreased IPSS score by approximately 9-
point and increase Qmax by 3 ml/s, both changes be-
ing statistically significant when compared to vehicle. 
Efficacy was sustained for 12 months. PRX302 ap-
parent toxicity was mild, transient, and limited to local 
discomfort/pain and irritative urinary symptoms oc-
curring in the first few days, with no effect on erectile 
function. Further developments are therefore 
awaited.  

11.2. Centrally Acting Drugs  
Many parts of the brain seem to be activated during 
storage and voiding [see, Griffiths 2007; Fowler et al., 
2008; Griffiths and Tadic, 2008], and there is increas-
ing interest in drugs modulating the micturition reflex 
by a central action [Andersson and Pehrson, 2003, 
Yoshimura et al., 2014]. Several drugs used for pain 
treatment also affect micturition; morphine and some 
antiepileptic drugs being a few examples (Figure 21). 
However, central nervous mechanisms have so far 
not been preferred targets for drugs aimed to treat 
OAB, since selective actions may be difficult to ob-
tain. Holstege [2005], reviewing some of the central 
mechnisms involved in micturition, including the peri-
aqueductal gray (PAG) and the pontine micturition 
center (PMC), suggested that “the problem in OAB or 
urgency-incontinence is at the level of the PAG or 
PMC and their connections, and possible treatments 
for this condition should target the micturition path-
ways at that level.”  



 

 
884  COMMITTEE 8. PHARMACOLOGICAL TREATMENT OF URINARY INCONTINENCE 
 

11.2.1 Gonadotropin-releasing Hormone An-
tagonists 

The beneficial effects of the 5α-reductase inhibitors, 
finasteride and dutasteride in the treatment of male 
LUTS are well documented. The efficacy of other hor-
monal treatments, for example, antiandrogens or 
gonadotropin-releasing hormone (GnRH; also known 
as luteinizing hormone-releasing hormone: LHRH) 
agonists is either poor or at the expense of unac-
ceptable side effects such as medical castration as-
sociated with hot flushes, decrease of potency and 
libido, and negative effects on bone density following 
long-term androgen ablation [Schroeder et al., 1986; 
Peters et al., 1987; Bosch et al., 1989; Eri and Tveter, 
1993]. With GnRH antagonists submaximal, non-cas-
trating blockade of the androgen testosterone and 
consequently of dihydrotestosterone (DHT) can be 
achieved, thus avoiding medical castration. Several 
GnRH antagonists – such as cetrorelix, ozarelix and 
teverelix - have been tested in Phase IIA/IIB clinical 
trials for their ability to improve LUTS in patients with 
BPH [Colli and Tanko, 2011]. 

Debruyne et al. [2008] demonstrated in a phase 2 
RCT that the LHRH antagonist cetrorelix, given sub-
cutaneously weekly for 20 weeks to 140 men with 
LUTS (IPSS > 13, peak urinary flow rates 5-13 ml/s), 
rapidly caused a significant improvement in the mean 
IPSS: the peak decrease was -5.4 to -5,9 vs -2,8 for 
placebo. All dosage regimens tested were well toler-
ated, and the authors concluded that the drug offered 
a safe and effective treatment of male LUTS.   

Due to these results, two phase III studies were con-
ducted in the United States and Europe [AEterna 
Zentaris] ; in the US study, 637 men were randomized 
to receive either two doses of placebo or cetrorelix on 

weeks 2 and 26. The drug showed no statistically sig-
nificant benefit in improving IPSS. In addition, ce-
trorelix did not have a significant effect on peak flow 
rate or prostate volume versus placebo. It is difficult 
to reconcile this lack of efficacy given favorable prior 
results. A subsequent multicenter European trial also 
failed to show any treatment-related efficacy of ce-
trorelix. The experience with cetrorelix highlights the 
importance of randomized, placebo-controlled trials 
that are appropriately powered to show clinical bene-
fit and safety. 

11.2.2 Gabapentin 
Gabapentin is one of the new first-generation antiepi-
leptic drugs that expanded its use into a broad range 
of neurologic and psychiatric disorders [Striano and 
Striano, 2008]. It was originally designed as an anti-
convulsant GABA (y-aminobutyric acid) mimetic ca-
pable of crossing the blood-brain barrier [Maneuf et 
al., 2003].  The effects of gabapentin, however, do not 
appear to be mediated through interaction with GABA 
receptors, and its mechanism of action remains con-
troversial [Maneuf et al., 2003]. It has been suggested 
that it acts by binding to a subunit of the α2δ unit of 
voltage dependent calcium channels [Gee et al., 
1996; Striano and Striano, 2008]. Gabapentin is also 
widely used not only for seizures and neuropathic 
pain, but for many other indications, such as anxiety 
and sleep disorders, because of its apparent lack of 
toxicity. 

Carbone et al. [2006] reported on the effect of 
gabapentin on neurogenic DO. They found a positive 
effect on symptoms and significant improvement in 
urodynamic parameters, and suggested that the 
effects of the drug should be explored in further 
controlled studies in both neurogenic and non-

 
Figure 21: OAB drugs with a central mode of action. Several principles seem to work, but currently used 
drugs have low efficacy and/or unacceptable side effects. However, there is great potential for further devel-
opments 
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neurogenic DO. Kim et al. [2004] studied the effects 
of gabapentin in patients with OAB and nocturia not 
responding to antimuscarinics. They found that 14 out 
of 31 patients improved with oral gabapentin. The 
drug was generally well tolerated, and the authors 
suggested that it can be considered in selective 
patients when conventional modalities have failed. It 
is possible that gabapentin and other α2δ ligands 
(e.g., pregabalin and analogs) will offer new 
therapeutic alternatives, but convincing RTC are still 
lacking. 

11.2.3 Tramadol 
Tramadol is a well-known analgesic drug [Grond and 
Sablotzski, 2004].  By itself, it is a weak µ-receptor 
agonist, but it is metabolized to several different com-
pounds, some of them almost as effective as mor-
phine at the µ-receptor.  However, the drug (metabo-
lites) also inhibits serotonin (5-HT) and noradrenaline 
reuptake [Grond and Sablotzski, 2004]. This profile is 
of particular interest, since both µ-receptor agonism 
and amine reuptake inhibition may be useful princi-
ples for treatment of LUTS/OAB/DO, as shown in a 
placobo controlled study with duloxetine [Steers et 
al., 2007].  

In rats, tramadol abolished experimentally induced 
DO caused by cerebral infarction [Pehrson et al., 
2003]. Tramadol also inhibited DO induced by apo-
morphine in rats [Pehrson and Andersson, 2003] – a 
crude model of bladder dysfunction in Parkinson´s 
disease.  Singh et al. [2008] gave tramadol epidurally 
and found the drug to increase bladder capacity and 
compliance, and to delay filling sensations without 
adverse effects on voiding. Safarinejad and Hosseini 
[2006] evaluated in a double-blind, placebo-con-
trolled, randomized study, the efficacy and safety of 
tramadol in patients with idiopathic DO. A total of 76 
patients 18 years or older were given 100 mg tra-
madol sustained release every 12 h for 12 weeks. 
Clinical evaluation was performed at baseline and 
every two weeks during treatment. Tramadol signifi-
cantly (p<001) reduced the number of incontinence 
periods per 24 hours from 3.2+/- 3.3 to 1.6+/-2.8) and 
induced improvements in urodynamic parameters. 
The main adverse event was nausea. It was con-
cluded that in patients with non-neurogenic DO, tra-
madol provided beneficial clinical and urodynamic ef-
fects.  However, the study was later retracted due to 
unacceptable statistical errors [Safarinejad and Hos-
seini, 2006; retracted 2014].   

NK1-Receptor Antagonists 

The main endogenous tachykinins, substance P 
(SP), neurokinin A (NKA) and neurokinin B (NKB), 
and their preferred receptors, NK1, NK2, and NK3, 
respectively, have been demonstrated in various 
CNS regions, including those involved in micturition 
control [Lecci and Maggi, 2001; Saffroy et al., 2003; 
Covenas et al., 2003]. NK1 receptor expressing neu-
rons in the dorsal horn of the spinal cord may play an 
important role in DO, and tachykinin involvement via 
NK1 receptors in the micturition reflex induced by 

bladder filling has been demonstrated [Ishizuka et al., 
1994] in normal, and more clearly, rats with bladder 
hypertrophy secondary to BOO. Capsaicin-induced 
detrusor overactivity was reduced by blocking NK1 
receptor-expressing neurons in the spinal cord, using 
intrathecally administered substance P-saponin con-
jugate [Seki et al., 2002]. Furthermore, blockade of 
spinal NK1 receptor could suppress detrusor activity 
induced by dopamine receptor (L-DOPA) stimulation 
[Ishizuka et al., 1995]. 

In conscious rats undergoing continuous cystometry, 
antagonists of both NK1 and NK2 receptors inhibited 
micturition, decreasing micturition pressure and in-
creasing bladder capacity at low doses, and inducing 
dribbling incontinence at high doses. This was most 
conspicuous in animals with outflow obstruction [Gu 
et al., 2000]. Intracerebroventricular administration of 
NK1 and NK2 receptor antagonists to awake rats sup-
pressed detrusor activity induced by dopamine recep-
tor (L-DOPA) stimulation [Ishizuka et al., 2000]. 
Taken together, available information suggests that 
spinal and supraspinal NK1 and NK2 receptors may 
be involved in micturition control.  

Aprepitant, an NK-1 receptor antagonist used for 
treatment of chemotherapy-induced nausea and 
vomiting [Massaro and Lenz, 2005], significantly im-
proved symptoms of OAB in postmenopausal women 
with a history of urgency incontinence or mixed incon-
tinence (with predominantly urgency urinary inconti-
nence), as shown in a well-designed pilot RCT [Green 
et al., 2006]. The primary end-point was percent 
change from baseline in average daily micturitions 
assessed by a voiding diary. Secondary end points 
included average daily total urinary incontinence and 
urgency incontinence episodes, and urgency epi-
sodes. Aprepitant significantly (p<0.003) decreased 
the average daily number of micturitions (-1.3+/-1.9) 
compared with placebo (-0.4+/-1.7) at 8 weeks. The 
average daily number of urgency episodes was also 
significantly (p<0.047) reduced (-23.2+/- 32%) com-
pared to placebo (-9.3+/-40%), and so were the aver-
age daily number of urgency incontinence and total 
urinary incontinence episodes, although the differ-
ence was not statistically significant. Aprepitant was 
generally well tolerated and the incidence of side ef-
fects, including dry mouth, was low. Since this initial 
proof of concept study suggested that NK-1 receptor 
antagonism hold promise as a potential treatment ap-
proach for OAB symptoms, a randomized, double-
blind, multicenter trial enrolled 557 adults with over-
active bladder (8 or more average daily micturitions 
and 1 or more daily urge incontinence episodes) 
[Frenkl et al., 2010]. After a 1-week placebo run-in the 
patients were randomized to treatment with 8 weeks 
of daily 0.25, 1 or 4 mg serlopitant, 4 mg tolterodine 
extended release or placebo. Patients kept 7-day 
voiding diaries. The primary end -point was change 
from baseline in micturitions per day. Secondary end 
points included urgency, total incontinence, urge in-
continence episodes and incidence of dry mouth. Of 
the 557 patients randomized, 476 completed the trial 
and had valid efficacy data for analysis. Mean change 
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from baseline in daily micturitions was significantly 
greater for 0.25 (-1.1) and 4 mg (-1.1) serlopitant, and 
for tolterodine (-1.5) than for placebo (-0.5), but not 
for 1 mg serlopitant (-0.8). No serlopitant dose re-
sponse was demonstrated. Tolterodine was numeri-
cally superior to all doses of serlopitant in mean mic-
turitions per day and secondary end points. The inci-
dence of dry mouth on serlopitant (3.3%) was com-
parable to placebo (4.6%) and lower than tolterodine 
(8.8%). Serlopitant was generally well tolerated. 
Haab et al. [2014] performed a phase II, multicenter, 
double-blind study in which adults with OAB symp-
toms >6 months were randomized to receive 1 of 3 
doses of netupitant (50, 100, 200 mg) or placebo 
once daily for 8 weeks. The primary efficacy endpoint 
was percentage change from baseline in average 
number of daily micturitions at week 8. Urinary incon-
tinence, urge urinary incontinence (UUI), and urgency 
episodes were also assessed. They found that the 
primary efficacy endpoint was similar in the treatment 
groups (-13.85 for placebo to -16.17 in the netupitant 
200 mg group) with no statistically significant differ-
ences between netupitant and placebo. 

NK-1 receptor antagonists may have a role in the 
treatment of overactive bladder, but at least the 
componds tested so far do not offer advantages in 
efficacy compared to tolterodine. 

A different approach, modulation of neuropeptide re-
lease rather than NK receptor blockade, was tested 
in a pilot study with cizolirtine, which is a substance-
P and CGRP release modulator at the spinal cord 
level. The modulation of substance-P and CGRP is 
probably related to the increase of extracellular levels 
of noradrenaline and serotonin. Cizolirtine 200 and 
400 mg were compared to placebo in 79 OAB 
patients. Although the decrease in key OAB 
symptoms was significantly higher in the active arms, 
adverse events were reported in 68% and 81% of the 
patients on cizorlitine 200 and 400mg. More 
commonly reported side effects were gastro-intestinal 
in nature, including dry mouth and vomiting 
[Martınez-Garcıa et al., 2008]. No further 
developments of this compound have been reported. 

11.3. Critical Summary  
Based on review of the literature on what is described 
as “emerging” or “innovative” drugs/targets for treat-
ment of LUTS/OAB, a long list of “possible” or “prom-
ising” alternatives can be constructed (Table 4). How-
ever, a critical review of these alternatives reveals 
that although many agents may have theoretically in-
teresting profiles, they do not seem to be in active de-
velopment for different reasons. For several drugs, 
proof- of -concept studies are available revealing ei-
ther no effect, insufficient effect, or disturbing side ef-
fects.  

Negative proof of concept (Table 4).  K+ channel 
openers have shown great promise in preclinical ex-
periments [Petkov, 2011], but so far the K-channel 
openers studied clinically- have yielded disappointing 
results [Andersson et al., 2013].  PGE2, acting via 

EP1 receptors, stimulates bladder contractile activity 
by sensitization of afferent nerves, and is increased 
in urine from patients with LUTS [Rahnama'i et al., 
2012]. Despite promising results in animal experi-
ments, a double-blind, placebo-controlled phase II 
study in OAB patients concluded that the role of an 
EP1 receptor antagonist in the management of OAB 
syndrome is minimal [Chapple et al., 2014].  

Positive proof of concept (Table 4)Several neurokinin 
receptor antagonists have shown clinical efficacy, but 
not sufficient for further development [ Green et al., 
2006; Frenkl et al., 2019; Haab et al., 2014]. The 
monoamine reuptake inhibitor, duloxetine showed 
good efficacy in a randomized controlled clinical trial 
[Steers et al., 2007], but had many side effects. Side 
effects also stopped development of different COX-
inhibitors (2).  

A positive proof -of -concept study was reported for 
the opioid receptor agonist, tramadol [Safarinejad et 
al. 2006]. However, the study was later retracted due 
to unacceptable statistical errors.   

Promising based on animal data (Table 4). Up-regu-
lation of the Rho-kinase pathway has been associ-
ated with bladder changes in diabetes, outflow ob-
struction, and idiopathic DO, making Rho-kinase inhi-
bition a theoretically interesting principle for inhibition 
of bladder overactivity [Christ and Andersson, 2007]. 
The vitamin D3 agonist, elocalcitol, was shown to 
have an inhibitory effect on the RhoA/Rho kinase 
pathway [Morelli et al., 2007; Penna et al., 2009], and 
showed some promising effects in female patients 
with OAB symptoms [Digesu et al.,2012]. However, 
whether or not vitamin D3 receptor agonism (mono-
therapy or in combination) will be a useful alternative 
for the treatment of LUTS/OAB, requires further ran-
domized controlled trials.  

Several years ago Taylor and Bates performed a dou-
ble-blind crossover trial of oral baclofen on patients 
with the “unstable bladder syndrome” with positive 
outcome [Taylor and Bates, 1979], but the principle of 
GABAB receptor stimulation was not further devel-
oped until recently. ADX71441 is a selective positive 
allosteric modulator of the GABAB receptor (GABAB 
PAM), which is orally available and showed promising 
effects in animal models of micturition disturbances 
[Kalinichev et al., 2014]. Further studies of this agent 
would be of interest. 

Other promising targets seem to be the purinergic 
[Ford and Cockayne, 2011: Ford and Undem., 2013; 
North and Jarvis., 2013; Andersson, 2015] and can-
nabinoid [ Ruggieri. 2011; Hedlund, 2014; Hedlund 
and Gratzke 2016] systems, and different members 
of the TRP channel family [Everaerts et al., 2008; 
Andersson et al., 2010; Skryma et al., 2011; Avelino 
et al., 2013; Deruyver et al., 2014; Franken et al., 
2014]. P2X3-receptor antagonists are currently being 
developed for treatment of non-bladder diseases, but 
clinical experiences in bladder disorders have not yet 
been reported. Clinical studies with the use of exo-
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cannabinoids on LUTS are scarce and essentially re-
stricted to MS patients, and the results have so far not 
been convincing. However, amplification of the activ-
ity of endocannabinoids by fatty acid amino hydrolase 
(FAAH) inhibitors, inhibiting their degradation, may be 
an attractive approach (Hedlund and Gratzke., 2016], 
but again clinical proof of concept is lacking. Several 
TRP channels, including TRPV1, TRPV2, TRPV4, 
TRPM8, and TRPA1, are expressed in the bladder 
and urethra, and may act as sensors of stretch and/or 
chemical irritation [Everaerts et al., 2008; Andersson 
et al., 2010; Skryma et al., 2011; Avelino et al., 2013; 
Deruyver et al., 2014; Franken et al., 2014]. The ther-
apeutic potential for TRPV1 channel agonists (capsa-
icin, resiniferatoxin) has been convincingly demon-
strated. However, the adverse effect of hyperthermia 
of the first generation TRPV1channel antagonists has 
delayed development. Nevertheless, TRP channels 
still may be one of the most exciting targets for future 
LUT drugs.  

 DRUGS USED FOR 
TREATMENT OF STRESS 

INCONTINENCE  

1. STRESS INCONTINENCE IN 
WOMEN 

Many factors seem to be involved in the pathogenesis 
of stress urinary incontinence (SUI) in women:  
urethral support and function, bladder neck support 
and function of the nerves and musculature of the 
bladder, urethra, and pelvic floor [Delancey, 1997; 
Mostwin et al., 2005, Koelbl et al., 2009; Chapple and 
Milsom, 2012].  Pure structural factors cannot be 
treated pharmacologically.  However, SUI in women 
is generally thought to be characterized by decreases 
in urethral transmission pressure and, in most cases, 
resting urethral closure pressure [Henriksson et al., 
1979; Hilton and Stanton, 1983, Koelbl et al., 2009].  
It, therefore, seems logical that increasing urethral 
pressure should improve the condition. 

Factors which may contribute to urethral closure in-
clude the tone of the urethral smooth and striated 
muscle (the rhabdosphincter) and the passive prop-
erties of the urethral lamina propria, in particular its 
vasculature.  The relative contribution to intraurethral 
pressure of these factors is still subject to debate.  
However, there is ample pharmacological evidence 
that a substantial part of urethral tone is mediated 
through stimulation of α-ARs in the urethral smooth 
muscle by released noradrenaline [Andersson, 1993; 
Andersson and Wein, 2004; 2012].  A contributing 
factor to SUI, mainly in elderly women with lack of es-
trogen, may be lack of mucosal function.  The phar-
macological treatment of SUI aims at increasing in-
traurethral closure forces by increasing the tone in the 

urethral smooth and striated musculature, either di-
rectly or through increased motorneuron activity.  
Several drugs may contribute to such an increase 
[Andersson and Wein, 2012], but relative lack of effi-
cacy or/and side effects have limited their clinical use. 

1.1. α-Adrenoceptor Agonists 
Several drugs with agonistic effects on peripheral α-
ARs have been used in the treatment of SUI (Table 
5). Noradrenaline (NA) has a central role of in 
increasing the excitability of urethral rhabdosphincter 
motorneurons in the rat analogue of Onuf’s nucleus, 
an effect due at least in part to α1-AR dependent 
depolarization.  This could contribute to the 
mechanism by which NA reuptake inhibitors improve 
SUI [Yashiro et al., 2010].  Ephedrine and 
norephedrine (phenylpropanolamine; PPA) seem to 
have been the most widely used [Andersson and 
Wein, 2012].  The original United States Agency for 
Healthcare Policy and Research Guidelines [Agency 
for Healthcare Policy and Research, 1992] reported 8 
randomized controlled trials with PPA, 50 mg twice 
daily for SUI in women.  Percent cures (all figures 
refer to percent effect on drug minus percent effect on 
placebo) were listed as 0% to 14%, percent reduction 
in continence as 19% to 60%, and percent side 
effects and percent dropouts as 5% to 33% and 0% 
to 4.3% respectively.  The most recent Cochrane 
review on the subject [Alhasso et al, 2005, reprinted 
virtually unchanged in 2008] assessed randomized or 
quasi-randomized controlled trials in adults with 
stress urinary incontinence which included an 
adrenergic agonist drug in at least one arm of the trial.  
There were no controlled studies reported on the use 
of such drugs in men.  Twenty-two eligible trials were 
identified, 11 of which were crossover trials, which 
included 1099 women, 673 of whom received an 
adrenergic drug (PPA in 12, midrodrine in 2, 
norepinephrine in 3, clenbuterol in 3, terbutaline in 1, 
and RO 115-1240 in 1).  The authors concluded, 
“there was weak evidence to suggest that use of an 
adrenergic agonist was better than placebo in 
reducing the number of pad changes and 
incontinence episodes, as well as, improving 
subjective symptoms”.  There was not enough 
evidence to evaluate the merits of an AR agonist 
compared with estrogen, whether used alone or in 
combination. 

Regarding adverse events, the review reported 
similar numbers with adrenergic, placebo, or 
alternative drug treatment.  Over 25% of subjects 
reported such effects, but when these consisted of 
effects due to AR stimulation, they caused 
discontinuation in only 4% of the total.  

Ephedrine and PPA lack selectivity for urethral α-ARs 
and can increase blood pressure and cause sleep 
disturbances, headache, tremor, and palpitations 
[Andersson and Wein, 2012].  Kernan et al. [2000] 
reported the risk of hemorrhagic stroke to be 16 times 
higher in women less than 50 years of age who had 
been taking PPA as an appetite suppressant 
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(statistically significant) and 3 times higher in women 
who had been taking the drug for less than 24 hours 
as a cold remedy (not statistically significant).   

There was no increased risk in men.  PPA has been 
removed from the market in the United States.  It is 
still allowed as a treatment for SUI in a few countries.  
Numerous case reports of adverse reactions due to 
ephedra alkaloids exist, and some [Bent et al., 2003] 
had suggested that sale of these compounds as a 
dietary supplement be restricted or banned.  In 
December 2003, the Food and Drug Administration of 
the US decreed such a ban, a move which has 
survived legal appeal. 

Midodrine and methoxamine stimulate α1-ARs with 
some degree of selectivity. According to the RCTs 
available, the effectiveness of these drugs is 
moderate at best, and the clinical usefulness seems 
to be limited by adverse effects [Alhasso et al., 2003; 
Radley et al., 2001; Weil et al., 1998].  

Attempts continue to develop agonists with relative 
selectivity for the human urethra.  Musselman et al. 
[2004] reported on a phase 2 randomized crossover 
study with RO 115-1240, a peripheral active selective 
α1A/1L-AR partial agonist [Blue et al., 2004] in 37 
women with mild to moderate SUI  

A moderate, positive effect was demonstrated, but 
side effects have apparently curtailed further 
development of the drug.  PF-3774076, a CNS 
penetrating partial α1A-AR agonist, increased peak 
urethral pressure in dogs and was selective with 
respect to α1B and α1D receptors, but heart rate and 
blood pressure changes caused significant concern 
(Conlon et al., 2009).  Furuta et al. [2009] reported 
that the α2-AR can inhibit the release of glutamate 
presynaptically in the spinal cord and proposed that 
α2-AR antagonists would be useful as a treatment for 
SUI.  This hypothesis awaits testing 

1.2. β-Adrenoceptor Agonists. Clenbuterol 
β-AR stimulation is generally conceded to decrease 
urethral pressure [Andersson, 1993], but β2-AR 
agonists have been reported to increase the 
contractility of some fast contracting striated muscle 
fibers and suppress that of slow contracting fibers of 
others [Fellenius et al.,1980].  Some β-AR agonists 
also stimulate skeletal muscle hypertrophy – in fast 
twitch more so than slow twitch fibers [Kim et al., 
1992].  Clenbuterol has been reported to potentiate 
the field stimulation induced contraction in rabbit 
isolated periurethral muscle preparations, an action 
which is suppressed by propanolol and greater than 
that produced by isoprotererol [Kishimoto et al, 1991].  
These authors were the first to report an increase in 
urethral pressure with clinical use of Clenbuterol and 
to speculate on its potential for the treatment of SUI.  
Yaminishi et al. [1994] reported an inotropic effect of 
clenbuterol and terbutaline on the fatigued striated 
urethral sphincter of dogs, abolished by β-AR 
blockade. 

Yasuda et al. [1993] described the results of a double-
blind placebo controlled trial with this agent in 165 
women with SUI.  Positive statistical significance was 
achieved for subjective evaluation of incontinence 
frequency, pad usage per day, and overall global as-
sessment.  Pad weight decreased from 11.7± 17.9g 
to 6.0± 12.3g for drug and from 18.3± 29.0g to 12.6± 
24.7g for placebo, raising questions about the com-
parability of the 2 groups. 

The “significant” increase in MUCP was from 46.0± 
18.2 cm H2O to 49.3± 19.1 cm H2O, versus a change 
of -1.5 cm H2O in the placebo group. 56/77 patients 
in the clenbuterol group reported some degree of im-
provement versus 48/88 in the placebo group.  The 
positive effects were suggested to be a result of an 
action on urethral striated muscle and/or the pelvic 
floor muscles. 

 

Drug Level of Evidence Grade of Recommendation 

Clenbuterol  3 C 

Duloxetine  1 B 

Ephedrine  3 D 

Estrogen  2 D 

Imipramine  3 D 

Methoxamine  2 D 

Midodrine  2 C 

Norephedrine (phenylpropanolamine) 3 D 

Table 5.  Drugs used in the treatment of stress incontinence. Assessments according to the Oxford system 
(modified) 

      Ishiko et al. [2000] investigated the effects of clen-
buterol on 61 female patients with stress incontinence 
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in a 12-week randomized study, comparing drug ther-
apy to pelvic floor exercises.  The frequency and vol-
ume of stress incontinence and the patient’s own im-
pression were used as the basis for the assessment 
of efficacy.  The improvement of incontinence was 
76.9%, 52.6%, and 89.5% in the respective groups.  
In an open study, Noguchi et al [1997] reported posi-
tive results with clenbuterol (20 mg b.i.d. for 1 month) 
in 9 of 14 patients with mild to moderate stress incon-
tinence after radical prostatectomy.  No subsequent 
published reports have appeared.  Further well-de-
signed RTCs investigating effects of clenbuterol are 
needed to adequately assess its potential as a treat-
ment for stress incontinence. 

There have been no recent reports of clinical trials 
with α1- or β -AR agonists or antagonists for SUI. 

1.3. β-Adrenoceptor Antagonists 
The theoretical basis for the use of β-AR antagonists 
in the treatment of stress incontinence is that 
blockade of urethral β-ARs may enhance the effects 
of noradenaline on urethral α-ARs.  Propranolol has 
been reported to have beneficial effects in the 
treatment of stress incontinence [Gleason et al., 
1974; Kaisary, 1984] but there are no RCTs 
supporting such an action.  In the Gleason et al. 
[1974] study, the beneficial effects become manifest 
only after 4 to 10 weeks of treatment, a difficult to 
explain phenomenon.  Donker and Van der Sluis 
[1976] reported that β-AR blockade did not change 
UPP in normal women.  Although suggested as an 
alternative to α-AR agonists in patients with SUI and 
hypertension, these agents may have major potential 
cardiac and pulmonary side effects of their own, 
related to their therapeutic β-AR blockade. 

1.4. Imipramine 
Imipramine, among several other pharmacological 
effects has classically been reported to inhibit the re-
uptake of noradrenaline and serotonin in adrenergic 
nerve endings. In the urethra this could be expected 
to enhance the contractile effects of noradrenaline on 
urethral smooth muscle.  Gilja et al. [1984] reported 
in an open study on 30 women with stress 
incontinence that imipramine, 75 mg daily, produced 
subjective continence in 21 patients and increased 
mean maximal urethral closure pressure (MUCP) 
from 34 to 48 mm Hg.  A 35% cure rate was reported 
by pad test and, in an additional 25%, a 50% or more 
improvement.  Lin et al. [1999] assessed the efficacy 
of imipramine (25 mg imipramine three times a day 
for three months) as a treatment of genuine stress 
incontinence in 40 women.  A 20-minute pad test, 
uroflowmetry, filling and voiding cystometry, and 
stress urethral pressure profile were performed 
before and after treatment. The efficacy of 
“successful treatment” was 60% (95% CI 11.8-75.2).  
There are no RCTs on the effects of imipramine on 
SUI.  No subsequent published reports have 
appeared.   

Interestingly, Gillman [2007] reported that clomipra-
mine had far greater 5-HT reuptake inhibition than im-
ipramine and roughly similar NA reuptake inhibition.  
Desipramine and reboxetine had greater NA reuptake 
inhibition (desipramine superior), with less effects 
than imipramine on 5-HT uptake (desipramine supe-
rior).  

1.5. Duloxetine 
Duloxetine hydrochloride is a combined 
norepinephrine and serotonin reuptake inhibitor, 
which has been shown to significantly increase 
sphincteric muscle activity during the filling/storage 
phase of micturition in the cat acetic acid model of 
irritated bladder function [Thor et al., 1995; Katofiasc 
et al., 2002].  Bladder capacity was also increased in 
this model, both effects mediated centrally through 
both motor efferent and sensory afferent modulation 
[Fraser et al., 2003].  The sphincteric effects were 
reversed by α1-AR (praxosin) and 5-HT2 receptor (LY 
53857) antagonism, while the bladder effects were 
mediated by temporal prolongation of the actions of 
serotonin and norephinephrine in the synaptic cleft 
[Fraser et al., 2003].  Duloxetine is lipophilic, well 
absorbed, and extensively metabolized (CYP2D6).  
Its plasma half-life is approximately 12 h [Sharma et 
al., 2000]. 

Thor et al. [2007] describe the mechanisms of action 
and the physiologic effects of duloxetine.  5-HT (ser-
otonin) and NA terminals are dense in spinal areas 
associated with lower urinary tract functioning espe-
cially around the pudendal nerve neurons in Onuf’s 
nucleus.  These are projections from separate areas 
in the brain stem.  Glutamate is the primary excitatory 
neurotransmitter in the spinal cord, activating the pu-
dendal neurons in Onuf’s nucleus causing contraction 
of the urethral rhabdosphincter (Figure 22).  

The rhabdosphincter innervation is proposed as dis-
tinct from that of the levator ani [Thor and de Groat, 
2010].  The responsiveness of the rhabdosphincter 
motor neurons to glutamate is modulated (facilitated) 
by 5-HT (through 5-HT2 receptors) and NA (through 
α1-ARs).  5-HT and NA, however, only modulate, and, 
when micturition occurs, glutamate excitation and the 
rhabdosphincter contraction cease.  Excitatory ef-
fects on urethral sphincter activity are shared to a 
lesser extent by receptors for 5HT1A (indirect through 
a supraspinal stimulation), TRH, Vasopressin, NMDA 
and AMPA; inhibitory effects are similarly mediated 
by κ2 opioid, α1 ARs, GABA-A, GABA-B and glycine 
receptors [Thor and de Groat, 2010].  Some CNS 
penetrant selective 5-HT2C agonists have been found 
to increase urethral muscle tone and inhibit micturi-
tion reflexes in animal models, and these are addi-
tional candidates for clinical development for the 
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treatment of SUI [Brennan et al., 2009, Andrews et 
al., 2011]. 

Several RTCs have documented the effect of 
duloxetine i SUI [Norton et al., 2002; Dmochowski et 
al, 2003; Millard et al., 2004; Van Kerrebroeck et al., 
2004; Ghoneim et al., 2005].  A Cochrane review of 
the effects of duloxetine for stress urinary inconti-
nence in women is available, the last substantive 
amendment listed as 25 May 2005 [Mariappan et al., 
2005].  Fifteen reports were deemed eligible for anal-
ysis, 9 primary studies and 6 additional reports re-
lated to 1 or 2 of the primary references.  An addi-
tional analysis “performed under the auspices of the 
Cochrane Incontinence Group” was performed on 
just the 9 primary trials comparing duloxetine and pla-
cebo, and published separately [Mariappan et al., 
2007].  The results can be summarized as follows.  
Subjective “cure” in the duloxetine 80 mg daily (40 mg 
b.i.d.) was higher than in the placebo group (10.8% 
vs 7.7%, overall RR = 1.42; 95% CI, 1.02-1.98; p = 
0.04).  The estimated absolute size of effect was 
about 3 more patients cured of every 100 treated.  
Objective cure data, available from only 1 trial, 
showed no clear drug/placebo difference.  Duloxetine 
showed greater improvement in I-QOL (WMD for 80 
mg: 4.5; 95% CI 2.83-6.18, p<0.00001).  Adverse ef-
fects in 6 trials were analysed.  These were reported 
by 71% of drug subjects and 59% of those allocated 
to placebo.  Nausea was the most common adverse 
event and the incidence ranged from 23-25% and 
was the main reason for discontinuation.  Other side 

effects reported were vomiting, constipation, dry 
mouth, fatigue, dizziness and insomnia, overall RR 
1.30 (95% CI, 1.23-1.37).  Across these 6 trials 17% 
in the drug group withdrew, 4% in the placebo arm.  
In the 2007 article, the authors conclude by saying 
that further research is needed as to whether man-
agement policies incorporating duloxetine are clini-
cally effective and cost effective compared to other 
current minimally invasive and more invasive ap-
proaches in patients with varying severity of SUI, and 
that “longer term experience is now a priority to deter-
mine whether there is sustained efficacy during and 
after duloxetine use and to rule out complications”.   

Hurley et al. [2006] characterized the safety of dulox-
etine for treatment of SUI in women, using an inte-
grated database generated from four published pla-
cebo-controlled clinical trials. The database included 
1913 women randomized to duloxetine (N=958) or 
placebo (N=955), examining adverse events (AEs), 
serious adverse events (SAEs), vital signs, electro-
cardiograms, and laboratory analytes. AEs occurring 
initially or worsening during the double-blind treat-
ment period were considered treatment-emergent 
(TEAE). Differences between duloxetine-treated and 
placebo-treated groups were compared statistically. 
Common TEAEs included: nausea (23.2%), dry 
mouth (13.4%), fatigue (12.7%), insomnia (12.6%), 
constipation (11.0%), headache (9.7%), dizziness 
(9.5%), somnolence (6.8%), and diarrhea (5.1%). 
Most TEAEs that emerged early were mild to moder-
ate, rarely worsened, and resolved quickly. Overall 

 
Figure 22: The striated urethral sphincter is innervated by the pudendal nerve, which contains the axons of 
motor neurons whose cell bodies are located in Onuf’s nucleus. Glutamate exerts a tonic excitatory effect 
on these motor neurons, and this effect is enhanced by noradrenaline (NA) and serotonin (5-HT), acting on 
α1- adrenoceptors and 5-HT2-receptors, respectively. By inhibition of the reuptake of noradrenaline and ser-
otonin, duloxetine increases the contractile activity in the striated sphincter (nicotinic receptors: + Nic). DC 
= dorsal commissure; DH = dorsal horn; VH = ventral horn; LF = lateral funiculus; ACh = acetylcholine 
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AE discontinuation rates were 20.5% for duloxetine 
and 3.9% for placebo (P<.001). Most discontinua-
tions (83%) occurred within the first month of treat-
ment. SAEs were uncommon and did not differ be-
tween treatments. Statistically significant, but clini-
cally unimportant mean increases in heart rate (2.4 
bpm) and systolic and diastolic blood pressure (<or=2 
mmHg) occurred. No arrhythmogenic potential was 
observed and any rare, transient, asymptomatic in-
creases in hepatocellular enzymes normalized. The 
autors concluded that duloxetine was safe and toler-
able, although transient AEs were not uncommon. 
Hashim and Abrams [2006] suggested, to reduce the 
risk of nausea, to begin with a dose of 20 mg twice 
daily for 2 weeks, then to increase to the recom-
mended 40 mg b.i.d. dosage.  

Ghoniem et al. [2005] randomized women with SUI to 
1 of 4 treatment combinations: duloxetine alone (40 
mg b.i.d.), pelvic floor muscle training, combination 
and placebo.  Overall, drug with or without PFMT was 
superior to PFMT alone or placebo, while pad results 
and QOL data favored combination therapy to single 
treatment.  Cardozo et al. [2004b] reported that 20% 
of women awaiting continence surgery changed their 
minds while taking duloxetine.  Duckett et al. [2006], 
offered a 4-week course to women awaiting a TVT 
operation.  Thirty-seven percent (of 73) declined.  
Excluding women for whom concomitant prolapse 
surgery was planned, 8/33 (24%) scheduled for 
incontinence surgery alone came off the list.  Sixteen 
(48%) discontinued duloxetine because of AEs, 9 
(27%) found the drug ineffective. 

Bent et al. [2008], reported on the effects of 12 weeks 
of duloxetine (40 mg b.i.d.) vs placebo in a large 
group of women with MUI.  For SUI episodes, the 
mean IEF (incontinence episode frequency) per week 
decreased 58.9% with drug (7.69 to 3.93) vs 43.3% 
for placebo (8.93 to 6.05).  Interestingly, correspond-
ing decreased for UUI episodes were 57.7% vs 
39.6%.  Both sets of values are statistically signifi-
cant, but the baselines are different and the absolute 
change for SUI amounted to -3.76 episodes per week 
for drug, -2.87 for placebo.  Nausea was reported by 
18% of patients on drug, 4.5% on placebo.  Corre-
sponding percents for other AEs include, dry mouth 
(12 vs 2.8), dizziness (9.7 vs 2.4), constipation (8.3 
vs 4.2), fatigue (6.7 vs 2.8).  Nausea and dizziness 
were less common in a subgroup taking concurrent 
antidepressants.  Women 65 years and older with SUI 
or stress predominant MUI (S-MUI) were given dulox-
etine (40 mg b.i.d. after a 2-week start on 20 mg b.i.d.) 
or placebo for 12 weeks by van Leeuwen et al. [2008].  
They conclude, “this study supports the use of dulox-
etine in elderly women with SUI or S-MUI”.  The data 
show an absolute change in SUI + S-MUI episodes of 
-11.7 and -6.9 IEF/week (drug and placebo) and me-
dian percent changes of -52.5% vs -36.7% from 24h 
diaries, both significant at p<0.001.  However, the 
changes for SUI alone were -53% vs -42% (NS) while 
for S-MUI alone they were -51.6% vs -32.7% 
(p<0.001).  Nausea was less than in other trials (7.5% 
vs 3.1%), perhaps due to the lower starting dose.  

Other AEs included fatigue (14.2% vs 5.4), constipa-
tion (10.4 vs 0.8), dizziness (9.0 vs 4.6), excess 
sweating (5.2 vs 0). 

Schagen van Leeuwen et al. [2008] investigated effi-
cacy and safety of duloxetine in elderly women with 
stress urinary incontinence or stress-predominant 
mixed urinary incontinence. Duloxetine-treated pa-
tients had a significantly greater decrease from base-
line to endpoint in mean incontinence episode fre-
quency/week than placebo-treated patients (-52.47% 
vs. -36.70%). The responder rate (> or =50% reduc-
tion in incontinence episode frequency/week) was 
57.1% in the duloxetine group and 35.2% in the pla-
cebo group (P<0.001). Significant benefits of duloxe-
tine were also demonstrated for weekly continence 
pad usage, mean time between voids, incontinence 
quality of life questionnaire scores (P<0.001), and 
global impression of improvement ratings (P<0.001). 
Patients with depressive symptoms and cognitive im-
pairments were few and changes were insignificant. 

Persistence on duloxetine was studied by Vella et al. 
[2008] who found that only 31% of an original cohort 
of 228 were still taking drug beyond 4 weeks, 12% at 
4 months, 10% at 6 months, and 9% at 1 year. Fifty-
six percent of the discontinuations were attributed to 
side effects, 33% to lack of efficacy.  Bump et al. 
[2008], however, reported that the positive effects of 
duloxetine were maintained in patients who continued 
treatment up to 30 months, but admitted that this sub-
group was likely to include predominantly patients 
who had favorable responses. The number de-
creased from 1424 in this cohort at 3 months to 368 
at 30 months 

Shaban et al. [2010] concluded that duloxetine is “op-
tional second line for women not willing or unfit for 
surgery after warning against side effects as recom-
mended by NICE guidelines in the UK”.  Similar sen-
timents are expressed by Robinson and Cardozo 
[2010]. 

Duloxetine is licensed at 40 mg twice daily for the 
treatment of SUI in the European Union (European 
Medicines Agency, Scientific Discussion, 2005) in 
women with moderate to severe incontinence (de-
fined as 15 or more episodes per week).  It was with-
drawn from the FDA consideration process in the 
United States for the treatment of SUI, but is ap-
proved for the treatment of major depressive disorder 
(20-30 mg b.i.d. initially, 60 mg once daily mainte-
nance), diabetic peripheral neuropathic pain (60 mg 
once daily), generalized anxiety disorder (60 mg once 
daily, fibromyalgia (c0 mg once daily initially, 60b mg 
once daily maintenance) and chronic musculoskeletal 
pain (30 mg once daily initially,60 mg once daily as 
maintenance.  The product information contains a 
“black box” warning of “increased risk of suicidal 
thinking and behavior in children, adolescents and 
young adults taking antidepressants for major de-
pressive disorder and other psychiatric disorders”, 
noting also that “depression and certain other psychi-
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atric disorders are themselves associated with in-
creases in the risk of suicide” [Prescribing Infor-
mation, revised September 2011, Eli Lilly and Com-
pany, Indianapolis, Indiana 46285].  Other warnings 
and precautions in the U.S. in the United States Prod-
uct Information for psychiatric indications, not SUI, in-
clude  hepatotoxicity (not to be used in patients with 
substantial alcohol use or chronic liver disease), or-
thostatic hypotension, serotonin syndrome (general 
statement regarding SSRIs and SNRIs), abrupt dis-
continuation (may result in dizziness, paresthesias, ir-
ritability and headache), inhibitors of CYP1A2 (such 
as ciprofloxacin), thioridaxine (do not administer con-
comitantly) potent inhibitors of CYP2D6 (may in-
crease concentration), and others.  Adverse events 
for 6801 drug and 4487 placebo-treated patients re-
ported in the US Product Information (treatment for 
the indications mentioned) are nausea (24% vs 8%), 
dry mouth (13 vs 5), fatigue (10 vs 5), somnolence 
(10 vs 3), insomnia (10 vs 6), constipation (10 vs 4), 
dizziness (10 vs 5). 

2. STRESS URINARY INCONTINENCE 
IN MEN 

Although a problem of significant magnitude, espe-
cially after radical prostatectomy (RP) for cancer, the 
pharmacologic treatment of male SUI is an area that 
has received relatively little attention.  

Intrinsic sphincter function is the most important out-
let factor maintaining continence in men.  Urethral 
support is less important, and there is no entity similar 
to the hypermobility phenomenon in women.  The 
proximal urethral sphincter extends from the bladder 
neck through the prostatic urethra.  Its function is re-
moved by radical prostatectomy.  The distal urethral 
sphincter includes the rhabdosphincter, urethral 
smooth muscle and extrinsic paraurethral skeletal 
muscle, extending from the prostatic urethra below 
the verumontanum through the membranous urethra 
[Koelbl al., 2009].   

Tsakiris et al (2008) searched for articles on drug 
treatment of male SUI published between 1966 and 
June 2007 and did a generalized database search in 
addition.  Nine trials were identified using α-AR ago-
nists, β2-AR antagonists or SNRSs.  Only one of 
these included a comparison arm (Filocamo et al, 
2007), 40 mg b.i.d. duloxetine plus pelvic floor exer-
cise (PFE) vs PFE with placebo.  The results sug-
gested a positive effect of drug, but were a bit confus-
ing.  Of those patients completing the 4-month trial 
(92/112) 78% of the drug treated patients vs 52% of 
those in the placebo group were “dry”.  However, one 
month after the end of the study, the corresponding 
figures were 46% vs 73%, a shift still observed 2 
months later.  The authors of the review article sug-
gested further larger and well designed studies on du-
loxetine for this potential usage. 

Cornu et al. (2011) reported a series of post RP men 
with SUI or MUI (stress predominant) randomized to 

duloxetine (I5) and placebo (16) after a 2-week pla-
cebo run in.  Dosage was 20 mg b.i.d. for 7d, 40 mg 
b.i.d. for 67d, 20 mg for 14d.  Subjects were at least 
1 year post surgery.  Outcome measures included 
percent decrease in IEF, 1h pad test and various QOL 
measures.  Statistical significance for IEF percent de-
crease occurred only at week 8 & 12 [(-) 52.2 ± 38.6% 
vs (+)19 ± 43.5%] but there was clearly a trend at 4 
weeks.  There was no statistical difference in 1h pad 
test weights but there was in various QOL scores.  A 
50-100% decrease in IEF was seen at 12 weeks in 
over half of the patients.  Adverse events for drug and 
placebo included fatigue (50 vs 13%), insomnia (25 
vs 7), libido loss (19 vs 7), constipation (13 vs 7), nau-
sea (13 vs 7), diarrhea (13 vs 7), dry mouth (6 vs 0), 
anorexia (6 vs 0), and sweating (25 vs 20).  Draw-
backs and concerns are the small number (the origi-
nal proposed sample size was 90) and the lack of any 
placebo effect on IEF and QOL.  There were 4 men 
with MUI in the drug group, 5 in the placebo group.  
Results for SUI and UUI were not separated.  One 
would logically not expect improvement to continue 
after drug withdrawal unless a permanent change oc-
curred in behavior, anatomy or neuromuscular func-
tion.  In an uncontrolled usage study on men with post 
RP SUI, Collado Serra et al. (2011) reported that the 
benefit remained in 85% after the drug was stopped.  
In that series, 25% of patients withdrew because of 
AEs and 33% because of lack of effect. 

Usage of duloxetine for SUI in the male is universally 
off label.  A drug for this indication would be welcome.  
Larger controlled and better designed studies are 
necessary to provide conclusive positive or negative 
data on this subject. 

 DRUGS TO TREAT 
UNDERACTIVE 

BLADDER/DETRUSOR 
UNDERACTIVITY 

The Underactive Bladder (UAB: symptom diagnosis) 
and Detrusor Underactivity (DUA: urodynamic diag-
nosis) have multifactorial pathophysiologies, which 
introduce obvious therapeutic problems [Andersson, 
2014; Miyazato et al., 2014; Osman et al., 2014; Os-
man and Chapple, 2014]. Not only can the patho-
physiologies vary between patients (Figure 23), but 
also in an individual patient several factors may con-
tribute, and it is not always possible to identify “major” 
and “minor” players that can be targets for treatment. 
Since complete bladder emptying is dependent on an 
intact central nervous system (CNS) control, normal 
sensation and detrusor smooth muscle activity, coor-
dinated bladder and urethral sphincter function, and 
voluntary initiation of voiding, incomplete bladder 
emptying and urinary retention can result from dis-
turbances of any of these components. If there are 
irreversible changes at any level, e.g., in the bladder 
wall (loss of nerves, loss of muscle tissue, increased 
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collagen deposition), the possibilities of successful 
pharmacological treatment are reduced.  

Detrusor Hyperactivity with Impaired Contractility 
[DHIC: Resnick and Yalla, 1987] is a diagnosis re-
lated to both overactive bladder (OAB)/detrusor over-
activity (DO) and UAB/DUA, and the condition cre-
ates therapeutic problems. However, as pointed out 
by several investigators, UAB/DUA and OAB/DO may 
not be separate disease entities [Semins and Chan-
cellor, 2004; Chancellor, 2014; Nomiya et al., 2014; 
Zhao et al., 2016]. Instead, chronic untreated or treat-
ment-refractory OAB/DO, caused by neurologic dis-
eases, diabetes, BOO, ischemic bladder dysfunction, 
or aging, may progress to DO with impaired contrac-
tility and eventually to UAB/DU. Progression of 
OAB/DO to UAB/DUA has been demonstrated in an-
imal models [Nomiya et al., 2014; Zhao et al., 2016] 
and, if proven also in humans, suggests that early ed-
ucation, behavioral modification, and medical treat-
ment may alter and/or prevent progression to 
UAB/DUA [Chancellor et al., 2014]. 

To what extent drug treatment of associated morbidi-
ties (e.g., diabetes, Parkinson’s disease, multiple 
sclerosis) also can improve impaired bladder empty-
ing has only been investigated to a limited extent.   

1. PHARMACOLOGICAL PRINCIPLES 
USED FOR TREATMENT 

To improve bladder emptying, agents that increase 
the contractile force of the detrusor, decrease outflow 
resistance, or improve detrusor contractility and de-
crease outflow resistance at the same time, would 
theoretically be useful [Wein, 2012]. In addition, 
agents that improve decreased sensation (increase 

afferent activity and/or the perception of bladder fill-
ing) seem attractive [Smith, 2010]. However, in many 
cases the pathophysiology of UAB/DUA is complex, 
simultaneously involving several mechanisms [An-
dersson, 2014; Miyazato et al., 2014; Osman et al., 
2014; Osman and Chapple, 2014]. This implies that 
targeting only one potentially important mechanism 
will not always have the desired effect. 

1.1. Muscarinic Receptor Agonists and 
Cholinesterase Inhibitors 

It is well established the acetylcholine is the main 
contractile transmitter in the detrusor muscle, and 
that release of this agent induced by activation of the 
parasympathetic outflow from the spinal cord leads to 
a co-ordinated bladder contraction and bladder emp-
tying with simultaneous relaxation of the outflow re-
gion [Andersson and Arner, 2004]. Standard pharma-
cotherapy of impaired bladder emptying has for a 
long time included muscarinic receptor agonists, 
such as bethanechol and carbachol to directly stimu-
late muscarinic receptors on the detrusor muscle, or 
choline esterase inhibitors, like distigmine to reduce 
the degradation of acetylcholine. However, based on 
available information it has been considered that lit-
tle, if any, beneficial effects can be obtained in pre-
venting or treating UAB/DUA [Barendrecht et al., 
2007; Andersson et al., 2013]. Why do not these 
drugs work? One of the reasons is that direct stimu-
lation of detrusor muscarinic receptors will cause con-
traction (contracture) of the bladder without simulta-
neous relaxation of the outflow region. Activation of 
the cholinergic nerves of the outflow region by spinal 
parasympathetic outflow will not only release acetyl-
choline for bladder contraction, but also nitric oxide, 
relaxing the urethra. In addition, systemic administra-
tion of a muscarinic receptor agonist has no selectiv-
ity for the bladder which means that action on non-
target sites will cause adverse effects.  Another factor 
is that both bethanechol and carbachol have low oral 
bioavailability which makes it difficult to attain “active” 
blood concentrations.  

Bethanechol seems to be the best investigated of the 
parasympathomimetic drugs. Even if beneficial ef-
fects have been reported, most studies have shown 
no significant effect vs placebo in the treatment of 
UAB/DUA [Barendrecht et al. 2007].  Attempts have 
been made to increase the usefulness of muscarinic 
agonist stimulation. Riedl et al. [2000] used electro-
motive administration of intravesical bethanechol and 
could identify patients with an atonic bladder and ad-
equate residual detrusor muscle function. They con-
cluded that patients who do not respond to the elec-
tromotive administration of bethanechol do not bene-
fit from oral bethanechol and are candidates for cath-
eterization. To combine bladder contraction and out-
flow relaxation, 

Hindley et al. [2004], in a placebo-controlled study, 
treated 19 patients with DUA with a combination of 
intravesical PGE2 and oral bethanechol. They con-
cluded that there was evidence of a pharmacological 

 
Figure 23: The Underactive Bladder have multifacto-
rial pathophysiologies. Since complete bladder emp-
tying is dependent on an intact central nervous sys-
tem (CNS) control, normal sensation and detrusor 
smooth muscle activity, coordinated bladder and 
urethral sphincter function, and voluntary initiation 
of voiding, incomplete bladder emptying and urinary 
retention can result from disturbances of any of 
these components. From Andersson, Curr Opin 
Urol. 2014 Jul;24(4):363-9.  
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effect with a limited therapeutic efficacy compared 
with placebo. However, this treatment was not recom-
mended as routine, but only for the occasional treat-
ment of a patient with DUA. In summary, available in-
formation shows that the beneficial effects that can be 
obtained with carbachol and bethanechol in prevent-
ing or treating UAB/DUA are small or negligible [Bar-
endrecht et al., 2007; Andersson et al., 2013]. 

A number of studies have tested the effect of 
distigmine bromide on voiding efficiency, but the re-
sults have been conflicting.  In a double-blind study, 
Shah et al [1983] investigated the effect of distigmine 
bromide versus placebo on voiding after prostatec-
tomy 93 patients. The results showed a trend towards 
improvement, but no statistically significant increase 
in post-operative flow rates, in reduction in bladder 
volume, and in the incidence of re-catheterisation in 
the patients treated with the drug. In a prospective 
randomized study on 100 patients undergoing vaginal 
surgery for genital prolapse, Savona Ventura et al 
[1991] compared distigmine bromide, phenoxyben-
zamine hydrochloride, and prostaglandin F2α, to pre-
vent urinary retention. They found that all agents ap-
peared to increase the incidence of an elevated re-
sidual urinary volume by about three times. Even if 
the mechanisms behind these findings are difficult to 
explain, they clearly do not encourage the use of 
these agents on the indication. 

Philp and Thomas [1980] gave distigmine bromide to 
23 patients with paraplegia due to suprasacral spinal 
cord injury who retained a reflex micturition. There 
was a marked reduction of the residual urine volume 
in all patients whilst being on parenteral distigmine. 
The oral preparation of the drug proved less effective 
and this was attributed to poor absorption from the 
gut. Tanaka et al. [2001] found in 14 patients with 
poor detrusor contractility after transurethral prosta-
tectomy (TURP) that oral administration of distigmine 
bromide (5 mg three times daily for 4 weeks) resulted 
in subjective as well as objective improvement; the 
International Prostate Symptom Score (IPSS) was re-
duced from a mean of 18.9 to a mean of<10 and the 
maximum flow increased from a mean of 8.9 ml/sec-
ond to a mean of >12 ml/second. In addition, detrusor 
contractility tended to improve.  Bougas et al. [2004] 
investigated 27 patients (11 men and 16 women) with 
poor detrusor function established using pressure-
flow studies. They were treated with distigmine bro-
mide for 4 weeks which resulted in a statistically sig-
nificant reduction of residual volume (from a mean of 
329.1 to a mean of 156.8 ml), obviating the need for 
intermittent self-catheterisation in 11 patients. In ad-
dition, maximum flow rate and detrusor pressure at 
maximum flow increased, although not significantly. 
The drug was generally well tolerated by the majority 
of patients.  

It is obvious that the most positive effects of 
distigmine have been obtained in non-placebo con-
trolled studies with small patient materials with vari-
ous diagnoses. It cannot be excluded that in some 
selected patient categories distigmine may have a 

positive effect, but the lack of adequately designed 
studies implies that a fair assessment of the drug as 
a general treatment of UAB/DUA is not possible. 

In a recent pilot study on 19 patients with DUA, 
Sugimoto et al. [2015] studied the effects of 
acotiamide, a drug approved in Japan for treatment 
various gastrointestinal disorders [Doi et al., 2004]. 
Acotiamide “appears to exert an antagonistic effect 
on muscarinic M1, M2, and M3 receptors and thereby 
inhibit the negative feedback system by blocking 
muscarinic auto receptors that regulate acetylcholine 
release.” The main outcome parameter of the study 
was post-void residual (PVR) which after acotiamide 
changed from 161.4±90.0 mL at baseline to 
116.3±63.1 mL at 2- weeks post-treatment. This may 
be statistically significant but is not very impressive. If 
the mechanism of action of the drug is increased 
acetylcholine release, it may not differ from other 
parasympathomimetic drugs.  

For all parasympathomimetic drugs, well-designed, 
randomized controlled trials on well-defined patient 
materials are lacking, implying that these drugs can-
not be recommended for general use, but may be uti-
lized for personalized treatment of UAB/DUA. 

1.2. α-Adrenoceptor Antagonists 

The role of α-adrenoceptor (AR) antagonists in the 
treatment of voiding symptoms in men with bladder 
outflow obstruction (BOO) is well documented 
[Michel, 2010; Lepor et al., 2012]. Although most men 
with voiding symptoms do not necessarily have 
UAB/DUA, the drugs may improve bladder emptying 
in these patients. The use of α1-AR antagonists has 
repeatedly been shown to be beneficial in patients 
with acute urinary retention due to benign prostatic 
enlargement[McNeill et al., 2004; 2005; Fitzpatrick et 
al., 2012]. These drugs are believed to facilitate 
bladder emptying by relaxing tone at the bladder 
neck. Administration of alfuzosin 10 mg daily almost 
doubles the likelihood of a successful trial without a 
catheter, even in patients who are elderly with a PVR 
> 100 mL. Continued use of alfuzosin significantly 
reduced the risk of BPH surgery in the first 3 months; 
however, this effect was not significant after 6 months 
[Fitzpatrick and Kirby, 2006; Emberton et al., 2008a; 
b; Kalejaiye et al., 2009]. Thus, α1-AR antagonists 
provide rapid symptom relief from outlet obstruction 
caused by benign prostatic enlargement and delay 
the time to acute urinary retention; however, they do 
not decrease the overall risk of acute urinary retention 
or surgery [Emberton et al., 2008a;b; Edwards, 2008; 
Fitzpatrick et al., 2012]. 

Acute urinary retention may ocur after surgery. 
Buckley and Lapitan [2010] reviewed drugs used for 
treatment of post-operative urinary retention either 
alone or in combination, assessing cholinergic 
agents, α1-AR blockers, sedatives and 
prostaglandins. A statistically significant association 
between intravesically administered prostaglandins 
and successful voiding was detected, but no such 
association was found for the other drugs 
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investigated. When cholinergic agents were 
combined with sedative there was an improved 
likelyhood of spontaneous voiding compared with 
placebo. 

Supporting this, α1-AR antagonists have been widely 
used in the conservative management of acute uri-
nary retention caused by BOO as shown in system-
atic reviews of available data [Creta et al., 2015: 
Guan-Jun et al., 2015].  

In patients with neurogenic bladder, reduction of ure-
thral resistance during voiding by α-AR antagonists 
have been reported to be useful [Yamanishi et al., 
1999, Sakakibara et al., 2000; Schulte-Baukloh et al 
2002; Moon et al., 2015].  However, most of the stud-
ies have been performed on small patient materials 
with varying diagnoses and all studies have not been 
positive. In a study of 14 children from age 6 to 16 
years with neurogenic bladder and LPP > 40 cm H₂O, 
Kroll et al. [2016] found no evident efficacy of dox-
azosin after 6-8 weeks of treatment. Yamanishi et al. 
[2004] reported in a prospective single-blind random-
ized study that the combination of a cholinergic drug 
(bethanechol) and a α1- AR antagonist (urapidil) was 
more effective than monotherapy in improving urina-
tion in patients with UAB/DUA. Theoretically, the ap-
proach of enhancing detrusor contractility and lower-
ing urethral resistance simultaneously seems attrac-
tive. However, in the study by Yamanishi et al. [2004], 
monotherapy with bethanechol seemed to be mar-
ginal, and whether the combination therapy really is 
better than monotherapy with α-AR antagonist has to 
be confirmed in appropriately designed studies. 

1.3. Prostanoids 
Previous experimental studies have shown that e.g., 
prostaglandin (PG) E2 can both increase detrusor 
contraction and relax the urethra in humans [Anders-
son and Wein, 2004]. PGE2 does not only stimulate 
detrusor contraction directly, but may also enhance 
the efficacy of other contraction-mediating transmit-
ters. In addition, PGE2 can increase afferent activity 
both by stimulating the urothelial and myogenic path-
ways [Maggi et al., 1984; 1988].   

Intravesical instillation of PGE2 and other prostanoids 
has been reported (no controlled randomized trials) 
to stimulate bladder contractile activity acutely [An-
dersson et al., 1978; Wagner et al., 1985, Tammela 
et al., 1987, Schlussler, 1990], but not without side 
effects (e.g., uterine contraction).  Experiences from 
patients with chronic bladder emptying difficulties 
[Delaere et al., 1981] or neurogenic bladder dysfunc-
tion [Vaidyanathan et al., 1981] have not been en-
couraging. The question is whether useful actions 
can be sorted out from the mixture of effects exerted 
by PGE2. The effects of this prostanoid are produced 
through four types of EP-receptors (EP1-EP4), each 
mediating separate actions [Sugimoto and Narumiya, 
2007]. EP1 and EP3 receptors seem to mediate the 
excitatory bladder effects of PGE2 both on afferent 
activity and on smooth muscle, and EP2 receptors 

are known to mediate bladder and urethral relaxation. 
Drugs stimulating both EP3 and EP2 receptors sim-
ultaneously would have an interesting profile, and 
provided that they show selectivity for the bladder 
over e.g., the uterus and the gastrointestinal tract, 
they should be interesting to test in patients with UAB. 
ONO-8055 is a highly potent and selective agonist for 
both EP2 and EP3 receptors on CHO cells [Sekido et 
al., 2016]. The compound contracted bladder strips 
and relaxed urethral strips. Awake cystometry in a 
model of neurogenic bladder (lumbar spinal stenosis) 
showed that ONO-8055 significantly decreased blad-
der capacity, residual urine, and voiding pressure. 
Compared with the vehicle, tamsulosin and ONO-
8055 significantly decreased urethral pressure. The 
authors concluded that ONO-8055had potential to 
ameliorate neurogenic UAB/DUA. However, to prove 
this controlled clinical trials are required. 

1.4. Transient Receptor Potential (TRP) 
Channel Agonists 

TRP channels are widely distributed in the LUT and 
stimulation and blockade of these channels may have 
a potential application for treatment of various voiding 
disturbances, including UAB/DUA [Everaerts et al., 
2008; Andersson et al., 2010; Skryma et al., 2011; 
Avelino et al., 2013, Franken et al., 2014; Deruyver et 
al., 2015]. Agents such as capsaicin and resinifera-
toxin stimulate bladder activity via activation of Tran-
sient Receptor Potential (TRP) channel V1 [Maggi et 
al., 1989] This should make small molecule TRPV1 
agonists an interesting future option for treatment of 
UAB/DUA, provided that they do not desensitize the 
afferent nerves.  

TRPM4 channels seem to regulate human detrusor 
smooth muscle excitability and contractility and are 
critical determinants of human urinary bladder func-
tion, actions that may be worthwhile exploring [Hris-
tov et al., 2016]. 

Even if the pharmacological profile of some of the 
TRP channel active drugs (based on preclinical stud-
ies) seem promising for treatment of UAB/DUA, 
which agent (s) to choose for further development re-
mains speculative since there are no published clini-
cal experiences. 

1.5. 5-Hydroxytryptamine (Serotonin) 
Many preclinical studies have shown serotonin, act-
ing on a variety of receptor subtypes both peripherally 
and on the central nervous system, to have diverse 
effects on micturition [Ramage, 2006]. If some of 
these effects were valid also for humans, they would 
have potential interest for the treatment of UAB/DUA 
[Ramage, 2006]. Serotonin has a well-established 
contractile effect on human bladder strips mediated 
by 5-HT4 receptors via facilitation of cholinergic neu-
romuscular transmission [Tonini et al., 1994; Candura 
et al., 1996], and an occasional case report suggests 
efficacy in some cases of UAB/DUA with cisapride 
[Franceschetti et al., 1997], a 5-HT4 agonist with 5-
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HT3 antagonist activity,widely used to promote gas-
trointestinal motility, but withdrawn because of car-
diac (long QT) side effects [Quigley et al., 2011]. 
Whether or not analogues without this side effect 
would be useful can only be speculated on.  

1.6. Botulinum Toxin 
Kuo [2007] treated 27 patients with idiopathic low de-
trusor contractility with urethral injection of onabotA. 
It was found that patients with normal bladder sensa-
tion combined with a poor relaxation or hyperactive 
urethral sphincter were significantly more likely to re-
cover normal detrusor function. Further studies on 
such patients would be desirable. 

Conclusions 

The current pharmacological possibilities to effec-
tively treat UAB/DUA are limited. Dependent on the 
multifactorial pathophysiology of the condition, treat-
ment with approved agents have to be personalised 
and to be successful therapy has to be directed to 
both the major mechanism involved and the associ-
ated morbidities.   

 HORMONAL TREATMENT OF 
URINARY INCONTINENCE 

1. OESTROGENS 

1.1. Oestrogens and the Continence 
Mechanism 

The oestrogen sensitive tissues of the bladder, ure-
thra and pelvic floor all play an important role in the 
continence mechanism.  For women to remain conti-
nent the urethral pressure must exceed the intra-ves-
ical pressure at all times except during micturition.  
The urethra has four oestrogen sensitive functional 
layers all of which have a role in the maintenance of 
a positive urethral pressure 1) epithelium, 2) vascula-
ture, 3) connective tissue, 4) muscle.   

Two types of oestrogen receptor, (α and β) have been 
identified in the trigone of the bladder, urethra and 
vagina as well as in the levator ani muscles and fascia 
and ligaments within the pelvic floor [Smith et al., 
1990; Copas et al., 2001; Gebhardt et al., 2001].  Af-
ter the menopause oestrogen receptor α has been 
shown to vary depending upon exogenous oestrogen 
therapy [Fu et al., 2003].  In addition, exogenous oes-
trogens affect the remodeling of collagen in the uro-
genital tissues resulting in a reduction of the total col-
lagen concentration with a decrease in the cross link-
ing of collagen in both continent and incontinent 
women [Falconer et al., 1998; Keane et al., 1997].  
Studies in both animals and humans have shown that 
oestrogens also increase vascularity in the peri-ure-
thral plexus which can be measured as vascular pul-
sations on urethral pressure profilometry [Robinson 

et al., 1996; Endo et al., 2000; Versi and Cardozo, 
1986]. 

1.2. Oestrogens for Stress Urinary 
Incontinence 

The role of oestrogen in the treatment of stress uri-
nary incontinence has been controversial despite a 
number of reported clinical trials [Hextall, 2000].  
Some have given promising results but this may have 
been because they were small observational and not 
randomised, blinded or controlled.   The situation is 
further complicated by the fact that a number of dif-
ferent types of oestrogen have been used with vary-
ing doses, routes of administration and duration of 
treatment.   

Fantl et al. [1996] treated 83 hypo-oestrogenic 
women with urodynamic stress incontinence and/or 
detrusor overactivity with conjugated equine oestro-
gens 0.625 mg and medroxyprogesterone 10 mg cy-
clically for three months.  Controls received placebo 
tablets.  At the end of the study period the clinical and 
quality of life variables had not changed significantly 
in either group.  Jackson et al. [1996] treated 57 post 
menopausal women with urodynamic stress or mixed 
incontinence with Oestradiol 2 mg or placebo daily for 
six months.  There was no significant change in ob-
jective outcome measures although both the active 
and placebo groups reported subjective benefit.   

Two meta-analyses of early data have been per-
formed.  In the first, a report by the Hormones and 
Urogenital Therapy (HUT) committee the use of oes-
trogens to treat all causes of incontinence in post 
menopausal women was examined [Fantl et al., 
1994]. Of 166 articles identified, which were pub-
lished in English between 1969 and 1992, only six 
were controlled trials and 17 uncontrolled series. The 
results showed that there was a significant subjective 
improvement for all patients and those with urody-
namic stress incontinence.  However, assessment of 
the objective parameters revealed that there was no 
change in the volume of urine lost, Maximum urethral 
closure pressure increased significantly but this result 
was influenced by only one study showing a large ef-
fect.  

In the second meta-analysis Sultana and Walters 
[1990] reviewed eight controlled and 14 uncontrolled 
prospective trials and included all types of oestrogen 
treatment.  They also found that oestrogen therapy 
was not an efficacious treatment for stress urinary in-
continence but may be useful for the often associated 
symptoms of urgency and frequency.  Oestrogen 
when given alone therefore does not appear to be an 
effective treatment for stress urinary incontinence.  

Several studies have shown that oestrogen may have 
a role in combination with other therapies e.g. α-adre-
noceptor agonists.  However, phenylpropamalamine 
(the most widely used α-adrenoceptor agonist in clin-
ical practice) has now been restricted or banned by 
the US Food and Drug Administration (FDA).   
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In a randomised trial Ishiko et al. [2001] compared the 
effects of the combination of pelvic floor exercise and 
oestriol (1 mg per day) in 66 patients with post men-
opausal stress urinary incontinence.  Efficacy was 
evaluated every three months based on stress scores 
obtained from a questionnaire.  They found a signifi-
cant decrease in stress score in mild and moderate 
stress incontinent patients in both groups three 
months after the start of therapy and concluded that 
combination therapy with oestriol plus pelvic floor ex-
ercise was effective and could be used as first line 
treatment for mild stress urinary incontinence.  A fur-
ther study evaluating the effects of intravaginal oes-
triol and pelvic floor rehabilitation on urogenital aging 
in post menopausal women randomised 206 women 
with symptoms of urogenital aging into two groups of 
103 women each. Subjects in the treatment group re-
ceived intravaginal oestriol ovules 1 mg once daily for 
2 weeks and then 2 ovules weekly for a total of six 
months together with pelvic floor rehabilitation.  Sub-
jects in the control group received only intravaginal 
oestriol.  Prior to treatment 83 (80.6%) of the women 
in the treatment arm complained of stress urinary in-
continence compared to 103 (100%) of the control 
women.   At the end of the study only 22 (21.4%) of 
the treated patients suffered from stress urinary in-
continence compared to 93 (90.3%) of the control 
group representing a significant improvement in 
stress incontinence as a result of this combination 
therapy [Capobianco et al., 2012]  

Thus even prior to the more recently reported second-
ary analyses of the heart and oestrogens/progesto-
gen replacement study (HERS) [Grady et al., 2001] 

and women’s health initiative (WHI) [Hendrix et al., 
2005] it was already recognised that systemic oestro-
gen therapy alone had little effect in the management 
of urodynamic stress incontinence [Al-Badr et al., 
2003; Robinson and Cardozo, 2003].   

1.3. Oestrogens for Urgency Urinary 
Incontinence and Overactive Bladder 
Symptoms. 

Oestrogen has been used to treat post menopausal 
urgency and urge incontinence for many years but 
there have been few controlled trials to confirm that it 
is of benefit [Hextall, 2000].  A double blind multi cen-
tre study of 64 post menopausal women with “urge 
syndrome” failed to show efficacy [Cardozo et al., 
1993].  All women underwent pre-treatment urody-
namic investigation to ensure that they had either 
sensory urgency or detrusor overactivity.  They were 
randomised to treatment with oral oestriol 3 mg daily 
or placebo for three months.  Compliance with ther-
apy was confirmed by a significant improvement in 
the maturation index of vaginal epithelial cells in the 
active but not the placebo group.  Oestriol produced 
subjective and objective improvements in urinary 
symptoms but was not significantly better than pla-
cebo.   

Another randomised controlled trial from the same 
group using 25 mg Oestradiol implants confirmed the 

previous findings [Rufford et al., 2003], and further-
more found a higher complication rate in the Oestra-
diol treated patients (vaginal bleeding).   

Symptoms of an overactive bladder increase in prev-
alence with increasing age and lower urinary tract 
symptoms and recurrent urinary tract infections are 
commonly associated with urogenital atrophy.  Whilst 
the evidence supporting the use of oestrogens in 
lower urinary tract dysfunction remains controversial 
there are considerable data to support their use in 
urogenital atrophy and the vaginal route of admin-
istration correlates with better symptom relief by im-
proving vaginal dryness, pruritis and dyspareunia, 
greater improvement in cytological findings and 
higher serum oestradiol levels [Cardozo et al., 1998].  
Overall vaginal oestradiol has been found to be the 
most effective in reducing patient symptoms although 
conjugated oestrogens produced the most cytological 
change and the greatest increase in serum oestradiol 
and oestrone.  The most recent meta anlysis of in-
travaginal oestrogen treatment in the management of 
urogenital atrophy was reported by the Cochrane 
group in 2012 (Cody et al., 2012) Overall 34 trials in-
cluding 19676 incontinent women of whom 9599 re-
ceived oestrogen therapy (1464 involved in trials of 
local vaginal oestrogen adinistratoin).  The trials used 
varying combinations of oestrogen, dose, duration of 
treatment and length of follow up.  The combined re-
sult of six trials of systemic administration (oral oes-
trogen) resulted in worse incontinence then placebo.  
However, there was some evidence that oestrogen 
used locally as vaginal creams or pessaries improved 
incontinence.  Overall thefre was less frequency and 
urgency in those women treated with local oestrogen.      

Thus, theoretically there could be a role for combina-
tion treatment with an antimuscarinic agent and vagi-
nal oestrogen in post menopausal women.  However, 
the three clinical trials which have been reported to 
date differ in their outcome.  Tseng et al. [2009] 
showed superior efficacy in terms of symptom im-
provement for the overactive bladder when Toltero-
dine was used with vaginal oestrogen cream as op-
posed to Tolterodine alone.  However, Serati et al. 
[2009] found no difference between Tolterodine with 
or without topical oestrogen in women with sympto-
matic detrusor overactivity.  A further study compared 
the efficacy and safety of solifenacin succinate versus 
solifenacin succinate with local oestrogen for the 
treatment of overactive bladder in 104 post menopau-
sal women randomised to receive either solifenacin 5 
mg daily plus Promestriene vaginal capsules or sol-
ifenacin alone.  The primary outcome measure was 
changed from baseline to end of treatment in the 
mean number of voids per 24 hours, quality of life was 
assessed using international prostate symptom score 
and overative bladder symptoms score questionaires.  
The median decreases in number of voids in 24 hours 
in the two groups were 5.4 and 4.3 respectively which 
was not statistically different.  The median decrease 
in urgency episdoes was 2.0 and 2.5 resptively.   In 
addition, the quality of life scores significantly 
changed in both groups (both the <0.05).   The author 
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concluded that solifenacin with or without local oes-
trogen was effective and safe for overactive bladder 
treatment in post menopausal women.  The addition 
of local oestrogen improved subjective feelings and 
quality of life [Jiang et al., 2016]. 

There has been one study comparing the oestradiol 
vaginal ring with oral oxybutynin for treatment of over-
active bladder [Nelken et al., 2011].  Participants were 
randomised to receive either the ultra low dose oes-
tradiol vaginal ring or oral oxybutynin for 12 weeks.  
The primary outcome was a decrease in the number 
of voids in 24 hours.   Secondary outcomes were 
quality of life questionaires, vaginal ph levels and 
vaginal maturation index.   59 women were enrolled, 
31 were randomised to receive oxybutynin whereas 
28 received oestradiol vaginal ring.  Women who re-
ceived oxybutynin had a mean decrease of 3.0 voids 
per day and women who received the vaginal ring had 
a mean decrease of 4.5 voids per day with no signifi-
cant difference between the groups.   There was a 
significant improvement in urogenital distress infantry 
and incontinence impact questionnaire scores in both 
groups with no significant difference in improvement 
between the two groups, thus ultra low dose oestra-
diol releasing vaginal ring and oral oxybutynin 
seemed to be similarly effective in decreasing the 
number of daily voids in post menopauasal women 
with overactive bladder.  

1.4. Evidence Regarding Oestrogens and 
Incontinence from Large Clinical Trials. 

The HERS study included 763 post menopausal 
women under the age of 80 years with coronary heart 
disease and intact uteri [Grady et al., 2001].  It was 
designed to evaluate the use of oestrogen in second-
ary prevention of cardiac events.  In a secondary 
analysis 1525 participants who reported at least one 
episode of incontinence per week at baseline were 
included.  Participants were randomly assigned to 
0.625 mg of conjugated oestrogens plus 2.5 mg of 
medroxyprogesterone acetate in one tablet (N=768) 
or placebo (N=757) and were followed for a mean of 
4.1 years.  Severity of incontinence was classified as 
improved, unchanged or worsened.  The results 
showed that incontinence improved in 26% of the 
women assigned to placebo compared to 21% as-
signed to hormones whilst 27% of the placebo group 
worsened compared with 39% of the hormone group 
(P=0.001).  This difference was evident by four 
months of treatment, for both urgency and stress uri-
nary incontinence.  The number of incontinence epi-
sodes per week increased an average of 0.7 in the 
hormone group and decreased by 0.1 in the placebo 
group (p< 0.001).  The authors concluded that daily 
oral oestrogen plus progestogen therapy was associ-
ated with worsening urinary incontinence in older post 
menopausal women with weekly incontinence and 
did not recommend this therapy for treatment of in-
continence.  However, it is possible that the proges-
togen component may have had an influence on the 
results of this study.  

The Women’s Health Initiative (WHI) was a multi cen-
tre double blind placebo controlled randomised clini-
cal trial of menopausal hormone therapy in 27347 
postmenopausal women age 50-79 years enrolled 
between 1992 and 1998 for whom urinary inconti-
nence symptoms were known in 23296 participants 
at baseline and one year [Hendrix et al., 2005]. The 
women were randomised based on hysterectomy sta-
tus to active treatment or placebo.  Those with a 
uterus were given 0.625 mg per day of conjugated 
equine oestrogen (CEE) plus 2.5 mg per day of 
medroxyprogesterone Acetate (CEE+MPA), whereas 
those who had undergone hysterectomy received 
oestrogen alone (CEE).  At one year hormone ther-
apy was shown to increase the incidence of all types 
of urinary incontinence among women who were con-
tinent at baseline.  The risk was highest for stress uri-
nary incontinence CEE+MPA: RR, 1.7 95% conti-
nence interval) CI (1.61-2.18); CEE alone RR 2.15 
mg, 95% CI, 1.77-2.62, followed by mixed urinary in-
continence CEE+MPA: RR 1.49 95% CI 1.10-2.01. 
On CEE alone RR was 1.79 95% CI, 1.26-2.53.  The 
combination of CEE and MPA had no significant ef-
fect on developing urge urinary incontinence RR, 
1.15; 95% CI, 0.99-1.34 but CEE alone increased the 
risk RR 1.32; 95% CI, 1.10-1.58.  For those women 
experiencing urinary incontinence at baseline fre-
quency worsened in both active groups CEE+MPA; 
RR, 1.38 95% CI 1.28-1.49; CEE alone: RR, 1.47 
95% CI, 1.35-1.61.  Quantity of urinary incontinence 
worsened at one year in both active groups, 
CEE+MPA: RR, 1.20 95% CI, 1.06-1.76; CEE alone: 
RR, 1.59 95% CI, 1.39-1.82.  Those women receiving 
hormone therapy were more likely to report that uri-
nary incontinence limited their daily activities 
CEE+MPA: RR 1.18 95% CI, 1.06-1.32.  CEE alone: 
RR 1.29 95% CI, 1.15-1.45 at one year.  Thus, based 
on this secondary analysis of data from a huge study 
conjugated equine oestrogen alone or in combination 
with Medroxyprogesterone Acetate was shown to in-
crease the risk of urinary incontinence amongst con-
tinent women and worsen urinary incontinence 
amongst asymptomatic women after one year of ther-
apy.   

The Nurses Health Study [Grodstein et al., 2004] was 
a biennial postal questionnaire starting in 1976.  In 
1996 39436 post-menopausal women aged 50-75 
years was reported no urinary leakage at the start of 
the study were followed up for four years to identify 
incident cases of urinary incontinence.  5060 cases of 
occasional and 2495 cases of frequent incontinence 
were identified.  The risk of developing urinary incon-
tinence was increased amongst post menopausal 
women taking hormones compared to women who 
had never taken hormones (oral oestrogen: RR1.54 
95% CI 1.44, 1.65; transdermal oestrogen: RR1.68, 
95% CI 1.41, 2.00; oral oestrogen with progestin: 
RR1.34, 95% CI 1.24, 1.44; transdermal oestrogen 
with progestin: RR1.46, 95% CI 1.16, 1.84).  After 
cessation of hormone therapy there was a decreased 
risk of incontinence such that 10 years after stopping 



 

 
HORMONAL TREATMENT OF URINARY INCONTINENCE  899 

 

hormones the risk was identical in women who had 
and who never had taken hormone therapy.   

The most recent meta analysis of the effect of oestro-
gen therapy on the lower urinary tract has been per-
formed by the Cochrane Group [Cody et al., 2012] 
and is notable as the conclusions are starkly different 
from those drawn from the previous review [Moehrer 
et al., 2003].  Overall 34 trials were identified includ-
ing 19676 incontinent women (1464 involved in trials 
of local administration) of which 9599 received oes-
trogen therapy.  

Systemic administration (of unopposed oral oestro-
gens – synthetic and conjugated equine oestrogens) 
resulted in worse incontinence than placebo (RR1.32; 
95% CI: 1.17-1.48).  Although this is heavily influ-
enced by the size of the WHI study [Hendrix et al 
2005].  When considering combination therapy there 
was a similar worsening effect on incontinence when 
compared to placebo (RR1.11; 95% CO: 1.04-1.08).  
There was some evidence suggesting that the use of 
local oestrogen therapy may improve incontinence 
(RR0.74; 95% CI: 0.64-0.86) and overall there were 
1-2 fewer voids in 24 hours and less frequency and 
urgency.   

The authors conclude that local oestorgen therapy for 
incontinence may be beneficial although there was lit-
tle evidence of long term effect.  The evidence would 
suggest that systemic hormone replacement using 
conjugated equine oestrogens may make inconti-
nence worse.  In addition they report that there are 
too few data to comment reliably on the dose type of 
oestrogen and route of administration.   

2. GENITOURINARY SYNDROME OF 
MENOPAUSE 

Following a consensus conference held in 2013 the 
Board of Directors of the International Society for the 
Study of Women’s Sexual Health (ISSWSH) and the 
Board of Trustees of the North American Menopause 
Society (NAMS) acknowledged the need to review 
current terminiology associated with genitourinary 
tract symptoms related to menopause [Portman et al., 
2014]. They agreed on the new term Genitourinary 
Syndrome of Menopause (GSM) as a more accurate 
all encompassing and publically acceptable term than 
vulvo-vaginal atrophy. As well as genital symptoms 
this covers the urinary symptoms of urgency, dysuria 
and recurrent urinary tract infections. It has long been 
appreciated that these symptoms respond well to low 
dose local (intravaginal) oestrogen therapy given long 
term to post menopausal women [Baber et al., 2016]. 
The most recent Cochrane review included 16 trials 
with 2129 women and intravaginal oestrogen was 
found to be placebo in terms of efficacy although 
there were no differences between types of formula-
tion.   Fourteen trials compared safety between the 
different vaginal preparations and found a higher risk 
of endometrial stimulation with conjugated equine 
oestrogens as compared to oestradiol [Suckling et al., 

2003].  However, since then the traditional 25 mi-
crogram twice weekly dose of oestradiol vaginal tab-
lets has been replaced by the ultra low dose 10 mi-
crogram twice weekly vaginal tablet [Simon & Maa-
mari, 2013].  This has unfortunately led to reduced 
efficacy and does not appear to be adequate for the 
control of overactive bladder symptoms in post men-
opausal women, 50% of whom may suffer from geni-
tourinary syndrome of the menopause if untreated.    

3. OTHER HORMONES 

Progesterone and progestogens are thought to in-
crease the risk of urinary incontinence.  Lower urinary 
tract symptoms especially stress urinary incontinence 
have been reported to increase in the progestogenic 
phase of the menstrual cycle [Hextall et al., 2001].  In 
similar studies, progesterone has been shown to in-
crease beta adrenergic activity leading to a decrease 
in the urethral closure pressure in female dogs [Raz 
et al., 1973].  However, in the WHI there appeared to 
be no difference whether or not progestin was given 
in addition to oestrogen [Hendrix et al., 2005].   

Selective oestrogen receptor modulators (SERMS) 
have been reported to have varying effects.  Each of 
the SERMS has receptor ligand conformations that 
are unique and have both oestrogenic and anti oes-
trogenic effects.  In the clinical trials of levormeloxi-
fene there was a fourfold increase in the incidence of 
incontinence leading to cessation of the clinical trial 
[Hendrix et al., 2001].  However, raloxifene has not 
been shown to have any effect at all on urinary incon-
tinence [Waetjen et al., 2004]. There are no reported 
clinical trials evaluating the effect of androgens, and 
in particular testosterone, on urinary incontinence in 
women.   

Conclusions. Oestrogen has an important physiolog-
ical effect on the female lower urinary tract and its de-
ficiency is an aetiological factor in the pathogenesis 
of a number of conditions.  However, the use of oes-
trogen either alone or in combination with progesto-
gen has yielded poor results.  The current level 1 ev-
idence against the use of systemic oestrogen for the 
treatment of urinary incontinence comes from studies 
powered to assess their benefit in the prevention of 
cardiovascular events and therefore the secondary 
analyses have only been based on self reported 
symptoms of urinary leakage without any objective 
data.  Despite this all of these large randomised con-
trolled trials show a worsening of pre-existing urinary 
incontinence both stress and urgency and an in-
creased new incidence of urinary incontinence with 
both oestrogen and oestrogen plus progestogen.  
However, the majority of subjects in all of these stud-
ies were taking combined equine oestrogen and this 
may not be representative of all oestrogens taken by 
all routes of administration.   

In a systematic review of the effects of oestrogens for 
symptoms suggestive of an overactive bladder the 
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conclusion was that oestrogen therapy may be effec-
tive in alleviating OAB symptoms, and that local ad-
ministration may be the most beneficial route of ad-
ministration [Cardozo et al., 2004].  It is quite possible 
that the reason for this is that the symptoms of urinary 
urgency, frequency and urge incontinence may be a 
manifestation of genitourinary syndrome of meno-
pause atrophy in older post menopausal women ra-
ther than a direct effect on the lower urinary tract 
[Robinson and Cardozo, 2003].  Whilst there is good 
evidence that the symptoms and cytological changes 
of urogenital atrophy may be reversed by low dose 
(local) vaginal oestrogen therapy there is currently no 
evidence that oestrogens with or without progesto-
gens should be used in the treatment of urinary in-
continence.   The International Menopause Society 
(IMS) has produced new 2016 recommendations on 
women’s midlife health and menpause hormone ther-
apy (MHT) to help guide healthcare professionals in 
optimising their management of women in meno-
pause transition and beyond.   They have given a 
Grade A recommendation to the use of local oestro-
gens for urogenital symptoms and a Grade B recom-
mendation for the long-term use of such treatment.   
They have also allocated a Grade B recommendation 
to the use of low dose local oestrogens in the man-
agement of recurrent lower urinary tract infection [Ba-
ber et al., 2016]. 

4. DESMOPRESSIN 

The endogenous hormone vasopressin (also known 
as anti-diuretic hormone) has two main functions: it 
causes contraction of vascular smooth muscle and 
stimulates water reabsorption in the renal medulla. 
These functions are mediated by two specific vaso-
pressin receptors of which there are two major sub-
types, namely the V1 and V2 receptors. The V2 sub-
type is particularly important for the anti-diuretic ef-
fects of vasopressin. A genetic or acquired defect in 
making and secreting vasopressin leads to central di-
abetes insipidus, and genetic defects in the gene en-
coding the V2 receptor can cause nephrogenic diabe-
tes insipidus [Insel et al., 2007 ]. Accordingly, de-
creased vasopressin levels are believed to be im-
portant in the pathophysiology of polyuria, specifically 
nocturnal polyuria, which can lead to symptoms such 
as nocturia [Matthiesen et al., 1996; Weiss et al., 
2011a]. Nocturia is currently defined by the Interna-
tional Continence Society (ICS) as the complaint that 
an individual has to wake at night one or more times 
to void. It is, however, "an underreported, understud-
ied, and infrequently recognized problem in adults" 
[Weiss et al., 2011b]. Nocturia leads to decreased 
quality of life [Kupelian et al., 2011], and has been 
associated with both increased morbidity and mortal-
ity [Nakagawa et al., 2010; Kupelian et al., 2012]. 
While it remains largely unknown in which fraction of 
patients nocturia can indeed be explained by too little 
vasopressin, the presence of nocturnal polyuria in the 
absence of behavioural factors explaining it (such as 

excessive fluid intake) is usually considered as an in-
dication that a (relative) lack of vasopressin may ex-
ist. While it remains largely unknown in what fraction 
of patients nocturia is explained by too little vasopres-
sin, the presence of nocturnal polyuria in the absence 
of behavioral factors that can explain it (e.g. exces-
sive fluid intake) is usually considered to indicate de-
creased vasopressin levels [Bosch and Weiss., 2011, 
Weiss et al., 2011b]. Based upon these considera-
tions, vasopressin receptor agonists have been used 
to treat nocturia, both in children and in adults. 
Desmopressin is the most common vasopressin ana-
logue used to treat nocturia. Desmopressin shows 
selectivity for anti-diuretic over vasopressor effects. It 
has a more powerful and longer-lasting antidiuretic 
action than vasopressin. It is available in formulations 
for oral, parenteral, and nasal administration. It has a 
fast onset of action, with urine production decreasing 
within 30 minutes of oral administration [Rittig et al., 
1998]. Because of symptomatic hyponatremia with 
water intoxication which is the only serious adverse 
event reported in children, occurred after intranasal 
or intravenous administration of desmopressin 
[Thumfart et al., 2005; Robson et al., 2007; Van de 
Walle et al., 2010], the U.S. Food and Drug Admin-
istration (FDA) and the European Medicines Agency 
(EMA) removed the indication for the treatment of pri-
mary nocturnal enuresis from all intranasal prepara-
tions of desmopressin. An oral lyophilisate (MELT) 
formulation requiring no concomitant fluid intake is 
currently available. In a recent open-label, random-
ized, cross-over study, desmopressin MELT was 
shown to have similar levels of efficacy and safety at 
lower doses than the tablet formulation of desmo-
pressin in children. A recent study confirmed the su-
perior pharmacodynamic characteristics of desmo-
pressin MELT to desmopressin tablets [De Guch-
tenaere et al., 2011].  

The use of desmopressin in children with nocturnal 
enuresis was comprehensively reviewed by the 
Cochrane Collaboration in 2002 [Glazener et al., 
2002]. These authors evaluated 47 randomized con-
trolled trials involving 3448 children, of whom 2210 
received desmopressin. According to their analysis, 
desmopressin was effective relative to placebo in re-
ducing bed-wetting (e.g. a dose of 20 μg resulted in a 
reduction of 1.34 wets/night (95% CI 1.11; 1.57), and 
children were more likely to become dry with desmo-
pressin (98%) than with placebo (81%). However, 
there was no difference between desmopressin and 
placebo after discontinuation of treatment, indicating 
that desmopressin suppresses symptom enuresis but 
does not cure the underlying cause. The Cochrane 
Group have reviewed a total of 40 randomised or 
quasi-randomised controlled trials of 1780 children 
who were in enrolled receiving an active drug other 
than desmopressin or a tricyclic.   Thirtyone different 
drugs or classes of drug were tested.   For drugs ver-
sus placebo, when compared to placebo indometha-
cin, diazepam, mestorelone and atomoxetine ap-
peared to reduce the number of children failing to 
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have 14 consecutive dry nights.   Althogh indometha-
cin and diclofenac were better than placebo during 
treatment, they were not as effective as desmopres-
sin and there was a higher chance of adverse effects 
[Desphande et a., 2012].   Additionally, not all children 
responded sufficiently to desmopressin monother-
apy. The combination of desmopressin and an enu-
resis alarm resulted in a greatly improved short-term 
success rate and decreased relapse rates [Alloussi et 
al., 2011]. The combination of desmopressin and an-
timuscarinics resulted in better short- and long-term 
success rates as well as a lower relapse rate than 
desmopressin alone [Austin et al., 2008; Alloussi et 
al., 2009). A recent Cochrane Review has shown that 
when Imipramine combined with Desmopressin was 
compared with Imipramine monotherapy there was 
no different in outcomes.  However, when imipramine 
plus desmopressin was compared with desmopressin 
monotherapy the combination was more effective 
with 15% not achieving 14 consecutive dry nights at 
the end of treatment for imipramine plus demospres-
sin versus 40% for desmopressin monotherapy 
[Caldwell et al., 2016].  For non-responders to desmo-
pressin, replacement of desmopressin with other 
medications such as tricyclic antidepressants or loop 
diuretics could be of benefit, whereas muscarinic re-
ceptor antagonists may be ineffective in such children 
(De Guchtenaere et al., 2007; Neveus and Tullus, 
2008).  A study of enuresis patients thought to be re-
sistant to desmopressin who were subsequently re-
ferred to a specialist centre showed that 1/3 of the 
children could become dry on desmopressin mono-
therapy under specialist care once their daytime 
symptoms had been addressed [Rittig et al., 2014]. 
This has led to recommendations for maximising the 
chances of treatment success in patients receiving 
desmopressin [Kamperis et al., 2016] 

Other studies have explored a possible treatment role 
for desmopressin in the treatment of nocturia in 
adults. A search for these studies in Medline using 
the terms “desmopressin” and “nocturia” was per-
formed and limited to clinical studies of de novo noc-
turia, i.e. those that excluded subjects in whom child-
hood enuresis persisted into adulthood. Several pre-
vious studies investigated the use of desmopressin 
for the treatment of nocturia in the context of multiple 
sclerosis [Eckford et al., 1994;1995]. One study with 
single dose administration reported a reduction in 
nocturnal polyuria, but by design did not assess noc-
turia [Eckford et al., 1995]. Three placebo-controlled 
double-blind studies with a small patient number (16-
33 patients total per study) reported a significant re-
duction in nocturia [Hilton et al., 1983; Eckford et al., 
1994; Valiquette et al., 1996]. Other controlled stud-
ies of similar size, most with a crossover design, used 
micturition frequency within the first 6 h after desmo-
pressin administration rather than nocturia as their 
primary endpoint. These studies consistently re-
ported that desmopressin treatment for up to 2 weeks 
was efficacious [Kinn and Larsson, 1990; Fredrikson, 
1996; Hoverd and Fowler, 1998]. While desmopres-

sin treatment was generally well tolerated, 4 of 17 pa-
tients in one study discontinued treatment due to 
asymptomatic or minimally symptomatic hypo-
natremia [Valiquette et al., 1996]. Accordingly, 
desmopressin is now registered for the treatment of 
nocturia in multiple sclerosis patients [Cvetkovic and 
Plosker, 2005]. In a small open-label study, desmo-
pressin was also reported to reduce nocturnal polyu-
ria in spinal cord injury patients [Zahariou, Karagian-
nis et al. 2007].  

Further studies have explored the use of desmopres-
sin in adults with nocturia in the apparent absence of 
neurological damage. The recruited patient popula-
tions were based upon different criteria, including 
having at least two nocturia episodes per night or hav-
ing nocturnal polyuria. Earlier studies mostly used a 
desmopressin dose of 20 μg given either orally 
[Asplund et al., 1999] or intranasally [Hilton and Stan-
ton, 1982; Cannon  et al., 1999], and tended to be 
very small (≤25 patients). Later studies, as part of the 
NOCTUPUS program, were considerably larger, in-
volving a total of 1003 screened patients, and higher 
oral doses (0.1-0.4 mg) were administered for a pe-
riod of 3 weeks of double-blind treatment in adults 
[Mattiasson et al., 2002; Lose et al., 2003; van Kerre-
broeck et al., 2007]. A total of 632 patients entered 
the dose-titration phase and 422 patients entering the 
double-blind phase of the three NOCTUPUS trials. To 
counter the argument that the study was performed 
in desmopressin responders after the dose titration 
phase, all patients in the NOCTUPUS trials were 
washed-out following the dose-titration phase and in 
order to be randomized, it was a requirement that the 
patients returned to baseline nocturnal diuresis be-
fore inclusion in the double-blind phase. The trials 
showed that oral desmopressin (0.1, 0.2 or 0.4 mg) is 
effective in both men and women aged ≥ 18 years 
with nocturia. The number of nocturnal voids de-
creased from 3 to 1.7 in the desmopressin group 
compared to 3.2 to 2.7 in the placebo group. In 
women, the number of nocturnal voids in the desmo-
pressin group decreased from 2.92 to 1.61, whereas 
that in the placebo group decreased from 2.91 to 
2.36. When clinical response was defined as ≥ 50% 
reduction in nocturnal voids from baseline, 34% of 
men experienced clinical response with desmopres-
sin, compared with 3% of men who received placebo. 
In women, 46% of desmopressin-treated patients ex-
perienced a clinical response, compared with 7% of 
patients on placebo.    

Weiss and colleagues reported outcomes on a four 
week multi centre randomised double blind placebo 
controlled trial to determine the efficacy of orally dis-
integrating sub-linguinal Desmopressin i.e., ” melt” 
formulation.  The authors randomised patients to 10, 
25, 50 and 100 micrograms.  Approximately 90% of 
the subjects reported true nocturnal polyuria, 710 pa-
tients completed the study.  A statisically significant 
difference in the number of nocturnal voids was seen 
for all patients with a 100 micrograms and 50 mi-
crograms.   Women responded to 25 micrograms as 
well, however for men there was only a statistically 
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significant difference with 100 micrograms.  The pro-
portion of patients with at least a 33% reduction in the 
number of nocturnal voids (primary outcome meas-
ure) increased with dosage for all patients but there 
was a stronger response seen in women at 25 micor-
grams.  A total of 24 patients (3%) experienced hypo-
natremia which was a more likely occurence in pa-
tients over the age of 65 years [Weiss et al., 2012].  

The efficacy of desmopressin for the treatment of 
nocturia was confirmed in a long-term (10-12 months) 
open-label study involving 249 patients, which was an 
extension of the randomized studies in known 
desmopressin responders. However, a rebound ef-
fect was seen when treatment was withdrawn, con-
firming the association between continued treatment 
and response [Lose et al., 2004]. An open-label pilot 
study in a nursing home setting also reported that 
desmopressin had beneficial effects [Johnson  et al., 
2006].  

Around 75% of community-dwelling men and women 
with nocturia (≥2 voids/night) have nocturnal polyuria 
(NP) [Rembratt et al., 2003; Swithinbank et al. 2004]. 
The key urological factors most relevant to nocturia 
are NP and OAB in women [Irwin et al., 2008], and 
NP and benign prostatic hyperplasia (BPH) in men. 
About 74% of women with OAB have nocturia and 
62% of patients with OAB and nocturia have NP. 
Among men with nocturia, 83% have NP; 20% have 
NP alone, and 63% have NP in combination with an-
other factor such as a small nocturnal bladder capac-
ity or bladder outlet obstruction [Chang et al., 2006]. 
Therefore, desmopressin combination therapy with 
α1- adrenergic blockers and/or anticholinergics 
should be considered for patients with treatment–re-
sistant nocturia. Seventy-three percent of α1- adren-
ergic blocker-resistant BPH patients experienced a 
≥50% reduction in nocturnal voids with oral desmo-
pressin [Rembratt et al., 2003; Yoong et al., 2005]. A 
randomized, double-blind, placebo-controlled study 
evaluating the long-term (1, 3, 6, and 12 months) ef-
ficacy and safety of low dose (0.1 mg) oral desmo-
pressin in elderly (≥ 65 years) patients reported that 
low dose oral desmopressin led to a significant reduc-
tion in the number of nocturnal voids and nocturnal 
urine volume in patients with BPH [Wang et al., 
2011a]. 

Because nocturia can be caused by different factors, 
several studies have investigated whether desmo-
pressin may be beneficial in patients with other symp-
toms in addition to nocturia. In a small, non-random-
ized pilot study of men believed to have BPH, desmo-
pressin was reported to improve not only nocturia, but 
also to reduce the overall international prostate symp-
tom score (IPSS) [Chancellor et al., 1999]. An explor-
atory, placebo-controlled double-blind study in 
women with daytime urinary incontinence reported 
that intranasal administration of 40 μg desmopressin 
increased the number of leakage-free episodes 4 
hours after drug administration (Robinson et al., 
2004). One double-blind, placebo-controlled pilot 
study in patients with OAB treated with 0.2 mg oral 

desmopressin reported a reduction in voids along 
with an improvement in quality of life (QoL) [Hashim 
et al., 2009]. While these data indicate that desmo-
pressin may be effective in treating voiding dysfunc-
tion not limited to nocturia, they are too sparse to al-
low treatment recommendations. 

Desmopressin was well tolerated in all the studies 
and resulted in significant improvements compared to 
placebo in reducing nocturnal voids and increasing 
the hours of undisturbed sleep. There was also an im-
provement in QoL. However, one of the main clinically 
important side-effects of demopressin usage is hypo-
natremia. Hyponatremia can lead to a variety of ad-
verse events ranging from mild headache, anorexia, 
nausea, and vomiting to loss of consciousness, sei-
zures, and death. Hyponatremia usually occurs soon 
after treatment is initiated. The risk of hyponatremia 
appears to increase with age, cardiac disease, and 
increasing 24-hour urine volume [Rembratt et al., 
2003; 2006]. Based on a meta-analysis, the incidence 
is around 7.6% [Weatherall, 2004]. Increased age 
and female gender are well-known risk factors for the 
development of desmopressin-induced hyponatremia 
[Rembratt et al., 2006]. Bae et al. [2007] assessed the 
effects of long-term oral desmopressin on serum so-
dium and baseline antidiuretic hormone secretion in 
15 elderly male patients with severe nocturia (greater 
than 3 voids nightly), who did not show hyponatremia 
within 7 days of administration of 0.2 mg desmopres-
sin. Desmopressin (0.2 mg) was administered orally 
nightly for 1 year. Before and 1 month after the 1-year 
medication 24-hour circadian studies were performed 
to monitor changes in antidiuretic hormone. Every 3 
months during the 1-year medication, serum changes 
and timed urine chemistry were monitored. The re-
sults showed that long-term desmopressin admin-
istration gradually decreased serum sodium and in-
duced statistically, but not clinically significant, hypo-
natremia after 6 months of treatment Administration 
of desmopressin for 1 year did not affect baseline an-
tidiuretic hormone secretion. The authors recom-
mended that for long-term desmopressin administra-
tion serum sodium should be assessed regularly, at 
least every 6 months. 

There has been some research exploring gender dif-
ferences in the antidiuretic response to desmopres-
sin. Juul et al. [2011] found an increasing incidence 
of hyponatremia with increasing dose, and at the 
highest dose level of 100 µg decreases in serum so-
dium were approximately twofold greater in women 
over 50 yr of age than in men. A new dose recom-
mendation stratified by gender was suggested in the 
treatment of nocturia: for men, 50- to 100 µg melt was 
suggested to be an efficacious and safe dose, while 
for women a dose of 25 µg melt was recommended 
as efficacious with no observed incidences of hypo-
natremia. Weiss and colleagues investigated the effi-
cacy and safety of 50 and 75 micrograms Desmo-
pressin orally disintegrating tablets in 385 men with 
nocturia. They showed that both doses increased the 
time to first void from baseline by approximately 40 
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minutes compared to placebo. The response to 
Desmopressin was seen within a week of treatment 
and was sustained producing signficant increases in 
health-related quality of life and sleep quality com-
pared to placebo. Only 2 subjects aged 74 and 79 
years respectively developed hyponatremia [Weiss et 
al., 2013]. A similar study carried out in women ex-
plored the efficacy and safety of 25 micrograms of 
desmopressin orally disintegrating tablets compared 
to placebo.  261 women with nocturia were random-
ised to either 25 micrograms of desmopressin or pla-
cebo.  Desmopressin significantly reduced the mean 
number of nocturnal voids compared to placebo and 
increased the mean time to first noctunral void by 49 
minutes compared to placebo.  Once again response 
was seen within the first week of treatment and sus-
tained throuhgout the 3-month trial.  Desmopressin 
was well tolerated with only three transient decreases 
in serum sodium level [Sand et al., 2013].  

Initiation of desmopressin is currently not indicated 
for patients aged ≥65 years. The mechanisms behind 
desmopressin-induced hyponatraemia are well un-
derstood, and serum sodium monitoring at baseline 
and early during treatment of older patients for whom 
treatment with desmopressin is indicated can greatly 
reduce their risk of developing the condition. Other 
advice regarding treatment administration, such as 
restriction of evening fluid intake and adherence to 
recommended dosing, should be followed to mini-
mize the risk of hyponatremia [Vande Walle et al., 
2007]. 

Desmopressin is useful for patients with nocturia as 
well as for children with nocturnal enuresis. The drug 
has been proven to be well-tolerated and effective by 
several randomized, placebo-controlled trials and is 
recommended as a first-line treatment (either as 
monotherapy or in combination with other agents) for 
patients who have been appropriately evaluated and 
whose nocturia is related to NP, whether or not this is 
accompanied by BPH or OAB. For assessment, see 
Table 2. 

 CONSIDERATIONS IN THE 
ELDERLY 

The mainstay of pharmacological therapy for OAB in 
the elderly has been antimuscarinic agents. However, 
antimuscarinics may be associated with side effects 
that result in poor persistence and contribute to the 
anticholinergic burden of polypharmacie.  Since anti-
muscarinics and β3-AR agonists (mirabegron) are 
similarly efficacious, and mirabegron has a more fa-
vorable tolerability profile than antimuscarinics 
amongst older patients, this drug was suggested to 
provide an improved benefit-to-risk ratio and there-
fore should be considered as an alternative to anti-
muscarinics for older patients [Wagg et al., 2016]. Un-
til recently, few studies had specifically evaluated the 
efficacy and safety of antimuscarinics in the treatment 
of OAB symptoms in elderly patients.  

1. ANTIMUSCARINIC AGENTS – 
EFFICACY AND TOLERABILITY 

The efficacy of antimuscarinic agents for treating 
symptoms of overactive bladder and urge urinary in-
continence in older people is similar to that observed 
in younger and middle-aged adults.   Age-related 
pooled results or sub-analyses from randomized con-
trolled trials of tolterodine [Malone-Lee et al., 2001, 
Zinner et al., 2002], solifenacin [Wagg et al., 2006], 
darifenacin [Foote et al., 2007], fesoterodine [Kraus 
et al., 2010; Sand et al., 2012; see Wagg et al., 2015], 
and trospium chloride [Sand et al., 2011] indicate that 
reductions of 25-75% in urgency urinary incontinence 
episodes can be expected with use of these agents 
in older (65+) adults.  Higher doses may be needed 
in those over age 75 [Kraus et al., 2010]. In a post-
marketing surveillance study of darifenacin, Michel et 
al. [2010] found that increasing age was negatively 
associated with improvements in urgency episodes 
and incontinence, with a statistically significant, but 
non-clinically relevant effect (0.01 more urgency epi-
sodes per year of age).  Older adults may derive 
greater benefit from use of a combined drug and be-
havioural therapy regime as compared to treatment 
with drug therapy alone [Burgio et al., 2000]. Dry 
mouth is the most frequently reported treatment-re-
lated adverse event, however overall tolerance has 
been reported as good to excellent with fewer treat-
ment-motivated withdrawals in recent trials of older 
patients persisting on antimuscarinic therapy [Sand et 
al., 2012; Sand et al., 2011a;b].  Constipation is also 
common and may be particularly bothersome for 
older adults already suffering from chronic bowel dis-
motility [Meek et al., 2011, Gallegos-Orozco et al., 
2012]. 

However, the therapeutic effectiveness and tolerabil-
ity of antimuscarinic agents in the elderly in the real-
world practice setting may differ from the results ob-
tained in randomized controlled trials for several rea-
sons.  First, research trials generally exclude individ-
uals with concomitant consumption of other anticho-
linergic agents.  In practice, older adults are a heter-
ogeneous group, often consuming many medications 
that may augment, desensitize or alter the response 
to antimuscarinic therapy. As well, there is a higher 
prevalence of comorbidity among the elderly, which 
can further reduce treatment efficacy and heighten 
the potential for side effects to occur (see the Section 
on Incontinence in the Frail Elderly). Failure to 
acknowledge the multifactorial nature of urinary in-
continence in the elderly often leads to sub-optimal 
treatment. Urgency symptoms may be exacerbated 
by consumption of caffeinated beverages, pelvic floor 
muscle weakness, diuretics or other functional and 
systemic dysfunctions.  Treatment should therefore 
address all possible etiologies, and not be limited to 
a solitary intervention.  
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2. ANTIMUSCARINIC AGENTS – 
COGNITIVE SAFETY 

A growing body of literature has emerged to address 
the concern that antimuscarinic agents used to treat 
symptoms of overactive bladder may cross the blood-
brain barrier and provoke subtle or not so subtle cog-
nitive impairment [Callegari et al, 2011; Jakobsen SM 
et al., 2011; Wagg et al., 2010; Pagoria et al., 2011; 
Gray et al., 2015]. Higher cumulative anticholinergic 
use seems to be associated with an increased risk for 
dementia [Gray et al., 2015]. Large randomized con-
trolled trials were not designed to adequately meas-
ure central nervous system adverse events [Paquette 
et al., 2011].  As a result, evidence on the relative risk 
of different antimuscarinic agents for crossing the 
blood brain barrier and inducing changes in cognitive 
comes primarily from in-vitro studies and experi-
mental studies using detailed neuropsychological 
testing.  

Early studies suggested that administration of anti-
cholinergic agents such as scopolamine could impair 
memory and attention in older adults, and possibly in-
duce hallucinations and confusion [Flicker et al., 
1992; Sperling et al., 2002]. Oxybutynin, in particular, 
due to its small molecular size and increased propen-
sity to cross the blood-brain barrier, has consistently 
shown potential to elicit cognitive impairment in new 
users after a single high dose of this agent or at 
steady state, and should be avoided in the elderly 
[Donellan et al., 1997; Katz et al., 1998; Kay et al., 
2008, Wesnes et al., 2009]. Katz et al. [1998] used a 
double-blind, placebo-controlled cross-over design to 
test a convenience sample of 12 healthy continent 
older adults, and revealed cognitive decrements on 
seven of fifteen cognitive measures resulting from ox-
ybutynin use. Impairments were observed in verbal 
learning, memory, reaction time, attention, concentra-
tion and psychomotor speed. In a sleep study, oxy-
butynin was found to significantly alter EEG patterns 
compared to placebo [Todorova et al., 2001]. Oxy-
butynin was compared to darifenacin and placebo in 
a 3-week randomized multicentre double-blind paral-
lel-group study in 150 healthy volunteers aged 60-83 
[Kay et al., 2006]. Darifenacin produced no impair-
ments compared to placebo at 3-weeks, but oxy-
butynin caused significant memory deterioration in 
delayed recall compared to the other two groups. Da-
rifenacin was associated with significantly slower re-
action times than placebo in the Divided Attention 
Test, but not in other tests of information processing 
speed. Oxybutynin also reduced accuracy scores for 
immediate recall in one of three tests. Wesnes et al. 
[2009] showed in a single-dose crossover study with 
12 healthy older volunteers that oxybutynin IR 10 mg 
induced significant deficits in attention and memory 
compared to placebo, whereas solifenacin 10 mg did 
not.  

Studies with the antimuscarinic agents solifenacin, 
trospium chloride ER and darifenacin suggest that 

these agents confer significantly lower cognitive risk 
than oxybutynin. Administration of trospium chloride 
ER to 12 cognitively intact adults with overactive blad-
der aged 65-75 was found to have no effect on 
memory testing with the Hopkins Verbal Learning 
Test on day 10 post-administration compared to 
baseline, and was also found to be undetectable in 
the cerebral spinal fluid of participants [Staskin et al., 
2010]. In a study of darifenacin among 129 older 
adults aged 65-84, no significant effects on cognition 
were observed (memory scanning sensitivity, speed 
of reaction time, and word recognition) compared with 
placebo [Lipton et al., 2005]. No data on fesoterodine 
and memory were found.  

New onset delirium also does not appear to be a sig-
nificant concern in patients taking antimuscarinic 
agents. Although several published case reports 
have documented the acute onset of delirium follow-
ing initiation of tolterodine, in incontinent adults with 
and without dementia [Womack and Heilman, 2003; 
Salvatore et al., 2007; Williams et al., 2004; Tsao et 
al., 2003], these deficits resolved upon discontinua-
tion or dose reduction of tolterodine. In a randomized 
controlled study of extended-release oxybutynin in 
nursing-home residents with mild to severe dementia, 
there was no incidence of delirium over the duration 
of the study [Lackner et al., 2008]. Furthermore, more 
recent evidence puts into question the traditionally 
held belief that new use of anticholinergic agents pro-
vokes incident delirium in hospitalized older patients 
[Campbell et al., 2011; Luukkanen et al., 2011]. 

Taken together, increasing evidence suggests that 
with the exception of oxybutynin, use of the other an-
timuscarinic agents poses little or no cognitive risk to 
otherwise healthy older adults with symptoms of over-
active bladder [Esin et al., 2015]. However, two cave-
ats apply. First, the integrity of the blood brain barrier 
may be compromised in many older adults with cere-
brovascular disease, diabetes, or certain forms of de-
mentia, with the results of studies in healthy older 
adults not generalizable to frailer individuals [Kay et 
al., 2005]. Second, long-term use of anticholinergic 
agents over months or years may yield more detri-
mental cognitive effects than single dose or short-
term use. A number of large observational studies 
have linked chronic consumption of anticholinergic 
drugs with an increased risk of cognitive impairment, 
although most studies simultaneously examined the 
cumulative effect of drugs with any anticholinergic 
properties rather than each drug class alone [Ancelin 
et al., 2006; Campbell et al., 2009; Fox et al., 2011, 
Gray et al., 2015]. The Eugenia study of aging ran-
domly recruited 372 adults 60 years and older from 
Montpellier, France, and showed that antimuscarinic 
drug users displayed significantly poorer reaction 
time, attention, immediate and delayed visuospatial 
memory, narrative recall, and verbal fluency than did 
non-drug users [Ancelin et al., 2006]. A 2-year longi-
tudinal study of 13,000 participants enrolled in the 
Medical Research Council Cognitive Function and 
Ageing Study also showed that use of medication 
with anticholinergic effects was associated with a 
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0.33-point greater decline in the Folstein Mini Mental 
Status Exam score (95% confidence interval 
(CI)=0.03-0.64, P=.03) than not taking anticholiner-
gics. Two-year mortality was also greater for those 
taking (OR=1.68; 95% CI=1.30-2.16; P<.001) anti-
cholinergics.  Many commonly prescribed medica-
tions in the elderly possess antimuscarinic properties 
[Chew et al., 2008], so the results may not be specific 
to bladder antimuscarinics. Other anticholinergic 
medication include, among others, amytriptyline, 
clozapine, olanzepine, paroxetine, furosemide, hy-
drocodone, lansoprazole, levofloxacin, and metfor-
min. 

Clinicians who remain wary of prescribing antimusca-
rinic agents for frail older adults with symptoms of 
overactive bladder are suggested to proceed with 
caution in prescribing these medications and fully 
weigh the risk-benefit ratio in light of other therapeutic 
options that can be equally effective for urgency and 
mixed incontinence in the elderly. If antimuscarinics 
are to be prescribed, a short cognitive screen (such 
as the Montreal Cognitive Assessment 
http://www.mocatest.org) or even a full neuropsycho-
logical test battery for those patients who are con-
cerned or at risk, before and after initiating therapy 
might reveal whether subtle impairments have been 
induced. This is especially pertinent because patients 
are often unaware of their memory deficits [Kay et al., 
2006]. A proxy informant, such as the patient’s 
spouse or a relative, may be able to provide more re-
liable information on possible cognitive changes re-
sulting from the drugs.   

A frequently asked clinical question is whether anti-
muscarinic agents used to treat incontinence should 
be contraindicated in patients with dementia already 
taking cholinesterase inhibitors, as the mechanisms 
of these two medications are diametrically opposed. 
A number of small studies have shown that cholines-
terase inhibitors used to improve cognition in Alz-
heimer’s disease precipitate urinary incontinence 
[Hashimoto et al., 2000]. A Japanese study followed 
94 patients with mild to moderate dementia treated 
with donepezil [Hashimoto et al., 2000]. Seven pa-
tients developed urinary incontinence, although the 
event was transient in most patients. In Scotland, 
among 216 patients with Alzheimer’s disease initiat-
ing treatment with a cholinesterase inhibitor, inconti-
nence was precipitated in 6.6%, and those with exist-
ing incontinence worsened [Starr, 2007]. Epidemio-
logic studies also show associations between cholin-
esterase inhibitors and incontinence [Gill et al., 2005; 
Roe et al., 2002]. In a large population-based cohort 
study of 44,884 adults with dementia carried out in 
Canada, those who were dispensed cholinesterase 
inhibitors were more likely to subsequently receive an 
antimuscarinic drug for incontinence compared to 
those not receiving cholinesterase inhibitors (hazard 
ratio 1.55, 95% confidence interval 1.39-1.72) [Gill et 
al., 2005].  This finding was confirmed by a separate 
study in the U.S. documenting a two-fold risk of taking 
oxybutynin in dementia patients treated with 
donepezil compared to those not treated with 

donepezil [Roe et al., 2002]. A Japanese study exam-
ined the addition of a 3-month trial of propiverine 20 
mg/day to donepezil in twenty-six cognitively im-
paired older adults, and found improved dryness 
rates with no deleterious effect on cognition [Sa-
kakibara et al., 2009]. A 6-month study also com-
pared the effects of trospium, galantamine, or tro-
spium plus galantamine in 178 older adults with urge 
incontinence (n=99), dementia (n=43) or dementia 
and incontinence (n=36) respectively (Isik et al., 
2009).  Treatment with 45-60 mg/day of trospium 
chloride and combined use of trospium with galanta-
mine 24 mg/day was found to have no adverse effect 
on cognitive or physical function scores in this group 
of patients.  A larger observational study of 3,563 
long-term care residents with dementia also failed to 
document an increased rate of cognitive decline with 
combined use of a cholinesterase inhibitor and anti-
cholinergic therapy (oxybutynin or tolterodine) com-
pared to cholinesterase therapy alone [Sink et al., 
2008]. However, a 50% faster rate of physical func-
tion decline was observed in higher-functioning par-
ticipants on dual therapy compared to cholinesterase 
inhibitor therapy alone. This evidence suggests the 
competing mechanisms of the antimuscarinics and 
cholinesterase inhibitors may indeed have clinical 
consequences in some, but not all patients. 

It has been stated that a dementia diagnosis does not 
preclude management of incontinence, but it was em-
phasized that treatment options may be more limited 
in those with advanced dementia who are unable to 
retain information and modify behaviors [Orme et al., 
2015]   

3. ANTIMUSCARINIC AGENTS – 
CARDIAC SAFETY 

Another serious side effect of antimuscarinic drugs in 
the elderly is the risk of cardiac adverse effects and 
increased mortality, particularly due to increases in 
heart rate, prolongation of the QT interval, and induc-
tion of polymorphic ventricular tachycardia. These 
have been previously discussed, and it has been 
noted that studies specific to the elderly are lacking 
[Andersson et al., 2011]. Only one study prospec-
tively examined the effect of anticholinergic drug use 
in 400 community-dwelling older people (aged 75-90 
years) with stable cardiovascular disease in Helsinki, 
Finland [Uusvaara et al., 2011].  Bladder antimusca-
rinic agents were not examined individually, but were 
considered in a cumulative assessment of all drugs 
with anticholinergic properties being taken by the 
same individual. The unadjusted follow-up mortality 
was 20.7% and 9.5% among users and non-users of 
anticholinergic drugs, respectively (p = 0.010). How-
ever, the use of drugs with anticholinergic properties 
was not a significant predictor of mortality in multivar-
iate analysis after adjustment for age, sex and other 
comorbidites (hazard ratio 1.57; 95% CI 0.78, 3.15). 
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4. ANTIMUSCARINIC AGENTS – 
DRUG/DRUG INTERACTIONS IN THE 

ELDERLY 

Rates of polypharmacy (> 5 drugs per patient) are 
high in the geriatric population, and cause potential 
for drug-drug interactions that increase toxicity or re-
duce the efficacy of antimuscarinic agents [Chancel-
lor and Miguel, 2007]. The relationship between the 
number of drugs and potential drug-drug interactions 
in the elderly is alarming. Consumption of  5 to 7 and 
8 to 10 drugs places older adults at a 4-fold and 8-
fold increased risk of potentially serious drug-drug in-
teractions respectively, compared with consumption 
of  2 to 4 drugs [Johnell and Klarin, 2007]. Drug drug 
interactions frequently involve isoenzymes of the he-
patic cytochrome CYP450 system [Zakrzewski-Jaku-
biak et al., 2011]. Of the antimuscarinic drugs, tolter-
odine, darifenacin, solifenacin, and oxybutynin are 
extensively metabolized by CYP450 and are at 
greater risk of having altered drug metabolism due to 
hepatic-based drug-drug interactions.  Trospium is 
eliminated renally as unchanged drug, suggesting 
that it has lower potential for CYP450 drug-drug inter-
actions [Sand et al., 2011].  Trospium may therefore 
represent a safer treatment option in the context of 
polypharmacy in the elderly. 

5. Β3-AR AGONISTS (MIRABEGRON) 

Wagg et al. [2014) performed a prospective subanal-
ysis of individual and pooled efficacy and tolerability 
data from three 12-week, randomised, Phase III trials, 
and of tolerability data from a 1-year safety trial in or-
der to evaluate the efficacy and tolerability of mira-
begron in subgroups of patients aged ≥65 and ≥75 
years. Mirabegron 25 mg and 50 mg once-daily re-
duced the mean numbers of incontinence episodes 
and micturitions/24 h from baseline to final visit in pa-
tients aged ≥65 and ≥75 years. The drug was well tol-
erated. In both age groups, hypertension and urinary 
tract infection were among the most common adverse 
effects over 12 weeks and 1 year. The incidence of 
dry mouth, was up to sixfold higher among the older 
patients randomised to tolterodine than any dose of 
mirabegron. 

Combined treatment for severe symptoms of OAB in 
elderly men and women with standard doses of sol-
ifenacin and mirabegron provided satisfactory thera-
peutic effect within short period of time without in-
creasing the risk of side effects, and improved the 
quality of life and self-esteem of patients [Kosilov et 
al., 2015a]. In elderly men (>65 years), combination 
of mirabegron as additional therapy to treatment with 
α-AR antagonists was effective, particularly if OAB 
was not controlled with α1-AR-blocker monotherapy. 
Mirabegron did not have negative effects on voiding 
function [Matsuo et al., 2016]. The combination of mir-

abegron with tamsulosin did not seem to cause clini-
cally relevant changes in cardiovascular safety or 
safety profiles [van Gelderen et al., 2014]. 

6. DESMOPRESSIN – EFFICACY AND 
SAFETY IN THE ELDERLY 

Desmopressin (DDAVP) (0.1–0.2 mg) reduces noctu-
ria in older persons [Rezakhaniha et al., 2011; Fu et 
al., 2011; Johnson et al., 2006], but has been associ-
ated with significant dose-related hyponatremia in 2-
20% of older patients [Fu et al., 2011; Johnson et al., 
2006; Weatherall, 2004]. Both female sex and in-
creasing age are risk factors for the development of 
hyponatremia [Callreus et al., 2005; Rembratt et al., 
2006; Juul et al., 2010]. A lower starting dose (0.025 
mg) for the melt form has been suggested for older 
women [Juul et al., 2010] but requires further study. 
Caution is recommended for the initiation of desmo-
pressin in adults aged 65 years and older at the cur-
rent time.  

7. BONT/A IN OLDER ADULTS 

To date no studies have stratified the results of trials 
using BoNTA/A for the treatment of urinary inconti-
nence in patients with neurogenic bladder according 
to age. The risk of catheterization due to high post-
void residual urine volumes following treatment with 
botulinum toxin may be higher in older adults, as they 
are at higher risk of elevated residuals, but this re-
quires systematic investigation.  

8. OTHER 

None of the other drug classes have undergone rig-
orous evaluation in the elderly, however a number of 
general guidelines apply. Use of α-AR agonists and 
tricyclic antidepressants are discouraged in the el-
derly due to blood pressure considerations. Uncon-
trolled systolic hypertension could occur with the for-
mer agents and orthostatic hypotension leading to 
falls with the latter. There is no evidence that hormo-
nal agents are of benefit for urgency or stress incon-
tinence in older women, although local estrogens 
may be indicated to treat symptomatic vaginal atro-
phy. Finally, removal of any offending agents that 
could be contributing to incontinence should be con-
sidered. 

Thus, proper patient selection for antimuscarinic and 
any other drug treatment requires careful assessment 
of underlying physical status including cognitive func-
tion, mobility, and comorbidities. 
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 INTRODUCTION 

In this chapter the diagnostic and treatment modali-
ties of urinary incontinence in childhood will be dis-
cussed. In order to understand the pathophysiology 
of the most frequently encountered problems in chil-
dren, we shall also consider the normal development 
of bladder and sphincter. 

Underlying pathophysiology will be outlined and the 
specific investigations for children will be covered but 
for general information on epidemiology and urody-
namic investigations their respective chapters should 
be consulted.  

1.1. Normal development of bladder and 
sphincter control 

Normal bladder storage and voiding involve low-pres-
sure and adequate bladder volume filling followed by 
a continuous detrusor contraction that results in blad-
der emptying, associated with adequate relaxation of 
the sphincter complex. This process requires normal 
sensation and normal bladder outlet resistance. The 
neurophysiological mechanisms involved in normal 
bladder storage and evacuation include a complex in-
tegration of sympathetic, parasympathetic and so-
matic innervation which is ultimately controlled by a 
complex interaction between spinal cord, brain stem, 
midbrain and higher cortical structures (1,2). 

Achievement of urinary control is equally complex 
and as yet not fully understood: various developmen-
tal stages have been observed (2,3). 

In new-borns, the bladder has been traditionally de-
scribed as “uninhibited”, and it has been assumed 
that micturition occurs automatically by a simple spi-
nal cord reflex, with little or no mediation by the higher 
neural centres. However, studies have indicated that 
even in full-term fetuses and new-borns, micturition is 
modulated by higher centres and the previous notion 

that voiding is spontaneous and mediated by a simple 
spinal reflex is an oversimplification (4). Fetal micturi-
tion seems to be a behavioural state-dependent 
event: intrauterine micturition is not randomly distrib-
uted between sleep and arousal, but occurs almost 
exclusively while the fetus is awake (4). 

During the last trimester the intra-uterine urine pro-
duction is much higher than in the postnatal period 
(30ml/hr) and the voiding frequency is approximately 
30 times every 24 hours (5).  

Immediately after birth voiding is very infrequent dur-
ing the first few days of life. The first void may only 
take place after 12 to 24 hours. After the first week 
frequency increases rapidly and peaks at the age of 
2 to 4 weeks to an average of once per hour. It then 
decreases and remains stable after 6 months to 
about 10 to 15 times per day. After the first year it 
decreases to 8 to 10 times per day, while voided vol-
umes increase by three-to-fourfold. 

During the postnatal period, micturition control mech-
anisms undergo further changes and extensive mod-
ulation. Using ambulatory bladder monitoring tech-
niques in conjunction with polysomnographic record-
ings it has been shown that even in new-borns the 
bladder is normally quiescent and micturition does 
not occur during sleep (6).  

This inhibition (or lack of facilitation) of detrusor con-
tractions during sleep is also observed in infants with 
neurogenic bladder dysfunction who have marked 
detrusor overactivity while they are awake. In re-
sponse to bladder distension during sleep, an infant 
nearly always exhibits clear electro-encephalo-
graphic evidence of cortical arousal, facial grimaces 
or limb movements, or actual awakening. Sleeping in-
fants are always seen to wake up before the bladder 
contracts and voiding occurs. This arousal period 
may be transient and the infant may cry and move for 
a brief period before micturition and then shortly af-
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terward go back to sleep. Because this wakening re-
sponse is already well established in new-borns, it fol-
lows that the control of micturition probably involves 
more complicated neural pathways and higher cen-
tres than has been appreciated. There is also strong 
evidence that a pronounced reorganisation of pre-ex-
isting synaptic connections and neural pathways in-
volved in bladder control occurs during the early post-
natal period. 

In new-borns micturition occurs at frequent intervals 
and may have an intermittent pattern although blad-
der emptying efficiency is usually good. In over 80 
percent of voids the bladder empties completely (7).  

During infancy voiding pressures are much higher 
than in adults. It has also been noted that these pres-
sures are higher in boys than in girls (mean pdet max 
of 118 vs. 75 cm H2O, respectively) (8,9).  

These higher detrusor pressures decrease progres-
sively with increasing age. In up to 70 percent of in-
fants (up to the age of 3 years) with normal lower uri-
nary tracts, intermittent patterns of voiding were ob-
served. They tend to disappear with increasing age, 
and are thought to represent variations between indi-
vidual infants in the maturation of detrusor and 
sphincteric co-ordination during the first 1 to 2 years 
of life. Videourodynamic studies have confirmed 
these findings (6,8-11). 

Between the age of 1 and 2, conscious sensation of 
bladder filling develops. The ability to void or inhibit 
voiding voluntarily at any degree of bladder filling 
commonly develops in the second and third years of 
life. Central inhibition is crucial to obtain continence. 

During the second and third year of life, there is pro-
gressive development towards a socially conscious 
continence and a more voluntary type of micturition 
control develops. The child becomes more aware of 
the sensation of bladder distension and the need to 
urinate, as well as social norms and embarrassment 
associated with urinary incontinence. Through an ac-
tive learning process, the child acquires the ability to 
voluntarily inhibit and delay voiding until a socially 
convenient time, then actively initiate urination even 
when the bladder is not completely full, and allows 
urination to proceed to completion. During the first 
years of life, gradual development to an adult type of 
voluntary micturition control that conforms to the so-
cial norms depends on an intact nervous system, in 
addition to at least three other events occurring con-
comitantly:  

a) a progressive increase in functional storage ca-
pacity,  

b) maturation of function and control over the ex-
ternal urinary sphincter, 

c) and most importantly, achievement of volitional 
control over the bladder-sphincteric unit so that 
the child can voluntarily initiate or inhibit a mic-
turition reflex (12). 
 

The final steps are usually achieved at the age of 3 to 
4 years when most children have developed the adult 
pattern of urinary control and are dry both day and 
night. The child has learned to inhibit a micturition re-
flex and postpone voiding and voluntarily initiate mic-
turition at socially acceptable and convenient times 
and places. This development is also dependent on 
behavioural learning and can be influenced by toilet 
training, which in turn depends on cognitive percep-
tion of the maturing urinary tract. 

It is understandable that this series of complex events 
is highly susceptible to malfunction. Various func-
tional derangements of the bladder-sphincter-peri-
neal complex may occur during this sophisticated 
course of early development of normal micturition 
control mechanisms. These acquired “functional” dis-
orders overlap with other types of bladder functional 
disturbances that may have a more organic underly-
ing pathophysiological basis.  

2. NORMAL VALUES 

2.1. Normal bladder capacity 
Bladder capacity increases during the first 8 years of 
life roughly with 30 ml per year, so with an average 
capacity of 30 ml in the neonatal period, a child's blad-
der volume can be calculated as Y = 30 + 30 X, where 
Y = capacity in ml and X = age in years (Fig 1) (13). 

Hjälmås described a linear correlation that could be 
used up to 12 years of age: in boys, Y = 24.8 X + 31.6, 
in girls Y = 22.6 X + 37.4, where Y is capacity in ml, 
and X is age in years (14).  

It should be noted that these data were obtained dur-
ing cystometric investigations. Cystometric capacity 
is generally less than normal bladder volumes. Obvi-
ously, the relation between age and bladder capacity 
is not linear for all ages, nor is the relation between 
body weight and bladder capacity (15). 

Another formula to calculate bladder capacity in in-
fants is: bladder capacity (ml) = 38 + (2.5 x age (mo)) 
(11).  

Kaefer and co-workers demonstrated that a non-lin-
ear model was the most accurate for the relation be-
tween age and bladder capacity, and they determined 
two practical linear equations: 

Y = 2 X + 2 for children less than 2 years old, and Y 
= X/2+6 for those 2 years old or older; Y = capacity in 
ounces, X = age in years (Fig. 2) (16). 
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Fig 1. Bladder capacity using the formula  

Y = 30 + 30 X 

(Y= capacity in ml, X = age in years) 

None of these formulae have been acquired from a 
population based study and do not reflect normal 
bladder capacity. Normal bladder capacity should be 
regarded as the maximum voided volume of urine and 
shows huge variation. Recent work of Rittig et al 
looked at Maximum Voided Volumes (MVV). The Koff 
Formula showed a reasonably good correlation with 
2836 daytime voids, if first morning voids were ne-
glected (17). 
Girls were found to have a larger capacity than boys, 
but the rate of increase with age was not significantly 

different between them. Data on ‘normal’ bladder ca-
pacity have been obtained in continent children un-
dergoing cystography, with retrograde filling of the 
bladder.  
Data obtained from the International Reflux Study in-
dicate that there is not a linear relation between age 
and capacity and that there is a huge variability. (Fig. 
3) (18).   

 
2.2. Normal voiding 
The micturition frequency of the fetus during the last 
trimester is approximately 30 per 24 hours. It de-
creases to 12 during the first year of life, and after that 
it is gradually reduced to an average of 5±1 voidings 
per day (11, 16).  The normal range for the micturition 
frequency at age seven is 3 to 7 (19). 

By age 12, the daily pattern of voiding includes 4-6 
voids per day (20).  Mattson and Lindström empha-
size the enormous variability of voiding frequencies in 
children: also in individual children, the weight-cor-
rected diuresis could vary up to 10-fold (21). 

 
Fig 3. Bladder capacities determined by VCUG in the 
International Reflux Study 

2.3. Normal voiding pressures 
Bladder dynamics in children have demonstrated de-
velopmental changes with age. Detrusor pressures at 
voiding in children after the age of 2 years are similar 
to adults, with a mean maximum pressure of 66 cm 
H2O in boys, and 57 cm H2O in girls (22). 

These pressures are lower than those reported in in-
fancy by Yeung et al, who found boys having pres-
sures of 118 cm H2O and girls 75 cm H2O (6). 

2.4. Normal urinary flow rates 
Urinary flow rates in normal children have been only 
minimally described. Szabo et al published nomo-
grams for flow rates vs. age in normal children (23).  

As in adults, flow rates are clearly dependent upon 
voided volume, and normal values can only be ap-
plied to flow rates that have been registered when 

Normal urinary flow rates 

 
Fig 2. Bladder capacity using the formula 

Y = (2 X + 2) x 28.35 ml < 2 years 

Y = (X/2+6) x 28.35 ml  > 2 years 

(Y = capacity in ml, X is age in years) 
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voiding at a bladder volume approximating the normal 
capacity for age (21,24). 

 EVALUATION IN CHILDREN 
WHO WET 

Even with clear definitions, the approach to history-
taking and physical examination should be struc-
tured. The child’s complaints at presentation are not 
synonymous with the signs and symptoms that have 
to be checked to arrive at a diagnosis. Also, sociocul-
tural aspects and psychomotor development will dis-
tort the presentation. The International Children’s 
Continence Society has provided two standardisation 
documents on the diagnostic evaluation of children 
with daytime incontinence as well as on the evalua-
tion of and treatment for monosymptomatic enuresis 
(1,2).   Standardisation reports on urodynamic studies 
of the lower urinary and on initial diagnostic evalua-
tion, follow-up and therapeutic intervention in congen-
ital neurogenic bladder and bowel dysfunction in chil-
dren are available (3,4) 

Validated questionnaires are very helpful in structur-
ing the history-taking; they at least provide checklists 
(5). With a structured approach the diagnosis of mon-
osymptomatic nocturnal enuresis can be made with 
confidence. 

When ultrasound imaging of kidneys and bladder, re-
cording of urinary flow, and measurement of post-
void residual are added to history and physical exam-
ination, the clinical entities caused by functional dis-
turbances of the bladder and sphincter mechanism ( 
non-neurogenic detrusor and pelvic floor dysfunction) 
can be diagnosed accurately in the majority of cases, 
and a high level of suspicion can be maintained to-
wards incomplete bladder emptying in both neuro-
genic pelvic floor dysfunction and structurally caused 
incontinence. This is important in view of the potential 
these conditions have to cause irreversible loss of 
kidney function.  

In a minority of incontinent children the non-invasive 
assessment yields equivocal results, or results sug-
gesting gross deviations from normal function. Only 
in these situations is there an indication for invasive 
investigations, such as:  

• Voiding cystourethrography. 

• Invasive urodynamics (cystometry, pres-
sure/flow/EMG studies, videocystometry). 

• Renal scans or intravenous urography. 

• Cystourethroscopy. 

1. HISTORY TAKING 

For the paediatric age group, where the history is 
jointly obtained from parents and child, and where the 
failure to develop bladder control generates specific 

problems, a structured approach with a questionnaire 
is recommended (5,6).   

Level of evidence:  3 

Grade of recommendation: B 

Many signs and symptoms related to voiding and wet-
ting are new to the parents, and they should be spe-
cifically asked for, using the questionnaire as check-
list. If possible the child should be addressed as the 
patient and questioned directly, as the symptoms 
prompting the parents to seek consultation may be 
different from those are problematic for the child. 

A voiding diary is mandatory to determine the child’s 
voiding frequency and voided volumes. Checklists 
and frequency volume chart can be filled out at home, 
and checked at the first visit to the clinic. History-tak-
ing should also include assessment of bowel function; 
a similar proactive process using a questionnaire 
should be followed for defaecation and faecal soiling 
(7).   

The general history-taking should include questions 
relevant to familial disorders, neurological and con-
genital abnormalities, as well as information on previ-
ous urinary infections, behavioural problems, relevant 
surgery and menstrual and sexual function (in puber-
tal and older children).  Information should be ob-
tained on medication with known or possible effects 
on the lower urinary tract.   

The ICCS recommends to screen all children with in-
continence with validated questionnaire forms such 
as CBCL (Achenbach) or Strengths and Difficulties 
Questionnaire (SDQ) (8,9). 

A short screening instrument for psychological prob-
lems in enuresis (SSIPPE) and a disease specific 
quality of life questionnaire for children with LUTD 
called PinQ are also validated tools available to the 
clinician (10,11). If a clinically relevant behavioural or 
emotional disorder is suspected, a full child psycho-
logical or psychiatric assessment is recommended 
(8). 

Sexual abuse can be signalled first by symptoms of 
the lower urinary or gastrointestinal tract (12).  How-
ever, other more specific symptoms of abuse pre-
dominate (13).  

Level of evidence: 4 

Grade of recommendation: C 

2. PHYSICAL EXAMINATION 

Apart from a general paediatric examination, the 
physical examination should include the assessment 
of perineal sensation, the perineal reflexes supplied 
by the sacral segments S1-S4 (standing on toes, 
bulbocavernosus) and anal sphincter tone and con-
trol. Special attention should be paid to inspection of 
the male or female genital region, and of the urethral 
meatus. Asymmetry of buttocks, legs or feet, as well 
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as other signs of occult neurospinal dysraphism in the 
lumbosacral area (subcutaneous lipoma, skin discol-
oration, hair growth and abnormal gait) should be 
specifically looked for (14). 

In examining the abdomen for the presence of a full 
bladder, a full sigmoid or descending colon is a sig-
nificant finding with a history of constipation. 

Detailed questioning of the parents’ observation of 
the child’s voiding habits is essential as is direct ob-
servation of the voiding, if possible. Children may 
have their voiding dysfunction ameliorated or even 
eliminated by correcting anomalies of body position 
detected when observing the child's micturition. Chil-
dren may void in awkward positions, e.g. with their 
legs crossed or balancing on the toilet without proper 
support of the legs, thereby preventing the pelvic floor 
relaxation and obstructing the free flow of urine (15) 
(Fig. 4). 

Level of evidence: 4 

Grade of recommendation: D 

3. URINALYSIS 

In order to be comprehensive, physical examination 
should include urinalysis to identify patients with uri-
nary tract infection, diabetes mellitus, diabetes insipi-
dus and hypercalcuria if iindicated (16). 

4. NON-INVASIVE TECHNIQUES 

The frequency/volume chart is a detailed diary re-
cording each void by time and urine output over 24-
hour periods. The chart gives objective information on 
the number of voidings, the distribution of day and 
night voids, along with the voided volumes and epi-
sodes of urgency and leakage, or dribbling. In order 
to obtain a complete picture, defaecation frequency 
and/or soiling are often also recorded:  this becomes 
termed as bladder-bowel diary due to its complexity. 

For a complete picture of the child’s elimination hab-
its, a 14-day defaecation diary that includes fre-
quency, soiling and stool consistency based on the 
Bristol Stool Form scale and Rome III criteria should 
be documented (17). 

 
Fig 4. Improper position for voiding: the feet are 
not supported (unbalanced position) and the boy is 
bent forward. Support of the feet will correct this and 
will allow the pelvic floor muscles to relax properly. 

The frequency volume chart provides the maximum 
storage capacity as the largest voided volume, exclu-
sive of the first morning micturition which reflects 
overnight urine production and capacity, and is 
termed maximum voided volume (MVV) (18). MVV 
should be referenced during cystometry to prevent 
overfilling.  Whenever possible, filling out the chart is 
the responsibility of the child: the parents provide as-
sistance and support. Ideally the chart should cover 3 
complete days, but in reality completion over a week-
end restricts the record to 2 days (19). The frequency 
volume chart is a reliable non-invasive measure of 
maximum bladder storage capacity and can be used 
as an outcome measure in children with bladder dys-
function if care is taken to minimise confounding fac-
tors and sources of error during chart completion (19).  
The amount of urine voided by a non-supervised child 
during the day varies considerably since the child's 
voidings are dictated more by social circumstances 
and /or bladder activity rather than by bladder capac-
ity. Children with bladder symptoms void smaller vol-
umes of urine than may be expected from traditional 
estimates (19). This is unrelated to either gender, 
type of presenting incontinence or a positive family 
history of bladder dysfunction. The only significant in-
fluence upon voided volumes recorded on a fre-
quency volume chart is the age effect, and voided vol-
umes, even in incontinent children, increase incre-
mentally with age. The frequency volume chart is use-
ful when comparing the mean voided volume and 
standard deviation by a child's age (20,21). 

Validation and test/retest data on frequency/volume 
charts whilst scarce indicate that voiding interval is 
the most variable parameter. Data in normal children 
and in children with different categories of inconti-
nence are available for comparison (19,22,23). 

In order to obtain a complete picture it is better to ask 
for a bladder diary: fluid intake as well as voiding fre-
quency, voided volumes, incontinence episodes and 
defaecation frequency and/or soiling are recorded. 
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Test/retest evaluation is not available; trend analyses 
of frequency/volume charts can be extracted from 
currently available data. 

Level of evidence: 3 

Grade of recommendation: B 

5. QUANTIFICATION OF URINE LOSS 

Subjective grading of incontinence may not indicate 
reliably the degree of dysfunction. For objective grad-
ing, 12-hour pad test and frequency/volume charts 
are validated instruments (23-25). ). One should be 
aware that children tend to do their utmost best when 
filling out diaries and doing pad tests: underestima-
tion is more the case than overestimation (26). 

In children, the 12-hour pad test should also give in-
formation about fluid intake. The pad test is comple-
mentary to the bladder diary, which denotes more the 
frequency of incontinence and the distribution of wet-
ting episodes than the quantities of urine lost.  

The amount of urine lost during sleep can be deter-
mined by weighing diapers or absorbent pads, before 
and after sleep. To obtain a measure of the total noc-
turnal urine output, the volume of the early-morning 
voiding should be added to the amount lost during 
sleep. 

6. SCORING SYSTEMS 

At present three scoring systems, based on validated 
questionnaires have been described. Specific scores 
correlated with lower urinary tract dysfunction with a 
specificity and sensitivity of about 90% (27-29).  

The value of these scoring systems to determine the 
cause of incontinence seems to be of limited value to 
the individual patient, but can be very useful in stud-
ies to determine and compare treatment outcome. 

Level of evidence: 3 

Grade of recommendation: C 

6.1. Quantification of constipation 
Scoring a plain X-ray of the abdomen (Barr score) 
yields inconsistent results in grading constipation. 
(17,30-32) Reproducibility seems to be best using the 
method described by Leech (33-35). A better way to 
match clues from the medical history with signs and 
symptoms is the measurement of colonic transit time. 
As many children with an overactive bladder habitu-
ally use their pelvic floor as an “emergency brake”, 
anomalous defaecation frequency and constipation 
have a high prevalence in this group.   

Diagnosing constipation is important: we recommend 
using the Rome III criteria listed in the table below 
(36). 

The Rome III paediatric criteria for functional con-
stipation  

Functional constipation 

Must include ≥ 2 of the following in a child with a de-
velopmental age of ≥ 4 years  with insufficient criteria 
for diagnosis of IBS: 

• ≤ 2 defaecations per week 

• ≥ 1 episode of faecal incontinence per week 

• History of retentive posturing or excessive voli-
tional stool retention 

• History of painful or hard bowel movements 

• Presence of a large faecal mass in the rectum 

• History of large diameter stools that obstruct the 
toilet 

For a complete picture of the child’s elimination hab-
its, a 14-day defaecation diary that includes fre-
quency, soiling and stool consistency based on the 
Bristol Stool Form scale and Rome III criteria is doc-
umented (17). 

A non-invasive way to determine faecal retention is 
the estimation of rectal diameter on ultrasound. In 
children without constipation the mean diameter was 
2, 2.1 and 2.4 cm in three different studies respec-
tively (37-39). In children with constipation the rectal 
diameter was on average 3.4 cm in the first, 4.9 in the 
second and 4.2 cm in the third study, significantly dif-
ferent from the non-constipated children. Joensson et 
al. also re-measured constipated children 4 weeks af-
ter treatment with laxatives finding the rectal diame-
ters in the constipation group were significantly re-
duced (p < 0.001) (40). 

Finding a dilated and filled rectum on ultrasound while 
the child feels no need to defaecate probably can re-
place a digital rectal examination and a distended 
rectum in ultrasound of 35 mm or more may be one 
of the signs indicative of constipation. 

Overt constipation should be dealt with before em-
barking on treatment of incontinence or bladder and 
pelvic floor dysfunction (41,42). 

Level of evidence 3 

Grade of recommendation: B 

7. URINARY FLOW 

Voiding should be analysed in detail in all incontinent 
children, with the exception of monosymptomatic 
bedwetting, where voiding, as far as we know, is nor-
mal. Graphic registration of the urinary flow rate dur-
ing voiding is a standard office procedure. Flow pat-
terns and rates should be repeated to allow for eval-
uation, and several recordings are needed to obtain 
consistency. Afterwards, parents are asked if their 
child’s flowmetry pattern was representative of their 
voiding. 
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Approximately 1% of school children have a voiding 
that can be labelled abnormal with flattened or inter-
mittent flow curves. The remaining 99% have a bell-
shaped flow curve (43). It should be noted that a nor-
mal flow does not exclude a voiding disturbance, nor 
does an abnormal flow pattern automatically means 
a bladder or voiding dysfunction, as in asymptomatic 
normal schoolchildren abnormal patterns were also 
found (44,45). 

Flow recordings with a voided volume of less than 
50% of the functional capacity are not consistent: 
they represent voiding on command, and many chil-
dren will try to comply by using abdominal pressure. 
On the other hand, overdistension of the bladder can 
result in abnormal uroflow recordings also (46). 

A helpful tool in this respect is the use of trans-
abdominal ultrasound (e.g. bladder scan)  before mic-
turition in order to assess the bladder volume (47,48). 
If the bladder is still nearly empty the child should be 
asked to drink some water until the bladder is full 
enough for a reliable flow.  Urinary flow may be de-
scribed in terms of rate and pattern and may be con-
tinuous, intermittent (in fractions), or staccato (fluctu-
ating). An intermittent flow pattern shows a inter-
rupted flow, whereas in staccato voiding the flow does 
not stop completely, but fluctuates due to incomplete 
relaxation of the sphincter. 

Measurement of urinary flow is performed as a soli-
tary procedure, with bladder filling by diuresis (spon-
taneous or forced), or as part of a pressure/flow 
study, with bladder filling by catheter. Patterns and 
rates should be consistent to allow for evaluation, and 
several recordings are needed to obtain consistency 
(49,50). 

The same parameters used to characterise continu-
ous flow may be applicable, if care is exercised, in 
children with intermittent, or staccato flow patterns 
(Fig. 2 - 5). In measuring flow time, the time intervals 
between flow episodes are disregarded. Voiding time 
is total duration of micturition, including interruptions. 
(Figures 5 – 8) 

Sonographic estimation of Post Void Residual vol-
ume completes the assessment. In children >6 years, 
a repetitive PVR of >20 ml or >10% bladder capacity 
is considered elevated. In children > 7 years, repeti-
tive PVR>10ml or 6% bladder capacity is regarded as 
elevated (51).  Ideally 3 uroflows are representative 
but 2 will suffice as this maintains accuracy and con-
sistency. 

First morning uroflows should be avoided as they may 
exceed normal voided volumes 

Level of evidence: 3 

Grade of recommendation: B 
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Figure 5. Normal urinary flow curves of 2 children. 
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Figure 6: flow curves of 2 children with a static, anatomic obstruction; the curve is continuous but the flow 
is lower than normal and extended in time. 

 
Figure 7: Figure 4: intermittent flow curve in a child voiding with abdominal straining 



 

 
970  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

 
Figure 8: Staccato voiding in a child 

8. ULTRASOUND IMAGING OF 
UPPER AND LOWER URINARY 

TRACT 
In most clinical settings, ultrasound-imaging tech-
niques are routinely used in children with inconti-
nence. Upper tract abnormalities such as duplex kid-
ney, dilatation of the collecting system, and gross re-
flux nephropathy can be readily detected, but detec-
tion of the more subtle expressions of these abnor-
malities requires urological expertise on the part of 
the ultrasound operator (52). 

Lower urinary tract abnormalities are even more diffi-
cult to assess for the inexperienced, aside from blad-
der wall thickness:  a bladder wall cross-section of 
more than 3-4 millimetres, measured at 50% of ex-
pected bladder capacity, is suspicious of detrusor 
overactivity (53,54). Because only a few studies have 
been conducted to compare bladder wall thickness in 
normal children without complaints and in children 
with lower urinary tract dysfunction, more studies 
need to be performed to validate these non-invasive 
techniques (55,56). 

Another possibility is to assess bladder volume and 
bladder wall thickness to calculate the Bladder Vol-
ume  / Bladder Wall Thickness index. In children with 
nocturnal enuresis this index correlated well with re-
sponse to treatment (57).  

8.1. Post-void residual volume 
Except in small infants, the normal bladder will empty 
completely at every micturition (58). 

The identification or exclusion of post-void residual is 
therefore an integral part of the study of micturition. 
However, an uneasy child voiding in unfamiliar sur-
roundings may yield unrepresentative results, as may 
voiding on command with a partially filled or overfilled 

bladder. When estimating residual urine, voided vol-
ume and the time interval between voiding and esti-
mation of post-void residual should be recorded. This 
is of particular importance if the patient is in a diuretic 
phase. In patients with gross vesicoureteral reflux, 
urine from the ureters may enter the bladder immedi-
ately after micturition and may falsely be interpreted 
as residual urine. The absence of residual urine is an 
observation of clinical value, but does not exclude 
bladder outlet obstruction or sphincter / pelvic floor 
overactivity with absolute certainty. An isolated find-
ing of residual urine requires confirmation before be-
ing considered significant, especially in infants and 
young children. 

8.2. Ultrasound-flow-ultrasound 
This combination of imaging and non-invasive urody-
namics is a standardised procedure used to obtain 
representative data on flow rate and flow pattern, as 
well as post-void residual volumes. With ultrasound, 
bladder filling is assessed and when the bladder ca-
pacity is equal to the functional or expected bladder 
capacity for age, the child is asked to void into the 
flowmeter. After recording the flow, post-void residual 
is assessed again.  

This procedure avoids the registration of flow rates at 
unrealistic bladder volumes.  

Alternatively, children can be asked to use a flowme-
ter at home: a special flowmeter has been designed 
to use at home (59). For those children who have dif-
ficulty voiding in a strange environment, this option 
can be useful. 
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9. INVASIVE DIAGNOSTIC 
TECHNIQUES 

The important question (for the incontinent child) 
“whether invasive diagnostic procedures are neces-
sary” is decided by the results of the non-invasive pro-
cedures. 

At present, there are no studies indicating that a vid-
eocystourethrogram (VCUG) is useful in children with 
incontinence, but without urinary tract infections. 

In general urodynamic studies will only be done if the 
outcome will alter the management, and this will also 
depend on whether the possible treatments being 
considered are invasive. The diagnostic information 
needed is that which is necessary to find the correct 
treatment. Indicators include, straining or manual ex-
pression during voiding, a weak urinary stream, pre-
vious febrile urinary tract infection, continuous drib-
bling incontinence or pronounced apparent stress in-
continence, or previously identified dilating 
vesicoureteral reflux. 

The finding of genitourinary abnormalities or signs of 
occult spinal dysraphism at physical examination also 
indicate the need for further diagnostics. Urinary flow 
registration will detect the plateau-shaped flow curve 
typical for structural bladder outlet obstruction, and an 
intermittent flow suggesting detrusor –sphincter- pel-
vic floor dys-coordination (48).  

A clinically significant post-void residual on repeated 
occasions clearly points to incomplete bladder emp-
tying. The pad test will detect the cases with obvious 
stress and urgency incontinence, or continuous drib-
bling. Ultrasound imaging will raise suspicion of an 
ectopic ureter.  

In short, invasive diagnostics are indicated when the 
non-invasive testing raises suspicion of neurogenic 
detrusor-sphincter dysfunction (occult spinal dysra-
phism), obstruction (especially posterior urethral 
valves), genitourinary abnormalities (e.g. epi-
spadias), advanced non-neurogenic detrusor-sphinc-
ter- pelvic floor dysfunction (as in children with 
vesicoureteral reflux and upper tract dilatation and/or 
febrile urinary tract infections), or significant post void 
residuals. 

To diagnose the complex of non-neurogenic detru-
sor-sphincter dysfunction, recurrent urinary tract in-
fections and vesicoureteral reflux, urodynamic stud-
ies are needed in only a minority of all children. 

9.1. Technique of VCUG in children 
Cleanse and rinse the external genitalia with luke-
warm water: do not use detergents. Use a feeding 
tube with side holes and a rounded tip (Ch 06-08) or 
balloon catheter to catheterise the bladder; check the 
urine for infection. Empty the bladder completely be-
fore filling. Use a radio-opaque dye of maximum 30% 

concentration, at body temperature, and fill the blad-
der by slow-drip infusion, with a hydrostatic pressure 
of not more than 40 cm H2O. Note the volume of the 
contrast medium instilled. Use fluoroscopy during fill-
ing at regular intervals. 

Take spot-films (70mm or 90mm camera) with the 
child in supine position, with partial filling and at the 
end of filling, in AP projection, of the complete urinary 
tract. Upper and lower tract should be visible. 

When voiding is imminent, change the position of the 
child so that spot films of bladder and urethra in 3/4 
projection can be taken during voiding. Also take a 
spot film of the upper urinary tract during voiding, as 
the degree of vesicoureteral reflux (VUR) may 
change with the pressure generated by the detrusor 
muscle during voiding. Post-void residual volumes 
vary very considerably with VCUG. The voiding 
phase is critically important to VCUG, both for reflux 
detection and for assessment of voiding dynamics. 
Without a voiding phase the VCUG is incomplete. 

Prophylactic antibiotics are indicated in all children, to 
minimise the risk for post-VCUG urinary tract infec-
tion especially in children with an anatomic abnormal-
ity. 

9.1.1 Indications for VCUG 

A VCUG is an invasive procedure and should only be 
done if the outcome will influence the management. It 
is indicated in children with recurrent urinary tract in-
fections to detect reflux, in children with a dilated sys-
tem on ultrasound and in children with an abnormal 
flow pattern to detect bladder outlet abnormalities 
(like valves, strictures or a syringocoele). 

In children with incontinence the lateral projection 
during voiding is the most important part of the study. 
Especially in children with stress incontinence or a 
neurogenic bladder the position and configuration of 
the bladder neck during filling and voiding should be 
noted. 

In children with non-neurogenic detrusor-sphincter- 
pelvic floor dysfunction as well as in children with neu-
rogenic detrusor-sphincter dyssynergia, the proximal 
urethra may show the so-called ‘spinning top’ config-
uration, during filling and during voiding. With detru-
sor and pelvic floor muscles contracting at the same 
time, the force of the detrusor contraction will dilate 
the proximal urethra down to the level of the forcefully 
closed striated external sphincter. The resulting ‘spin-
ning top’ configuration used to be seen as a sure sign 
of distal urethral stenosis, a concept held responsible 
for recurrent urinary tract infections in girls, with ure-
thral dilatation or blind urethrotomy as the obvious 
therapy. However, urodynamics made it clear that the 
‘spinning top’ will only appear when detrusor and pel-
vic floor contract synchronously, which makes it a 
functional anomaly, not an anatomical one (60,61).   

Women often recall their experience with VCUG as 
young girls in terms bordering on abuse. The use of 
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VCUG in children should be limited to the absolutely 
necessary. 

9.1.2 (Video)-Urodynamics 
In children urodynamic investigations should only be 
performed if the outcome will have consequences for 
treatment (62-64). Furthermore like VCUG it may be 
considered when invasive or surgical interventions 
are planned. The main question is whether the urody-
namic study will provide new information that cannot 
be obtained otherwise and will influence the further 
management. From the few studies that have ad-
dressed this issue it can be concluded that urody-
namic studies in the majority of cases do not provide 
significant additional information to justify this type of 
investigation as a routine procedure in children (65-
67).   

Both children and parents need careful preparation 
and adequate information before the study is done. It 
is an invasive procedure and artefacts may occur. Be-
cause of the invasiveness of the investigations all 
children are anxious and this may be reflected in the 
outcome of the study. Especially during the first filling 
cycle, when the child does not know what to expect, 
detrusor overactivity may be seen and the voiding 
phase can be incomplete due to contraction or incom-
plete relaxation of the pelvic floor muscles during 
voiding. Once the child knows that filling and voiding 
are not painful a subsequent filling and voiding cycle 
may show a completely different pattern. The study 
should be repeated at least 2 or 3 times. Only if during 
the first filling cycle, no detrusor contractions are seen 
and also the voiding phase is in accordance with his-
tory and uroflow, it is probably sufficient to do only 
one complete filling and voiding cycle (68). 

Still the results may not always be reproducible and it 
should be stressed that the primary objective is to 
treat the child and not a “urodynamic abnormality” per 
se.  

Special attention should be given to a pleasant sur-
rounding for the child: one or both parents should be 
present and young children may be given a bottle. 
Older children may be distracted by watching a video 
movie. The child should be awake, non-anaesthe-
tised and neither sedated nor taking any drugs that 
affect bladder function. Intranasal midazolam may be 
administered in certain situations where high anxiety 
levels cannot be mollified, as this drug appears to be 
innocuous regarding outcome of the study (69). 

During the study the investigator has the opportunity 
to observe the child and discuss various findings and 
correlate them to what the child feels and/or normally 
would do in such circumstances.    

Because UDS is an invasive procedure artifacts may 
influence accurate interpretation of results (70) 

In children, the transition from filling phase to voiding 
phase is not as marked as in adults. To avoid missing 
this important transition, cystometry and pressure-
flow/EMG measurements are performed as one con-
tinuous study in paediatric urodynamics.  

Electromyography of the pelvic floor muscles is as-
sumed to evaluate the activity of the striated urethral 
sphincter, in the filling phase and in the voiding 
phase. Surface skin electrodes are usually used to 
record the EMG. In children the pelvic floor EMG is 
probably of much more importance than in adults as 
it helps to differentiate the different voiding disorders. 

Filling the bladder can be achieved by diuresis (natu-
ral fill cystometry) or retrograde by catheter. For ret-
rograde filling by catheter, saline 0.9% or contrast 
medium at body temperature is recommended in chil-
dren. Especially in young children some urodynamic 
parameters, such as capacity and detrusor activity 
are influenced by the temperature of the filling fluid. 
Although the clinical relevance is as yet unknown, it 
is recommended to fill the bladder with fluid of body 
temperature (71).  

When filling by catheter, slow fill cystometry (5 – 10 
percent of expected bladder capacity per minute 
(based on the voiding diary), or < 10ml/min) is recom-
mended in children. 

Involuntary detrusor contractions may be provoked 
by rapid filling, alterations of posture, coughing, walk-
ing, jumping, and other triggering procedures. 

The presence of these contractions does not neces-
sarily imply a neurological disorder. In infants, detru-
sor contractions often occur throughout the filling 
phase (Figure 9). 

Bladder sensation is difficult to evaluate in children. 
Only in toilet-trained cooperative children is it a rele-
vant parameter. Normal desire to void is not relevant 
in the infant, but can be used as a guideline in chil-
dren of 4 years and older. Normal desire to void 
should be considered the volume at which some un-
rest is noted, e.g. wriggling the toes; this usually indi-
cates voiding is imminent. In the older child, the vol-
ume may be small with the first cystometry, for fear of 
discomfort. Also involuntary detrusor contractions oc-
cur more often during the first filling cycle (71). This is 
the reason that in paediatric urodynamics at least two 
cycles of filling are recommended. 
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Fig. 9.Urodynamic study illustrating involuntary detrusor contractions, counter action of pelvic floor muscles 
(guarding reflex) and incomplete pelvic floor relaxation during voiding resulting in post void residual urine 
(detrusor overactivity + dysfunctional voiding) (72). 

Maximum cystometric capacity (MCC) is the volume 
in the bladder at which the infant or child starts void-
ing. The value for maximum cystometric capacity is 
derived from volume voided plus residual volume. 
Values for MCC should be interpreted in relation to 
normal values for age. 

Compliance indicates the change in volume for a 
change in pressure. For children with neurogenic de-
trusor-sphincter dysfunction, data are available relat-
ing poor compliance to the risk of upper urinary tract 
damage (73). 

The usual notation for compliance is a single value, 
but a full characterisation of compliance may be help-
ful, as some children have varying compliance factors 
throughout filling (74). This variability depends on 
several factors: rate of filling, which part of the curve 
is used for compliance calculation, shape (configura-
tion) of the bladder, thickness, and mechanical prop-
erties of the bladder wall, contractility, relaxability of 
the detrusor, and degree of bladder outlet resistance 
(68). 

The urethral closure mechanism during storage may 
be normal or incompetent. The normal urethral clo-
sure mechanism maintains a positive urethral closure 
pressure during filling, even in the presence of in-
creased abdominal pressure or during detrusor over-
activity (guarding reflex) (72). An incompetent closure 
mechanism is defined as one that allows leakage of 
urine in the absence of a detrusor contraction. 

In urodynamic stress incontinence, leakage occurs 
when Pves exceeds Purethra (intraurethral re-
sistance) as a result of an increase in intraabdominal 
pressure, often in conjunction with low Purethra (72). 
Although common in multiparous females, it is ex-
ceedingly rare in paediatrics but may be noted in ath-
letically active teenage girls (77). Immediately prior to 
micturition the normal closure pressure decreases to 
allow flow.   

Bladder outlet obstruction, recorded with a pressure / 
flow study, may be anatomical or functional in nature. 
An anatomical obstruction may be present at the 
bladder neck or in the urethra as a stenosis or a stric-
ture when there is a small and fixed urethral diameter 
that does not dilate during voiding. As a result, the 
flow pattern is plateau shaped, with a low and con-
stant maximum flow rate, despite high detrusor pres-
sure and complete relaxation of the urethral sphinc-
ter. In a functional obstruction, it is the active contrac-
tion of the urethral sphincter or pelvic floor during pas-
sage of urine, that creates the narrow urethral seg-
ment as a constant or intermittent obstruction. To dif-
ferentiate anatomical from functional obstruction, in-
formation is needed about the activity of the urethral 
sphincter during voiding. This information can be ob-
tained, and recorded together with pressure and flow, 
by monitoring the urethral pressure at the level of the 
urethral sphincter, or by recording a continuous elec-
tromyogram of the pelvic floor, as in clinical practice 
the urethral sphincter is not readily accessible, and 
the electromyogram of the external anal sphincter is 
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often used to monitor activity of the striated urethral 
sphincter. This corresponds to activity of the pelvic 
floor muscles. Also the use of video urodynamics can 
be very helpful in this respect, as contractions of the 
pelvic floor muscles can actually be seen during the 
voiding phase (Fig 5 and 6). 

In infants and small children, pelvic floor muscle over-
activity during voiding (with post-void residuals) is not 
uncommon: in all probability, it is a normal develop-
mental feature (75,76). 

9.1.3 Cystoscopy 
In the majority of children cystoscopy is not indicated. 
In boys with therapy resistant incontinence, an abnor-
mal flow pattern, especially in combination with a his-
tory of (recurrent) urinary tract infection is suspicious 
of infra-vesical obstruction such as bladder neck ob-
struction, urethral valves, syringocele etc. A VCUG 
may not always show these abnormalities and pres-
sure flow curves may be equivocal (78).  

In girls the flow may be directed upward, indicating an 
abnormal meatal position or stenosis. A dorsal mea-
totomy generally solves this problem. It has been pos-
tulated that in girls the abnormal direction of the 
stream triggers the bulbocavernosus reflex resulting 
in dysfunctional voiding (79). 

 CHILDREN WITH NIGHT TIME 
INCONTINENCE 

Nocturnal enuresis is a complex disorder, with multi-
ple pathogenetic factors, treated by multiple disci-
plines but seldom in a multidisciplinary setting, lead-
ing to confusing terminology. To avoid further confu-
sion, this an update to previous ICI-papers, largely 
keeping the same definitions and structure [1], inte-
grating with recent ICCS standardisation papers [2]. 

1. DEFINITION  

Nocturnal enuresis (NE) is involuntary voiding of 
urine during sleep a week, in children over 5 years of 
age in the absence of congenital or acquired defects 
of the central nervous system [3]. Parental concern 
and child distress affect the clinical significance of the 
problem [4], and is to some extent country and culture 
dependent. Most children who wet at night after age 
five should be considered as patients with enuresis, 
although decision to start diagnostic and therapeutic 
approach must take in account that several factors in-
cluding the child’s development level play a role. The 
age criterion of five is not only epidemiology driven, 
but reflects the natural course of achieving bladder 
control [5-7], as well the maturation of the circadian 
rhythm of diuresis. Epidemiology demonstrates that 
girls acquire earlier continence than boys, a gender 
difference that disappears after the age of 10 years 

[5,8,9]. Research on pathophysiology has demon-
strated that both diuresis-rate and bladder dysfunc-
tion might play a role in this sex difference. 

NE is bedwetting without daytime symptoms. Non-
monosymptomatic or polysymptomatic NE describes 
children with both day and night-time wetting [10], but 
further finetuned by including also patients with other 
daytime symptoms (LUTS) than incontinence [2,11]. 

This subtyping is essential for appropriate diagnostic 
and therapeutic approach in first line, but there is a 
large overlap in pathogenesis between both groups. 
Where all patients with NMNE have underlying blad-
der dysfunction 

2. SEVERITY 

Nocturnal enuretics vary in wetting frequency. Alt-
hough fifteen percent wet each night, most children 
wet less frequently [2, 12]. In a population survey of 
nearly 1,800 Irish children aged 4 –14 years, Devlin 
found the frequency of wetting as follows: less than 
once per week in 33 percent, once per week in 11 
percent and 2 to 4 times per month in 25 percent [13]. 
Some children and parents are concerned about an 
occasional wet bed, while others accept regular wet-
ting.  

Various definitions have complicated the literature 
and research. Applying the criteria set forth by the 
DSM-5 and ICD-10, enuresis and daytime urinary in-
continence is a significant condition if it occurs >1 ep-
isode per month and a frequency of 3 episodes over 
3 months. We propose in the future to follow the ICCS 
definition to qualify the significance of enuresis as fre-
quent (>4 per week) or infrequent (<4 per week), to 
homogenise literature and future studies [2]. Severe 
bedwetters at the age of 5 years have a poor progno-
sis, with a spontaneous regression-rate of only 50-
60% [9]. 

3. PREVALENCE 

Bedwetting is common. In the United Kingdom, esti-
mates approximately 750,000 children and young 
people over 7 years regularly wet the bed. In the 
United States 5 to 7 million children regularly experi-
ence primary NE [14-16]. The prevalence of bed-
wetting might vary regionally, although self-reporting 
might underestimate the real problem, because of the 
taboo in several cultures. In China, where parents 
take children out of diapers earlier, bedwetting seems 
to resolve more quickly. For example, in a large sur-
vey from Shandon, the proportion of children attaining 
nocturnal urinary control before age 2 was 7.7%; by 
age 3, this had increased to 53.1%, and by age 5 to 
93%. The overall prevalence of NE was 4.3%, with a 
significantly higher prevalence in boys than girls. 
There was no additional decrease in the prevalence 
of enuresis between 6 and 16 years [17]. This can 
suggest that structured awakening and toileting is ef-
fective treatment for monosymptomatic NE, even in 
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small children, although the observation of CK Yeung 
suggests that in Hong Kong a progressive increase of 
self-reported enuresis rate could be explained by in-
creased awareness and less taboo, but probably also 
because of changing lifestyle and nutritional habits [8, 
9, 18]. 

Bedwetting becomes less common with advancing 
age. In the West, 15 per cent of children each year 
develop nocturnal bladder control [3]. By adulthood, 
bedwetting is rare. Hirasing et al sampled over 13,000 
adults [18-64 years] and found only two decades ago 
an overall prevalence rate of NE at 0.5% [19]. Of 
these, 12 percent of men and 29 percent of women 
had daytime incontinence. Despite persistence of 
wetting into adulthood, 50 percent of men and 35 per-
cent of the women never seek help for their problem. 
The enuresis prevalence of 0.5% in otherwise healthy 
adults in Hirasing’s study refers to a largely untreated 
population. Fifty percent of the men had primary enu-
resis and had never been consistently dry at night. 
Assuming a prevalence of enuresis of 8 percent in 7-
year-old boys, the risk for an enuretic boy to remain 
so for the rest of his life is 3 percent. CK Yeung doc-
umented that the severe cases had only a spontane-
ous regression-rate of 50-60 % [18]. 

Adults with enuresis represent a “hard core” group 
with worse symptoms.  These individuals are likely to 
have associated LUTS during daytime%. Goessaert 
documented that in patients with long-term follow up 
1/3 patients persisted to have symptoms into adult-
hood, especially in a subgroup with nocturia (p<0.01) 
[22].  

4. INHERITANCE 

Bedwetting runs in the family of many children who 
suffer from bedwetting.  In one study, A positive family 
history was found in 94 families (23%) of 411 pro-
bands with PNE, including 49% of fathers, 9% of 
mothers, 6% of both parents, 6% of the siblings and 
30% of grandfathers or (and) mothers. Among the 
probands the ratio of male to female was 1.3:1 ex-
cluding sex-linked inheritance. Family studies indi-
cated autosomal dominant inheritance in 15%, and 
autosomal recessive inheritance consistent in 1.46% 
of families. Thus, the mode of inheritance is usually 
autosomal dominant; if both parents were nocturnal 
enuretics as children, the risk for their children is from 
65 to 85 % [3,23]. If only one parent has NE the risk 
is about 45 percent [24].  

Molecular studies have clearly shown that NE is a 
complex disease with locus heterogeneity and no 
clear genotype-phenotype association.   

Linkage studies to determine the location of the ge-
netic changes have suggested foci on several genes. 
Linkage studies to markers on chromosomes 4p, 8q, 
12q and 13q and 22s demonstrate both clinical, as 
well as genetic heterogeneity in nocturnal enuresis 
[25-29]. So far, there has been no reported associa-
tion of the genotype with a phenotype of enuresis 

[29].  The weak indications from genetic studies might 
indicate only autosomal monogenetic inheritance in a 
minority of cases, where in many families the predis-
position might be multifactorial. 

5. SEX AND MONOSYMPTOMATIC 
NE 

Boys suffer nocturnal enuresis more frequently. In a 
population survey in London of 706 families, a higher 
prevalence was found for boys than girls, at age 3 
years, with 56 percent of boys and 40 percent of girls 
being wet at night more than once a week [30].  More 
recent studies are consistent [31]. Surveys of mono-
symptomatic NE undertaken in Great Britain, Holland, 
New Zealand and Ireland suggest that the prevalence 
for boys is 13-19% at 5 years, 15-22% at 7 years, 9-
13% at 9 years and 1-2% at 16 years. For girls, the 
prevalence rates are about half: 9-16% at 5 years, 7-
15% at 7 years, 5-10% at 9 years and 1- 2% in the 
late teenage years [5, 6, 13].  Although monosympto-
matic NE is more common in young boys, by adoles-
cence the incidence in males is the same as in fe-
males [9, 32]. This might be explained by gender dif-
ference in maturation of the bladder, but also in renal 
sensitivity to vasopressin, not only in the elderly but 
also in children [33,34,35,36]. 

6. CLASSIFICATION 

6.1. Primary versus secondary nocturnal 
enuresis 

Children who have never been free of bedwetting for 
6 months have primary NE. Secondary NE is the re-
emergence of wetting after a period of being dry for 
at least six months. A birth cohort of 1265 New Zea-
land children studied over 10 years by Fergusson et 
al found an increased risk of secondary nocturnal en-
uresis with age [37]. The proportion of children who 
developed secondary enuresis was 3.3 percent at 5 
years, 4.7 percent at 6 years, 6.2 percent at 7 years, 
7.0 percent at 8 years, 7.5 percent at 9 years and 7.9 
percent at 10 years. But all studies failed to document 
how many patients with secondary enuresis, were to-
tally symptom free, including absence of LUTS during 
daytime and nocturia. In the past, major attention was 
given to the psychological comorbidities: Secondary 
NE is associated with a higher incidence of stressful 
events particularly parental separation, disharmony 
between parents, birth of a sibling, early separation of 
the child from parents and psychiatric disturbance in 
a parent [24, 37, 38]. Von Gontard and colleagues 
found children with secondary enuresis had signifi-
cantly more emotional difficulties compared to those 
with primary NE. Their evidence also suggests chil-
dren with secondary enuresis, compared to those 
with primary enuresis, are more likely to have behav-
ioural problems, a finding which corresponds to that 
of McGee et al [1, 39, 40]. 
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Both Jarvelin and Fergusson et al argue that primary 
and secondary enuretics are similar [37, 41]. They be-
lieve the two share a common organic aetiological ba-
sis. The rate the child acquires primary control influ-
ences his or her risk of secondary enuresis. The pri-
mary form is the consequence of a delay in matura-
tion of the physiological mechanisms. The child’s ca-
pacity to sustain and maintain nocturnal bladder con-
trol is manifest in the rate at which he or she acquires 
control. On the other hand, this capacity determines 
the child’s susceptibility to lapsing back to night wet-
ting when exposed to stress. Psychological factors 
should be considered as comorbidities. 

Other sources of secondary enuresis must be ex-
cluded prior to proceeding with treatment for enure-
sis.  These include sleep apnoea from obstructive air-
way disease, obesity, constipation and infrequent or 
dysfunctional voiding. Treatment of sleep apnoea 
from an obstructed airway has been shown to im-
prove or eliminate NE in some children following sur-
gery or medical management [42, 43]. Obesity has 
been associated with nocturnal enuresis both inde-
pendently [44-47] and in the context of sleep apnoea 
[48-51].  

6.2. Mono-symptomatic versus non-mono-
symptomatic NE 

Mono-symptomatic NE refers to those children who 
report no other bladder or voiding problems associ-
ated with wetting. Non-mono-symptomatic NE refers 
to bedwetting, that is associated with overt detrusor 
overactivity or voiding problems such as urgency, fre-
quency and bladder holding during the day [52, 53].  

This classification becomes important when consid-
ering the most appropriate treatment intervention. 
Many parents are unaware of daytime symptoms 
when seeking help for bedwetting and when identified 
these symptoms should be treated prior to interven-
tion for the NE. Between 10-28% of children with NE 
have associated daytime wetting, and were consid-
ered according to the old ICCS standardisation [54] 
as NMNE. If so, these children should be considered 
day and night incontinent. In these cases, night time 
incontinence is not any longer an isolated phenome-
non but part of the symptomatology of day and night 
time incontinence. These children are more resistant 
to treatment and more vulnerable to relapse [55]. 
These boys and girls are more appropriately man-
aged in the context of the primary bladder problem. 

7. PATHOPHYSIOLOGY OF 
MONOSYMPTOMATIC NE 

NE stems from a mismatch of functional bladder vol-
ume overnight and, nocturnal urine output and the 
ability for the child to arouse during sleep. Night wet-
ting is considered normal/ acceptable until age 5. De-
layed maturation in one or more of the following sys-
tems results in NE: overactive bladder (OAB), or de-

creased arginine vasopressin (AVP) release are con-
sidered to play a major role. In desmopressin refrac-
tory nocturnal polyuria, more complex pathogenetic 
mechanisms are involved, such as abnormal circa-
dian rhythm of different renal functions resulting in a 
relative increased solute excretion during the night 
[56-60]. The third parameter is an inability to wake 
from sleep to full bladder sensations [61, 62]. Combi-
nations of all three problems may be present. 

A unifying and simplistic concept with important clini-
cal implications, is that NE is caused by a mismatch 
between nocturnal bladder capacity and the amount 
of urine produced during the night, combined with de-
layed or incomplete arousal response to the afferent 
neurological stimulus of the full bladder (Figure 1 and 
2). 

7.1. Increased nocturnal urine output 
In normal children, the circadian rhythm of urine pro-
duction results in a nocturnal reduction in diuresis to 
approximately 50% of daytime levels [63, 64]. In chil-
dren, this is the result of nocturnal release of hor-
mones that regulate free water excretion (arginine 
vasopressin, (AVP) [65, 66] or solute excretion (angi-
otensin II and aldosterone) as well [67, 68] as haemo-
dynamic homeostasis [69] and may result from circa-
dian changes in glomerular filtration [70-72]. In the 
normal child, this results in increased urine concen-
tration and reduced urine volume during sleep, in 
presence of decreased osmotic excretion. Therefore, 
children who are not enuretic sleep through the night 
without being wet and do not need to rise to void. 

Two thirds of patients with mono-symptomatic NE [2] 
have been found to have a lack of circadian rhythm of 
vasopressin, resulting in high nocturnal urine produc-
tion, which exceeds bladder capacity [65, 73, 74]. Rit-
tig et al and Norgaard et al demonstrated abnormali-
ties in the circadian rhythm of AVP secretion resulting 
in increased nocturnal urine output that exceeded 
bladder capacity in children with nocturnal enuresis 
[65] [66, 73]. These children make more urine at 
night, and often overcome their bladder capacity and 
wet early in the night. Abnormalities can also be in-
trinsic, related to reduced nocturnal circadian 
changes in glomerular filtration rate (GFR) [70, 72] or 
in sodium and calcium excretion [59, 75-78].  

Detection of low plasma vasopressin levels, GFR as-
sessments or specific sodium and calcium excretion 
are too difficult to measure as first line investigation. 
Instead, we look for clinical signs of low vasopressin 
during the assessment interview. Weighing the dia-
pers and adding the first morning void provides the 
total nocturnal urine output.  if this total exceeds the 
child’s functional bladder capacity this may indicate 
nocturnal polyuria. Nocturnal polyuria is defined as 
nocturnal diuresis >130% of expected bladder capac-
ity for age, this is based on expert opinion [79]. If we 
would indicate the diuresis volume that might predict 
desmopressin response, >100%EBV seems to be 
more appropriate [80]. Nocturnal urine output varies 
appreciably from night to night [36, 81], but seems 
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larger in children with NE who respond best to 
desmopressin (dDAVP) [82]. 

By the time the child becomes an adolescent, the cir-
cadian rhythm is less prominent.  In adolescents and 
adults with nocturnal enuresis, there is no diurnal 
rhythm of plasma vasopressin concentration.  The 
changes in urine production at night occur from a de-
crease in the urinary sodium excretion that is not due 
to differences in concentration of AVP but due to a 
lack of sensitivity to AVP [64, 83] [84] with resultant 
increased urine output [56, 85]. 

There may be a small sub-group of children with im-
paired renal sensitivity to vasopressin or desmopres-
sin [57, 81, 86]. Recent work by Devitt et al suggests 
that 18 percent of children have ‘normal’ levels of 
plasma vasopressin release but remain enuretic [74, 
87]. These children all failed to respond to a thera-
peutic dosage of desmopressin. This finding could in-
dicate renal insensitivity to vasopressin but could also 
be indicative of detrusor overactivity or a small func-
tional bladder capacity. Total urine output during the 
night could be helpful in differentiating between the 
two conditions.  The archetype of patients with NE 
and increased nocturnal urine output generally has a 
normal functional bladder capacity and a favourable 
response to dDAVP [88] [11, 80, 82], while the arche-
type of patients with OAB, will reduce fluid intake as 
compensatory mechanism, and have low diuresis vol-
umes overnight, but the combination exists. 

7.2. Detrusor overactivity during the night 
The detrusor, to function appropriately, needs to be 
relaxed during filling and allow an appropriate func-
tional capacity. Detrusor overactivity usually causes 
small voided volumes resulting in a decreased func-
tional bladder capacity [89]. 

Watanabe and his colleagues, employing EEG and 
cystometry recording during sleep, discovered that 32 
percent of children with NE had involuntary detrusor 
contractions that resulted in enuresis [90-93]. These 
children had smaller functional bladder capacities at 
the point of wetting, than children with enuresis who 
did not have detrusor overactivity.   Functional blad-
der capacity – defined as the largest daytime void on 
a frequency- volume (F/V) chart, after excluding the 
first morning void, may give a reasonably accurate 
assessment of daytime functional bladder capacity 
(FBC). Reduced functional bladder capacity, when 
below 70% of predicted FBC for age, is likely to result 
in poor response to dDAVP treatment [80, 94]. Day-
time bladder capacity is smaller than night time ca-
pacity in children without NE [95]. 

The pattern may be different at night. Yeung et al re-
ported that 44 percent of treatment failures [with 
desmopressin or the enuresis alarm] have normal 
daytime bladder function but marked detrusor over-
activity during sleep resulting in enuresis [96]. Almost 
none of these children had nocturnal polyuria. Ultra-
sound studies of the bladder furthermore revealed an 

increased bladder wall thickness in these children 
[97] [98].   

When further segregated prior to treatment, in-
creased bladder wall thickness and bladder volume 
predicted the response to therapy in children with 
their primary nocturnal enuresis (more than three 
nights weekly). In one study, Yeung, et al. [97], corre-
lated ultrasound measured parameters and urody-
namic findings. Of 35 children with frequent NE, blad-
der wall thickness index was normal in only eight pa-
tients. It was less than 70% of predicted in 24, and 
more than 130% in three.  When bladder volume and 
wall thickness index was correlated with ultrasound, 
87% of the patients with a normal index exhibited a 
normal bladder pattern on imaging and 96% of pa-
tients with an index less than 70 exhibited detrusor 
over activity on ultrasound. All the children with a nor-
mal index either had a complete or good response to 
conventional treatment for nocturnal enuresis, 
whereas 62% of those with an index less than 70 % 
did not respond to treatment. With longer follow-up, 
bladder dysfunction had resolved in 38% of the chil-
dren with an initial index of less than 30, all of whom 
had a good response to treatment. The bladder dys-
function persisted in the 63% of children who had par-
tial or no response to treatment.  What this means is 
that ultrasound measured bladder parameters may 
segregate children, prior to management of primary 
nocturnal enuresis, into groups that have a favoura-
ble outcome and those that do not, following conven-
tional treatment. These studies will become more and 
more important in helping to predict response of vari-
ous treatment regiments in the future.  

This approach may be even more important in adults 
with refractory monosymptomatic nocturnal enuresis.  
Bower, et al. [99] found that in 56 consecutive ado-
lescents and adults compared with 293 normal 
adults, there were significantly higher childhood 
scores of urgency, frequency, urgency incontinence, 
infrequent voiding and small volume voids than their 
normal non-enuretic counterparts. This suggests that 
adolescents and adults with persistent nocturnal en-
uresis may have a more significant bladder compo-
nent, particularly since the majority of patients with 
adult type nocturnal enuresis do not seem to exhibit 
the nocturnal polyuria problem seen more commonly 
in the smaller children. 

7.3. Lack of arousal  
The fundamental mechanism resulting in nocturia or 
NE is that the bladder fills to its capacity during sleep 
and needs to empty (Figure 1). Bladder fullness is 
due to nocturnal polyuria and/or a reduction of the 
bladder capacity due to detrusor overactivity during 
sleep.  The arousability differentiates patients with di-
uresis/ bladder volume mismatch into enuresis ver-
sus nocturia, but does not reflect underlying / associ-
ated sleep disturbances neither CNS dysfunction. 

From an adult patient point of view, these factors do 
not fully explain why the enuretic child does not wake 
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up during the night to the sensation of a full or con-
tracting bladder. Regardless of whether the child has 
detrusor overactivity or nocturnal polyuria, the enure-
sis event results from the child’s inability to awaken 

from sleep to empty prior to the wetting episode. How-
ever, we must admit that the majority of children be-
come dry, without nocturia, what might indicate that 
nocturia is a defence against diuresis/mismatch only 
present in children with high arousability. 

 
Figure 1: Basic pathophysiology of NE or nocturia. When the bladder is full because of  (relative) polyuria 
and/or a reduced bladder capacity, the child either wakes up to void (nocturia) or voids while sleeping (NE). 
The two archetypes nocturnal polyuria and overactive bladder are well defined, but combination of both fac-
tors might be present. In additional it should be stressed that the enuresis and/or nocturia might be continu-
ous or intermittent.

Recent findings suggest that the issue of decreased 
arousability is not the same as deep sleep. 

There is a widely-held belief amongst parents and 
some clinicians that enuretics are deep sleepers. This 
is logical, since many of the children exposed to alarm 
therapy sleep through the alarm while family mem-
bers awaken. Nevéus reviewed by questionnaire 
1413 schoolchildren between the ages of six and ten 
and noted that enuresis was associated with subjec-
tively high threshold arousal and significant confusion 
upon awakening from sleep [100].  Wolfish, in a study 
of 15 enuretic and 18 control boys and girls found that 
enuretics wet most frequently during the first two-
thirds of the night and that arousal attempts were less 
successful in enuretics than in normals [101, 102]. 
This might explain why the most heavily endorsed 
view of both children and parents, regarding the aeti-
ology of NE is a belief in deep sleep [103]. The recent 
findings of Dhont and Van Herzeele favour a dis-
rupted sleep, with increased arousals, rather than a 
deep sleep [104-110]. 

Enuretic episodes occur during all stages of sleep in 
proportion to the amount of time spent in that stage 
and appear to occur independent of sleep stage but 
occur when the bladder is at a volume equivalent to 
the maximal daytime functional capacity [111-114]. 
Bedwetting children sleep normally but are unable to 
suppress nocturnal detrusor contractions or awaken 
in response to them or to bladder fullness. 

Waking becomes easier as the night progresses. 
However, several authors have found that children 
with NE are also more likely to wet in the first third of 

the night, often in the first two hours following sleep 
[101, 102, 113, 115-119]. Thus, the point of bladder 
fullness for most enuretic children coincides with a 
time of night where they find it most difficult to wake 
from sleep, and not always when there is already an 
apparent diuresis / bladder mismatch: maybe diure-
sis-rate is more important than absolute volume, or 
OAB overnight is unidentified [120].   

7.4. Comorbidities 
There is increasing interest in comorbidities, not only 
coinciding with enuresis, but with common pathways 
in pathogenesis and/or interfering with therapy re-
sponse. 

7.4.1 Sleep disturbance 
There is increasing evidence that sleep disturbance 
alone, or in combination with disrupted homeostasis 
play a role in the pathogenesis of nocturnal enuresis.  

Recently it was documented that enuretic children did 
not exhibit deep sleep, but rather a disturbed sleep 
with increased PLMS, cortical arousals, and awaken-
ings [104, 107-110], both in patients with refractory 
enuresis and in children with monosymptomatic + 
nocturnal polyuria. Polysomnography studies docu-
mented a significant difference in PLMS index, 
arousal index, and awakening index compared with 
healthy control subjects. The presence of sleep frag-
mentation does not exclude a high sleep pressure or 
high arousal threshold. The role of sleep fragmenta-
tion in children with NE was earlier emphasised using 
sleep actigraphy [121]. Obstructive airway syndrome 
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(OSAS) causes nocturnal polyuria in both children 
and adults, eventually resulting in enuresis. The prev-
alence of this NE subtype in patients primarily con-
sulting for enuresis is not known, but the anti-enuretic 
response to OSAS therapy suggests that in refractory 
cases this might be considered [48-51].   

In conclusion, albeit there is little doubt that sleep 
and/or arousal plays a role in the pathophysiology of 
NE the clinical relevance and possible implications 
are still unclear and, so far, sleep investigation is not 
part of routine evaluation of enuretic children. 

Dhont and van Herzeele published evidence that the 
superficial sleep, was coinciding with neurocognitive 
dysfunctions, thereby undermining earlier opinions 
that sleep patterns of children with NE are no different 
from control children [107, 110]. These neurocogni-
tive dysfunctions were already documented in the 
past. In patients with enuresis. treatment of the enu-
resis resulted in amelioration of sleep quality and neu-
rocognitive functioning [110]. 

7.4.2 Neurocognitive comorbidities. 
Several neurocognitive comorbidities, coincide with 
nocturnal enuresis and might play a role, not only in 
pathogenesis but certainly in therapy resistance, 
such as psychological / behavioural problems; and at-
tention deficit, neurocognitive dysfunction. 

Psychological comorbidity among children with func-
tional urinary incontinence is high: 20-30% of children 
with nocturnal enuresis (NE), 20-40% of children with 
daytime urinary incontinence (DUI), and 30-50% of 
children with faecal incontinence (FI) have clinically 
relevant comorbid disorders [1, 122-134]. Both inter-
nalising and externalising characteristics are repre-
sented [131, 135-137]. The best documented comor-
bidity conditions are attention deficit/hyperactivity dis-
order (ADHD) and oppositional defiant disorder 
(ODD). Attention deficit disorders coincide with higher 
prevalence of enuresis (both MNE and NMNE), 
where the prevalence of ADHD in the enuresis popu-
lation is up to 4 times higher than the background 
population. The association of abnormal prepulse in-
hibition (Startle reflex) in both ADHD and enuresis pa-
tients, might suggest a common central nervous path-
ogenic pathway but this is far from fully understood 
[138-141]. 

Frietag et al studied brainstem evoked potentials in 
37 children with nocturnal enuresis and compared 
these aged 8 to 14 years, with 40 controls, mean age 
10 years, and found that interpeak latencies of the 
brainstem evoked potentials were increased in chil-
dren with nocturnal enuresis, suggesting that a matu-
rational deficit of the brainstem was present in chil-
dren with nocturnal enuresis. Differences in visually 
evoked potential latencies might point to a reason be-
hind functional cortical differences in children with 
family history of nocturnal enuresis [142]. 

Freitag’s study would suggest that a maturational ef-
fect is present [143]; however, overnight studies in 

enuretic children with simultaneous sleep electroen-
cephalographic and cystometry have revealed 
marked detrusor overactivity, only occurring after 
sleep at night and not during wakeful periods during 
the day [143]. Because this pattern has not been ob-
served in normal non-enuretic subjects, even during 
the new-born period, one may hypothesize that this 
could be due to a small neurologic lesion affecting a 
tiny area near the pontine micturition centre, the pos-
terior hypothalamus (responsible for secretion of an-
tidiuretic hormone) or the locus coeruleus which may 
be the cortical arousal centre [144] [145]. 

Another interesting study by Baeyens et al. [138] 
showed a convincingly significant difference between 
children with enuresis and control groups, and the 
startled eye blink reflex which improved with matura-
tion but did not seem to correlate with resolution of 
enuresis. Clearly there is considerable work that is re-
quired to further unravel the mechanisms behind per-
ceived differences in arousal between enuretic and 
non-enuretic children.   

7.4.3 Constipation 
The coexistence of LUT symptoms and functional 
constipation and/or faecal incontinence in children is 
not uncommon and was previously identified as Dys-
functional Elimination Syndrome’ [146-148] and more 
recently as ‘Bladder and Bowel Dysfunction’ (BBD) 
[147]. 

Although the association with dysfunctional voiding, 
decreased voiding frequency and underactivity is ob-
vious, there is also a clear comorbidity between blad-
der overactivity (urgency), increased voiding fre-
quency, bladder underactivity and constipation. It is a 
well-established clinical experience that treatment of 
defecation problems in children with BBD enhances 
successful management of lower urinary tract disturb-
ances such as daytime urinary incontinence (DUI), 
enuresis, and urinary tract infections (UTIs) [40, 147, 
149, 150]. Treatment of the bowel dysfunction gives 
amelioration of the voiding disorder and should be 
first line treatment [151]. 

7.4.4 Mentally and motor disabled 
It is evident that many of these children have under-
lying or associated bladder-dysfunctions. These chil-
dren may also suffer from typical enuresis nocturna, 
but we should consider their maturation level, and, if 
this is delayed, initiate appropriate therapy which 
takes this into account [152]. 

Children who do wake up but are afraid to go to the 
bathroom [63], and therefore wet their bed should be 
identified as their treatment, for obvious reasons, is 
completely different [153]. 
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8. MANAGEMENT OF NOCTURNAL 
ENURESIS 

The age at which the child and his or her parent be-
gins to be concerned about bedwetting varies. Hjal-
mas et al. noted that, “for successful treatment of noc-
turnal enuresis, the child must be brought to the phy-
sician by the parents who are concerned and the phy-
sician must have the necessary knowledge about the 
condition and be motivated to start treatment [63]. To 
fulfil these requirements, parents, teachers, and 
nurses in primary care need to understand nocturnal 
enuresis and be ready to treat the child, regardless of 
age according EBM based guidelines, against “Dr. 
Google” directed information. There remains a big 
task for demystification not only for patients/parents 
but also care givers in primary care. 

Nocturnal enuresis is thought of as a social problem 
and less of a medical problem; therefore, since most 
children stop wetting as they mature and since no ill 
health follows bedwetting in most cases, there is a 
tendency for many practitioners to take a “wait and 
see” approach despite the fact that the family and the 
child in many cases are quite disturbed. In one study, 
3803 French school children aged between five and 
ten years noted the prevalence of primary nocturnal 
enuresis to be 9.2%. The majority of the children 
noted that bedwetting bothered them and hoped that 
a doctor could help them.  In this survey, a question-
naire was addressed to mothers of enuretic children, 
100 school teachers and 100 school doctors. The 
mothers had a relatively tolerant attitude but two-
thirds had consulted a doctor. Most of the doctors had 
proposed no solution or a “wait and see” attitude or 
treatment with a drug rather than an alarm. From this 
study, we may conclude that considerable work 
needs to be done to help educate not only parents but 
teachers and even physicians about the importance 
of treatment of nocturnal enuresis as well as support-
ive care [154]. 

The actual timing of treatment for nocturnal enuresis 
may vary depending on the needs of the child and the 

parent. Toilet training age may be different in different 
societies [155]. For example, toileting in Asia may 
begin earlier than in North America or other parts of 
the world [61, 154, 156, 157]. Toilet training should 
be started when both the child and parents are ready. 
Most studies appear to show that children start train-
ing between 24 and 36 months of age with a current 
trend toward later completion than in previous gener-
ations. This is markedly different than noted in some 
Asian cultures where training appears to begin much 
earlier. Toilet training should occur in an environment 
that is comfortable for the child. Unfortunately, toilets 
in most household bathrooms are adult sized, making 
it difficult for the child who needs to climb to the top of 
the toilet to relax.  In these cases, a potty chair to toilet 
train the child, and once the child is old enough, he or 
she should be transitioned to an over-the-toilet seat 
with a footstool to allow optimal posture for voiding.  
Parents should encourage children to relax and take 
time to completely empty the bladder [63]. 

It is essential that both the child and his or her parents 
understand bedwetting pathophysiology and treat-
ment philosophy. The clinician should give the child 
general advice such as what to eat and drink and to 
void regularly during the day, abstain from drinking 
too much during the late afternoon and evening and 
have relaxed routines at bedtime. The clinician 
should stress that NE is common and usually repre-
sents a delay in maturation without any psychopatho-
logical undertone. Up to 19 percent of children will be-
come dry within the next 8 weeks without any further 
treatment besides good counselling [63, 156, 158]. 

8.1. Evaluation / intake 
Over past decades several attempts have been made 
to standardise qualitative intake of patients, although 
still limited translated into primary care. Hjalmas rec-
ommended a careful history which will be summa-
rised in these next few paragraphs. (Figure 2, table 
1). This approach, which has been recommended by 
the International Children’s Continence Society, pro-
vides an excellent guide toward the taking of a history 
for a child with nocturnal enuresis, with a few adapta-
tions over time [11, 63, 159-161]. 

 
Figure 2: Schematic work-up in patients presenting with night-time wetting 

1. History: standardized questionnaires 
- Nocturnal enuresis 
- LUTS 
- Comorbidities 
 - Bowel, psychology, sleep 
 

2. Diary 
1. to confirm clnical history 
2. to objectivate bladder characteristics 
3. to objectivate nocturnal diuresis 
4. to document lifestyle 

3. Physical examination 
- normal anatomy, psychomotor 
  development 
- exclude abnormalities genital area and 
  back, neurological abnormalities 

> No additional and invasive procedures if  
   1,2 and 3 are reassuring = majority of  
   naïve cases with MNE 
> Suspicion if screening is indicative for 
   underlying disorder or if therapy resistant 
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8.2. frequency volume chart (FVC).   
Parents are asked to record a two-day three-night 
record. This includes recording the child’s fluid intake 
and urine output, frequency of micturition and the fre-
quency and pattern of voiding. The largest single mic-
turition is considered the functional bladder capacity. 
This chart can be performed beginning on a Friday 
evening and concluding on Sunday on any weekend 
[11].   

Symptoms of nocturnal enuresis [11, 53, 161].  A 
careful history should include questions about the 
age of onset of nocturnal enuresis, length and circum-
stances of dry spells, number and time of episodes of 
nocturnal enuresis or nocturia, presence of daytime 
voiding symptoms or urinary tract infection, posture 
while voiding, daytime and evening fluid intake, sleep 
habits, frequency and consistency of bowel move-
ments and psychosocial situation. One must estab-
lish whether, or not, symptoms represent primary or 
secondary nocturnal enuresis. It is critical to search 
for new psychological problems that might cause sec-
ondary nocturnal enuresis, particularly when the child 
presents with nocturnal enuresis after a prolonged 
period of dryness. The personality of the child, family 
situation, school environment, and presence of alter-
native caregivers might have an appreciable impact 

on voiding habits and will influence management op-
tions (43).  Children may drink large volumes of fluid 
in the hours before sleep and this may result in noc-
turnal enuresis or nocturia.   

It is helpful to determine the number of hours of sleep 
and to compare this to standard charts of average du-
ration of sleep by age. Morning fatigue may be the 
result of obstructive sleep apnoea or restless legs 
syndrome. Other symptoms of sleep apnoea include 
mouth breathing, snoring, and restless sleep [11, 63]. 
More attention should be given to sleep hygiene: is 
the child drinking, eating prior to sleep? Is the child 
voiding just before bedtime?  Is the light turned off 
immediately after going to bed? 

It is important to rule out symptoms of anatomical or 
physiological urological conditions that may lead to 
nocturnal enuresis. Many of these conditions are cov-
ered in other parts of this section, and include a failure 
to store urine or failure to empty urine. Storage symp-
toms include increased frequency, urgency, and ur-
gency incontinence including squatting behaviour, 
daytime incontinence and the sensation to need to 
void again. The clinician must carefully assess day-
time wetting, particularly in older children. In many 
cases, the child may hide these symptoms from the 
clinician and the family.   

Table 1, simple overview of items to be investigated in children with enuresis. 

 history diary 

Enuresis nocturna  

night time episodes only Y/N n = /w Y/N n = /w 

nocturia Y/N n = /w Y/N n = /w 

Exclusion daytime symptoms  

Daytime incontinence:  
timing before  
             or after void?  
Very wet pants? 
Frequency of leakage, 
Intermittent versus continuous leackage 

Y/N  
Y/N  
Y/N  
Y/N  
n = /w 
Interm /cont. 

Y/N  
Y/N  
Y/N  
Y/N  
n = /w 
Interm /cont. 

Urgency  Y/N  

Frequency  
     >8  
       or < 3 x/day 

 
Y/N  
Y/N 

 
Y/N  
Y/N 

Voiding postponement Y/N Y/N 

Interrupted stream Y/N Y/N 

Urinary tract infections Y/N Y/N 

History uropathy Y/N Y/N 

Comorbidities  

Sleep disorders: restless legs, arousals, sleepwalking, 
snoring 

Y/N Y/N 

Psychological comorbidity Y/N  

ADHD, ADD, autism Y/N  
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 history diary 

Mentally and motoric disabled Y/N  

Constipation, soiling Y/N Y/N 

Lifestyle  

Sleep hygiene: 
Hours + timing of sleep + waking up 
Voiding prior to bedtime 
Once in bed immediately sleeping 

 
      /  
Y/N 
Y/N 

 
      /  
Y/N 
Y/N 

Fluid intake 
Enough, spread over the day 
No drinking before sleeping time or overnight 

Y/N 
Y/N 
Y/N 

Y/N 
Y/N 
Y/N 

 

Children void four to seven times a day or about every 
two to three hours [11, 80, 162]. If the child is voiding 
significantly more frequently than eight or more times 
a day, this may suggest incomplete emptying or over-
active bladder. Urgency is present in many children 
and posturing, including squeezing or crossing the 
legs, squirming while standing or sitting, or physically 
compressing the genital area with a hand is all sug-
gestive of overactive bladder due to detrusor overac-
tivity which may or may not be associated with dys-
functional voiding. Other causes include urinary tract 
infection, polyuria from diabetes mellitus or diabetes 
insipidus, which can also cause more frequent void-
ing [63]. Treatment for these symptoms is covered in 
other sections within this chapter.   

Additional symptoms during the daytime include con-
tinuous dribbling between voids that can come from 
an ectopic ureter bypassing sphincter mechanisms, 
from failing to empty the bladder or from sphincter in-
competence. Also, continuous leakage can result 
from neurological causes or anatomical causes such 
as epispadias, or a closed bladder exstrophy or uro-
genital sinus.   

Lastly, children may have incomplete emptying from 
true dysfunctional voiding which results from the 
sphincter or pelvis floor contracting at the same time 
as the detrusor contracts during micturition. In addi-
tion, detrusor underactivity may result from neuropa-
thy from diabetes mellitus and in some cases condi-
tions such as the prune belly syndrome will result in 
detrusor underactivity. Lastly, urethral strictures may 
result in incontinence due to detrusor overactivity with 
poor bladder emptying. Boys with posterior urethral 
valves or Cobb’s collar may also have incomplete 
emptying. Lastly, the clinician should be alert for 
symptoms of constipation and faecal incontinence 
[163]. It is a common misconception that if a child is 
stooling once per day then he or she is not consti-
pated.  In fact, the best symptom of constipation is the 
infrequent or painful passage of hard small pellet-like 
stools. Faecal incontinence may also be present, the 
principal sign of this being faecal material in the un-
derwear. Excessive stool retention may result in blad-
der dysfunction. In these cases [164], this may result 
in increased urethral sphincter and pelvic floor activity 

and explain the association of voiding dysfunction 
with incomplete voiding. Treatment of constipation 
may result in improvement in enuresis [151]. 

8.3. Physical examination 
Anatomical and behavioural causes for enuresis may 
be identified through a careful physical examination. 
Evidence of improper gait, spinal deformities, and 
foot abnormalities including asymmetry, high-arched 
feet, or hammer toes are signs of sacral neuropathy. 
Physical signs of occult spinal abnormalities such as 
dimples, tufts of hair, skin discoloration, lipoma, 
asymmetrical buttocks and gluteal clefts are also im-
portant. A careful abdominal examination with em-
phasis on the left lower quadrant may identify the co-
lon full of firm stool. In most cases, a rectal examina-
tion is not performed but in some cases this may also 
be indicated. Occult faecal impaction, poor perineal 
sensation and reduced anal sphincter tone can be in-
dicative of neuropathy.   

In boys, marked narrowing of the urethral meatus 
(when the meatal lips are separated and no mucosa 
is seen), must be identified and carefully noted. If 
these signs are present, the boy should be asked to 
void so the clinician can witness and record the flow 
rate and residual urine. Narrowed or displaced uri-
nary stream is suggestive of meatal stenosis. 

In girls, the introitus should be identified for the posi-
tion of the urethra. Evidence of wetting or irritation of 
the labia or vagina should be identified, as this could 
be suggestive of post-void dribbling or incomplete 
emptying with incontinence due to either detrusor 
overactivity or sphincter weakness [2, 146]. 

8.4. Laboratory examination 
There is very little laboratory examination that is re-
quired in patients with nocturnal enuresis other than 
a urinalysis to rule out UTI and evidence of glycosuria 
and a urine culture if the urinalysis is suggestive of 
infection [63].  

Urodynamics and imaging have no place in the initial 
intake and therapeutic approach of a child with mon-
osymptomatic nocturnal enuresis. If there is any sug-
gestion, however, that daytime wetting is occurring, 
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and then a full evaluation of the daytime problem 
should precede the evaluation for nocturnal enuresis. 

9. THERAPY  

The management of NE depends on: 

• the child’s motivation to participate in treatment 

• exclusion of confounding psychosocial factors 

• providing information and instruction about daily 
habits, underlining the importance of having reg-
ular fluid intake, regular voidings, and relaxed 
routines at bedtime 

• regular review of the new intervention 

The therapist should convey a sense of understand-
ing and compassion to both the child and the family. 
Education about the problem and a realistic discus-
sion about the prognosis will help instil competence 
in the treatment offered which may improve both com-
pliance and outcome [82, 165-167]. 

9.1. Evidence based recommendations for 
treatment.   

First line treatment and preliminary steps: primary 
and secondary forms of nocturnal enuresis are 
treated the same. If faecal incontinence, constipation 
or daytime wetting is present, these should be treated 
first [146, 151, 164]. 

All guidelines advocate urotherapy as first line ther-
apy, although the evidence in children with NMNE is 
low, and efficacy is questioned [161, 168]. However, 
it is rational to initially normalise lifestyle and to give 
first urotherapy-advice. 

However, treatment modalities like lifting, fluid re-
striction, dry-bed training, retention control training, 
psychotherapy, acupuncture, and hypnosis all have 
insufficient data in the literature to recommend any of 
them.  However, non-invasive behavioural modifica-
tions such as resisting over-hydration in the evening 
are appropriate recommendations at the initiation of 
therapy. Normal fluid intake, but spread over the day 
should be advocated, to reduce osmotic excretion 
overnight [59]. The child must void before bed. Ex-
cessive protein or sodium intake should be avoided 
in the evening, since it will result in osmotic diuresis 
[59, 75, 76, 78]. During the day, the child should be 
instructed to void regularly, not to hold urine until the 
last minute, and to relax and take time to completely 
empty. If deemed important by the parents, a letter 
should be sent to the school to explain this.   

Timing of treatment for the child who wets is depend-
ent on the family’s desire and the child’s desire. As a 
good rule of thumb, children should be six to eight 
years of age.  Some children, however, may want to 
wait until later. Others may be ready closer to age six. 
It is important for the parents to know that relapses 
can occur. The successful treatment of children with 

nocturnal enuresis has a foundation of realistic ex-
pectations and a motivated family [63]. 

Before starting treatment, a “baseline” meeting with 
counselling, provision of information, positive rein-
forcement, reassurance that 15% of children with mild 
enuresis (<4/7d) resolve each year, and increasing 
motivation should occur first. Children are asked to fill 
out a calendar or chart depicting the wet and dry 
nights. Children became significantly drier in two non-
randomised trials associated with fewer wet nights 
simply by focusing them more on record keeping and 
true reward charts [121].  

It is also important to be realistic about parental ex-
pectations, including the next steps of EBM, the alarm 
and desmopressin, where success-rates after 1 year 
do not exceed 60%, relapse free. 

9.2. Enuresis alarm 
The underlying mechanism of action of the alarm re-
mains uncertain [169], and interpretation of the data 
in the literature when using the new ICCS definitions, 
unknown, since almost all studies have been per-
formed with poor differentiation of MNE from NMNE, 
according to the new standards [2, 54, 63, 79, 170].  

In unselected or poorly subtyped patients with enure-
sis, the enuresis alarm is the most effective means of 
facilitating arousal from sleep and remains the most 
effective way to treat NE [171-174]. There is an aver-
age success rate of nearly 68% with efficacy increas-
ing with the duration of therapy. Relapse rates in the 
6 months following treatment are in the order of 15 - 
30 %, significantly lower than for desmopressin in un-
selected populations. Alarm therapy has been shown 
in a meta-analysis to have a 43% lasting cure rate 
[175-178].  

Better results occur with optimal motivation of the 
child and family and higher frequency of wet nights. 
Reduced efficacy is associated with the lack of con-
cern shown by the child, lack of supervision, incon-
sistent use, family stress, abnormal scores on behav-
iour system checklists, psychiatric disorder of the 
child, failure to awaken in response to the alarm, un-
satisfactory housing conditions and more than one 
wetting episode per night.  Enuresis alarms require 
several months of continuous use and are, therefore, 
unsuitable for some families [11, 179, 180].  

For optimal results, alarm therapy should be individu-
alised; it requires a motivated family and child with 
significant commitment to time and effort. The impact 
on other family members should be considered. In 
some families, alarm therapy may wake other mem-
bers of the family and may increase parental annoy-
ance and place a child at increased risk for physical 
or emotional abuse. Be aware of the burden, if the 
alarm is activated early in the night or several times 
per night, especially because these are predictive of 
resistance. Close follow-up is important to sustain 
motivation, troubleshoot technical problems, monitor 
the therapy [63], and identify the burden. The exact 
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mechanisms of action for alarm treatment are un-
known. The effects are not due to classical condition-
ing, as stimulus awakening occurs after and not be-
fore wetting.  Instead it is clearly an operant type of 
behavioural approach, i.e. a learning programme with 
positive reinforcement that includes aversive ele-
ments.  Dryness is reached either by waking up lead-
ing to “nocturia” in 35% of children or by sleeping 
through the night with a full bladder in 65%.  Body 
worn (vibrating) alarms are at least as effective as 
bedside alarms [121].    

The family should continue alarm therapy for at least 
14 consecutive dry nights – or a maximum of 16 
weeks before discarding it as ineffective [11].  Com-
pliance remains a problem: dropout rates are rarely 
disclosed in reported studies. Proper guidance and 
instructions are mandatory.  

The key to success is not the stimulus intensity of the 
alarm triggering, but the child’s preparedness to 
awake and respond to the signal. Comparison of the 
different types of alarm did not show significant out-
comes. 

In general, alarm treatment is more effective than 
other forms of treatment and the lasting cure rate 
about twice as high. 

Level of evidence 1  

Grade of recommendation A 

In some cases, alarm therapy can be enhanced using 
the alarm in addition to other behavioural compo-
nents. Overlearning (giving extra fluids at bedtime af-
ter successfully becoming dry using an alarm) and 
avoiding penalties may further reduce the relapse 
rate [171]. 

9.3. Dry bed training  
This is a package of behavioural procedures used in 
conjunction with the enuresis alarm first described by 
Azrin et al [181, 182].  It incorporates: 

• the enuresis alarm 

• cleanliness training (encouraging the child to 
take responsibility for removing of wet night 
clothes and sheets, re-making the bed and reset-
ting the alarm),  

• waking schedules – to ease arousability from 
sleep as described above and involving: 

o for the first night, waking the child each hour, 
praising a dry bed, encouraging the child to 
decide at the toilet door whether he or she 
needs to void, and on returning to bed the 
child is encouraged to have a further drink   

o On the second night, the child is awakened 
and taken to the toilet 3 hours after going to 
sleep. For each dry night, the waking time is 
advanced by 30 minutes. If the child is wet 
on any night, the waking time stays at the 
time of the previous evening. The waking 

schedule is restarted if the child begins wet-
ting twice or more in any week, stating again 
3 hours after sleep. 

High success rates and low drop out have been re-
ported although relapse rates are no different than 
enuresis alarm treatment alone. Modifications are ad-
vocated to remove some of the more punitive ele-
ments of the programme but at best, it is a complex, 
time consuming and a demanding technique [171, 
183, 184]. 

Hirasing et al found 80 % success with group admin-
istered dry bed training. Girls responded better than 
boys [185].  Most parents were satisfied with the pro-
gramme but opinions of the children were divided. 
Factors related to failure were the child’s age, bed-
wetting frequency, secondary enuresis or family his-
tory. In another study, they found a positive effect on 
behavioural problems [186].  

An important component analysis by Bollard & Net-
telbeck found that the enuresis alarm accounted for 
most of the success achieved through dry bed train-
ing.  They believe that a large proportion of the com-
ponents of the procedure can be eliminated without 
sacrificing much of its overall effectiveness and that 
the waking schedule coupled with the enuresis alarm 
is as effective as the complete dry bed-training pro-
gramme [187, 188]. 

Level of evidence: 2  

Grade of recommendation D (no more effective 
than alarm treatment alone) 

9.4. Arousal training 
Arousal training entails reinforcing appropriate be-
haviour [waking and toileting] in response to alarm 
triggering. The aim is to reinforce the child’s rapid re-
sponse to the alarm triggering, not on ‘learning to 
keep the bed dry’.  

The instructions involve: setting up the alarm before 
sleep 

• when the alarm is triggered the child must re-
spond by turning it off within 3 minutes 

• the child completes voiding in the toilet, returns 
to bed and re-sets the alarm 

• when the child reacts in this fashion he is re-
warded with 2 stickers 

• when the child fails to respond in this way the 
child pays back one sticker 

Van Londen et al first described this procedure with a 
group of 41 children, aged 6-12 years, with predomi-
nantly primary enuresis [189].  They reported 98 per-
cent success [14 consecutive dry nights] compared to 
73 percent success with alarm monotherapy. The dif-
ference was significant [p<0.001]. Ninety-two per cent 
remained dry after 2 ½ years: a very low relapse rate. 
An extraordinary aspect of this study was the lack of 
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contact between therapist and parents. All those in-
cluded were parents who had ordered an alarm from 
a rental agency and were given the instructions with 
the alarm. The authors conclude that arousal training 
is ‘definitely the treatment of choice for enuretic chil-
dren between 6 and 12 years’. Compared with other 
studies, and considering experience of daily practice, 
one may question the very high success rate in this 
group of patients.  

Level of evidence: 3 

Recommendation: grade C 

9.5. Pharmacological treatment 
Based on the three main causes of enuresis, namely 
nocturnal polyuria, detrusor overactivity, and disorder 
of arousal, the pharmacological treatment is designed 
to address these three areas. Table 2 shows rates of 
efficacy.   

9.5.1 Desmopressin therapy [190-198] 
Arginine vasopressin (AVP) or antidiuretic hormone 
(ADH) is normally produced in the hypothalamus and 
released in the pituitary in response to hyperosmolal-
ity or hypovolaemic conditions.  Vasopressin acts on 
the collecting ducts and distal tubules to enhance wa-
ter absorption. AVP, by virtue of an independent vas-
oconstrictor effect, is also a potent vasopressor. 
Desmopressin (or dDAVP) is an analogue of vaso-
pressin created by deaminating the cystine residue at 
position 1 and substituted D-arginine for L -arginine 
at position 8. These changes result in significantly in-
creased antidiuretic activity but loss of vasopressor 
activity. The half-life of Desmopressin is 1.5 to 3.5 
hours.  In a larger portion of children with monosymp-
tomatic nocturnal enuresis, the normal circadian var-
iation in urine production with nocturnal rise of vaso-
pressin is absent.  In these cases, dDAVP would 
seem to be particularly appropriate. Desmopressin is 
easy to administer and the clinical effects appear 
within 1 hour. 

Several formulations are on the market: rhinyl nasal 
solution, desmopressin nasal spray, desmopressin 
oral tablet and the desmopressin oral lyophysilate 
(sublingual), all characterized by rather low bioavail-
ability, with large intra-individual variability (0.08-
0.16% in adults); only the last 2 formulations have a 
licence for enuresis in children [196, 197]. The in-
tranasal form is no longer recommended for nocturnal 
enuresis, because of concern about water-intoxica-
tion, because of unpredictable nasal reabsorption in 
children. 

The low bioavailability is largely related to the peptide 
structure, making oral /intestinal reabsorption very 
difficult, although pharmacodynamic effects remains 
very predictable, and when used lege artis, is rarely 
associated with serious adverse effects. It is available 
as a tablet (dosage, 0.2–0.6 mg) or a fast-melting oral 
lyophilisate (Melt; dosage, 120–240 μg). The latter is 
a recommended formulation for all children and is 
preferred by children under 12 years [197, 199-201]. 

It is not affected by nasal congestion or gastrointesti-
nal transit and does not require fluid intake. Since tab-
lets require up to 200 ml of fluid intake, which is ~25% 
of a 7-year-old’s bladder capacity, the Melt formula-
tion is more suited to the antidiuretic indication of 
desmopressin. Good pharmacodynamic data are 
available for the Melt and its dosing in children with 
enuresis [197, 202] [58]. 

Some patients have a delayed response and a small 
group of children who do not respond to desmopres-
sin in ordinary dosage will become dry when the dose 
is increased, but this off-label use should be restricted 
to expert centres [203, 204].  Desmopressin may be 
particularly beneficial in the child with limited numbers 
of wet episodes per week. Often advice is given to 
use it as added security on special nights such as a 
sleepover. There is no sound medical evidence for 
this advice as intermittent regimens have never been 
proven to be beneficial [80].  

Nocturnal polyuria is a characteristic of children that 
respond the best to desmopressin [56, 80, 205]. ICCS 
defines nocturnal polyuria >130% of expected blad-
der capacity for age, but the DRIP study showed that 
diuresis lower than 60%EBV is likely desmopressin 
resistant, where diuresis>100% has a 60% response-
rate. 

The efficacy of desmopressin in the treatment of en-
uresis is well documented [57, 192, 193, 206]. In a 
Cochrane Library, meta-analysis 17 controlled trials 
all showed superiority of desmopressin compared to 
placebo regardless of the route of administration 
[194, 207]. An estimated 70% of the enuresis popula-
tion has full or partial response to the drug [110] and 
the response to desmopressin is highly dependent on 
factors such as nocturnal urine production and blad-
der capacity. The few studies that have tried to com-
pare different doses of the drug reveal comparable 
efficacies [191, 208-210].  Several key issues should 
be taken into consideration, when the drug is pre-
scribed. 200 to 400 mg tablets are considered bioe-
quivalent to 120-240 µg Melt and are the therapeutic 
range for children with MNE between 7 - 18 years. 
The recently documented size relationship could 
mean that higher dosages might be needed in some 
of the larger children [200]. 

Medication should be taken 1 h before the last void 
before bedtime to allow timely enhanced concentra-
tion of urine to occur. Fluid intake should be reduced 
from 1 h before desmopressin administration and for 
8 h subsequently to encourage optimal concentrating 
capacity and treatment response, as well as to reduce 
the risk of dilutional hyponatraemia/ water intoxication 
[82, 194, 197, 199]. 

Desmopressin is only effective on the night of admin-
istration; therefore, it must be taken daily. Full adher-
ence is required to avoid wet nights. Desmopressin 
acts immediately, but in our expert opinion, the initial 
duration of treatment should be for 2–6 weeks, to as-
certain its anti-enuretic effect [11]. If a sufficient de-
gree of improvement is experienced, then treatment 
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can be continued for an additional 3 months—where 
appropriate. Country-specific regulations regarding 
treatment breaks should be followed. If patients are 
dry on treatment after this initial period, breaks are 
recommended to ascertain whether the problem has 
resolved and therapy is no longer necessary. If the 
child does not achieve complete dryness, or if wetting 
resumes once treatment is withdrawn, it should be 
continued or resumed. There is some evidence that 
structured withdrawal of medication may reduce re-
lapse rates following its discontinuation [211,212]. 
Desmopressin is well tolerated, but clinicians should 
be aware that it is a potent antidiuretic and families 
must be educated regarding the rare possibility of pa-
tients developing hyponatraemia/water intoxication 
with symptoms including headache, nausea, and 
vomiting [196]. Self-titration of medication should be 
avoided (opinion).  

Adherence to the drug is important. It is estimated 
that ~30% of non-responders are not taking medica-
tion correctly [166, 167, 213]. Non-adherence to rec-
ommendations regarding timing of medication, void-
ing before bed time, and limitation of evening fluids 
can increase treatment success [214]. Moreover, 
compliance is often overestimated, both by patients 
and clinicians; therefore, it should be documented in 
a diary. Regular contacts between caregiver and pa-
tient are necessary to keep up compliance. Patients 
who appear treatment-resistant should be advised of 
the importance of full adherence and asked if they 
have had any difficulty with complying with recom-
mendations. We may also neglect that in divorced 
families, information must be given to both parents, 
so that the treatment is appropriately given on daily 
basis 

Desmopressin has higher success rates in children 
with large bladder and nocturnal polyuria [35, 80, 
215]. The response rated of the initial studies of >70% 
have been decreasing in more recent studies to 20-
30%, since the prevalence of occult OAB patients 
with small bladder volume and low nocturnal diuresis 
volume was high in these populations [216]. There 
are several unanswered questions regarding desmo-
pressin therapy. It is still unclear whether desmopres-
sin treatment leads to better long-term outcome than 
the spontaneous cure rate. The long-term cure rate of 
15- 30% annually is higher than the spontaneous 
cure rate [193, 206, 217]. Long-term follow up 
showed persistent LUTs symptoms in the patients 
with NMNE and not in the MNE patients [22].  The 
suggestion that tapering of the dose and the struc-
tured withdrawal programme should be beneficial is 
still unproven [211, 218]. 

Desmopressin: Tolerability and Safety  

Considering the worldwide prescription-rate, desmo-
pressin, is an extremely safe product, if correctly 
dosed and fluid intake is withheld after administration. 
There are no reports of water-intoxication with the 
melt or the tablet, at correct doses, since the spray 
was withdrawn. On the other hand, we cannot stress 

enough that the drug should be correctly adminis-
tered, since every year there are reports of children 
taking it in the morning. 

We reinforce the ICI-advice that a rigid regimen of wa-
ter restriction must be enforced for two hours prior to 
bedtime and to allow one eight-ounce (300 ml) glass 
of water at dinner and nothing for two hours prior to 
bedtime. In a survey on hyponatraemia in patients 
with nocturnal enuresis, by Robson and Noorgard in 
1996, it was found that in most children water intoxi-
cation was due to considerable intake of water during 
the time the child was taking the desmopressin [219-
221].    

The results of numerous clinical trials have shown 
that desmopressin is well tolerated even during long-
term treatment and associated with a low risk of ad-
verse events.  In the SWEET study, only six of 242 
children (2.5%) withdrew during the long-term treat-
ment because of very mild adverse events following 
the administration of intranasal desmopressin.   

Predictors of Response:  

Translating results from historical studies with no, or 
old ICCS standardisation of enuresis-patients re-
mains difficult. The SWEET study found that those 
who improved or became dry during desmopressin 
were older (greater than 8 years), had fewer wet 
nights during baseline, and had only one wet episode 
during the week and responded initially to the small-
est dose of desmopressin used in the study [52, 206, 
208, 222, 223].  The DRIP study documented that the 
highest response rate was in older children, with less 
severe bedwetting, nocturnal polyuria and larger 
functional bladder volumes. A low diuresis-volume, 
<60% of EBV overnight, is highly predictive of desmo-
pressin resistance; this is logical, since low diuresis-
volume coincides with already presence of maximal 
concentrating activity of the kidney, where desmo-
pressin cannot have additional value [80, 201]. 

There is considerable evidence that desmopressin 
works better than placebo. In one study, patients on 
desmopressin were 4.6 times more likely to achieve 
14 consecutive dry nights compared with placebo 
[207].  However, relapse after short-term treatment is 
common. Sixty-one percent of 399 patients six to 12 
years of age recruited from a primary care in one 
study responded to desmopressin initially [206].  Us-
ing intention to treat analysis 19% (77 of the 399) re-
mained dry off medication and 18% were dry while 
still on desmopressin, thus not significantly better 
than the spontaneous cure rate. This suggests that 
desmopressin, by reducing the urine output over-
night, reduces nocturnal enuresis but does not signif-
icantly affect the resolution rate over time above the 
spontaneous rate.   

Although several studies have shown that dDAVP is 
a well-tolerated and safe drug, even during long-term 
usage, one must be aware that dDAVP is a potent 
antidiuretic drug and that there have been reports of 
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severe water retention with hyponatraemia and con-
vulsions, but these are infrequent [204, 208, 219, 
220, 224-231]. 

Level of evidence: 1 

Grade of recommendation: A 

9.5.2 Combined treatment with alarm and 
desmopressin 

Combined treatment may be superior to use of the 
alarm alone, especially for non-responders of each 
individual treatment. In this approach, treatments are 
started at the same time: the rapid action of dDAVP 
is believed to facilitate the child’s adaptation to the 
alarm [232-237]. After 6 weeks, the dDAVP is discon-
tinued while the alarm treatment is continued until the 
child becomes completely dry. Compared with either 
therapy alone, the combination is particularly effec-
tive in children with high wetting frequencies and be-
havioural problems. Combination with full-spectrum 
therapy may even yield higher success rates [232, 
238].   

van Kampen et al reported their results of ‘full-spec-
trum’ therapy in 60 patients: they were treated for 6 
months with a combination of alarm, bladder training, 
motivational therapy and pelvic floor muscle training: 
52 patients became dry.  The combination of alarm 
with six weeks of 40ug Desmopressin intranasally 
was better than alarm treatment alone, especially 
with high micturition frequency and comorbid behav-
ioural symptoms [239]. In a Chinese study comparing 
alarm, desmopressin and a combined therapy, the 
latter had the highest rate of sustained response 
(40.6%). However, there was a high relapse rate after 
discontinuing medication [240]. 

In another randomised-controlled, double blind study, 
the addition of 3 weeks of 40ug and 3 weeks of 20ug 
Desmopressin to alarm use, lead to temporary, short-
term reduction of wet nights compared to controls on 
alarm and placebo [237]. The long-term success rate 
did not differ between the two groups and were low 
(36% and 37%, respectively). In the subgroup of 
Desmopressin non-responders, the combination of 
alarm plus Desmopressin was not more successful 
(51.5% remission) than alarm plus placebo (48.1% 
remission), so that this cannot be recommended as a 
routine strategy [241].  

Theoretically, the combination of alarm and desmo-
pressin makes little sense: alarm treatment is an op-
erant type of behavioural therapy that requires a cer-
tain number of wet nights to be effective: by reducing 
the number of wet nights through desmopressin, the 
child will have less opportunity to ‘practice’ and ‘learn’ 
continence by the alarm therapy. 

9.5.3 Antimuscarinic drugs for OAB 
Antimuscarinic drugs should not theoretically be effi-
cacious in children with monosymptomatic nocturnal 
enuresis. However, because there is considerable 

misdiagnosis of monosymptomatic nocturnal enure-
sis, some children with mild daytime symptoms of 
overactive bladder may have symptoms of overactive 
bladder at night.  Moreover, it has been shown that 
on urodynamics, 73% of adults with primary nocturnal 
enuresis have some form of functional bladder outlet 
outflow obstruction classified as (1) “primary bladder 
neck dysfunction” or “detrusor sphincter dyssynergia” 
[242]. That would suggest then that antimuscarinic 
drugs might be a useful alternative in some children 
who are unresponsive to DDAVP.  Antimuscarinic 
therapy is also indicated in combined day and night-
time incontinence [86, 243, 244]. 

In general, antimuscarinic drugs are well tolerated but 
there are some side effects, namely vasodilation, dry-
ness of the mouth, constipation and vertigo (rare), 
and symptoms of hyperactivity and concentration dis-
orders, especially in a population of children with 
ADHD. These side-effects are more predominant with 
oxybutynin, than with the newer anticholinergics. 
Constipation can also pose a problem since the de-
velopment of constipation may aggravate detrusor 
overactivity and thus counteract the beneficial effects 
of the drug.  Antimuscarinics may also result in in-
creased residual volumes which may make it difficult 
for the child to empty prior to bedtime. Antimuscarinic 
treatment in conjunction with desmopressin may 
have a role in cases with suspected day and night 
time detrusor overactivity.  

The combination of alarm and anticholinergics should 
be considered if overactive bladder is suspected. If 
the alarm is set off several times per night, indicative 
of overactive bladder, this combination has been 
proven to be successful. For example, 5 mg of oxy-
butynin in the evening, combined with an alarm could 
be tried in these cases. If higher levels of anticholin-
ergics are required, several doses should be given 
over the day. Other programmes such as ‘full spec-
trum treatment’ remain treatment forms that are re-
served for therapy-resistant cases.  

Level of evidence: 2  

Grade of recommendation: B. 

In those children who have NE due to detrusor over-
activity during the night, treatment with an antimusca-
rinic drug should be considered [245, 246]. Because 
it is difficult to perform a night time cystometry in 
these children, it may be tried in children who have 
more than 2 wetting episodes per night and who do 
not respond to dDAVP or be given in combination with 
alarm or dDAVP [244] [247]. At present, no studies 
have been performed to demonstrate its efficacy in 
this circumstance.  

Level of evidence: 3 

Grade of recommendation: C 

9.5.4 Tricyclic antidepressants 
Although tricyclic antidepressant drugs, particularly 
imipramine, have worked in many children, most of 
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the studies that recommend this drug are relatively 
old.  The major drawbacks to imipramine therapy are 
cardiotoxic side effects, in some cases even with ther-
apeutic doses, and the possibility of death with over-
dose.   

Because imipramine and other drugs of the same 
family have potential cardiotoxic side effects they 
cannot be generally recommended for treatment of 
this non-lethal disorder [248].  Although treatment 
with tricyclic drugs is associated with a decrease of 
one wet night per week, the lasting cure rate of only 
17 percent restricts the use of these drugs [249].  

Only in selected cases (like adolescent boys with At-
tention Deficit Hyperactivity Disorder and persistent 
NE) or refractory cases should it be considered [250], 
and use restricted to expert centres. The need to per-
form an a priori ECG remains open for discussion, but 
obtaining a clinical history to exclude familial sudden 
death in adolescents and adults is mandatory.  

Level of evidence: 1 

Grade of recommendation: C (due to potential 
cardiotoxicity) 
Table 2: Response and cure rates of different treat-
ment modalities. Full response (while on medication) 
and Cure rates (6 months after cessation of treat-
ment) of Nocturnal Enuresis 

 Full response Cure 

Alarm treatment 65% 43% 

Desmopressin 31% 22% 

Dry-bed training 40% 18% 

Imipramine  17% 

 

9.5.5 Alternative regimens: 
Several other drugs, such as carbamazepine and 
NSAIDS (indomethacin, ibuprofen) have also been 
investigated: based on study design as well as study 
outcomes, these drugs are not recommended [251-
256].  

Acupuncture, laser acupuncture and neurostimula-
tion have also been suggested, but none has demon-
strated a convincing positive effect in primary care en-
uresis patients [257-262]. 

In one randomised controlled trial that examined ac-
upuncture, 40 children were allocated either to 
dDAVP or acupuncture, 75% of children were dry af-
ter 6 months of therapy (while still on medication), 
while 65% of patients were completely dry after a 
mean of 12 sessions. The evidence from these alter-
natives is too weak to recommend them as a first line 
approach. It is concluded that as an alternative, cost-
effective and short-term therapy, acupuncture should 
remain among available treatment options. Another 
meta-analysis provides some evidence for the effi-
cacy of acupuncture for the treatment of childhood 
nocturnal enuresis. Comparison of treatment out-
come and cure rates is difficult because of the incon-
sistent use of definitions, the inclusion of children with 
daytime symptoms, and the variable follow-up peri-
ods in most studies. For a pragmatic approach, see 
Figure 3. 

Level of evidence: 4 

Recommendation: grade D 

9.6. Conclusion 
Based on current evidence, the enuresis alarm re-
mains the most effective means of facilitating arousal 
from sleep in unselected patients. The key to success 
is not the stimulus intensity of the alarm triggering, but 
the child’s preparedness to awake and respond to the 
signal. As an adjunct programme, arousal treatment 
is easy to perform and effective. But this evidence is 
obtained from meta-analysis comparing the use of 
alarm and desmopressin in poorly characterised en-
uresis populations, mixing up MNE with non-MNE, if 
we use the recent ICCS standardisation criteria. 

A second therapy regimen involves individualising the 
treatment to the characteristics of nocturnal diuresis 
and functional bladder volume overnight. 

The ideal therapy regimen for children with a large 
bladder volume, a high diuresis volume with low uri-
nary osmolality overnight will most likely be desmo-
pressin responsive, and would only respond to the 
alarm by acquiring nocturia. 

The 2nd archetype is children with a small bladder 
volume, low diuresis volume, with already maximal 
concentrating capacity who are likely to be desmo-
pressin resistant, and where the alarm is the first 
choice. But there are many patients who overlap be-
tween these two types, where combination therapy 
will be necessary, even with associated anticholiner-
gics. 
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Figure 3: Treatment algorithm for enuresis. 

 

10. REFRACTORY MNE:  

About one third of children do not respond to treat-
ment with alarm and/or dDAVP. The majority of these 
children are likely to have a small nocturnal bladder 
capacity and suffer from “detrusor dependent NE”.  

Most patients with MNE who are non- or partial re-
sponders are likely to have underlying bladder dys-
function, missed during the initial assessment, be-
cause 1) it was not performed appropriately, or 2) pa-
tients were classified according to the old ICCS 
standardisation, when according to the new ICCS-
standardisation they should be considered as NME. 
The full screening should be redone, with history of 
incontinence diurna (ID), diurnal symptoms after the 
age of 3,5 years, high / low frequency, postponing 
during normalised fluid intake as well as small enure-
sis volumes early in the night are very suggestive for 
bladder dysfunction. Spontaneous low fluid intake is 
suggestive of a defence mechanism, and may mask 
OAB symptoms. These symptoms are often not men-
tioned by parents, and deserve repeated questioning 
or documentation in a bladder diary during standard-
ized fluid intake 1,5ml/1.73m²/day: this can give addi-

tional information. Uroflow and bladder ultrasonogra-
phy may also be useful. These children benefit from 
a multidisciplinary approach and should not be 
treated in a primary care [264, 265]. 

But, in the absence of any bladder dysfunction we 
should concentrate on the desmopressin effect in dif-
ferentiating different pathophysiological characteris-
tics that may be involved 1) anti-enuretic effect = 
number of wet nights, 2) the anti-diuretic effect (= 
nocturnal diuresis rate 3) concentrating capacity (= 
urinary osmolality).  Partial response to desmopres-
sin in MNE (anti-enuretic effect) is related to persis-
tent nocturnal polyuria on the wet nights [81].   

Poor compliance should be excluded [167], including 
not taking the drug (consider letting the patient fill out 
a drug-diary and register the number of prescriptions 
/compliance):  

1. the child forgets to void before going to bed, and 
already starts the night with a filled bladder 

2. exclude drinking overnight, because fluid intake 
overnight or even the hour before desmopressin 
administration reduces both maximum and dura-
tion of anti-diuretic effect and concentrating ca-
pacity significantly. 
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3. intermittent polyuria might as well be related to 
the PK/PD characteristics of desmopressin [82, 
199-202, 213]: 

a. The 3 formulations (tablet, melt and spray) have 
poor bioavailability, ranging respectively 0,2 - 2% 
- 4%, but with a rather large SD = intra-individual 
variability. Only for the melt are dose-response-
data and proper pharmacodynamic and kinetic 
data in children available. The melt showed su-
perior PK and PD profile, better compliance and 
some indication of higher response rates. Before 
considering desmopressin resistance, a switch 
to the melt should be considered. 

b. The child takes the drug just before sleeping time 
(the time to reach maximum concentrating ca-
pacity and anti-diuretic effect is 1-3 hours, and 
therefore the drug should be taken at least one 
hour before the last void before sleeping). Inter-
ference with nutrition (the tablet should be given 
on an empty stomach (= at least 2 hours after the 
last meal [85, 199, 200, 266]. 

But 2 hours after the last meal, and 1 hour before 
sleep is not realistic in most children: a consider-
ation that favours the melt above the tablet. 

c. The melt study has demonstrated that, even in 
the therapeutic range of 120-240µg there is a 
large variation in maximal concentrating capacity 
and antidiuresis, as well as duration of action. 
Better understanding of these PK/PD dynamics, 
can lead to more personalised medicine, with in-
dividualised dosing. The PK/PD data demon-
strate that at least 25% of patients might benefit 
from higher doses, patients that can be identified 
by a pharmacodynamics test in an ambulatory 
setting in the individual patient (24h concentra-
tion-profile), especially in the older patients. In-
creasing the dose without this test is indefensi-
ble, because of the risk for toxicity. 

In desmopressin refractory nocturnal polyuria with 
low urinary osmolality, diabetes insipidus should be 
excluded. X-linked DI in boys does not present as en-
uresis, but female carriers might have a more forme 
fruste pattern with enuresis as major symptom. Many 
renal diseases (CKD, tubulopathies, renal dysplasia, 
uropathy) present with enuresis. Hypertension, and 
especially night time hypertension, coincides with 
nocturnal polyuria, and should be considered in re-
fractory patients. Although there might be some anti-
diuretic effect of desmopressin, these patients never 
reach maximum concentrating capacity. A desmo-
pressin / vasopressin concentration test may be help-
ful if conventional diagnostic tests (ultrasound, lab) 
fail. It should be noted that the majority of studies on 
desmopressin in children with MNE demonstrate that 
up to 25% of patients do not reach >850 mOsmol/L 
after desmopressin therapy. Although these patients 
do not fulfil the criteria of DI, there is an increased 
prevalence of patients at the lower end of the normal 
range of concentrating capacity in these children. A 
20% decrease in concentrating capacity will result in 

20% increase in diuresis, and this may be the differ-
ence between continence and enuresis in many pa-
tients. 

Desmopressin resistant nocturnal polyuria, with high 
urinary osmolality overnight might be associated / 
correlated with high urinary osmolality overnight. This 
can be caused by an increased solute load only in the 
evening or during 24 h [59, 60]. Sodium is the major 
osmotic agent [59, 72, 76, 267]. Although nutritional 
intake plays a major role, abnormalities of several cir-
cadian rhythms like prostaglandins [268-270], GFR 
[70, 72], blood pressure [69] and sleep pattern [104, 
105, 108] have a significant impact in selected tertiary 
care patient populations. Extrapolation of these find-
ings to primary care enuresis patients is premature. 
But these findings offer indications of future treatment 
options. Some pilot studies have promising results, 
such as sodium restricted diet, diuretics (Furosemide) 
[76, 251, 271, 272], NSAID, and treatment of sleep 
disturbances, (OSAS and melatonin) [48, 50, 273-
276]. In the past much attention was put on the role 
of calcium, and a calcium restricted diet might be ef-
fective [77, 78, 277], but hypercalciuria might be a 
secondary phenomenon due to differences in diet 
[75, 84, 278]. 

Symptoms resistant to conventional therapy cannot 
only be related to underlying bladder dysfunction and 
renal response to desmopressin, but also to associ-
ated comorbidities. Identifying these, and addressing 
them if possible might increase the response rate. 
Constipation and faecal incontinence should be 
treated before the treatment of MNE but are often un-
derestimated and underreported. Psychological 
comorbidities, as well internalising as externalising 
are more frequent in enuresis-patients. Attention def-
icit disorders, and autism are well studied and seem 
to have common pathways. A structured therapeutic 
approach is mandatory.  Renal dysfunction, hyperten-
sion, diabetes mellitus and sleep disturbances should 
be treated appropriately. Many drugs interfere with 
the circadian rhythm of biorhythms, including diuret-
ics, steroids, cyclosporine A, and neurotropic drugs 
and may be a possible trigger to offset enuresis in a 
sub-set of children: this is largely speculative, as good 
studies are lacking.  

Conclusion [11, 82] 

In children with MNE two first-line treatment options 
are available - desmopressin and the enuresis alarm. 
Without further individualised treatment, success 
rates of monotherapy may not exceed 30%, with a re-
lapse rate up to 50%. 

Optimally;  

1. the initial treatment selection should be guided 
by the family’s level of motivation and their pref-
erence. 

2. and be based on the information from diaries: 
this will identify subtypes of MNE allowing further 
fine-tuning of treatment according to the child’s 
characteristics and family motivation. 
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• Children with a normal urine output during the 
night and normal bladder capacity can be given 
either the alarm or desmopressin. 

• Children with smaller than expected bladder ca-
pacity for age will likely be desmopressin-re-
sistant and more sensitive to the alarm. 

• Children with NP and normal bladder volume will 
be more sensitive to desmopressin. 

• Children with both excessive urine output and re-
duced bladder capacity may find combined ther-
apy of alarm and desmopressin to be successful. 
This strategy lessens the burden of alarm treat-
ment as the alarm is triggered several times per 
night. 

Despite best efforts, up to 30% of enuretics will be 
therapy resistant. We advocate to individualize ther-
apy based upon the identification of the most likely 
pathophysiological mechanisms, bladder, kidney; 
sleep and comorbidities, in a multidisciplinary setting. 

 CHILDREN WITH BOTH DAY 
AND NIGHT TIME INCONTINENCE 

Urinary incontinence in children may be caused by a 
congenital anatomical or neurologic abnormality, 
such as ectopic ureter, bladder exstrophy or mye-
lomeningocele (MMC). In many children, however, 
there is no such obvious cause for the inconti-nence 
and they are referred to as having “func-tional incon-
tinence.” 

Becoming continent is a complicated process: there 
is a progressive development towards nor-mal stor-
age and emptying of the bladder at a so-cially ac-
cepted place and time, mostly achieved by age 3-4. 

Bladder control is believed to be under the influ-ence 
of the central nervous system. The pontine region is 
considered to be responsible for detrusor sphincter 
coordination while the cortical area is responsible for 
inhibition of the micturition reflex and voluntary initia-
tion of micturition (detrusor overactivity control). For-
merly it was believed that bladder maturation followed 
maturation of cortical inhibition processes, However, 
recent work of CK Yeung suggests bi-directional mat-
uration of both the coordinating influence on the blad-
der and the pons may be implicated. This implies that 
a condi-tion such as detrusor overactivity would be 
the result of loss of cortical control or of deficiency in 
cortical control, while dysfunctional voiding would be 
the result of non maturation of the coordination. 

With the emergence of functional MRI, future stud-ies 
will be able to illuminate this enigma.[1,2] This opens 
an era of corticocentric thinking on lower urinary tract 
dysfunction, moving away from the current trend of 
vesicocentric thinking. Detrusor overactivity may be a 
symptom of a centrally locat-ed dysfunction affecting 
bladder, bowel, sexual function and even mood and 
behaviour.[3] Indeed many studies indicate that there 

exists a link be-tween lower urinary tract dysfunction 
and behav-ioural disorders such as ADHD (attention 
deficit / hyperactivity disorder) [4-5].  

The desire to void is a sensation which, in the devel-
oping child, is incorporated into daily life so that void-
ing takes place at an appropriate time and place. 
Problems with training or psychological difficulties 
possibly  have a great impact on the results of train-
ing: some parents send their child to the toilet many 
times, though his/her bladder may be empty [6,7]. 
Voiding in these circumstances can only be achieved 
by abdominal straining. The pos-itive reinforcement 
that the child receives by void-ing even a small 
amount may lead to the develop-ment of an abnormal 
voiding pattern. The same is true when children re-
ceive negative feedback relat-ed to voiding [8-10]. At 
present no evidence exists to prove these assump-
tions.  

Urinary incontinence in children may be due to dis-
turbances of the filling phase, the voiding phase or a 
combination of both. In the ICCS termi-nology docu-
ment, these conditions are termed functional bladder 
disorders or Lower Urinary tract (LUT) conditions. 
They are divided into either overactive bladder (OAB) 
or dysfunctional voiding [11].  While the former condi-
tion is a filling disor-der the latter is considered an 
emptying disorder. They can of course coincide and 
one may even be causative of the other. No evidence 
exists however for this last assumption.  It has been 
postulated that detrusor overactivity may eventually 
lead to poor bladder emptying due to underactivity of 
the detrusor or severe dyscoordination between de-
tru-sor, sphincter and pelvic floor. However, the natu-
ral history of many of these children does not con-firm 
this hypothesis, nor the early onset of severe pathol-
ogy in some of them. Hoebeke et al found no evi-
dence for this dysfunctional voiding sequence: chil-
dren with functional incontinence have differ-ent pri-
mary diseases, but all have a common risk of inconti-
nence, UTI, VUR [15%] and constipation [17%] [12].  

Detrusor overactivity may lead to disturbances in the 
filling phase characterized by urgency, fre-quency 
and at times urgency incontinence. Girls present with 
OAB symptoms more often than boys. In addition to 
the urinary symptoms, children with functional urinary 
incontinence may also have recurrent urinary tract in-
fections (UTI) and consti-pation. 

Incomplete relaxation or tightening of the sphinc-teric 
mechanism and pelvic floor muscles during voiding 
results in an interrupted or staccato void-ing pattern, 
that may be associated with elevated bladder pres-
sures and post-void residuals. Such individuals with 
dysfunctional voiding are also prone to constipation 
and recurrent UTIs [13]. Bladder function during the 
filling phase in these children may be essentially nor-
mal, alternatively OAB may be present. In children 
with a underactive detrusor, voiding occurs with re-
duced or minimal detrusor contractions with post-void 
residuals, and incontinence is a characteristic symp-
tom. 
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1. PREVALENCE 

For more detailed information on the prevalence of 
daytime incontinence the Chapter on Epidemiolo-gy 
should be consulted. The main problem is that it is 
impossible to draw any conclusions from the pre-
sented data as different studies have used dif-ferent 
definitions and criteria. Furthermore, it is virtually im-
possible to identify the prevalence of detrusor over-
activity or dysfunctional voiding as the studies tended 
to look primarily at daytime versus night-time inconti-
nence and made no effort to evaluate the type of day-
time incontinence.  

Daytime or combined daytime and night-time in-con-
tinence at least once a week seems to occur in about 
2-4 percent of 7-year old children and is more com-
mon in girls than in boys [14]. Overall the rates of 
prevalence vary from 1 to 10 percent, but in general 
for 6 to 7-year-old children the prevalence is some-
where between 2 and 4 percent, and rapid-ly de-
creases during the following years [15-19]. Sureshku-
mar et al in a population based survey of over 2000 
new entrant primary school children [age 4-6 years] 
in Sydney, Australia noted an over-all prevalence of 
daytime wetting of 19.2% defined as at least one day-
time wetting episode in the prior 6 months with 16.5% 
having experienced more than one wetting episode 
and only 0.7% experi-encing wetting on a daily basis 
[20].  Multivariate analysis showed that recent stress, 
a history of daytime wetting along the paternal line, 
and a his-tory of wetting among male siblings were 
inde-pendent risk factors for moderate to severe day-
time wetting. Because this was a cross-sectional 
study recall bias may have resulted in an overesti-
mate of risk of daytime wetting being caused by such 
factors as emotional stress and family histo-ry. In ad-
dition, urine cultures were not obtained so occult UTIs 
could not be identified. Chung comes to the same 
percentage of OAB (16,6%)  in 19,240 Korean chil-
dren. In this study OAB was differenti-ated in ‘dry’ 
OAB and ‘wet’ OAB: children with OAB do not always 
have incontinence (21). 

In a questionnaire based study, supplemented by tel-
ephone calls, Hellstrom assessed the preva-lence of 
urinary incontinence in 7 year old Swe-dish school 
entrants [22]. Diurnal incontinence was more frequent 
in girls than boys, 6.7% vs 3.8%, respectively. Wet-
ting every week was report-ed in 3.1% girls and 2.1% 
of boys. The majority of children with diurnal inconti-
nence had concomi-tant symptoms: urgency was re-
ported in 4.7% girls and 1.3% boys. Nocturnal incon-
tinence combined with daytime wetting was equally 
common in males versus females, 2.2% versus 2%, 
respectively. At the age of 17 years daytime wetting, 
at least once a week, was found in 0.2 % of boys and 
0.7% of girls. A limitation of this study is its depend-
ency on re-call. Children with daytime or mixed wet-
ting were found to suffer from urgency in 50.7 %, with 
79.1 % wetting themselves at least once in 10 days 
[23]. Urgency symptoms seem to peak at age 6–9 
years and diminish towards puberty, with an assumed 

spontaneous cure rate for daytime wetting of about 
14% per year [24]. 

In a, cross sectional sample of 594 individuals 4 to 26 
years old Kyrklund describes in 2012 4% of respond-
ents with frequent UI, most < 12 years. Prevalence  
decreases enormously with age (25).  

Most children are toilet-trained by the age of 3 years, 
although the mean age may range from 0.75 to 5.25 
years, with girls being trained earlier [2.25 years] than 
boys (2.56 years) [26]. A 2008 Turkish study reported 
day dryness at a mean age of 28 months (27). This is 
confirmed by a 2015 Turkish study in 1500 children 
whose mean age of dryness was 29 months (28). The 
age of commencing toilet training has increased [29]. 
This is thought to be associated with higher education 
levels in parents and the popularity of the child-ori-
ented approach rather than parent-initiated methods 
[26]. Children who exhibited elimination signals for 
voiding be-came dry sooner than those who did not 
show such signs. There is huge social and cultural 
varia-tion in toilet training practices with some of the 
implicated issues being, availability of inside toilet, 
washable versus disposable diapers, working or 
home-based mothers, rural or urban location and use 
or not of punishment methods (22].   It ap-peared that 
initiating toilet training after 24 months of age may be 
associated with problems attaining and maintaining 
bladder control and that early training is not associ-
ated with bladder dysfunction (29,30). A prospective 
study in 112 patients pub-lished in 2014 however 
showed problems in early training (<2 years) and in 
late training (>3 years) alike (31). Da Fonseca found 
no association be-tween children with combined blad-
der and bowel dysfunction and the time of toilet train-
ing com-pared to healthy children (32).  

Swithinbank et al found a prevalence of day wetting 
[including also “occasional” wetting] in 12.5% in chil-
dren age 10-11 years which decreases to 3.0% at age 
15-16 years [33]. Based on these findings, it seems 
that the prevalence of all kinds of daytime inconti-
nence diminishes by 1-2% per year from age 10-11 
to age 15-16 years, while daytime incon-tinence, at 
least once a week, seems to diminish by 0.2% per 
year from age 7 to age 17 years. Because of treat-
ment interventions the studies may not re-count the 
true natural history.  

A cohort study of all school children in the first and 
fourth grades in the city of Eskilstuna (Swe-den), pub-
lished in 2004, daytime urinary inconti-nence (at least 
once a month) was reported in 6.3% of the first grad-
ers and 4.3% of the fourth graders, while bedwetting 
(at least once a month) was reported in 7.1% and 
2.7% and faecal inconti-nence in 9.8% and 5.6%, re-
spectively. This study demonstrates that soiling and 
daytime urinary in-continence often coexist [34].  

The natural history of detrusor overactivity in chil-dren 
is not well understood. It is no longer held that detru-
sor overactivity in children is idiopathic or due to a 
maturational delay but more likely to be associated 
with feed forward loops from the gen-eration of a high 
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pressure system during voiding or filling. Both the in-
terplay of neural drive with motor control and the dy-
namic nature of the grow-ing bladder could be caus-
ative. This is in contrast to the adult population, where 
detrusor overactivity is considered a chronic condition 
whose origin is unrelated to functional use. There is 
no long-term data to determine if childhood detrusor 
overactivity predicts detrusor overactivity as an adult.  
There is evidence that genetic influences affect adult 
urinary symptoms and that suffering lower urinary 
tract conditions in childhood increases the risk for 
these conditions in adult woman (35-39). Recent re-
search points to a link between deficits in the brain 
and functional urinary problems (5). 

By the age of 5 years, unless organic causes are pre-
sent, the child is normally able to void at will and to 
postpone voiding in a socially acceptable manner. Af-
ter this age, night-time and daytime in-voluntary wet-
ting become a social problem and a cause for thera-
peutic intervention. In children who present with a 
change in voiding habits, such as a new onset of void-
ing dysfunction, one should consider the possibility of 
child sexual abuse [37]. A more recent study found no 
significant differ-ences in the presence of lower uri-
nary tract symp-toms between children and adoles-
cents who had experienced sexual abuse and con-
trols [31]. Never-theless this should be kept in mind, 
especially when invasive diagnostic and therapeutic 
proce-dures are contemplated. One may want to 
simply ask the parent or caregiver if there were any 
pre-cipitating events or concerns that they feel may 
have led to the changes in the child’s voiding hab-its. 
The appropriate individuals should be contact-ed if 
there is a high index of suspicion. Of adult women 
with complex urinary symptoms, a signifi-cant propor-
tion report sexual abuse as a child. 

2. INTRODUCTION TO CLINICAL 
ASSESSMENT 

The International Children’s Continence Society has 
published standardisation documents on the diagnos-
tic evaluation of children with daytime incontinence as 
well as on the management of daytime urinary incon-
tinence in general and dys-functional voiding in chil-
dren. They also assessed psychological and psychi-
atric issues in urinary and faecal incontinence (39-
41). 

The evaluation of daytime wetting is based on the 
medical and voiding history, a physical examina-tion, 
a urinalysis, bladder diaries and uroflowmetry with 
post void residual. The upper urinary tract should be 
evaluated in children with recurrent in-fections and 
dysfunctional voiding. Uroflowmetry can be combined 
with pelvic floor electromyogra-phy to demonstrate 
overactivity of the pelvic floor muscles. Urodynamic 
studies are usually reserved for patients with therapy 
resistant dysfunctional voiding and those not re-
sponding to treatment who are being considered for 
invasive treatment [42-46].  

Treatment is usually a combination of ‘standard ther-
apy’ (see below), behaviour therapy, bladder training, 
physiotherapy and medical treatment. Surgery is 
rarely needed for the management of daytime wetting 
in the absence of a structural ab-normality. The roles 
of neurostimulation, botulinum toxin and intravesical 
therapies in the management of paediatric urinary in-
continence are less well-defined. Clean intermittent 
self-catheterisation is sometimes necessary in chil-
dren with poor blad-der emptying, due to underactiv-
ity of the detrusor and subsequent large residuals, 
who do not re-spond to a more conservative ap-
proach.  

The importance of treatment during childhood was 
pointed out in a general population study of 1333 
adult women. Fifty percent reported symptoms of 
stress incontinence and 22 percent reported symp-
toms of urgency incontinence. Eight percent noted 
severe symptoms. Women who at age six years had 
wet episodes during the day or were wet several 
nights per week, were more likely to suffer from se-
vere incontinence and report urgency symptoms: oc-
casional bedwetting was not associ-ated with an in-
creased risk in adult life [47].  

3. CONFOUNDING FACTORS: 
LOWER URINARY TRACT 

DYSFUNCTION, RECURRENT 
URINARY TRACT INFECTION AND 
VESICOURETERIC REFLUX (VUR) 

The relationship between detrusor dysfunction and 
VUR associated with a urodynamic anomaly was first 
described by Allen and Koff and has been con-firmed 
by several authors [48-51]. Koff demonstrat-ed that 
treatment of detrusor overactivity reduced the inci-
dence of infection and resulted in a 3 fold increase in 
the rate of reflux resolution. In a study by Sillen of 
children with gross bilateral reflux, extreme detrusor 
overactivity without signs of bladder outlet obstruction 
was found in boys. Infant girls with gross bilateral re-
flux did not show the same degree of detrusor over-
activity [51]. Other investigators assessing high grade 
VUR in new-borns noted similar findings. Van Gool et 
al noted that 40% of 93 girls and boys evaluated for 
urgency incontinence and recurrent UTIs had reflux 
[52].  

These studies in infants and the association of com-
bined bladder and bowel dysfunction with reflux and 
infection in older children support the suggestion that, 
in some individuals, vesicoureter-al reflux is a sec-
ondary disorder related more to abnormal detrusor 
function than to a primary ana-tomical defect at the 
ureterovesical junction. It has  been shown that in-
creased intravesical pressure, without reflux, may be 
detrimental for the upper tracts: renal scarring without 
reflux was recently described by Vega et al [53].  
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In support of this concept is the common finding of 
vesicoureteral reflux in children with neuro-pathic 
bladders and detrusor-sphincter dyssyner-gia. In 
such children, the institution of clean inter-mittent 
catheterisation and anticholinergic therapy leads to 
the resolution of VUR in a large number of cases. It is 
believed that the decrease of detrusor overactivity 
and restoration of functional capacity in combination 
with regular and complete empty-ing of the bladder 
are the responsible co-factors [54]  

Koff et al. evaluated the effects of antimuscarinic ther-
apy in 62 children with a history of recurrent UTIs, 
VUR and detrusor overactivity, and com-pared these 
children with an age-matched control group with a 
normal urodynamic study [55]. The overall small sam-
ple size and the small number of compliant patients 
limit the study, however, it did demonstrate a statisti-
cally significant difference in the resolution rate of 
VUR between the treated group and the control 
group. The overall infection rate was lower in the 
treated group [16%] compared to the non-medically 
treated group [63%] and the age-matched control 
group [71%]. Several authors have documented the 
relationship between detru-sor overactivity and dys-
functional voiding with recurrent UTIs .  

Proposed aetiologies for the increased incidence of 
UTIs in these patient populations include a milk back 
phenomenon whereby bacteria in the proxi-mal ure-
thra are “milked back” into the bladder dur-ing con-
traction of the pelvic floor muscles. Alterna-tively, de-
creased blood flow and relative hypoxia during peri-
ods of increased detrusor pressure such as during in-
voluntary detrusor contractions and voiding against 
functional obstruction, may induce transient bladder 
mucosal injury.  

Constipation is prevalent among children with bladder 
symptoms, but often poorly identified by parents [56]. 
It is a risk factor for recurrent UTIs. Contrary to ex-
pectations, findings from the Euro-pean Bladder Dys-
function Study suggested that symptoms of disor-
dered defaecation did not influ-ence the cure rate of 
treatment for bladder symp-toms [57]. In a prospec-
tive non-randomised clini-cal series of day wetting 
children, a strong correla-tion was found between re-
current urinary tract in-fections, detrusor overactivity 
and detrusor-sphincter dysfunction [58]. In a study by 
Hansson et al, symptoms of detrusor overactivity, 
such as urgency and daytime incontinence were 
found in a high percentage of girls with asymptomatic 
bacte-riuria [59].  

In the majority of children with dysfunctional void-ing 
the recurrent infections disappeared following suc-
cessful treatment of the voiding dysfunction. This 
finding confirms the hypothesis that dysfunc-tional 
voiding is the main factor responsible for the infec-
tions [and to a lesser extent vice versa] [60,61]. Addi-
tionally, since such children typically have coexistent 
constipation, attempts at restoring normal bowel hab-
its will also contribute to decreas-ing the risk of UTIs. 

At present, current opinion is that vesicoureteral re-
flux as such does not predis-pose to UTI: however it 
may facilitate renal in-volvement [causing pyelone-
phritis] once bacteriu-ria has been established in the 
bladder. This con-cept has not been scientifically val-
idated and the incidence of renal scars as a conse-
quence of pye-lonephritis is reportedly the same, re-
gardless of whether reflux has been documented or 
not [62]. Those children with VUR in association with 
de-trusor overactivity and/or voiding dysfunction may 
be at increased risk for upper tract damage given their 
increased risk of developing UTIs. With this in mind, 
aggressive treatment of the underlying filling/voiding 
disorder, the addition of prophylac-tic antibiotics, and 
attention to their bowel habits should be given in an 
effort to decrease the risk of UTIs in this higher risk 
group [63-66].  

In a recent study evaluating retrospectively a large 
group of children with LUT conditions it was shown 
that in patients who had urinary tract infec-tion the 
presence of reflux increased the rate of renal cortical 
abnormalities. [67]. 

4. CLASSIFICATION 

Numerous classifications have been used for chil-
dren who present with varying degrees of ‘func-tional’ 
urinary symptoms, unrelated to apparent disease, in-
jury or congenital malformation. In 2016, the Interna-
tional Children’s Continence Society (ICCS) released 
a standardised terminology to provide guidelines for 
the classification and com-munication about LUTS in 
children [11]. 

Symptoms are classified according to their relation to 
the voiding and or storage phase of bladder function. 

In addition to gaining a comprehensive history, ob-
serving micturition and examining the child forms the 
basis of assessment: the information derived from a 
48 hour bladder diary, stool record, voiding uroflow-
metery and lower urinary tract ul-trasonography is 
also essential in making the ini-tial diagnostic classi-
fication (39,68).  

Screening for psychological symptoms with ques-
tionnaires is recommended, as 30-40% of children 
with daytime urinary incontinence are affected by 
comorbid emotional of behavioural disorders [69]. 

Urodynamic investigations elucidate the basis of clin-
ical findings but are first line evaluation tech-niques 
only in tertiary referral centres where chil-dren have 
not responded to previous treatment or have symp-
toms suggestive of neural involvement or anatomical 
anomalies.  

The ICCS has classified daytime LUT conditions into 
groups that currently align with understanding of un-
derlying pathophysiology. The groups com-monly 
overlap and allocation is based on the 4 symptoms of 
urinary incontinence, frequency of volitional voiding, 
micturition volumes and fluid intake. 
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• Over active bladder (OAB) including  urgency in-
continence 

• Dysfunctional voiding 

• Underactive bladder  

The symptom-specific conditions of  

• Voiding postponement  

• Vaginal reflux  

• Giggle incontinence  

• Extraordinary daytime urinary frequency 

• Elimination syndrome 

The term ‘non-neurogenic dysfunction’ is com-monly 
encountered in the literature and describes the whole 
spectrum, from simple bladder overactiv-ity to severe 
cases with deterioration of the upper tracts. The fact 
that a neurologic deficit is not demonstrated at the 
time of evaluation, does not, however exclude the 
possibility that a neurological abnormality was pre-
sent at the onset of the prob-lem. It has been postu-
lated that detrusor overactivi-ty may eventually lead 
to poor bladder emptying due to underactivity of the 
detrusor or severe dyscoordination between detrusor, 
sphincter and pelvic floor. However, the natural his-
tory of many of these children does not confirm this 
hypothe-sis, nor the early onset of severe pathology 
in some of them. Hoebeke et al found no evidence for 
this dysfunctional voiding sequence: children with 
functional incontinence have different primary dis-
eases, but all have a common risk of inconti-nence, 
UTI, VUR [15%] and constipation [17%] [12].  

4.1. Overactive bladder in children 
The term bladder overactivity is used to describe the 
symptom complex of urgency, which may or may not 
be associated with urgency incontinence and is not a 
direct result of known neurological damage.  Recent 
suggestions describe OAB as a symptom of cortico-
central dysfunction that affects multiple systems ra-
ther than a dysfunction isolated to the urinary bladder 
[70]. Urgency syndrome is characterised clinically by 
frequent episodes of an urgent need to void, coun-
tered by contraction of the pelvic floor muscles 
(guarding reflex) and holding manoeuvres, such as 
squatting and the Vincent curtsey sign. The term ur-
gency refers to a sudden compelling desire to void 
that is often difficult to defer, unlike the need to void 
which is experienced by all individuals and may be 
intense if one holds one’s urine for a prolonged pe-
riod. The symptoms are thought to arise from detru-
sor overactivity during the filling phase, causing ur-
gency. These detrusor contractions are countered by 
voluntary contraction of the pelvic floor muscles to 
postpone voiding and minimise wetting. Where pre-
sent, the detrusor contractions can be demon-strated 
urodynamically, as can the increased ac-tivity of the 
pelvic floor muscles during each con-traction.  

 

The voiding phase is essentially normal, but detru-sor 
contraction during voiding may be extremely power-
ful. The flow rate reaches its maximum quick-ly and 
may level off (‘tower shape’). Such strong bladder and 
pelvic floor muscle contractions have been postulated 
to result in damage to the bladder mucosa increasing 
the risk of UTIs. In addition, these children may note 
suprapubic or perineal pain. A cohort of patients pre-
senting with night-time pain syndromes based on pel-
vic floor spasms was described by Hoebeke et al. 
Good response to pelvic floor relaxation biofeedback 
is described in this study [71]. 

Overactive bladder (OAB) should also be consid-ered 
in “continent” children with recurrent UTI and 
vesicoureteral reflux. Depending on fluid intake and 
urine production, the complaints of inconti-nence be-
come worse towards the end of the day, due to loss 
of concentration and fatigue and may also occur dur-
ing the night. Children usually di-minish their fluid in-
take to minimise wetting, and therefore incontinence 
may not be the main com-plaint or symptom, but on 
careful questioning ur-gency becomes apparent. 

Frequent voluntary contractions of the pelvic floor 
muscles may also lead to postponement of defae-cat-
ion. Constipation and faecal incontinence (soil-ing) 
are often found in children with detrusor over-activity 
[72]. The constipation is aggravated by the decreased 
fluid intake. Constipation contributes to an increased 
risk of UTIs and may exacerbate the detrusor overac-
tivity. An investigation of the natu-ral history of com-
bined emptying dysfunction of bladder and bowel, us-
ing an elimination score in women with and without 
urogynaecological prob-lems, demonstrated that 
childhood lower urinary tract dysfunction may have a 
negative impact on bladder and bowel function in 
later life [73]. Urinary symptoms and faecal problems 
often go hand in hand, epidemiological data show 
that urinary con-tinence is found more often in girls, 
where defae-cation problems are more often found in 
boys. A clear explanation is not yet found. 

A careful history, physical examination and scruti-ny 
of the child’s bladder diary will identify symp-toms of 
detrusor overactivity. Urine flow rate regis-tration and 
post-void residual urine measurement help to identify 
co-existing dysfunctional voiding. Thus, in most chil-
dren, invasive studies such as urodynamic studies 
are not indicated as part of the initial evaluation. Such 
studies are reserved for those children with a ques-
tion of an underlying neurological defect and those 
who fail to improve with medical and behavioural ther-
apy, if invasive therapies are being considered. 
Those children with a history of recurrent UTIs should 
undergo assessment with a renal/bladder ultrasound 
and depending on the age of the child, and the severi-
ty of the UTI(s), a voiding cystourethrogram (VCUG) 
to assess reflux is occasionally performed [74,75]. By 
adopting a structured approach to his-tory and physi-
cal examination, the diagnosis can be made in most 
children without the need for in-vasive diagnostic pro-
cedures. 
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Treatment: 

Treatment involves a multimodal approach, involving 
strategies such as behavioural modification, antimus-
carinic medication and neurostimulation. Underlying 
and potentially complicating conditions such as con-
stipation and UTI are managed prior to intervention.  

Level of evidence: 3  

Grade of recommendation: C 

4.2. Dysfunctional voiding 
Dysfunctional voiding refers to an inability to fully re-
lax the urinary sphincter or pelvic floor muscles during 
voiding. There is no identified underlying neurologic 
abnormality. Children with dysfunc-tional voiding usu-
ally present with incontinence, urinary tract infections 
and constipation and demonstrate an intermittent, or 
fluctuating pattern referred to as staccato flow (by 
ICCS definition) during repeated uroflowmetry.  

No clear data are available on the possible causes of 
dysfunctional voiding. It may be that detrusor overac-
tivity eventually leads to overactivity of the pelvic floor 
muscles, with subsequent insufficient relaxation dur-
ing voiding [75]. Alternatively, poor relaxation of the 
pelvic floor muscles during void-ing may be a learned 
condition during the toilet training years, adopted fol-
lowing episodes of dys-uria due to UTI, or constipa-
tion or occurring sec-ondary to sexual abuse [77]. The 
child’s environ-ment, in particular toilet conditions and 
privacy issues, can trigger or exacerbate voiding 
anoma-lies [78]. In some girls, anatomical anomalies 
of the external urethral meatus seem to be associated 
with a higher incidence of dysfunctional voiding. The 
urine stream may be deflected anteriorly and cause 
stimulation of the clitoris with subsequent reflex activ-
ity of the bulbocavernosus muscle causing intermit-
tent voiding [78].  Since no true structural obstruction 
can be identified the intermittent in-complete pelvic 
floor relaxation that occurs during abnormal voiding is 
termed a functional disorder.  

Abnormal flow patterns seen in children with dys-
functional voiding:  

• Fluctuating (Staccato) voiding: continuous urine 
flow with periodic reductions in flow rate precipi-
tated by bursts of pelvic floor activity. Voids are 
commonly prolonged and incomplete.  

• Interrupted voiding: characterized by unsus-
tained detrusor contractions resulting in infre-
quent and incomplete voiding, with micturition in 
separate fractions. Bladder volume is usually 
larger than age-expected capacity. Residual 
urine is often present. Detrusor overactivity may 
be seen but it may also be absent [61, 73, 80] 

Sustained alteration of voiding is associated with sub-
sequent filling phase anomalies such as phasic de-
trusor overactivity and inappropriate urethral relaxa-
tion [81]. Urinary tract infections and kidney damage 
are common sequelae [82]. Over time, rou-tine in-
complete bladder emptying may possibly progress to 

detrusor over-distension associated with chronic uri-
nary retention and poor bladder emptying due to de-
trusor underactivity. 

Urinary symptoms associated with dysfunctional 
voiding range from urgency to complex inconti-nence 
patterns during the day and night [78]. Chil-dren with 
dysfunctional voiding have a higher rate of recurrent 
urinary tract infections than children with no voiding 
abnormality and demonstrate in-creased incidence of 
higher grades of VUR [67, 84]. Symptoms are signifi-
cantly more common in children with Attention Deficit 
Disorder than in ‘normal’ children [85].  

Signs of dysfunctional voiding reflect initial “com-pen-
satory” overactivity of the detrusor along with poor 
emptying ability. They may include small bladder ca-
pacity, increased detrusor thickness, decreased de-
trusor contractility, impaired relaxa-tion of the exter-
nal urinary sphincter/ pelvic floor during voiding, weak 
or interrupted urinary stream and large post-void re-
sidual volumes of urine. There may also be ultra-
sound abnormalities, sec-ondary vesicoureteric re-
flux, faecal incontinence or constipation [67, 86,87].  

Treatment: 

Symptoms are often refractory to standard therapy of 
hydration, bowel management, timed voiding and 
basic relaxed voiding education. Effective interven-
tion requires combination therapy, generally with a 
sizeable investment of time over a long period. Treat-
ment is aimed at optimising bladder emptying and in-
ducing full relaxation of the urinary sphincter or pelvic 
floor prior to and during voiding. 

Specific goals are: 

• consistent relaxation of the pelvic floor through-
out voiding, 

• normal flow pattern, 

• no residual urine and 

• resolution of both storage and voiding symp-
toms. 

Strategies to achieve these goals include pelvic floor 
muscle awareness and timing training, re-peated ses-
sions of biofeedback visualisation of uroflow curves 
and/or pelvic floor activity and re-laxation, clean inter-
mittent self-catheterisation for large post-void resid-
ual volumes of urine, and antimuscarinic drug therapy 
if detrusor overactivity is present. If the bladder neck 
is implicated in in-creased resistance to voiding, al-
pha-blocker drugs may be introduced. Recurrent uri-
nary infections and constipation should be treated 
and prevented during the treatment period.  

Treatment efficacy can be evaluated by improve-
ment in bladder emptying and resolution of asso-
ciated symptoms [88]. Controlled studies of the vari-
ous interventions are needed. As with detrusor over-
activity, the natural history of untreated dys-functional 
voiding is not well delineated and opti-mum duration 
of therapy is poorly described.  
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Level of evidence: 4  

Grade of recommendation: C 

4.3. Detrusor underactivity 
Children with detrusor underactivity may demon-
strate low voiding frequency and an inability to void to 
completion using detrusor pressure alone. Voiding is 
of long duration, low pressure, intermit-tent and often 
augmented with abdominal strain-ing.  

Children with this condition usually present with uri-
nary tract infections and incontinence. Urody-nami-
cally, the bladder has a larger than normal capacity, 
a normal compliance and reduced or no detrusor con-
traction during voiding. Abdominal pressure is the 
driving force for voiding. The pre-viously used term 
‘lazy bladder’ is incorrect and is no longer used. 

A correct diagnosis can only be made by urody-namic 
evaluation. Renal function studies, renal ultrasound 
and VCUG should be performed to as-sess the extent 
of renal damage and reflux. Long-standing overactiv-
ity of the pelvic floor may in some children be respon-
sible for decompensation of the detrusor, leading to 
an acontractile detrusor. However, no data are avail-
able to support this theory.  

Treatment: 

Treatment is aimed at optimising bladder emptying 
after each void. Clean intermittent (self) catheterisa-
tion is the procedure of choice to promote complete 
bladder emptying, in combination with treatment of in-
fections and constipation [which may be extreme in 
these patients]. Intravesical electrostimulation has 
been described, but now it is still not recommended 
as a routine procedure for children. 

 Level of evidence 4  

 Grade of recommendation C 

4.4. Voiding postponement 
Voiding postponement is a condition in which children 
habitually postpone imminent micturition until over-
whelmed by urgency, resulting in urgency inconti-
nence [88]. A study comparing children with typical 
OAB to those with voiding postponement revealed a 
significantly higher frequency of clinically relevant be-
havioural symptoms in postponers than in children 
with OAB, suggesting that voiding postponement is 
an acquired or behavioural disorder [88]. The rates of 
Oppositional Defiant Disorder (ODD) are especially 
high. Some children with voiding postponement have 
abnormal uroflow patterns (90). 

Voiding postponement can develop out of previous 
OAB, but can represent a separate disorder. Also, 
voiding postponement can induce OAB. Therefore, 
different aetiologies need to be considered.  

Only 20% exhibit a fluctuating voiding pattern. It re-
mains to be determined whether voiding postpone-
ment can develop in the setting of a perfectly normal 

urinary tract or whether OAB is a necessary precur-
sor. 

Level of evidence 4  

Grade of recommendation C 

4.5. Giggle incontinence 
In some children giggling can trigger partial to com-
plete bladder emptying well into their teenage years, 
and intermittently into adulthood [91,92]. The condi-
tion occurs in girls and occasionally in boys and is 
generally self-limiting. The aetiology of giggle inconti-
nence is not defined. Urodynamic studies fail to 
demonstrate any abnormalities, there is no anatomic 
dysfunction, the upper tracts appear normal on ultra-
sound, the urinalysis is normal and there are no neu-
rological abnormalities [86,87]. It is postulated that 
laughter induces a generalised hypotonic state with 
urethral relaxation, thus predisposing an individual to 
incontinence, however the effect has not been 
demonstrated on either smooth or skeletal muscle. It 
has also been suggested that giggle incontinence is 
due to laughter triggering the micturition reflex and 
overriding central inhibitory mechanisms. One small 
study hinted at an association with cataplexy (associ-
ated involuntary truncal body movements) and narco-
lepsy (a state of excessive daytime sleepiness), sug-
gesting involvement of central nervous structures, 
however with only 7 subjects further evidence is 
needed [94]. Since the aetiology of giggle inconti-
nence is not known it is difficult to determine the ap-
propriate form of treatment. Positive results have 
been reported with conditioning training, 
methylphenidate and imipramine [92- 98]. Others 
have tried antimuscarinic agents and alpha-sympa-
thomimetics. There is no acceptable evidence that 
any form of treatment is superior to no intervention. 

Level of evidence 3  

Grade of recommendation D 

4.6. Vesicovaginal entrapment 
Urinary leakage that occurs in girls a short time after 
voiding to completion, that is not associated with any 
strong desire to void, may be the result of vesicovag-
inal reflux 

[98]. Urine may become entrapped in the vagina dur-
ing voiding due to labial adhesions, a funnel shaped 
hymen, or an inappropriate position on the toilet. The 
classic presentation is that of a girl who does not 
spread her legs apart during voiding and who is not 
sitting all the way back on the toilet seat, but who is 
rather sitting near the end of the toilet seat tilting for-
ward. Obesity may be an associated risk factor. 
Changes in voiding position and treatment of labial 
adhesions will lead usually to resolution of the urine 
leakage.  

Level of evidence 4  

Grade of recommendation C 
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4.7. Bladder and bowel disorder 
This is a term used to describe the association of any 
bowel and/or bladder disorder (11). 

The genitourinary tract and the gastrointestinal sys-
tem are interdependent, sharing the same embryo-
logic origin, pelvic region and sacral innervation. Alt-
hough children with voiding disturbances often pre-
sent with bowel dysfunction, until recently this co-ex-
istence was considered coincidental. However, it is 
now accepted that dysfunction of both systems, in the 
absence of anatomical abnormality or neurological 
disease, is inter-related. The common neural path-
ways, or the mutual passage through the pelvic floor 
musculature, may provide a theoretical basis for this 
relationship, as may the acquisition of environmental 
and developmental learning. The latter can be influ-
enced by episodes of urinary tract infection, constipa-
tion, anal pain or trauma, childhood stressors, reluc-
tance to toilet and poor toilet facilities [69,78,100]. 

There is also evidence to suggest that in severe 
cases symptoms may have a neurological basis. 

BBD is seen more frequently in girls than boys and is 
significantly associated with the presence of both 
VUR and UTI [101]. VUR is slower to resolve and 
breakthrough urinary tract infections are significantly 
more common in children with ES when compared to 
those without the diagnosis. Infections do not amelio-
rate with antibacterial prophylaxis. Age of first febrile 
UTI does not appear to be an aetiological factor [91], 
however, recurrence of UTI in children older than 5 
years is associated with the presence of BBD [102-
104]. 

Abnormal recruitment of the external anal sphincter 
during defecation or at call to stool is considered 
causative, in that it elicits concomitant urethral 
sphincter and pelvic floor co-contractions. Thus, in 
both systems a functional obstruction to emptying is 
generated. In the case of the urinary system, high 
pressures generated by the detrusor muscle to over-
come a decrease in urethral diameter can stimulate 
detrusor hypertrophy, detrusor overactivity, and lead 
to incompetence of the vesicoureteric junctions. In 
the early stages of defaecation disorders, bowel emp-
tying is incomplete, infrequent and poorly executed. 
As the dysfunction progresses stool quality becomes 
abnormal, the child develops distension of the rectum 
and descending colon, seems to lose normal sensa-
tion and develops faecal retentive incontinence. If 
constipation was not present as a predisposing fac-
tor, it rapidly develops [101]. 

Children with BBD commonly complain of daytime 
urinary incontinence, non-monosymptomatic noctur-
nal enuresis, recurrent urinary tract infections, imper-
ative urgency to void (OAB) and exceptionally urinary 
frequency. On investigation, they are often noted to 
have poor voiding efficiency, vesicoureteric reflux, 
constipation, faecal incontinence, no regular bowel 

routine and infrequent toileting. The incidence of chil-
dren with elimination syndrome and sub-clinical signs 
and symptoms is unknown.  

It is important to differentiate between functional con-
stipation and non-retentive faecal incontinence, as 
the treatment differs. The ICCS has provided docu-
ments for both disorders (105,106).  

Assessment follows the same process as for other 
aspects of paediatric bladder dysfunction, with the 
addition of a 2-week bowel diary and relevant symp-
tom score. The inclusion of an ultrasound rectal diam-
eter measure when assessing the bladder, has been 
shown to be discriminative for children with elimina-
tion syndrome. Urinary flow curve, perineal EMG and 
post void residual urine estimate, when considered in 
isolation, are not conclusive for the diagnosis of elim-
ination syndrome. There is no evidence to suggest 
that anorectal manometry is warranted as a first line 
investigation in these children. Recently a symptom 
scale for BBD has been developed providing objec-
tive assessment for diagnosis and quantification of 
severity [107]. 

Treatment: 

Treatment aims at assisting a child to become clean 
and dry in the short term, by retraining appropriate 
bladder and bowel awareness and teaching optimal 
toileting skills. As bowel dysfunction is more socially 
isolating than urinary incontinence, and in the light of 
evidence that amelioration of underlying constipation 
can relieve bladder symptoms, most clinicians begin 
with treatment of the bowel. Strategies include disim-
paction [if needed], prevention of stool reaccumula-
tion, and post-prandial efforts to empty the bowel 
while maintaining optimal defaecation dynamics 
(106). Once stools are being passed regularly, treat-
ment focuses on teaching awareness of age appro-
priate fullness in the bladder, and training unopposed 
emptying (without straining or pelvic floor muscle re-
cruitment), at pre-scheduled times. Pelvic floor 
awareness training and biofeedback therapy are inte-
gral.  

There are few studies of the efficacy of treatment in 
children with BBD. Several authors have evaluated 
the outcome of constipation management on bladder 
symptoms, however the baseline characteristics of 
subjects were not described adequately enough to al-
low clear diagnosis of BBD [72, 107]  

A review on the effectiveness of biofeedback for dys-
functional BBD reports that 80% of children benefited 
from biofeedback but that the level of evidence was 
low due to poor study designs (106, 109). 

Level of evidence 4  

Grade of recommendation C 
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5. PRINCIPLES OF NON-
PHARMACOLOGICAL TREATMENT 

OF ALL DIFFERENT STATES 

Treatment of the overactive bladder focuses on both 
the involuntary detrusor contractions and the child’s 
awareness to these. The initial treatment of this and 
all other daytime urinary incontinence subtypes in-
volves a behavioural and cognitive approach. Uro-
therapy is the umbrella term for all non-surgical and 
non-pharmacological interventions. The child and 
parent[s]/caregiver(s) are educated about normal 
bladder function and responses to urgency. Voiding 
regimens are instituted and UTIs and any constipa-
tion are managed. Additional treatment involves phar-
macotherapy, pelvic floor muscle relaxation tech-
niques and biofeedback, either alone or in combina-
tion.  

Although there are many studies reported in the liter-
ature assessing the effects of various forms of ther-
apy on daytime incontinence and urinary symptoms, 
many of these are case series rather than being ran-
domised or controlled trials. The paucity of studies 
evaluating basic standard therapy initiatives has pre-
cluded double-blinded trials of novel and multimodal 
interventions. Whilst clinically important benefits are 
commonly described, patient numbers, objective out-
come measures and length of follow-up are sub-opti-
mal.  

The main objectives of treatment are to normalise the 
micturition pattern, normalise bladder and pelvic floor 
overactivity and cure the incontinence, infections and 
constipation. Traditional therapy for day-wetting chil-
dren is cognitive and behavioural. Children learn to 
recognise the desire to void and to suppress this by 
normal central inhibition instead of resorting to hold-
ing manoeuvres [i.e. immediate voiding without post-
ponement] to generate urethral compression. Chil-
dren with dysfunctional voiding learn to initiate void-
ing with a completely relaxed pelvic floor and to pass 
urine in association with a detrusor contraction rather 
than via generation of abdominal pressure. Dietary 
changes and bowel regimens are used to treat the 
constipation [108]. Antibiotic prophylaxis may prevent 
recurrent UTIs, however, data to support this is lim-
ited. 

Some authors contend that in less severely affected 
children a thorough explanation of the underlying 
causes and the expected progress of resolution is 
sufficient treatment [52]. More active conventional 
management involves a combination of cognitive, be-
havioural, physical and pharmacological therapy. 
Common modes of treatment include parent and child 
reassurance, bladder retraining (including timed toi-
leting), pharmacotherapy, pelvic floor muscle relaxa-
tion and the use of biofeedback to inhibit rises in de-
trusor pressure associated with urinary incontinence 
[33, 110-112]. Further treatment options include sug-

gestive or hypnotic therapy and acupuncture. A com-
bination of bladder training programmes and pharma-
cological treatment, aimed specifically at reducing de-
trusor contractions, is often useful and sometimes 
necessary. 

5.1. Bladder rehabilitation and urotherapy 
Initial intervention for OAB, voiding postponement 
and dysfunctional voiding uses a non-pharmacologi-
cal approach. Despite the use of urotherapy for many 
years there is no set format and many clinical studies 
utilise differing combinations of therapies, which 
makes it difficult to evaluate the results [111,112]. The 
aim of urotherapy is to normalise the micturition pat-
tern and to prevent further functional disturbances. 
This is achieved through a combination of patient ed-
ucation, cognitive, behavioural and physical therapy 
methods.  

A Danish report of the outcome of standard urother-
apy in 240 children with daytime incontinence noted 
achievement of dryness in 126 children (55%). Alarm 
therapy has traditionally been used for the treatment 
of nocturnal enuresis but was recently used in man-
agement of daytime wetting. When a time watch was 
utilised as a reminder to void at regular intervals 70% 
of children became dry. An earlier study of a contin-
gent alarm [which sounded when the child wets] ver-
sus a noncontingent alarm system (which sounded at 
intermittent intervals to remind the child to void) over 
3 months in 45 children [113] was equally successful 
for the achievement of continence. Predictors for dry-
ness included a low voiding frequency, larger vol-
umes voided in relation to age-expected storage and 
fewer incontinent episodes per week [114].  

There is evidence that for children who are therapy-
resistant, timed voiding assisted by a timer watch 
added to urotherapy is effective (115). 

Following a 3-month training programme, 42.8% of 
day wetting children were cured at 1 month, 61.9% by 
6 months, and 71.4% by 1 year (116). Allen et al [117] 
reported that urotherapy patients with good compli-
ance with timed voiding were significantly more likely 
to improve their continence than those with poor com-
pliance. It has recently been highlighted however, 
that there is frequently conflict between school rules, 
routines and toilet facilities and the urotherapy pro-
gramme components. Adaptive coping techniques 
added to urotherapy training may enhanced gains in 
dryness. 

In children with OAB and dysfunctional voiding the 
pelvic floor muscles relaxation is impaired during 
voiding. Physiotherapy is concerned with re-training 
of specific muscle groups. Adjunctive physiothera-
peutic input offers children different strategies to 
achieve pelvic floor relaxation during micturition.  

Several centres offer intensive urotherapy called 
voiding schools or even inpatient rehabilitation. A pro-
spective evaluation of 38 Belgian children who under-
went this approach showed improvement in 90% of 
the children with 42% becoming dry, whilst no child 
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on the waiting list improved during the 6 months 
(118). Long-term follow-up of 75 incontinent children 
who underwent intensive urotherapy 16-22 years 
later showed a good result in 84%and the authors 
concluded that if the original outcomes of paediatric 
intensive inpatient urotherapy were good, they tend 
to remain so over time in most patients (119). 

Level of evidence 3  

Grade of recommendation C 

5.2. Adjunctive biofeedback 
Biofeedback is a technique in which physiological ac-
tivity is monitored, amplified and conveyed to the pa-
tient as visual or acoustic signals, thereby providing 
the patient with information about unconscious phys-
iological processes. Biofeedback is mainly utilized for 
the management of voiding phase (dysfunctional 
voiding due to pelvic floor muscle overactivity) abnor-
malities (120) 

Biofeedback can help children to identify how to relax 
their pelvic floor muscles or recognize involuntary de-
trusor contractions.  

Training with biofeedback can be used as a single 
treatment [121,122], or in conjunction with a compre-
hensive rehabilitation program [123,124]. It may be 
performed by a cystometrogram during which the 
child is taught to recognize and inhibit involuntary de-
trusor contractions by watching the pressure curve 
during cystometry. This is invasive and a time-con-
suming process with limited application as a routine 
treatment.  

More commonly pelvic floor muscle relaxation is 
taught using EMG biofeedback and/or real-time 
uroflow. The child sits on a toilet with a flow trans-
ducer, watching both the flow curve and EMG on a 
computer display, and attempts to empty completely 
in one relaxed void. Ultrasound may be used to de-
termine the post void residual and demonstrate com-
plete emptying. Interactive computer games are com-
monly used to make biofeedback training more at-
tractive to children [125,126], however care should be 
taken that posture and muscle recruitment approxi-
mates that of the voiding position. Home training can 
be performed with success using pure EMG-
biofeedback. 

The results of biofeedback are commonly reported as 
case series rather than RCTs. Results are generally 
positive but overall may not be superior to high quality 
standard urotherapy. The group receiving adjunctive 
biofeedback in the Vasconcelos study [116] did not 
achieve greater continence rates at the study end 
point, although a greater proportion of subjects 
achieved earlier dryness. Furthermore, the post void 
residual volumes were significantly reduced in the bi-
ofeedback group compared to the standard therapy 
only group.  

Long duration follow-up, whilst desirable, confounds 
results of intervention in children who are continually 

growing and maturing. Hellstrom et al report results 
of a 6-week bladder rehabilitation programme inclu-
sive of biofeedback [111] and note that at 3 years, 
71% of the children with detrusor overactivity, 70% of 
those with dysfunctional voiding and 73% of those 
with a combined disturbance had a normal micturition 
pattern. The potential for bias from intercurrent 
events and interventions precludes statements about 
the efficacy of biofeedback alone.  

Level of evidence: 3  

Grade of recommendation C 

5.3. Clean intermittent (self) catheterisation 
In children with an underactive detrusor, bladder 
emptying can be achieved with timed and double 
voiding. If this does not adequately empty the bladder 
clean intermittent self-catheterisation (CISC) may be 
tried [127-129]. This requires careful guidance for 
both the child and the parents. Sometimes it is nec-
essary to give the child a suprapubic catheter for a 
while and gradually prepare him/her to accept CISC. 
Once the infections have cleared and the child is con-
tinent it will become easier for both the parents and 
the child to accept. The frequency of CISC depends 
on the severity of the problem and may vary between 
four times a day and once a day before going to bed. 

Level of evidence 4  

Grade of recommendation C 

5.4. Neurostimulation 
Neurostimulation has been used in adults for a variety 
of lower urinary tract symptoms and has been applied 
in children. The main indication is OAB or urge incon-
tinence with good success rates. The use of 
transcutaneous stimulation with surface electrodes 
stimulating the sacral root (S3) has shown promising 
results, especially when tested as part of a random-
ised controlled trial [130].   Transcutaneous and per-
cutaneous neurostimulation delivered over either the 
sacral outflow or peroneal region of the ankle at a fre-
quency between 10-25 Hz, has proven a useful ad-
junctive treatment in children with detrusor overactiv-
ity. Intravesical stimulation is rarely indicated and can 
affect the function of an underactive detrusor and po-
tentially improve detrusor contractile function and en-
hance bladder emptying [131,132]).  

Electrical current directly affects the central nervous 
system by activating CNS centres facilitating both 
neural plasticity and normative afferent and efferent 
activity of the lower urinary tract.  For children with 
structural abnormalities, for example imperforate 
anus, electrostimulation is one method of facilitating 
strength gains in the skeletal muscle and its fascial 
attachments. Treatment is particularly useful in pa-
tients with very little pelvic floor awareness to stimu-
late muscle recruitment.  Once neural efficiency has 
improved, training is augmented by active pelvic floor 
contractions. 
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In 2011 three papers were published reviewing the 
use of neurostimulation in children (133-135). This 
highlights the level of interest in this modality for treat-
ing LUTD and bowel dysfunction. A literature search 
revealed 27 reports of the use of neurostimulation in 
children with non-neurogenic bladder dysfunction. 
Only five of these studies were randomised controlled 
or randomised cross-over studies whilst the rest were 
case series. However, parasacral Tens has been 
shown to be more effective than sham in randomised 
trials in treating OAB. Use of neurostimulation in chil-
dren with neurogenic LUT dysfunction has been re-
ported in 12 studies, 5 of which were randomised con-
trolled trials.  

Previously most studies have looked at the use of 
electrical neurostimulation in children whose symp-
toms have been refractory to all other interventions, 
whereas it is becoming apparent that sacral neu-
rostimulation, especially TENS as first-line treatment 
is beneficial.  

A recent prospective study in 69 children where neu-
rostimulation was used as first-line treatment, a com-
plete resolution of symptoms was seen in more than 
half of them (55,1%), after 20 sessions (136). 

Also, studies using intravesical, transcutaneous and 
implantable electrodes have noted improved bowel 
function. One randomised placebo-controlled trial us-
ing interferential current transcutaneously showed 
significant improvements in colonic transit times, de-
creased soiling and abdominal pain and increased 
quality of life in children with severe constipation 
(137). Following up on these children for an average 
of 3.5 years has shown that these improvements 
were maintained (145). 

From Table 1 and 2 different modes of application 
have been trialled in mostly small series of children. 
There is minimal standardisation of populations, ap-
plication parameters or outcome measures. Thus, ev-
idence is largely drawn from low quality studies. 
Clearly neurostimulation in children warrants larger, 
controlled and randomised studies, including its use 
as first-line intervention and in children with combined 
bladder and bowel dysfunction. Despite the slow 
pace of research the reviewers of the articles men-
tioned above agree that there is a positive role for 
neurostimulation in children with LUTD, and that it is 
adjunctive to other interventions, with no known pre-
dictors of efficacy now, but also rare and minor ad-
verse events. Neurostimulation of the bowel shows 
promise. 

Reported changes on bladder function with neu-
rostimulation include: significantly increased bladder 
capacity, decreased severity of urgency, improved 
continence, and decreased frequency of urinary tract 
infection. Significant improvement in urodynamic pa-
rameters of bladder compliance, number of involun-
tary contractions, and bladder volume at first detrusor 
contraction have also been noted.   
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Tables 1 and 2: Study parameters in paediatric neurostimulation trials 

Author and year of publication Population Design N Mode of application Outcome measure 

Guys 2004 Neurogenic 
(Spina bifida) 

RCT 42 Sacral implant n/s difference from controls for continence 

Marshall 1997 Neurogenic (MMC) RCT 50 Transcutaneous n/s difference from controls for continence 

Johnston 2005 Neurogenic 
(spinal cord injury) 

Series 2 FES implant Suppression of detrusor overactivity in 1 pt 

Han 2004 Neurogenic 
(MMC) 

Series 24 Intravesical Significant ↓ in faecal incontinence 

De Gennaro 2004 Neurogenic and  
Non neurogenic 

Series 6 
 
17 

Percutaneous tibial nerve n/s difference in neuropathic pts 
5/9 with incontinence cured 

Gladh 2003 Neurogenic and  
Non neurogenic 

Series 20 
 
24 

Intravesical 40% cure neurogenic 
83% cure non neurogenic 

Hagerty 2007 Neurogenic series 405 IVES 61% gained sensation 
>UD bladder capacity 77% 

Balcolm 1997 Neurogenic series 29 Transcutaneous Sensation improved 
>bladder capacity (p<0.05) 

Kajbafzadeh 
2009                                     

Neurogenic series 30 Transcutaneous 
IFT 

MMDP, PVR, and DSD improved to sham (p <0 .05) 
Also frequency and enuresis (p<0.05) 

Table 2 
Author and year 
of publication 

Population Design N Mode of application Outcome measure 

Tanagho  
1992 

Non neurogenic Series 6 Sacral implant Resolution 4/6 

Trsinar 1996 Non neurogenic Controlled trial (sham) 73 Anal plug +ve gains in active group 

Bower 2001 Non neurogenic Series 17 Transcutaneous sacral 73% improved continence 
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Author and year 
of publication 

Population Design N Mode of application Outcome measure 

Gladh 2001 Non neurogenic (DI 
diagnosis) 

Series 48 Anal plug 18/48 cured 

Hoebeke 2001 Non neurogenic Series 41 Transcutaneous sacral 56% cured after 1 year 

Hoebeke  
2002 

Non 
neurogenic 

Series 32 Percutaneous tibial nerve 25% cured, 35% improved 
UD>MVV 

Gladh 2003 Non neurogenic Series 24 Intravesical Normalized voiding 83% 

Lee 2005 Non neurogenic 
(infrequent voiding) 

Series 12 Intravesical Signif  ma x flow ra te , s ignif  P VR 

Barroso 2006 Non neurogenic (urge 
syndrome) 

Series 36 Transcutaneous sacral 12/19 “complete” improvement 

Humphreys 2006 Non neurogenic (severe 
DES) 

Series 23 Sacral implant Improvements: 
Day 83%  
Urgency 75% 
Freq’y 73% 
Bowel  80% 
Retent’n 60% 

Malm-Buatsi 
2007 

Non 
neurogenic 

Series 18 Transcutaneous sacral 13 cured 

Roth  2008 Non 
Neurogenic (DES) 

Series 20 Sacral implant Resolution constipation in 71% 

Hagstroem 2008 Non neurogenic RCT (sham) 25 Transcutaneous sacral 8/13 partial response 

Lordelo  2009 Non neurogenic Series 49 Transcutaneous sacral 2yr later 73% cured 

Capitanucci  
2009 

Non neurogenic Series 33 Percutaneous tibial nerve Complete /partial response 78% 2 yrs later 

Lordelo 2010 Non neurogenic RCT (sham) 21 (test) 
16(control) 

Transcutaneous sacral 62% cured test group. None in control 
(p<0.001) 

Haddad 2010 
(139) 

Non neurogenic RCT crossover 33 Sacral implant Effective (p<0.001) 
Improvements: 
75% for urinary  
81% bowel  

Lordelo 2010 Non neurogenic (NMNE) Series 19 Transcutaneous sacral 42% resolved 
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Author and year 
of publication 

Population Design N Mode of application Outcome measure 

21% improved 

Groen 2012 
(138) 

Non neurogenic  Series 18 
 

16 invasive SNM 
7 pudendal stimulation 
 

78% response 
40% full response at end of study 

Dwyer 2014 
(141) 

Non neurogenic  
 

Series 105 Sacral implant 88% UI impovement 

Sillen 2014 
(140) 

Non neurogenic  RCT 62 Transcutaneous sacral No significance vs standard 

Patidari 
2015 (142) 

Non  Neurogenic                                             Series 40 Percutaneous  tibial nerve 71,4% improvement 

Veiga 2016  
(135)   

Non  Neurogenic                                             Series 60 Transcutaneous sacral         89% improvement 

Barroso 2013 
(143) 

Non-neurogenic 
OAB 
First line treatment 

Series comparing PTNS to sacral 
Tens. 

59 
22PTNS 
37 sacral 
Tens 

PTNS x 1/week for 12 weeks 
Sacral Tens 20 mins, 3/week 
for 20 sessions 

PTNS 9% full response 
Tens 70% full response 
 

De Oliviera 2013 
 

Non neurogenic Primary  
nocturnal enuresis 

RCT  behaviour therapy vs 
behaviour therapy plus sacral Tens 

45 
18 control 
27 Tens 
group 

Sacral Tens 3/weekly 10 
sessions 

Overall improvement 
37.3% controls: 61.8% Tens (p=0.003) 
Controls : Tens 
Response 6%:15% 
Partial R 33%;56% 
No R 61%;30% 

Tugtepe 2015 Refractory urinary 
incontinence –OAB and 
DV 

Series 
 

27 TENS Tens over S3 dermatome 
20 minutes daily for 3 months 
 

70% complete response rate 
 

Leong 2011 Children with slow transit 
constipation 

3.5 year follow up following RCT 
using interferential electrical 
stimulation (IFT) 

30 IFT 3/week -1-2 months Improvement in 73% lasting more than 2 
years in 30%. Recurrence in 30% after 6 
months 

Yik 2012 
(144) 

Children with slow transit 
constipation 

Series 29 Home based IFT 1 hour /daily 
for 3-6 months 

Sign. Reduction defaecation freq. and 
soiling.overall improvement pain / 
consistence 

Sulkowsky 2015 
(146) 

Constipation, urinary and 
fecal incontinence , OAB 

series 29  invasive SNM 55% voluntary bowel movements 
91% suspended anticholinergics 
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Author and year 
of publication 

Population Design N Mode of application Outcome measure 

Rahem 2013 
(145) 

MNE RCT sham 28 14 PTNS, 14 sham 78,6% partial/full response 

Kajbafzadeh 2014 Neurogenic RCT sham 30 Perineal electrical stimulation 
15 minutes 15 sessions 
Sham –intensity not 
increased 

Daily incontinence  improved 
in treatment group  
 (P<0.02). 

Boudaoud 2015 
(147) 

Non neurogenic RCT 20 11 TCPNS vs 9 sham Urodynamcs improves in PPTNS group, 
clinical results  the same 

Choi 2013 Neurogenic Retrospec-tive study 88 Intravesical stimulation 
(IVES) 
 

Bladder capacity increased  
DSD resolved in 55.6% 
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More recently the first reports on sacral nerve stimu-
lation with implantable electrodes have been pub-
lished. In a group of 20 patients between 8 and 17 
years old followed prospectively, urinary inconti-
nence, urgency and frequency, nocturnal enuresis 
and constipation were improved or resolved in 88% 
(14 of 16), 69% (9 of 13), 89% (8 of 9), 69% (11 of 
16) and 71% (12 of 17) of subjects, respectively. 
Complications were seen in 20% of patients [138]. 
Different neuroanatomical pathways have been de-
scribed as targets for invasive sacral neurostimula-
tion. The third sacral (S3) nerve root remains the main 
access point used for neurostimulation treatment. A 
retrospective study of Luitzen-Albert Groen et al in-
cluded 18 patients, of which 5 with neurogenic blad-
der showed a good short term (78%) and long term 
(73%) response (73%) (139). These results are simi-
lar to those of Hadad (140). 

General limits of the evaluation of results for invasive 
SNS are the small number of patients in all series, the 
general absence of RCT, the different way to evalu-
ate results and different clinical protocols, including 
implant techniques, furthermore in some countries as 
in the United States, SNS and PTNS have been ap-
proved by FDA for the treatment of urology diseases 
but SNS is not approved in children younger than 16 
yrs. In Europe, the age limit is not so strictly defined 
as in the USA but the majority of experiences are 
mainly referred to postpuberal patients. Implantations 
of very young patient are generally avoided for a risk 
of electrode dislocation with statural growth during 
time, reduced collaboration and limitation for MRI 
studies. For all these reasons SNM in children still 
needs further studies (controlled and randomised). 
Evaluating SNM as first-line treatment in children with 
combined bladder and bowel dysfunction also de-
pends on defining the criteria for optimal indications 
and predicting efficacy (149). 

Due to the uncontrolled design the level of evidence 
is low. Experience from adults offered this treatment 
modality suggests future positive development in chil-
dren to be likely. 

Level of evidence: 3 

Grade of recommendation C 

5.5. Alarm therapy 
Alarm therapy has traditionally been used for the 
treatment of nocturnal enuresis and has rarely been 
used for daytime wetting. Only one randomised clini-
cal trial has been published to establish the efficacy 
of this form of treatment. Halliday et al compared a 
contingent alarm which sounded when the child wets 
with a noncontingent alarm system (which sounded 
at intermittent intervals to remind the child to void) 
[113]. Forty-four children participated in the study, 
50% were assigned to each form of therapy for a 3-
month period. Success was measured as 6 consecu-
tive weeks without daytime wetting. Nine children in 
the non-contingent group and 6 children in the contin-
gent group had persistent wetting. Although the risk 

of persistent wetting with the contingent alarm was 
67% of the risk of persistent wetting with the noncon-
tingent alarm, the difference in the reduction in wet-
ting between the groups was not significant (RR 0.67, 
95% CI 0.29 to 1.56). In a retrospective review by Van 
Laecke et al, a cure rate of 35% after the use of a 
daytime alarm was described [150]. Due to the retro-
spective design of the study the level of evidence is 
low. 

Level of evidence: 3  

Grade of recommendation C 

5.6. Group training 
Group training programmes have been developed for 
children with treatment-resistant incontinence. The 
program includes provision of information, coaching 
regarding drinking and voiding habits, relaxation and 
stress-reduction techniques, as well as cognitive-be-
havioural therapy (CBT). The training proved to be ef-
fective in pre-post analyses (151). 

5.7. Conclusion 
Many clinical studies describe combinations of thera-
pies rather than single interventions, which makes it 
difficult to evaluate the results. Physiotherapy and bi-
ofeedback both focus on the pelvic floor. Relaxation 
of the pelvic floor during voiding is essential for nor-
mal voiding and most of these patients are unable to 
relax their pelvic floor muscles. Biofeedback is im-
portant for showing the children the effect of their re-
laxation efforts. Most studies only state the clinical re-
sponses, and do not provide information on urody-
namic parameters before and after treatment. A ‘nor-
mal’ flow curve may not mean normal voiding if no 
information is provided on post-void residual urine. In 
most papers the inclusion and exclusion criteria are 
not clearly documented, and it may very well be that 
the more difficult patients with both storage and void-
ing dysfunction were included in the study population. 
Furthermore, different series may describe different 
groups of patients due to poor definitions and an in-
adequate classification system. In children with a sus-
pected bladder outlet obstruction, endoscopic inves-
tigations should be performed. Most often the ana-
tomic abnormality causing obstruction can be treated 
at the same time. In girls, a meatal web may cause a 
deflection of the stream upwards [causing stimulation 
of the clitoris and bulbocavernosus reflex]. A meato-
tomy may cure this problem, though no information 
on the long-term effects is available [79].  

6. PHARMACOLOGICAL 
TREATMENT 

6.1. Antimuscarinic therapy 
Antimuscarinic therapy remains one of the common 
forms of therapy for overactive bladder / detrusor 
overactivity. Its use is predicated on the concept that 
parasympathetic mediated stimulation of muscarinic 
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receptors in the bladder causes detrusor overactivity, 
which is responsible for the symptoms of detrusor 
overactivity. Antimuscarinic agents have been 
demonstrated to increase bladder capacity, increase 
bladder compliance and decrease detrusor contrac-
tions in neurogenic detrusor overactivity. Detrusor 
overactivity is believed to play a role in many children 
with functional incontinence, vesicoureteral reflux and 
urinary tract infections [152]. More commonly, phar-
macotherapy is instituted when behavioural therapy 
has failed to achieve a satisfactory outcome. Some 
clinicians use pharmacological therapy as first line in 
children with moderate to severe daytime inconti-
nence [66].  

Despite the frequent use of anticholinergic therapy, 
often in conjunction with a behavioural therapy regi-
men, the outcome of pharmacological therapy for 
daytime urinary incontinence is “unpredictable and in-
consistent” and there are few randomised studies 
available to assess drug safety and efficacy.  

The following antimuscarinics are briefly discussed: 

Oxybutynin: approved for use in children FDA EMA 

Propiverine: approved for use in children EMA 

Tolterodine: tested phase 3 clinical trials, not ap-
proved for use in children 

Solifenacin: tested phase 3 clinical trials, awaiting ap-
proval for use in children 

Terodiline: investigated in a randomised placebo con-
trolled trial, withdrawn because of serious cardiac 
side effects.  

Trospium chloride: used in small series in children 

Fesoterodine: used in small series in children 

Oxybutynin 

Currently the pharmacological therapy most widely 
used in children with detrusor overactivity is oxy-
butynin [153]. In 2002, a long-acting formulation, Ox-
butynin- XL, has been approved by the FDA for use 
in children [154]. Historically, oxybutynin use has 
been limited by its adverse effect profile with such 
side effects as dry mouth, constipation, facial flushing 
and CNS effects. The incidence of side effects seems 
to be dose-related, both for oral and intravesical ad-
ministration [155]. The CNS effects are related to the 
ability for oxybutynin to cross the blood brain barrier. 
Oxybutynin- XL utilises a novel delivery system, 
which results in absorption in the large intestine, 
thereby bypassing the first pass metabolism in the 
liver. This leads to a decrease in the amount of active 
metabolite [produced in the liver]: resulting in a more 
favourable tolerability profile. The delivery system re-
quires an intact tablet and thus it cannot be cut or 
crushed to facilitate swallowing. Another method of 
delivery of oxybutynin is intravesical therapy. This 
method of delivery also avoids the first pass effect 
and leads to increased amounts of oxybutynin avail-
able compared to immediate release oxybutynin. Its 

use in the neurologically intact patient is limited by the 
need for catheterisation [155]. 

There are only a few studies and only one random-
ised and double blinded, assessing the efficacy of ox-
ybutynin in detrusor overactivity in children. In the Eu-
ropean Bladder Dysfunction study, 97 children with 
DO on cystometrogram, received oxybutynin or pla-
cebo: the placebo effect of 45% was equal to the ef-
fect of oxybutynin chloride (156). 

Curran et al, in a retrospective review of 60 patients 
assessed the efficacy of several agents, primarily ox-
ybutynin in children with non-neurogenic detrusor 
overactivity, confirmed by urodynamics, who were re-
fractory to behavioural therapy. Some children were 
treated with combination therapy. Eighty percent had 
complete resolution or a significant improvement in 
their urinary symptoms. The authors noted an aver-
age time to resolution of symptoms of 2.7 years 
[range 0.2 to 6.6], however patients were not followed 
frequently [157]. In a study by Van Hoeck et al, hold-
ing exercises with and without oxybutynin showed no 
beneficial effect on bladder volume. [158].  

Level of evidence: 3  

Grade of recommendation C 

Propiverine 

Propiverine is the second antimuscarinic drug ap-
proved by the EMA for use in children. A randomised, 
double-blind, placebo-controlled phase 3 trial with 
propiverine in children aged 5-10 yr. was reported in 
2008. Of 171 randomised children, 87 were treated 
with propiverine and 84 with placebo. The primary ef-
ficacy outcome, decrease in voiding frequency, was -
2.0 episodes for propiverine versus -1.2 for placebo; 
p=0.0007. Superiority could also be demonstrated for 
increase in voided volume (31.4 vs. 5.1ml; p<0.0001) 
and reduction in incontinence episodes (-0.5 vs. -0.2 
episodes per d; p=0.0005. This clinical trial showed 
superior efficacy of propiverine over placebo and 
good tolerability for the treatment of children suffering 
from DO and urinary incontinence. [159,160] This is 
the first study with level of evidence 1 that shows ben-
eficial effect of anticholinergic therapy. 

A retrospective study published in 2012 on 68 chil-
dren with OAB, reports a response rate of 86.8% 
(161). 

Level of evidence: 1  

Grade of recommendation B/C (only single study)  

The following antimuscarinics are not approved for 
use in children, and may only be used off-label. 

Tolterodine 

Tolterodine, a non-selective antimuscarinic used for 
the treatment of overactive bladder and detrusor 
overactivity in adults. It is the first antimuscarinic 
agent designed specifically for use in detrusor over-
activity and is felt to be “bladder selective”. It’s affinity 
for the bladder compared to other organ systems 



 

 
1008  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

leads to an improved tolerability profile. The chemical 
nature of tolterodine makes it less likely to penetrate 
the blood brain barrier, which is supported by EEG 
studies [162]. The delivery system of the long acting 
preparation is such that the capsule may be cracked 
and “sprinkled” on food. Tolterodine has not been ap-
proved for use in children but there are several stud-
ies, which evaluate its safety and efficacy in children 
with detrusor overactivity. Hjålmas reported the re-
sults of an open label, dose escalation study using 
immediate release tolterodine in 33 children [163]. 
Doses ranged from 0.5 mg po BID to 2 mg po BID for 
14 days. The results demonstrated a 21% (23% with 
2 mg po BID) mean decrease from baseline in mictu-
rition frequency and a 44% mean decrease from 
baseline for the number of incontinence episodes in 
children treated with 1 mg and 2 mg po BID. Bolduc 
et al reported on a prospective crossover study of 34 
children followed for > 1 year who were crossed over 
from oxybutynin to tolterodine because of adverse ef-
fects with oxybutynin [164]. Detrusor overactivity was 
confirmed in 19/20 who had urodynamic studies per-
formed prior to therapy. Children received either 1 mg 
or 2 mg po BID and the median treatment period was 
11.5 months. Efficacy was assessed by a question-
naire and was comparable for oxybutynin and tolter-
odine. Sixty-eight percent noted a > 90% reduction in 
wetting episodes at 1 year and an additional 15% 
noted a > 50% reduction in wetting episodes. Fifty 
nine percent reported no side effects with tolterodine 
and 18% reported the same side effect as with oxy-
butynin, but felt it was less severe. Eight patients 
[24%] discontinued tolterodine.  

Munding et al reported on the use of tolterodine in 
children with “dysfunctional voiding” manifested as 
daytime wetting, frequency or urgency [165]. There 
was no documentation of uroflow studies to make the 
diagnosis of “dysfunctional voiding” and from the 
symptoms these children appeared to have detrusor 
overactivity. Children were started on behavioural 
modification for 4-6 weeks and pharmacological ther-
apy was instituted if they failed or had only slight im-
provement with behavioural therapy. A minimum of 1 
month’s follow-up was needed for inclusion, but the 
mean follow-up was only 5.2 months. Doses ranged 
from 1 mg po BID to 4 mg po BID. Assessment of 
results was made by telephone survey. Thirty three 
percent had > 90% reduction in daytime and night-
time wetting episodes and 60% had > 50% reduction. 
Four patients [13.3%] had side effects, constipation in 
2, dry mouth in 1 and diarrhoea in 1.  

Reinberg et al performed an open label parallel group 
retrospective study of the efficacy and safety of im-
mediate release and long acting tolterodine and ex-
tended release oxybutynin [166]. Children started out 
with the lowest possible dose, 2 mg tolterodine and 5 
mg oxybutynin and titrated up according to response 
and side effects. Children were arbitrarily assigned to 
therapy based on the formulary restrictions of the 
health plan and there was an uneven distribution of 
patients in the treatment groups. Final dose and du-
ration of treatment were not noted. Study nurses 

asked about side effects and a voiding diary was used 
to assess efficacy. The authors concluded that ex-
tended release tolterodine [p<0.05] and oxybutynin 
[p<0.01] were more effective than immediate release 
tolterodine in improving urinary incontinence symp-
toms and that extended release oxybutynin was more 
effective than extended release tolterodine in resolv-
ing diurnal incontinence (p<0.05) Long term tolerabil-
ity of tolterodine extended release in a large paediat-
ric population has been shown. [167]  

Level of evidence: 3  

Grade of recommendation C 

Solifenacin 

Solifenacin is an antimuscarinic agent used in chil-
dren with OAB: Hoebeke et al published results on 
139 children with therapy resistant OAB, with favour-
able results, and few side effects, in 2009 (168).  

Bolduc et al conducted a prospective, open label 
study, and published their results in 2009: 72 children 
enrolled, 45 with non-neurogenic DO. Continence im-
proved in all patients, including 24 who were dry, and 
42 and 6 who were significantly and moderately im-
proved, respectively (169). 

Long term use showed that high subjective and ob-
jective success rates were maintained over a longer 
follow-up (170).  

Phase 3 clinical studies in neurogenic children as well 
as in non- neurogenic children are being conducted. 

Level of evidence:  2 

Grade of recommendation 3 

Terodiline 

One of the drugs which has been investigated in a 
randomised placebo controlled trial was terodiline 
[171,172]. Because of serious cardiac side effects 
terodiline has been withdrawn from the market and is 
of only historical interest. 

Trospium chloride 

Trospium chloride has been used in small series in 
children. It is currently available in a twice a day dos-
ing formulation. In the adult population, there is a 16% 
intra-individual variability in bioavailability and 36% 
inter-individual variability. Absorption is affected by 
food intake. Trospium’s chemical structure make it 
unlikely to penetrate the blood brain barrier as sup-
ported by EEG studies. Lopez Periera et al evaluated 
the use of trospium in 62 children with documented 
detrusor overactivity and absence of ‘detrusor sphinc-
ter dyssynergia’ [173]. Children were randomly as-
signed to 10, 15, 20 or 25 mg of trospium adminis-
tered in 2 divided doses or placebo. Fifty-eight chil-
dren were evaluated. Response rates were assessed 
by incontinence episodes and urodynamic parame-
ters. Overall, 32% had an excellent response, 42% a 
good response and 8% a fair response. Detrusor 
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overactivity completely resolved in 35%. Four chil-
dren had medication related adverse effects including 
headache, dizziness, abdominal cramps and dry 
mouth. 

Level of evidence: 3  

Grade of recommendation C 

Fesoterodine 

Fesoterodine is approved for adults, and is reportedly 
safe and effective. A post marketing surveillance 
study with 2978 adults with OAB scored on efficacy 
in Korea showed amelioration in 91% (174) 

Comparison with solifenacin showed no difference in 
efficacy, but more side effects with fesoterodine 
(175).  

Expert opinion is that fesoterodine has a similar toler-
ability and side effect profile to other antimuscarinics 
and is, therefore, unlikely to revolutionise the treat-
ment of the overactive bladder (176). 

In children, the only study done is a Dose-escalating 
study of the pharmacokinetics and tolerability, show-
ing steady-state plasma 5-hydroxy-methyltolterodine 
exposures similar to those in adults. The doses given 
were well tolerated. Only 10 children with non-neuro-
genic bladder and OAB were included (177). 

Darifenacin  

Darifenacin is approved for use in adults too. Alt-
hough already mentioned in 2004 to be promising, in 
children, up to date no studies have published (178). 

Some authors try combinations of anticholinergics for 
refractory OAB: Bolduc et al treated 33 children with 
a combination of oxybutynin and solifenacin or tolter-
odine with good success (179, 180). 

Fahmy et al enrolled 72 children in a prospective 
study where trospium chloride was added to oxy-
butynin in refractory OAB: 68% showed improve-
ment, 22,2% was completely dry (181).  

6.2. Beta3-adrenoceptor agonists 
Mirabegron is the first of a new class of drugs for the 
treatment of OAB. Stimulation of β3-adrenoreceptors 
results in relaxation of the detrusor smooth muscle 
and improves bladder compliance and bladder ca-
pacity. Randomised controlled trials in adults show 
that mirabegron decreased the number of micturitions 
and incontinence episodes in a 24-hour period com-
pared with placebo. Mirabegron is approved for use 
in adults (182,183). 

There is only one study published in children. A pro-
spective off-label study in 58 children with refractory 
OAB or with significant side effects with at least two 
different antimuscarinic agents were recruited. Conti-
nence improved in 52 of 58, with 13 being completely 
dry. Eight patients reported mild or moderate side ef-
fects. Absence of a placebo group is a limitation of 
the study (184). 

Phase 3 studies with mirabegron are currently run-
ning in children with neurogenic bladder, but not yet 
in neurologically normal children.  

6.3. Botulinum Toxin 
Botulinum toxin is used in children, mainly with neu-
rogenic detrusor overactivity. Initial results are prom-
ising, but more studies need to be done. In children 
100-200 Units on average, are injected in 30-40 spots 
[185]. The trigone should not be injected, as there is 
an increased risk of vesico-ureteric reflux. The results 
last about 6-9 months. Botulinum toxin is not regis-
tered for injection in the detrusor or the sphincter in 
children. It is used off-label and further prospective 
studies are needed before a general recommenda-
tion can be made (186). 

One prospective uncontrolled study by Hoebeke et al 
in 21 children shows beneficial effects of botulinum 
toxin in 70% of children with therapy resistant detru-
sor overactivity [187].  

Urodynamic assessment proves amelioration after 
botulinum toxin A in detrusor contractions and blad-
der capacity in a prospective study with 13 children 
included (188). Leon et al published an even smaller 
prospective uncontrolled series in 2014 on 8 children 
with favourable results (189).  Other published stud-
ies are all retrospective: A retrospective study in 30 
patients by Blackburn et al published in 2013 and a 
retrospective study in 57 patients by Mc Dowell pub-
lished in 2012 demonstrates good response (190, 
191).  Injection of botulinum toxin into the external 
sphincter is also possible, but the results are more 
variable and last only 3-4 months [192]. Radojici et al 
describe excellent results in the treatment of dysfunc-
tional voiding. In 20 children, good results are de-
scribed for 17 patients [193]. In a retrospective study 
by Franco et al, similar results are described in 16 
children, however using a higher dosage [194]. 

These results are confirmed by ‘t Hoen et al, and by 
Vricella et al, but the effect in their series is longer: 
they report safe and persistent satisfactory results 
during an average of 13-months in 18 of 20 patients 
and 15 months in 8 of 12 patients respectively with 
therapy-refractory dysfunctional voiding (195,196).  

Less invasively, botulinum toxin can be administered 
electromotively: a small study in 15 children shows 
the administration is feasible, safe, and results in con-
siderable improvement on urinary incontinence (197). 

Level of evidence: 3  

Grade of recommendation C 

 

6.4. Alpha-adrenergic blockers 
Treatment of the overactive pelvic floor and sphincter 
is much more difficult. Treatment with alpha-adrener-
gic blockade seems promising, but from the pre-
sented studies it is difficult to draw firm conclusions: 
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as most series are small, not randomised and de-
scribe a mixed patient population [198-200].  

In a more recent uncontrolled study by Donohoe et al 
a total of 26 patients with Primary Bladder Neck Dys-
function (20 males, 6 females, mean age 12.8 years) 
were treated with alpha-blockers. Mean average and 
maximum uroflow rates improved from 5.5 to 12.6 cc 
per second and from 10.3 to 19.7 cc per second, re-
spectively, while mean EMG lag time decreased from 
24.4 to 5.7 seconds and post-void residual urine vol-
ume from 98.9 to 8.9 cc (all p <0.001). Mean follow-
up was 31 months and no major adverse side effects 
were observed [201]. Further randomised controlled 
studies are needed to define the place of alpha-block-
ers. 

Level of evidence: 3  

Grade of recommendation C 

Because there is much variability in presenting symp-
toms as well as the underlying pathology an individual 
approach is advisable: a step by step algorithm has 
been developed by Marschall-Kehrel, which seems to 
deal with many of these variables [202].  

Level of evidence 3.  

Grade of recommendation B/C  

The limited number of identified randomised con-
trolled trials does not allow a reliable assessment of 
the benefits and harms of different methods of man-
agement in children. Further work is required in this 
difficult clinical area. The establishment of outcome 
measures is needed, to facilitate randomised con-
trolled trials of routine therapy. Interventions that 
would benefit from further investigations include: 
bladder and voiding education, bladder retention 
training, bowel management, hypnotherapy and alter-
native therapies, psychology, prophylactic antibiotic 
medication, neuromodulation, biofeedback therapy 
and pelvic floor muscle awareness and specific relax-
ation. Only then can the efficacy of new interventions 
be measured in children with detrusor overactivity or 
dysfunctional voiding.  

6.5. Conclusion 
A wide therapeutic choice available to clinicians, 
many of the commonly used treatments are of dubi-
ous value and have not been rigorously evaluated in 
careful clinical trials with an appropriate study design. 
Children who suffer this distressing condition, and 
their families, and those who care for them clinically, 
need clear guidance as to which treatments are of 
proven value. They need access to treatments which 
work, and they need protection from treatments which 
do not work.  

Children who present with urinary symptoms may 
have been victims of sexual abuse. In these cases, 
the use of invasive diagnostic procedures (VCUG and 
urodynamic studies) must be regarded as contraindi-
cated, as must the use of invasive intra-anal treat-
ment devices. Development of less invasive methods 

of diagnosis and treatment should therefore be en-
couraged. 

 NEUROGENIC DETRUSOR-
SPHINCTER DYSFUNCTION 

1. INTRODUCTION 

Neurogenic detrusor-sphincter dysfunction (NDSD) 
can develop because of a lesion at any level in the 
nervous system. This condition contributes to various 
forms of lower urinary tract dysfunction which may 
lead to incontinence, urinary tract infections (UTIs), 
vesicoureteral reflux (VUR), and renal scarring. Sur-
gery may be required to establish adequate bladder 
drainage, and potentially, if not managed properly, 
NDSD can cause renal failure, requiring dialysis or 
transplantation. 

Management of neurogenic detrusor sphincter dys-
function in children has undergone major changes 
over the years.  While the use of diapers, permanent 
catheters, external appliances and various forms of 
urinary diversion were acceptable treatment modali-
ties; these are now reserved for only a small number 
of resistant patients (1). Initially, long-term renal 
preservation was the only aim of therapy and early 
diversion had the best long term results for preserving 
renal function. Despite some of the complications of 
ileal conduits and cutaneous urostomies requiring 
secondary surgery, this form of treatment offered the 
best outcome for renal preservation with socially ac-
ceptable continence (2).  

Introduction of clean (self) intermittent catheterisation 
revolutionised the management of children with 
NDSD. It, not only made conservative management a 
very successful treatment option, but also made sur-
gical creation of continent reservoirs a very effective 
alternative with a good quality of life (3). 

The causes and presentation of a neurogenic bladder 
in a child is different from adult forms. In most cases, 
the paediatric neurologic bladder is caused by con-
genital problems, and many investigators differentiate 
between a neurologic and a neuropathic bladder. A 
neurogenic bladder is one from a true neurologic def-
icit like spina bifida (SB), and a neuropathic bladder 
is one that acts like a neurogenic bladder but is not 
caused by an innervation problem like valve bladder 
syndrome. Acquired forms caused by trauma, infec-
tion, or behavioural issues are more comparable with 
adult clinical pictures (4).  

The most common cause of NDSD in children is neu-
rospinal dysraphism and this condition presents with 
various patterns of detrusor-sphincter dysfunction 
within a wide range of severity.  About 15 % of neo-
nates with myelodysplasia have no signs of lower uri-
nary tract dysfunction (LUTD) when initially studied 
(5). However, there is a high risk of progressive 
changes in the dynamics of the neurological lesion in 
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time and even babies with normal LUT function at 
birth have a 1 in 3 risk of developing either detrusor 
sphincter dyssynergia or acontractile detrusors by the 
time they reach puberty (6). Nearly 60 % of the neo-
nates with neurospinal dysraphism may develop up-
per tract deterioration due to increased detrusor filling 
pressures and infections, with or without reflux (7,8).  

As our understanding of urodynamic studies has 
evolved it allowed us to understand the nature and 
severity of the problems and administer management 
in a more rational manner differing according to the 
functional characteristics of each detrusor sphincter 
unit. Although the last quarter century has witnessed 
a remarkable progress in understanding pathophysi-
ology, pathogenesis and the management of these 
children, the main goals of treatment remained the 
same i.e. the prevention of urinary tract deterioration 
and the achievement of continence at an appropriate 
age. 

2. PRESENTATION OF NEUROGENIC 
DETRUSOR-SPHINCTER 

DYSFUNCTION IN CHILDREN 

Neurogenic detrusor sphincter dysfunction can de-
velop because of a lesion at any level in the nervous 
system, including the cerebral cortex, spinal cord or 
the peripheral nervous system. The level of the defect 
on the spine is strongly associated with survival and 
the development of cognitive and motor skills, with 
cervico-thoracic levels performing significantly lower 
in comparison with lumbosacral defects. 

The type and degree of detrusor sphincter dysfunc-
tion is poorly correlated with the type and spinal level 
of the neurologic lesion.  

The closure of spinal canal in utero takes place in 
caudad direction from cephalic end and is completed 
at around 35 days of gestation. The failure of meso-
dermal in-growth over the developing spinal canal re-
sults in an open lesion most commonly seen in the 
lumbosacral area. The degree of this closure defi-
ciency contributes to a variable presentation of neural 
injury with varying degrees of LUTD and lower ex-
tremity problems.  

Myelodysplasia, also commonly known as spina bi-
fida (SB), is a general term that describes incomplete 
closure of the vertebral column and malformation of 
the embryonic neural tube. This term includes a group 
of lesions like spina bifida occulta, meningocele, lipo-
myelomeningocele, or myelomeningocele. Mye-
lomeningocele is by far the most common defect seen 
and the most detrimental. Traumatic and neoplastic 
spinal lesions of the cord are less frequent in children 
(9). 

In meningocele, the meninges protrude through a 
vertebral canal defect 

but the neural elements of the cord remain confined 
within the canal.  

In myelomeningocele, the neural roots or segments 
of the spinal cord herniate through the incompletely 
closed vertebrae. 

The neurological lesions produced by myelodysplasia 
are variable and contingent on the neural elements 
that protrude within the meningocele sac. The bony 
vertebral level correlates poorly with the neurologic 
lesions produced. Additionally, different growth rates 
between the vertebral bodies and the elongating spi-
nal cord can introduce a dynamic factor to the lesion, 
and scar tissue surrounding the cord at the site of me-
ningocele closure can tether the cord during growth 
(11).   

In occult myelodysplasia, the lesions are not overt 
and often with no obvious signs of neurological le-
sion. The diagnosis of this condition has increased 
since the advent of spinal ultrasonography and mag-
netic resonance imaging. Yet, in nearly 90% of pa-
tients, a cutaneous abnormality overlies the lower 
spine and this condition can easily be suspected by 
simple inspection of the lower back. These cutaneous 
lesions can vary from a dimple or a skin tag to a tuft 
of hair, a dermal vascular malformation, or an obvious 
subdermal lipoma. (9) Alterations may be found in the 
arrangement or configuration of the toes, along with 
discrepancies in lower extremity muscle size and 
strength with weakness or abnormal gait. Back pain 
and an absence of perineal sensation are common 
symptoms in older children. Incidence of abnormal 
lower urinary tract function in patients with spina bi-
fida occulta is as high as 40%. Occult lesions may 
also become manifest with tethering of the cord later 
in life. This can lead to changes in bowel, bladder, 
sexual and lower extremity function. 

Sacral agenesis is a rare congenital anomaly that in-
volves absence of part or all of one or more sacral 
vertebrae. Perineal sensation is usually intact and 
lower extremity function is usually normal and the di-
agnosis is made when a flattened buttock and a short 
gluteal cleft is seen on physical examination. This le-
sion may produce variable degrees and patterns of 
LUTD.   

Cerebral palsy patients may also present with vary-
ing degrees of LUTD usually in the form of overactive 
detrusor and wetting. 

Imperforate anus is a rare anomaly and presents 
with a closed rectum that does not open onto anal 
skin verge. These children may present with accom-
panying spinal cord pathology. This is more common 
when the rectum ends above the pelvic floor muscles 
and they should undergo a MR imaging for detection. 
Early detection of this problem in imperforate anus 
patients is important to improve the child’s chance of 
maintaining healthy kidneys and becoming continent. 
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3. CLASSIFICATION: PATTERN 
RECOGNITION 

The purpose of any classification system is to facili-
tate the understanding and management of the un-
derlying pathology. There are various systems of 
classification of the neurogenic bladder. 

Most systems of classification were formulated pri-
marily to describe those types of dysfunction second-
ary to neurologic disease or injury. Such systems are 
based on the localisation of the neurological lesion 
and findings of the neuro-urologic examination. 
These classifications have been of more value in 
adults as neurogenic lesions are usually due to 
trauma and more readily identified.  

In children, the spinal level and extent of congenital 
lesion is poorly correlated with the clinical outcome. 
Indeed, severe detrusor sphincter dysfunction has 
been associated with minimal bony defects. Various 
possible neuropathological lesions of the spinal cord 
including syringomyelia, hydromyelia, tethering of the 
cord and dysplasia of the spinal cord are the causes 
of these disparities and they may extend several seg-
ments above and below the actual site of the mye-
lomeningocele. Therefore, urodynamic and functional 
classifications have been more practical for defining 
the extent of the pathology and planning treatment in 
children.     

The detrusor and sphincter are two units working in 
harmony to make a single functional unit. The initial 
approach should be to evaluate the state of each unit 
and define the pattern of bladder and sphincter dys-
function. Determined by the nature of the neurologic 
deficit, they may be either in an overactive or in an 
inactive state. The detrusor may be overactive with 
increased contractions during filling, with a dimin-
ished bladder capacity and compliance or be under-
active with no effective contractions during voiding; 
the bladder outlet (urethra and sphincter) may be in-
dependently overactive causing functional obstruc-
tion or paralysed with no resistance to urinary flow 
leading stress incontinence.  

These conditions may exist in any combination (10-
15). 

Urodynamic evaluation (preferably in combination 
with fluoroscopy) makes pattern recognition possible. 
Four major types are usually used to describe the de-
trusor-sphincter dysfunction:  

1. Detrusor overactivity with overactivity of the 
sphincter (mostly dyssynergia),  

2. Detrusor overactivity with normal or underactivity 
of the sphincter, 

3. Detrusor underactivity with sphincter overactivity 
and  

4. Detrusor underactivity with sphincter underactiv-
ity.  

Besides these 4 patterns, one can use the ICS clas-
sification: overactive detrusor, underactive detrusor, 
overactive sphincter and underactive sphincter. 
Sometimes this is more helpful, as the detrusor may 
be overactive during filling, but underactive during 
‘voiding’. 

The urodynamic investigation is considered normal 
when there is suitable age appropriate capacity, good 
compliant bladder with no overactivity and normal in-
nervation of the sphincter with normal sacral reflexes 
and an increase in pelvic floor activity during filling 
and no activity during voiding. Presence of detrusor 
overactivity during filling with or without decreased 
capacity and compliance, is usually seen when there 
is upper motor neuron lesion and this is usually ac-
companied by overactivity of the sphincter and failure 
to relax during voiding. A lower motor neuron lesion 
is considered when the voiding detrusor contractions 
are weak or lost and the sphincter is underactive. Uro-
dynamic investigations make it possible to establish 
a management plan for each individual patient.  

Level of evidence: 3 

Grade of recommendation B 

For the very young child the combination of an over-
active detrusor and sphincter is potentially dangerous 
because of the high intravesical filling pressures, 
which will put the upper tract at risk (vesicoureteral 
reflux and hydronephrosis), whereas an underactive 
detrusor and a paralysed sphincter is relatively safe, 
providing a low-pressure reservoir (16-19).  

Level of evidence: 2 

4. PRENATAL DIAGNOSIS AND 
FETAL SURGERY 

In utero intervention holds the promise of reversing 
some of the sequelae and improving outcome in SB 
patients. To prospectively evaluate the value of intra-
uterine surgery, a randomised controlled trial was es-
tablished in 3 centres. The endpoints of this Manage-
ment of Myelomeningocele Study (MOMS) included 
fetal and infant mortality, the need for a ventriculop-
eritoneal shunt at 1 year of age, and the evaluation of 
mental and motor development at 30 months of age. 
There were no maternal deaths and the rates of ad-
verse neonatal outcomes were generally similar be-
tween the two groups (20). Long-term (5-year) follow-
up has occurred in this cohort of patients. Previous 
reports have documented decreased incidence of 
ventriculoperitoneal shunting and neuromotor func-
tioning, showing improved outcomes (less trabecula-
tion and open bladder neck) compared with historical 
controls (21).  The evidence to suggest prenatal sur-
gery is still low and it should only be done in desig-
nated centres. 
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5. MANAGEMENT 

The main aim in management of NDSD in children is 
to ensure and maintain a reservoir with normal age-
matched capacity and good compliance that can be 
emptied completely at low pressures and at regular 
intervals.  Urological care is initiated soon after a child 
with SB is born and is maintained throughout child-
hood. In the first years of life, the kidneys are highly 
susceptible to backpressure and infection. Bladder 
drainage is essential during and after the closure of 
the spinal defect in early in life. Following the closure 
within a few weeks emphasis will be on documenting 
the pattern of neurogenic detrusor- sphincter dys-
function and assessing the potential for functional ob-
struction and whether there is vesicoureteral reflux 
(19,22). Ultrasound studies and a VCUG or video-
urodynamics to exclude reflux must be performed 
soon after birth. Measurement of residual urine during 
both ultrasound and cystography should also be 
done. These studies provide a baseline for the ap-
pearance of the upper and lower urinary tracts, can 
facilitate the diagnosis of hydronephrosis or 
vesicoureteral reflux and can help identify children at 
risk for upper urinary tract deterioration and impair-
ment of renal function.  

Concerning the bladder function, 2 general scenarios 
are common. One group of patients will have an over-
active sphincter and develop high detrusor leak point 
pressures greater than 40 cm H2O and are, therefore, 
at risk for upper tract damage. The other group will 
have underactive sphincter resulting in free urine flow 
at low pressures into the diaper with little risk to the 
upper tract. A urodynamic evaluation can be done af-
ter some weeks and needs to be repeated at regular 
intervals, in combination with evaluation of the upper 
tracts (22).  

Level of evidence 3  

Grade of recommendation: B 

Overwhelming experience gained over the years with 
early management of neurogenic bladder in infants 
has led to a consensus that children do not develop 
upper tract deterioration when managed early with 
CIC and antimuscarinic medication (22-25). There-
fore, initial treatment should consist of oral or in-
travesical antimuscarinic drugs in combination with 
clean intermittent catheterisation, to start soon after 
birth in all babies and especially in those with signs of 
possible outlet obstruction (26-30). The volume of 
urine collected with CIC and severity of urine leakage 
in between CIC will provide more information about 
the characteristics of bladder storage and drainage. 

Level of evidence 2  

Grade of recommendation: B 

The early initiation of intermittent catheterisation in 
the new-born period, makes it easier for parents to 
master it and for children to accept it as they grow 

older (31,32). With early management, not only are 
upper tract changes fewer, but also bladders are bet-
ter protected and incontinence rates are much lower.  

It has been suggested that increased bladder pres-
sures due to detrusor-sphincter dyssynergia cause 
secondary changes to the bladder wall. These fibro-
proliferative changes may cause loss of elasticity re-
sulting in a small non-compliant bladder with progres-
sively elevated pressures. It is believed that early in-
stitution of intermittent catheterisation and anticholin-
ergic drugs may prevent this in some patients (33-35). 

Level of evidence 3 

Retrospective evaluation of patients has also shown 
that significantly fewer bladder augmentations were 
required in patients with early start of CIC (30,31).  

Level of evidence 4 

The main disadvantage of CIC is bacteriuria which is 
found in 60% of the patients, but symptomatic UTI are 
less common (20%) with CIC when compared to the 
group without CIC (40%). Since the risk of reflux is 
similarly low with CIC, the renal scar rates are lower. 
CIC alone, when begun in infancy can achieve conti-
nence at a rate of 60 %. When combined with newer 
and more potent antimuscarinic drugs continence 
rates approach 75-80%. (36-39) 

Due to high risk of latex sensitivity in the NDSD pop-
ulation, non-latex catheters are recomended.  Hydro-
philic-coated catheters have become more popular 
as they are more practical to use and are associated 
with less pain in use. In a randomised trial comparing 
hydrophilic-coated catheters to uncoated catheters, 
there was a reduction in microscopic haematuria and 
better overall satisfaction with the hydrophilic-coated 
catheters (40).  

A Cochrane review examined sterile versus clean 
catheterisation technique, coated (pre-lubricated) 
versus uncoated (separate lubricant) catheters, sin-
gle (sterile) or multiple use (clean) catheters, self-
catheterisation versus catheterisation by others, and 
any other strategies designed to reduce UTIs with re-
spect to incidence of symptomatic UTI, haematuria, 
other infections, and user preference, in adults and 
children using CIC (41). This review found a lack of 
evidence to state that the incidence of UTI is affected 
by any parameter. Another recent review failed to 
show that single use hydrophilic-coated catheters de-
crease the incidence of symptomatic urinary tract in-
fection, when compared to clean multiple use polyvi-
nylchloride catheters (42). The evidence to suggest 
one specific catheter type, technique, or strategy is 
weak and choice of catheters and regimens should 
be made on an individual basis. 

Level of evidence 3 

At present oxybutynin, tolterodine, trospium, propiv-
erine and solifenacin are the most frequently used an-
ticholinergic drugs to treat detrusor overactivity in 
children.  
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The clinical efficacy and side effects from anticholin-
ergics is related to the receptor subtype present in the 
target organ. There are several muscarinic receptor 
subtypes throughout the body named as M1, M2, M3, 
M4, and M5. The predominant muscarinic subtype in 
the bladder is the M2 receptor (66%); however, it is 
the M3 receptor subtype (33%) that is more important 
for detrusor activity (43).   

Some clinical studies are available, but not many ran-
domised placebo controlled studies have been per-
formed (35,44-46).  

Oxybutynin is the first anticholinergic agent which has 
undergone a broad investigation in children with 
NDSD. It is the only FDA approved anticholinergic for 
paediatric use in NDSD. The dosing of oral and in-
travesical oxybutynin is 0.2 mg/kg/dose every 8 hr.  
Despite its high efficacy, oxybutynin has major side 
effects, which include: dry mouth, constipation, 
blurred vision, headache, somnolence, learning disa-
bility, flushing, constipation and dry itchy skin.  

If children are unable to tolerate oral oxybutynin, 
other modes of delivery can help reduce side effects. 
The intravesical route does not rely on gastrointesti-
nal absorption and therefore largely avoids hepatic 
metabolite, N-desethyloxybutynin, that is generated. 
It is an active metabolite with similar pharmacological 
properties to oxybutynin, increasing the potential for 
adverse effects. A meta-analysis involving intravesi-
cal oxybutynin in children with NBD supports its effi-
cacy in lowering the mean maximum detrusor pres-
sure while increasing bladder capacity, but side ef-
fects are nevertheless present, although fewer than 
with oral oxybutynin. Incontinence has been shown to 
be improved significantly in most studies, with "dry 
and improved" rates ranging from 61% to 83% 
(47,48). The transdermal route is an alternative route 
with similar benefits as intravesical treatment as it cir-
cumvents the production of N-desethyloxybutynin 
(49).  The main limitations with transdermal delivery 
are local skin site irritation and the necessity for con-
tinual skin adherence. 

A prospective controlled trial evaluating trospium in 
children reports that trospium is effective and safe in 
correcting detrusor overactivity in children but this 
study did not include patients with a neurogenic blad-
der (50).  Tolterodine has undergone a trial in children 
with NDSD by the FDA. Study design limitations, 
however, prevent therapeutic labelling for tolterodine 
in the treatment of children with NDSD. In small case 
studies two different forms of tolterodine have been 
investigated in children. Tolterodine has similar effi-
cacy and tolerability to oxybutynin in children with 
NDSD and the extended release formulation of tolter-
odine was as efficient as the instant release form with 
the advantages of being a single dose and less ex-
pensive (51,52). 

In a randomised, controlled trial once-daily solifen-
acin oral suspension in children with overactive blad-
der was superior to placebo for mean voided volume 

(primary efficacy endpoint) and was well tolerated 
(53). 

Mirabegron added to solifenacin was also shown to 
be a safe alternative for children with refractory over-
active bladder. Dual therapy is well tolerated and ad-
justed dose regimen appears safe in this first paedi-
atric study (54).  

Based on the data available in children with neuro-
genic bladder over activity use of anticholinergic 
drugs is the mainstay of medical treatment. There is 
high level of evidence to suggest use of anticholiner-
gic drugs in children with NDSD to reduce storage 
pressures and increase voided volume. 

Level of evidence 2 

Grade of recommendation: B (side effects) 

Use of medication in children with neurogenic bladder 
to facilitate emptying has not been studied well in the 
literature. Few studies investigating the use of alpha-
adrenergic blockade in children with neurogenic blad-
der report good response rates but they are non-con-
trolled studies and long-term follow-up is lacking (55-
57). A recent study with selective α1-blockers (dox-
azosin) in children with NDSD and increased leak 
point pressure (LPP) did not show any evident effi-
cacy (58). 

Level of evidence 4 

In neurogenic bladders that are refractory to antimus-
carinics and remain in a low capacity and high-pres-
sure state, injection of onabotulinumtoxinA (BTX) into 
the detrusor has been introduced as a new treatment 
alternative (59-60).  Initial promising results in adults 
have initiated its use in children. So far paediatric 
studies have been open-label and prospective con-
trolled trials are lacking (61-63). In a recent system-
atic review examining 12 series (all non-randomised 
and only 2 with control group) injection of BTX A in 
therapy resistant bladders causes a significant im-
provement in terms of continence, maximum detrusor 
pressure, maximum cystometric capacity, and blad-
der compliance. This treatment seems to be more ef-
fective in bladders with evidence of detrusor overac-
tivity, while non-compliant bladders without obvious 
detrusor contractions are unlikely to respond to this 
treatment (64). 

Level of evidence 2 

Grade of recommendation B 

Dosage in children should be determined by body 
weight, with caution regarding total dose if also being 
used for treatment of spasticity, and minimum age 
(65- 68).  In most published studies, the dose of BTX-
A is 10 U/kg up to a maximal dose of 300 U involving 
30 trigone sparing injections of 10 U/kg/ml in the de-
trusor. BTX-A seems to reach efficacy levels at 2 
weeks and maximum effects within a month. Duration 
of the BTX-A effect ranges from 3 to 8 months de-
pending on short-term versus long-term repeated in-
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jections (69-70).  Few adverse events have been re-
ported in children, but the need for CIC after injection 
is an important consideration and is higher when high 
doses are used (71). 

BTX-A injection into the urethral sphincter has been 
shown to be effective in decreasing urethral re-
sistance and to improve voiding (72). A meta-analysis 
of BTX-A injection (in mainly adults with spinal cord 
injury) to the sphincter has shown its effectiveness in 
reducing postvoid residual urine and demonstrating a 
statistically significant reduction in detrusor pressure 
and urethral pressure 1 month postinjection (73). Cur-
rent evidence is insufficient to recommend its routine 
use in decreasing outlet resistance, but it could be 
considered as an alternative in refractory cases (74, 
75).  

Level of evidence 3  

Grade of recommendation B 

Intravesical electrical stimulation of the bladder was 
introduced more than four decades ago and it has 
been tested in some open clinical trials in children 
since 1984 (76). Its practice is limited to a few centres 
who have reported varying results.  

The only randomised controlled trial looking at this 
mode of therapy has failed to show efficacy (77).   

The nature of this type of treatment (time consuming 
and very dedicated personnel) renders it unattractive 
for most treatment centres.  

Level of evidence 2 

Grade of recommendation C 

Nerve stimulation via the sacral or transcutaneous 
route has been also studied in the treatment of pa-
tients with a non-neuropathic bladder.  

Although transcutaneous nerve stimulation has been 
found to be effective in treating overactive bladder 
disorders in chronic pelvic pain/painful bladder syn-
drome and in children with non-neurogenic lower uri-
nary tract disorders; its effectiveness has not been 
established for children with NDSD (78).   

In a report of a prospective study, sacral nerve mod-
ulation conducted in children with NDSD, comparison 
of urodynamic variables revealed no statistically sig-
nificant difference except that functional bladder ca-
pacity was better in the oxybutynin group and leak 
point pressure was better in the sacral neuromodula-
tion group (79). 

Although nerve stimulation has good evidence for its 
efficacy in non-neurogenic bladder overactivity, both 
in children and adults, there is no evidence for its ef-
fectiveness in neurogenic overactivity. Its use re-
mains investigational (80).   

Children with neurogenic bladder also have disturb-
ances of bowel function. Faecal incontinence in these 
children is frequently unpredictable; it is related to the 
loss of lower bowel sensation and function, altered 

reflex activity of the external sphincter and the conse-
quent failure to fully empty the rectum (81). 

Most children with a neurogenic bladder also have 
constipation and this is managed most commonly 
with laxatives, such as mineral oil, combined with en-
emata to facilitate removal of bowel contents. A reg-
ular and efficient bowel emptying regimen is often 
necessary to maintain faecal continence and this may 
have to be started even at a very young age.  With 
antegrade or retrograde enemata, most of these chil-
dren’s constipation can be managed and they may 
attain some degree of faecal continence (82-86).  

With availability of retrograde enemata devices with a 
balloon on the rectal catheter to prevent leakage of 
solution, retrograde enemas have become more effi-
cient and more popular in comparison to antegrade 
enemata (87).  

Level of evidence 3.  

Grade of recommendation C 

Biofeedback training programmes to strengthen the 
external anal sphincter have not been shown to be 
more effective than a conventional bowel manage-
ment programme in achieving faecal continence (88). 
Electrostimulation of the bowel may also offer a vari-
able improvement in some patients (89).  

Level of evidence 3  

Grade of recommendation D 

Urinary tract infections are common in children with 
neurogenic bladders. In the absence of reflux, pa-
tients with urinary tract infections should be treated if 
symptomatic. There is strong evidence not to pre-
scribe antibiotics to patients with asymptomatic bac-
teriuria (90-93). Bacteriuria is seen in more than half 
of the children using clean intermittent catheterisation 
(CIC), but this is not an indication for treatment.  

Level of evidence 3  

Grade of recommendation B 

Patients with vesicoureteral reflux and frequent uri-
nary tract infection require prophylactic antibiotics to 
reduce the incidence of pyelonephritis, which can po-
tentially lead to renal damage (94).  

Sexuality, while not an issue in early childhood, be-
comes progressively more important as the patient 
ages. This issue has historically been overlooked. 
Patients with myelodysplasia have sexual encoun-
ters, and studies indicate that at least 15-20% of 
males are capable of fathering children and 70% of 
females can conceive and carry a pregnancy to term. 
Therefore, counselling patients regarding sexual de-
velopment is important in early adolescence. 

Children with a good response to antimuscarinic 
treatment and an overactive sphincter may be conti-
nent between catheterisations. Bladder pressure and 
(normal) development of the upper tracts will deter-
mine whether additional treatment is necessary.  
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Children with therapy resistant overactivity of the de-
trusor, or small bladder capacity and poor compliance 
will usually need additional surgical treatment such as 
bladder augmentation. 

Children with detrusor overactivity but with underac-
tive sphincters will be in a better shape in terms of 
protecting their upper tracts, but they may be severely 
handicapped because of their incontinence. Initial 
treatment will be intermittent catheterisation (as it 
may reduce the degree of incontinence and offers a 
much better control over urinary infections) in combi-
nation with antimuscarinic drugs. At a later age the 
outlet resistance must be increased to render them 
continent (95). There is no medical treatment of 
proven efficacy that increases bladder outlet re-
sistance. Alpha-receptor stimulation of the bladder 
neck has not been very effective. Surgical procedures 
need to be considered for maintaining continence 
(96-98). 

It is important to establish adequate bowel emptying 
before attempting to correct bladder dysfunction sur-
gically or medically. 

Patients with a neurogenic bladder require lifelong 
supervision; monitoring of renal function is extremely 
important. Periodic investigation for upper tract 
changes, renal function and bladder status is manda-
tory. Therefore, repeat urodynamic studies are 
needed more frequently at younger ages and less fre-
quentlyas time progresses. A repeat urodynamic 
study is warranted when the patient has a change in 
symptoms or undergoes any neurosurgical proce-
dure. In case of any apparent changes both in the up-
per and lower urinary tract or any changes of neuro-
logical symptoms, a more detailed examination in-
cluding urodynamics and MRI of the spine is indi-
cated. Renal failure usually progresses slowly but 
may occur with startling rapidity. 

 SURGICAL MANAGEMENT OF 
URINARY INCONTINENCE IN 

CHILDREN 

1. INTRODUCTION 

The core of current NDSD management is non-surgi-
cal. Intermittent catheterisation and drug therapy are 
usually sufficient in most cases for maintaining conti-
nence and preserving upper tracts. Surgical proce-
dures should be considered if conservative measures 
fail to achieve continence between catheterisations or 
preserve upper tracts. 

There is no particular surgical procedure which is suit-
able for everyone. Surgical management must be tai-
lored to each individual case, based on careful con-
sideration of urodynamic findings, medical history, 
age and presence of other disability. 

Surgical intervention is required for congenital and 
acquired diseases interfering with the function of the 
storage function of the bladder, the sphincter mecha-
nisms or which bypass normal sphincter mecha-
nisms. A plethora of different surgical procedures has 
been proposed to maintain continence by using dif-
ferent mechanisms. Various procedures using differ-
ent mechanisms for maintaining continence may be 
used in the same patient.  

In many cases measures such as intermittent cathe-
terisation and drug therapy are needed in addition to 
surgery since most of the surgical procedures can 
achieve ‘dryness’, but rarely restore normal voiding. 

Patients with bladder neck incompetence pose a real 
challenge and require a different approach. All surgi-
cal procedures to “reconstruct” the bladder neck have 
one thing in common; an obstruction is created to en-
hance bladder outlet resistance. Even if successful, 
normal spontaneous voiding with low pressures with-
out external help is not possible in most patients. 
Considering the long-term outcome, it may be better 
not to void spontaneously when bladder outlet re-
sistance is increased because longstanding outlet re-
sistance may cause secondary changes of the blad-
der wall. 

The rarity and complexity of the conditions associated 
with congenital incontinence in children precludes the 
establishment of higher levels of evidence because of 
the rarity and spectrum of the pathology. Choice of 
surgical treatment depends on the need of each pa-
tient and there is never one surgical protocol that is 
good for everyone.  The results are highly dependent 
on the skills and experience of the individual surgeon. 
Therefore, graded recommendations for specific pro-
cedures cannot be provided. There are no random-
ised controlled trials (level 1 and 2 evidence). Based 
on the available literature most studies have a level 
of evidence 3-4 and grade of recommendation C or 
D. 

1.1. Abnormalities of storage 
Bladder Exstrophy: The incidence of bladder ex-
strophy is 1 per 30,000 live births. (male to female ra-
tio 2:3.1-6.1). Closure of the bladder is generally per-
formed within the first days of life; pelvic osteotomies 
facilitate reconstruction of the abdominal wall and 
may improve ultimate continence (1,2,3).  Some chil-
dren will develop more or less normal capacities. 
Even after successful closure there will be some chil-
dren who end up with poorly compliant small blad-
ders, requiring later bladder enlargement or urinary 
diversion (ureterosigmoidostomy) (4,5,6,7).  Patients 
with a good bladder template who develop sufficient 
bladder capacity after successful primary closure and 
epispadias repair can achieve acceptable continence 
without bladder augmentation and intermittent cathe-
terisation (8,9,10). 

Reconstruction of the bladder neck can either be 
done at the time of bladder closure or at a later stage. 
Early reconstruction may facilitate normal bladder 
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function, but should be attempted only at centres ex-
perienced with such surgery (11,12). Continence 
rates vary from centre to centre and may range be-
tween 43 to 87% (13,14).   

Cloacal Exstrophy: The incidence of cloacal exstro-
phy is 1 per 200,000 live births. This is a much more 
complex deformity that requires an individual ap-
proach. Most of these children have anomalies of the 
nervous system, upper urinary tract and gastrointes-
tinal tract that can adversely affect urinary tract recon-
struction. Before reconstructive procedures are con-
sidered, an extensive evaluation must be carried out. 

Agenesis and duplication of the bladder are both 
extremely rare. Agenesis is rarely compatible with 
life. In bladder duplication, other associated congeni-
tal anomalies are often observed such as duplication 
of external genitalia or lower gastrointestinal tract. 

Abnormal storage function in combination with other 
anomalies is usually caused by a neurological deficit 
or is secondary to bladder outlet obstruction. Sacral 
anomalies are frequently seen with cloacal malfor-
mations and imperforate anus (15, 16, 17,18).  

Posterior urethral valves may cause severe hypertro-
phy of the detrusor with a small poorly compliant blad-
der (19,20).  Unfortunately, following valve ablation, 
these bladders may not return to normal function 
(21,22).   

1.2. Abnormalities of sphincteric function 
Epispadias (without exstrophy): incidence 1 in 60,000 
live births, male to female ratio: 3-5:1.  All patients 
with bladder exstrophy also have complete epi-
spadias.  

In male patients with complete epispadias and in all 
females, the sphincteric mechanism is deficient and 
the child has complete incontinence. Reconstruction 
of the bladder neck is either performed at the time of 
epispadias repair or at a later stage. The bladder 
function may or may not be normal in these patients 
(23,24). 

Malformation of the Urogenital Sinus occurs exclu-
sively in phenotypic females.  The incidence is 1 in 
50,000 live births. In patients with classical urogenital 
sinus or cloaca, the sphincteric mechanism is insuffi-
cient and due to associated neurological abnormali-
ties the bladder function may be abnormal. 

Ectopic ureteroceles protruding into the urethra 
may be responsible for a partial defect of the bladder 
neck. In these rare cases, sphincteric incontinence 
may be the result.   

Sphincter abnormalities secondary to spina bifida 
and other neurological disorders are of importance. 
The sphincter may be overactive (like in detrusor-
sphincter dyssynergia) or underactive.  Overactivity 
of the sphincter causes secondary changes of the 
bladder wall (increased collagen type III with de-
creased elasticity and compliance).  Continence is 
usually achieved with antimuscarinic drug treatment 

or bladder augmentation (using the overactivity of the 
sphincter for continence).  In cases of incompetence 
of the sphincter, different types of surgical interven-
tion are possible to enhance the sphincteric mecha-
nism. In general, all patients with a neurogenic blad-
der need Clean Intermittent Catheterisation (CIC). In 
patients reliant upon wheelchair mobiity a suprapubic 
channel can be created (Mitrofanoff) to facilitate CIC. 

Bypass of sphincteric mechanism 

Ectopic Ureter is an abnormally located terminal por-
tion of the ureter.  Instead of the ureter opening in the 
bladder, it opens in the urethra, vagina, or uterus. Ec-
topic ureters occur more frequently in girls and are 
commonly part of a duplex system: in girls, the ec-
topic orifice of the upper pole moiety drains into the 
urethra below sphincteric level or vaginal vestibule, 
thus causing incontinence (25).  

When the ectopic ureter represents a single system, 
the trigone is usually asymmetrical and not well de-
veloped. These children may suffer from continuous 
incontinence as well as a deficient sphincteric mech-
anism: this is particularly true in bilateral ectopia of 
single systems. In these patients, the trigone and 
bladder neck are functionally abnormal and treatment 
includes surgical reconstruction of the bladder neck. 
When the upper pole ureter opens in the mid or distal 
female urethra or outside the urinary tract (i.e. vulva 
or vagina) incontinence results. Upper pole nephrec-
tomy or ipsilateral uretero-ureterostomy solves the 
problem. 

A rare and a challenging condition is when there are 
bilateral ectopic ureters. Since the bladder is hypo-
plastic, in these children achieving normal bladder ca-
pacity and function may require additional procedures 
to ureteric reimplantation (26,27,28).  

Urethral duplication.  Most patients with urethral du-
plication will leak urine from the abnormal meatus 
during voiding. In rare cases, when the urethra by-
passes the sphincteric mechanisms, continuous leak-
age may be present (29). 

Vesicovaginal fistulae. Acquired fistulae may be 
traumatic or iatrogenic, following procedures on the 
bladder neck. 

1.3. Evaluation and diagnosis 
A detailed history and physical examination in combi-
nation with imaging studies and urodynamic evalua-
tion are the corner stones for successful manage-
ment. Imaging studies are essential to define the an-
atomical abnormalities responsible for and associ-
ated with incontinence. Ultrasonography of bladder 
and kidneys as well as a voiding cystourethrogram 
are the basic studies. In infants and small children sa-
cral ultrasonography can demonstrate normal posi-
tion and mobility of the spinal cord. The scout film of 
the contrast voiding cystourethrogram (VCUG) as-
sesses the lower spine and sacrum, intersymphyseal 
distance, and faecal retention. The contrast films will 
show bladder configuration, presence of 
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vesicoureteral reflux, incomplete voiding, bladder 
neck competence, urethral anatomy, and vaginal re-
flux. Occasionally, an intravenous urogram will pro-
vide the clearest assessment of the urinary tract.  MRI 
and CT scanning can be helpful in defining spinal ab-
normalities as well as congenital abnormalities in the 
urinary tract. 

In addition to imaging studies, urodynamic studies 
(cystometrography, and when needed, electromyog-
raphy of the sphincters and urinary flow studies) are 
useful for all patients with neurogenic incontinence, 
and after surgery in some cases of bladder exstrophy 
and after posterior urethral valves resection to help 
define the mechanism of any continued incontinence. 
However, in many patients much useful information 
on the function of the lower urinary tract can be ob-
tained with very basic studies including ultrasound 
and cystometry. 

2. INDICATIONS FOR SURGICAL 
PROCEDURES TO CORRECT 

URINARY INCONTINENCE 

2.1. Storage function 
Reduced bladder capacity is the main indication for 
simple bladder augmentation.  Reduced capacity can 
be congenital (bilateral single ectopic ureters, bladder 
exstrophy) or caused by previous surgery e.g. blad-
der neck reconstruction in exstrophy patients, where 
a part of the bladder is used to create an outlet re-
sistance. Other indications are low functional bladder 
capacity as it may be present in neurogenic detrusor 
overactivity, or poor bladder compliance (meningo-
myelocele), or bladder scarring from previous surgery 
or obstruction. Bladder scarring from bilharzia re-
mains common in areas where this is endemic and is 
increasingly common with immigration to the devel-
oped world. In all such cases surgery is indicated 
when conservative treatment has failed. 

Several studies suggest that aggressive early inter-
vention with CIC and anticholinergic therapy im-
proves bladder compliance and may protect children 
from augmentation surgery (30,31).  

A survey has reported that there has been no change 
in augmentation rates during the last 5 years: rates 
demonstrate significant inter-institutional variability 
(32). 

2.2. Sphincter function during storage 
Most of the diseases in childhood requiring surgical 
repair for incontinence not only have an influence on 
bladder capacity but also on sphincter function.  Con-
servative measures to improve sphincter function 
have limited value and surgery is required in many 
cases. There are different surgical options; either to 
increase outlet resistance or to create or implant a 
new sphincter mechanism. In neurologically normal 

patients such as classic exstrophy patients, early an-
atomic reconstruction may allow ‘normal’ bladder and 
sphincter function. Sling procedures are indicated 
when the residual sphincter function is not sufficient 
to avoid incontinence. This may be the case in pa-
tients with neurogenic bladder disturbances and ure-
thral incontinence. If there is no residual sphincter 
function or outlet resistance, an autologous tape or 
colposuspension in girls, and an artificial sphincter in 
boys, may be required.  Primary urinary diversion 
(rectal reservoirs / continent stoma) offers an alterna-
tive solution to this problem. 

2.3. Procedures to bypass the sphincter 
If bladder outlet surgery fails or urethral catheterisa-
tion is not possible, a continent stoma may be con-
structed. Some patients prefer catheterising through 
a continent stoma rather than through the sensate 
urethra. The continent stoma (Mitrofanoff principle) 
may be combined with bladder augmentation and/or 
bladder neck reconstruction or closure. An alternative 
to such procedures would be the use of the anal 
sphincter for urinary continence with the use of colon 
as the storage reservoir 

3. BLADDER RESERVOIR 
CONSTRUCTION 

3.1. Ureterosigmoidostomy 
This type of continent urinary reconstruction may be 
utilised in reconstruction for bladder exstrophy, an in-
continent urogenital sinus or the traumatic loss of the 
urethral sphincter. As this reconstruction is totally de-
pendent on the normal function of the anal sphincter, 
contraindications include incompetence of the anal 
sphincter, anal prolapse, previous anal surgery, and 
irradiation. Because of the potential for electrolyte re-
sorption, renal insufficiency is also a contraindication.  

Low pressure rectal reservoirs are superior to simple 
ureterosigmoidostomy because the augmented or re-
configured rectal bladder achieves lower pressure 
storage and accordingly, enhances continence.  

There are two techniques which have been utilised: 

a) The augmented rectal bladder in which the rec-
tosigmoid is opened on its antimesenteric border and 
augmented by an ileal segment. The sigmoid may be 
invaginated to form a nipple valve to avoid reflux of 
urine into the descending colon and thus to minimise 
metabolic complications. 

b) The sigma-rectum pouch (Mainz pouch II) in which 
there is an antimesenteric opening of the recto-sig-
moid and a side to side detubularisation anastomosis.  
Ureteral reimplantation of normal sized ureters is by 
a standard submucosal tunnel (Goodwin, Leadbet-
ter).  If the ureter is dilated the technique utilizing a 
serosa lined extramural tunnel may be more appro-
priate (33,34). 
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As reported by D’elia et al, the results of these low-
pressure rectal reservoirs are excellent with day and 
night continence better than 95% and complications 
related to the surgical procedure range from 0 -10% 
with the sigma-rectum pouch to 34% for the aug-
mented rectal bladder (35). Late complications for the 
sigma-rectum pouch range from 6-12.5% and the late 
complications for the augmented rectal bladder are 
17%. Early complications include pouch leakage 
while late complications are mainly related to the ure-
teral implantation into the bowel and pyelonephritis. 
Metabolic acidosis also occurs (69% of the patients 
had a capillary base excess of –2.5 mmol/L and used 
oral alkalinizing drugs to prevent hyperchloraemic ac-
idosis).     

Periodic follow-up is important to check the upper uri-
nary tract and prevent metabolic acidosis. Due to the 
risk of malignancy at the ureterointestinal anastomo-
sis, colonoscopy should be performed annually be-
ginning at postoperative year 10 (30,36,37,38,39).   

Level of evidence: 3  

Grade of recommendation: B 

3.2. Bladder augmentation, bladder 
replacement and continent urinary 
diversion, using intestine 

The indication for bladder augmentation, replacement 
of the bladder, or the creation of a continent urinary 
diversion, is either the morphological or functional 
loss of normal bladder function.  The main goal of this 
surgery is to relieve high pressure and low capacity 
of the urinary bladder and create a new reservoir with 
low storage pressures that can be emptied periodi-
cally. It is particularly important that the patients un-
derstand that spontaneous voiding will not be possi-
ble after such surgery and lifelong intermittent cathe-
terisation will be required. 

Before deciding on what type of procedure can be 
performed some significant factors must be ad-
dressed. These are  

3. Physical and mental capacity of the patient to do 
intermittent catheterisation. 

4. Previous surgery (on urinary tract and bowel) 

5. Renal function status (including acid base state) 

6. Absence or presence of reflux 

7. Outlet resistance 

8. The need for a catheterisable channel 

The different technical approaches to bladder aug-
mentation or replacement are dependent on the clin-
ical presentation of the patient: 

• a simple bladder augmentation using intestine 
may be carried out if there is any bladder tissue, 
a competent sphincter and/or bladder neck, and 
a catheterisable urethra, 

• an augmentation with additional bladder outlet 
procedures such as bladder neck reconstruction 
or other forms of urethral reconstruction are re-
quired when both the bladder and outlet are de-
ficient. This occurs most commonly in spina bi-
fida or bladder exstrophy. It must be appreciated 
that bladder outlet procedures may complicate 
transurethral catheterisation.   

• augmentation with surgical closure of the bladder 
neck may be required primarily, or as a second-
ary procedure in certain rare clinical situations. In 
this situation, a continent stoma will be required. 
However, most urologists prefer to leave the 
bladder neck and urethra patent as a safety pre-
caution: when the bladder is very full leakage will 
occur and it allows transurethral manipulations 
such as catheterisation if the continent reservoir 
cannot be emptied through the suprapubic cath-
eterisable channel. 

• an augmentation with formation of an additional 
continent stoma is utilised primarily following fail-
ure of previous bladder outlet surgery. It is advis-
able also when an inability to catheterise tran-
surethrally can be anticipated. An abdominal wall 
continent stoma may be particularly beneficial to 
the wheelchair bound spina bifida patient who of-
ten can have difficulty with urethral catheterisa-
tion or who is dependent on others to catheterise 
the bladder. For continence with augmentation 
and an abdominal wall stoma, it is essential that 
there be an adequate bladder outlet mechanism 
to maintain continence. 

• total bladder replacement in anticipation of nor-
mal voiding in children is very rare, as there are 
infrequent indications for a total cystectomy, with 
preservation of the bladder outlet and a compe-
tent urethral sphincter. This type of bladder re-
placement is much more common in adult uro-
logical reconstruction. 

The main contraindications are the inability of the pa-
tient to be catheterised, or perform CIC him or herself 
and the anticipation of poor patient compliance. 
When there is reduced renal function generally with a 
creatinine above 2 mg/dl or a creatinine clearance be-
low 40 ml./min/1.73 m2, there is a relative contraindi-
cation to the use of ileum or colon because of meta-
bolic acidosis secondary to resorption. The stomach 
with its excretion of acid may be used with a low cre-
atinine clearance possibly in preparation for trans-
plantation.  It is, however, not wise to use stomach in 
any voiding patient or one with any questions of an 
incompetent bladder outlet because of the severe 
skin irritation that the acid urine may produce (hae-
maturia-dysuria syndrome).  

3.3. Which intestinal segment should be 
utilized? 

a) Stomach  
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Stomach has limited indications primarily because of 
the complications that have been seen. It is the only 
intestinal segment suitable in patients with signifi-
cantly reduced renal function (40,41,42).  

Additionally, when no other bowel may be available, 
such as after irradiation or in the presence of a short 
bowel syndrome, as in cloacal exstrophy, this may be 
the only remaining alternative.    

b) Ileum / Colon 

Clinically these two intestinal segments appear to be 
equally useful. In children, sigmoid colon is widely 
used except in those who have been treated for im-
perforate anus.  Use of the ileocaecal region can be 
associated with transient and sometimes prolonged 
diarrhoea. Use of this segment should be avoided in 
patients with a neurogenic bowel such as in mye-
lomeningocele or who have been subject to previous 
pelvic irradiation. If the ileocaecal valve must be used, 
it can easily be reconstructed at the time of perform-
ing the ileo-colonic anastomosis. The ileum can be 
satisfactorily used for bladder augmentation: how-
ever, because of its smaller diameter a longer seg-
ment of ileum is required to create a comparable res-
ervoir to that created from colon. Colon has greater 
flexibility for ureteral implantation and construction of 
a continent catheterisable channel.  

c) General principles 

There are several important principles for bladder 
augmentation and replacement that should be re-
spected: 

• use the minimal amount of bowel and, if availa-
ble, use hindgut segments or conduits from pre-
vious surgical procedures, 

• a low-pressure large capacity reservoir is essen-
tial. This requires detubularisation of any intesti-
nal segment used. 

• for colonic reservoirs, a sigmoid segment of 20-
30 cm is generally satisfactory. A slightly longer 
segment of ileum is generally used. The length 
of the segments can be scaled down in smaller 
children.  Care should be taken not to use more 
than 50 to 60 cm of ileum in adolescents and 
comparable lengths in younger children because 
of reduction of the intestinal resorptive surface. 

• the jejunum is contraindicated in intestinal recon-
struction of the urinary tract because of its meta-
bolic consequences (hyponatraemia, hypercal-
caemia, and acidosis). 

• it is wise to strive to achieve an anti-reflux ure-
teral anastomosis into the reservoir to avoid the 
potential for reflux and consequently ascending 
infection: in high pressure bladders with reflux 
the reflux usually disappears spontaneously fol-
lowing augmentation (43,44).  

• a reliable continence mechanism (continent uri-
nary outlet) must be assured. 

• because of the risk of stone formation only re-
sorbable sutures and staples should be used in 
bladder augmentation and reservoir construc-
tion. 

d) Bladder augmentation techniques 

1. In gastric augmentation, a 10-15 cm wedge-
shaped segment of stomach is resected. Most 
commonly this is based on the right gas-
troepiploic artery but can be based on the left ar-
tery as an alternative. The segment is brought 
down to the bladder easily in the retroperitoneal 
space along the great vessels. 

2. When using large or small bowel the segment to 
be utilised is opened on the antimesenteric bor-
der and detubularised prior to anastomosis to the 
bladder remnant. The anastomosis of the intesti-
nal segment to the bladder remnant and to itself 
is usually carried out in one running layer of in-
verting absorbable sutures. 

3. The techniques for urinary diversion with conti-
nent stoma (Mainz pouch, Indiana pouch, Kock 
pouch) are covered in the chapter on urinary di-
version in adults (45,46,47). 

Currently, augmentation cystoplasty is the standard 
treatment for low capacity and/or low compliance 
bladders secondary to neurogenic, congenital and in-
flammatory disorders. Due to the relatively high mor-
bidity of conventional augmentation there is renewed 
interest in alternative methods (48, 49,50,51,52,53). 
These alternative techniques try to avoid the contact 
between urine and intestinal mucosa and include 
gastrocystoplasty, bladder auto-augmentation, sero-
muscular augmentation, alloplastic or biodegradable 
scaffolds grafted with autologous urothelium devel-
oped in cell culture, and ureterocystoplasty. 

e) Auto-augmentation 

The principle of auto-augmentation of the bladder is 
the excision of a great portion of the detrusor while 
leaving the urothelium intact, creating a large divertic-
ulum for the storage of urine at lower pressures. This 
urine stored at a low pressure can be drained by in-
termittent catheterisation. The theoretical advantages 
of this procedure are the low complication rates of the 
surgery, reduced operative morbidity with shorter 
stay in the hospital, absence of urine salt resorption, 
less mucus production in the urine and possibly ab-
sence of potential carcinogenesis.  Although some 
series showed good results with this procedure 
(54,55,56,57), most authors have been unable to 
achieve the early reported rates of success (58).  
Long-term results have been rather disappointing: 
MacNeily et al concluded that of 17 patients with neu-
rogenic bladder following auto-augmentation, 71% 
were clinical failures and 14 out of 15 were urody-
namic failures (59).  Similar findings have been re-
ported by others (60,61). The inability of this proce-
dure to achieve long-term good results may be due to 
the regeneration of nerve fibres divided during the 
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surgery as well as the ischaemic atrophy of the mu-
cosa.   

Although there are many potential advantages to this 
approach to a small poorly compliant bladder the in-
consistency of success make it a less favourable op-
tion. It is generally felt that pressures can be lowered 
but that capacity remains unchanged.  

More recently, some authors have proposed the lap-
aroscopic auto-augmentation as a minimally invasive 
procedure for the treatment of a low capacity/low 
compliance bladder. (62,63). Despite the indifferent 
results, some still suggest its consideration before a 
standard augmentation because of the reasons listed 
above (64,65,66). 

Level of evidence 4 

Grade of recommendation C 

f) Seromuscular patch 

To overcome one of the major disadvantages of a 
conventional augmentation, that is mucus formation, 
several techniques have been developed to use in-
testinal segments free of mucosa. The first attempts 
resulted in viable seromuscular segments covered 
with urothelial mucosa (67,68). The intense inflam-
matory response and shrinkage observed in the in-
testinal segment discouraged its use in humans (69). 
Further attempts consisted of using the association 
between demucosalised intestinal segments and 
auto-augmentation.  In the initial model using sheep, 
the animals tolerated the procedure poorly, reflected 
by inflamed, haemorrhagic colonic segments in the 
animals sacrificed within one month. In addition, co-
lonic mucosa regrowth occurred in one third of the 
animals (70). Follow-up studies in a dog model with 
previously reduced bladder capacity suggested that 
the contraction of the intestinal patch in seromuscular 
enterocystoplasty can be avoided by the preservation 
of both the bladder urothelium and lamina propria, to-
gether with the submucosa and muscularis mucosa 
of the intestinal patch (71,72). This form of bladder 
augmentation was shown to prevent absorption of 
toxic substances like ammonium chloride (73). Other 
authors using the same technique to line de-epitheli-
alised gastric patches in the mini-pig model found it 
useless due to the fibrotic changes and decreased 
surface of the patch (74). 

The initial experience in treating humans with colo-
cystoplasty lined with urothelium were reported by 
Gonzales and Lima who independently developed a 
slightly different technique (75,76). Bladder capacity 
increased significantly while bladder pressures de-
creased. Biopsies demonstrated urothelium covering 
the augmented portion of the bladder in the majority 
of cases. Longer term follow-up is now available and 
although the results are very encouraging, they seem 
to be highly operator dependent and the way in which 
the mucosa is removed seems to be crucial. Lima et 
al no longer preserve the bladder urothelium and use 
a silicone balloon to prevent the augmented segment 
from contracting (they remove the balloon after 2 

weeks: urine is diverted using ureteral stents): in 123 
patients, no ruptures were found and only 10% were 
regarded as failures (77). 

Gonzalez et al found seromuscular colocystoplasty in 
combination with an artificial urinary sphincter suc-
cessful in 89% of their patients and that it effectively 
achieved continence with no upper tract deterioration, 
they concluded that this is their preferred method of 
augmentation when adverse bladder changes occur 
after implanting the AUS (78). 

Although more authors have now reported their re-
sults this procedure remains a more complex form of 
augmenting the bladder and has not received general 
acceptance among the paediatric urological commu-
nity.  It is is being done in some designated centres 
(79,80,81,82). A recent comparison of the long-term 
outcome of this technique with standard intestinocys-
toplasty has indicated that most of the risks and ben-
efits of augmentation cystoplasty performed using in-
testine and seromuscular patch appear similar. 

Level of evidence 3 

Grade of recommendation C 

g) Ureteral bladder augmentation 

Another alternative to avoid the morbidity of intestinal 
bladder augmentation is the use of ureteral segments 
to improve bladder capacity and/or compliance. 
Megaureters associated with poorly or non-function-
ing kidneys provide an excellent augmentation mate-
rial with urothelium and muscular backing, free of po-
tential electrolyte and acid base disturbance, and mu-
cus production (83,84). 

An alternative in patients with ureteral dilation and 
good ipsilateral renal function, is to combine tran-
sureteroureterostomy with ureterocystoplasty (85). 
An additional option in patients with bilateral dilated 
ureters with preserved renal function is bilateral reim-
plantation and the use of the distal ends for detubu-
larised bladder augmentation (86,87).   

Bladder augmentation with ureter may be effective in 
a small sub group of patients with ureteral dilatation 
and poor bladder capacity. Overall long-term results 
are good and remain so over a longer period 
(88,89,90,91,92,93).  

In a recent evaluation of the long term functional out-
come of this technique, ureterocystoplasty provided 
durable functional urodynamic improvement, yet 
some patients (4 out of 17 in this series) eventually 
needed a standard intestinal cystoplasty (94). 

Level of evidence 3 

Grade of recommendation B 

This type of augmentation can also be employed in 
children who require a kidney transplantation 
(95,96,97). 

h) Experimental Methods 
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The artificial bladder has been the topic of specula-
tion and experiment that remains outside the bounds 
of clinical application. Somewhat nearer to clinical ap-
plication may be engineered autologous urothelium 
and bladder muscle cells. These cells may be grown 
on biodegradable scaffolds—both naturally derived 
and synthetic—for the temporary support of growing 
tissues which can then be used for augmenting the 
bladder. Several synthetic materials and natural ma-
trices have been used in experimental and clinical 
settings and major improvement has been made in 
techniques of cell harvest, culture, and expansion as 
well as polymer design.  

A range of applications of engineered bladder tissues 
are at different stages of development.  There have 
been a few in preclinical trials, recent progress sug-
gests that engineered bladder tissues may have an 
expanded clinical applicability in the future. Clinical 
trials with these methods are not far away (98-110).  
Although this field of research may represent the fu-
ture of bladder reconstructive surgery, currently only 
experimental studies are available and it may be 
some time before clinical use becomes a practical re-
ality.  We strongly encourage further research in this 
field. 

4. BLADDER OUTLET SURGERY 

4.1. Urethral enhancement 
In those children where sphincteric incompetence is 
the only cause of incontinence or plays a major role 
in association with decreased bladder capacity or 
compliance, surgical procedures to enhance outlet 
resistance should be considered. In many cases 
bladder outlet surgery needs to be combined with 
other procedures aimed at creating a large low pres-
sure storage reservoir. 

4.2. Bulking agents 
The injection of bulking substances in the tissues 
around the urethra and bladder neck to increase out-
let resistance in children dates to at least 1985. How-
ever, concern about distant migration of the injected 
substance and risk of granuloma formation prevented 
this technique from gaining widespread acceptance 
(111,112). 

The search for safer, biocompatible substances to 
create periurethral compression has first led to the 
use of cross-linked bovine collagen, with initially re-
ported success in about 20-50% of children 
(113,114,115).  Collagen injection appeared to effec-
tively improve urethral resistance, but this did not al-
ways translate into satisfactory dryness, besides, the 
effect of the injection is of short duration and repeated 
injections were often necessary (116,117).  Because 
of this collagen is no longer recommended for this in-
dication. 

Currently, the following substances are available and 
have been tested in children with incontinence: dex-
tranomer / hyaluronic acid copolymer (a nontoxic, 
nonimmunogenic, non-migrant synthetic substance) 
and polydimethylsiloxane. 

Usually the substance is injected endoscopically in 
the bladder neck area (finding the best spot is often 
the most difficult part of the procedure): more than 
one procedure may be necessary. On average 2.8 – 
3.9 ml is injected. More than 50% of patients need 
more than one injection. Initial results of 75% success 
have been reported, but after 7 years there is a grad-
ual decrease and only 40% remained dry 
(118,119,120). Others have reported success rates of 
0 - 70% (121-128). Despite limited success bulking 
agents remain an option for all patients who are poor 
surgical candidates and those who want to avoid ex-
tensive bladder neck reconstruction. An alternative 
route may be the injection around the urethra using 
laparoscopy (129).    

Level of evidence: 3 

Grade of recommendation C 

4.3. Artificial urinary sphincter (AUS) 
Since its introduction in 1973, the AUS has under-
gone major transformations over the years. Different 
devices are currently in use: one of the most fre-
quently used devices is the AS800-T that has been in 
use for almost 20 years (130).  It consists of an inflat-
able cuff, a pressure regulating balloon and a unit 
containing a pump and control mechanisms. The in-
flatable cuff can only be implanted around the bladder 
neck in females and pre-pubertal males. In post-pu-
bertal males, bulbar urethral placement is possible 
but not recommended for patients either requiring a 
wheelchair or those who perform intermittent cathe-
terisation (131). In patients who have had extensive 
urethral surgery (exstrophy and epispadias) place-
ment may not be technically feasible. 

Implantation of an AUS requires special training and 
difficulties may be encountered in the dissection of 
the space around the bladder neck in obese, post-pu-
bertal males or in patients with a history of previous 
bladder neck procedures. A 61-70 cm H2O pressure 
balloon is used exclusively when the cuff is around 
the bladder neck and a lower pressure balloon when 
it is around the bulbous urethra. Although high in cost, 
the artificial sphincter remains the most effective 
means or increasing urethral resistance and preserv-
ing the potential for voiding. The ideal candidate for 
AUS implantation is a patient with pure sphincteric in-
competence who voids spontaneously and has good 
bladder capacity and compliance. Unfortunately, only 
a small proportion of children with sphincteric inconti-
nence meet these criteria. The AUS may also be used 
in those dependent on clean intermittent catheterisa-
tion. The compatibility of the AUS with intermittent 
catheterisation and enterocystoplasty is well docu-
mented (132,133,134).   
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The ability to empty the bladder spontaneously or by 
Valsalva manoeuvre may be preserved after AUS im-
plantation.  In series reporting children with AUS, the 
majority having neurogenic incontinence, 25% void 
spontaneously (135).  When the AUS is implanted be-
fore puberty, the ability to void spontaneously may be 
lost after puberty.  Overall, 40 to 50% of neurogenic 
patients require a bladder augmentation concomi-
tantly or subsequently to the AUS implantation 
(133,136,137,138). The continence rate ranges from 
63 to 97% (139-146).  Herndon et al reported a suc-
cess rate of 86% (of 134 patients): 22% voided, 11% 
had to perform CIC after voiding, 48% only performed 
CIC through the urethra, 16% performed CIC through 
a continent channel and 3% used diversion (147). 
Mechanical problems occurred in 30% of patients 
who had an 800-model implanted (versus 64% in the 
old model). Revisions (in 16%) were significantly less 
in the 800 model. Erosion occurred in both groups 
(16%). A major complication was perforation of the 
augmented bladder in this group (occurring in 10 pa-
tients). In 28% a secondary bladder augmentation 
was necessary.   

Another interesting aspect of the AUS is that in some 
children the device is either deactivated or no longer 
functions but they remain dry: others have reported 
that placing a cuff only without activation is all that is 
required to make them dry (148).     

The complications most commonly encountered in 
patients with AUS are mechanical failures. The lon-
gevity of the present devices is expected to exceed 
10 years, although Spiess et al reported a mean life-
time of only 4.7 years (149).   The second most com-
mon problem is the development of reduced bladder 
compliance with time. This may result from an error 
in the preoperative evaluation or the reaction of the 
detrusor to obstruction (a reaction noted in some pa-
tients with spina bifida). These changes can be seen 
after many years of follow-up. The results of de-
creased capacity and compliance may be inconti-
nence, upper tract deterioration, or the development 
of vesicoureteral reflux. Therefore, long term follow-
up with ultrasound, renal scintigraphy and if indicated 
urodynamics is mandatory in all patients with an AUS.  

Infection of the prosthesis should occur in no more 
than 15% of all cases.  Erosions of the tissues in con-
tact with the prosthesis are rather infrequent. Bladder 
neck erosions are practically non-existent when the 
sphincter is implanted around a “virgin” bladder neck. 
When the AUS is used as a salvage procedure fol-
lowing bladder neck reconstruction, the erosion rate 
may be as high as 30% (137).  Despite the high com-
plication and revision rate, AUS results show that ac-
ceptable continence rates can be achieved in the 
long-term. For this reason, AUS implantation may be 
better considered as the initial treatment in selected 
cases (150). 

4.4. Fascial slings. 
Fascial slings constructed with the fascia of the ante-
rior rectus muscle have been used to increase outlet 

resistance in incontinent children, particularly those 
with neurogenic dysfunction since 1982 (151). The 
sling is used to elevate and compress the bladder 
neck and proximal urethra.  The dissection around the 
urethra may be facilitated by a combined vaginal and 
abdominal approach, however, this option is limited 
to post-pubertal females (152).    Several technical 
variations of the sling have been reported. The fascial 
strip may be a graft or a flap based on the rectus 
sheath on one side. The fascial strip can be crossed 
anteriorly or wrapped around the bladder neck to en-
hance urethral compression.  Although the short-term 
success rate reported by most authors is encourag-
ing, there are no series reporting detailed results at 5 
years (153-154).  Most authors report a greater suc-
cess when fascial slings are used in conjunction with 
bladder augmentation and success seems more 
likely in females than in males (155-158).  In patients 
with neurogenic incontinence postoperative CIC is 
recommended. 

The pubovaginal sling in girls may also be placed 
through the vagina: in 24 girls with spina bifida this 
procedure was successful in 19, while another 3 be-
came dry following additional injections with bulking 
agent around the bladder neck via a suprapubic nee-
dle introduction. CIC was possible in all patients. One 
patient developed a vesicovaginal fistula (159).  Com-
plications of sling procedures include difficulties with 
intermittent transurethral catheterisation, erosion of 
the urethra and persistent incontinence. Overall, the 
increase in outlet resistance provided by slings 
seems less than that provided by the artificial sphinc-
ter. Experience with these procedures suggests an 
overall success between 50 and 80% in females.  Nu-
merous alternatives are now being used; small intes-
tinal submucosa has been used in 20 children and 
showed equivalent rates of continence. The ad-
vantage being that it is available off-the-shelf. Results 
were better in girls than in boys (85 vs 43% being dry) 
(160,161,162). 

When combining bladder augmentation with a Gore-
Tex sling in 19 children the results were poor: be-
cause of erosion the sling had to be removed in 14 
patients, all except in one who also had a bladder 
stone. In this respect, this type of sling should not be 
used (163).  

From the data published it presently seems that the 
AUS provides more consistent results in boys and for 
girls capable of spontaneous voiding who have not 
had previous bladder neck surgery. Bladder neck 
slings may be used for the enhancement of bladder 
outlet resistance in most patients with neurogenic 
bladder who need augmentation cystoplasty and 
whom we do not expect will be capable of voiding 
spontaneously. Sling procedures are probably 
equally effective for girls, dependant on intermittent 
catheterisation and in conjunction with bladder aug-
mentation.  At present, given the cost and lack of ef-
fectiveness of injection procedures, their use does 
not appear justified in incontinent children. The cost 
of the AUS may restrict its use.  
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Level of evidence 2. 

Grade of recommendation B  

It is important that one should know these patients 
who undergo bladder outlet surgery need long-term 
follow-up not only because of the complications but 
also, because their bladder behaviour may undergo 
unexpected clinically asymptomatic changes that 
could impair their upper tracts if augmentation is not 
performed at the same time (164).  

4.5. Bladder neck closure 
In ‘desperate’ cases the bladder neck may be closed, 
the indication for this being persistent leakage despite 
several attempts to enhance outlet resistance by 
bulking agents or other surgical procedures. Although 
initial results are acceptable, long-term results are 
usually disappointing: persistent urinary leakage, sto-
mal stenosis and leakage or stone formation (in up to 
40%) (165,166). One of the most important factors 
seems to be compliance with intermittent catheterisa-
tion and bladder irrigation. 

4.6. Bladder outlet reconstruction  
Surgical procedures to achieve urinary continence 
are dictated by functional and anatomical deficiencies 
and by the goal of either continence (with normal 
voiding) or dryness (dependent on intermittent cathe-
terisation). 

Construction of a functional urethra for continence 
usually implies an anatomical defect without a neuro-
genic component (epispadias / exstrophy) and in-
cludes urethral and bladder neck narrowing and ure-
thral lengthening (167-172).   

Such procedures may initially require intermittent 
catheterisation or occasional post voiding catheteri-
sation, but bladder emptying by voiding is anticipated.  

Urethral reconstruction for dryness, however, man-
dates intermittent catheterisation.  The goal in sur-
gery to achieve dryness is to create a urethra suited 
to catheterisation, which has closure such that intra-
luminal pressures always exceed intravesical pres-
sure. The most dependable procedures for dryness 
utilise a flap valve or tunnel to achieve urethral clo-
sure, although urethral slings, wraps and injections 
have also been used (173).    

Level of evidence 3 

Grade of recommendation C 

Reconstruction to achieve continence is based on the 
principle that proximal reduction of the calibre of the 
urethra supports the inherent proximal sphincteric 
mechanism of the bladder neck and proximal urethra. 
The narrowing must be dynamic to permit closure for 
continence and yet permit opening with funnelling 
during voiding. Several techniques have been de-
scribed to achieve this goal (3, 166-176).  Young 
(1922) performed a “double sphincter technique” that 

involved the excision of a wedge of tissue at the an-
terior bladder neck, as well as removal of a wedge of 
tissue just proximal to the epispadiac meatus (exter-
nal sphincter). Dees (1949) added the concept of 
lengthening the urethral tube to that of narrowing. In 
his procedure, parallel incisions were made through 
the existing bladder neck area which created a pos-
terior urethral plate from what had previously been 
the trigone of the bladder. This is tubularised to give 
added length to the proximal urethra. The added 
length provides increased potential for urethral clo-
sure and moves the bladder neck and proximal ure-
thra into the abdominal cavity. Leadbetter (1964) 
modified the Young-Dees procedure by creating mus-
cular flaps from the area of the bladder neck and 
proximal urethra which were used to wrap the newly 
created proximal tube. This procedure was popular-
ized by Jeffs (1983) who applied it to a staged repair 
of exstrophy. He supported a lengthened urethra by 
a suspension. They report their long-term continence 
rate with this procedure as greater than 80%, without 
the need for CIC or augmentation (177).     

Presently, this represents the gold standard for re-
construction for continence, however, modifications 
of the technique have reported similar or improved re-
sults. Most urethral lengthening procedures utilising 
the posterior urethra and bladder neck require ure-
teral reimplantation and preservation of the posterior 
urethral plate. Because part of the bladder is used to 
create the functional lengthening of the urethra, blad-
der capacity decreases following the procedure. It 
also remains to be seen whether the created urethra 
is actually a functioning urethra: in many patients fi-
brosis around the urethra prevent it from being really 
‘functional’: in these patients, it may act as an ana-
tomical obstruction and long-term follow-up is neces-
sary to follow not only the bladder but also the upper 
tracts.  

In a study examining the long-term outcome of ure-
thral lengthening procedures (Kropp and Salle proce-
dures) nearly 80% dryness was achieved at 4 hourly 
intervals and 90% at 3-hourly intervals, but the need 
for additional procedures were high (catheterisable 
channel: 54%, delayed augmentation: 47%) (178). 

Surgery for dryness is dependent on the effective-
ness of intermittent catheterisation and is usually re-
served for patients with neurogenic dysfunction or 
multiple previous surgeries. Procedures to achieve 
dryness usually create a urethral closure pressure 
that exceeds bladder pressure.   

A flap valve can be constructed by using an anterior 
or posterior bladder flap (full thickness) to construct a 
tube that is placed in a submucosal tunnel 
(171,175,176).    

The major disadvantage of these procedures (flap 
valves) is that the valve will not allow leakage with 
high intravesical pressures, potentiating renal dam-
age. Therefore, these procedures can be dangerous 
to the patient who is not totally committed to follow 
catheterisation recommendations.     
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Bladder outlet procedures without augmentation cys-
toplasty remain controversial. It is generally advised 
to combine it with augmentation cystoplasty to avoid 
upper tract changes and continued incontinence. In a 
review of 109 patients who underwent bladder outlet 
procedures without augmentation cystoplasty the 
need of augmentation cystoplasty was 30% and ad-
ditional continence procedures was 70%. There were 
upper tract changes in more than 50% and chronic 
kidney disease 20% in a cumulative 10-year follow-
up (179-181). 

Unfortunately, the ideal procedure for surgical recon-
struction of the bladder neck does not exist. The sur-
gical approach to urinary incontinence in the child 
must be multifaceted because of the inherent com-
plex and varied nature of the problem.  

Recent data support the concept that very early re-
construction in the exstrophy / epispadias group may 
result in physiological bladder cycling which facilitates 
normal bladder and urethral development.  This re-
sults in higher potential for continence without the 
need for bladder augmentation and bladder neck re-
construction (Level 3). More work and clinical experi-
ence in this area is strongly recommended.  

Grade of recommendation A 

4.7. Alternative continence channels 
In the surgical treatment of incontinence in children 
every effort must be made to preserve the natural up-
per and lower urinary tract. The bladder is the best 
urinary reservoir, the urethra the best outlet and the 
urethral sphincters the best control mechanism. If the 
bladder is partly or wholly unusable it may be aug-
mented or replaced by a variety of techniques. 

Urethral failure may occur either because the sphinc-
ters are incompetent or because it is overactive and 
does not allow spontaneous voiding. It would be pref-
erable for the former to be treated by one of the tech-
niques described above and the latter by intermittent 
catheterisation (CIC). If these fail, continent supra pu-
bic diversion is indicated. 

a) The Mitrofanoff principle. 

Mitrofanoff's name is given to the technique of bury-
ing a narrow tube within the wall of the bladder or uri-
nary reservoir whose distal end is brought to the ab-
dominal wall to form a catheterisable stoma suitable 
for intermittent catheterisation (182). The technique is 
simple and familiar to all urologists who are accus-
tomed to re-implanting ureters. Several narrow tubes 
are available for the Mitrofanoff conduit (183,184). In 
the original description, the appendix was used. How-
ever, even if the appendix is still present, it may be 
unusable in 31% of patients (184).  

If no suitable tube is found, a good tube can be 
formed by tailoring ileum transversely so that only 2-
3cm of ileum can be made into a 7-8 cm conduit. This 
modification was originally described by Yang in hu-
mans and by Monti in experimental animals 

(185,186). It is increasingly used though great care 
must be taken in its construction to avoid an internal 
fistula (187).  The ureter may be used but there may 
be some difficulty in achieving sufficient calibre with a 
previously normal ureter. Earlier reports that the Fal-
lopian tube could be used have not stood the test of 
time. 

The Mitrofanoff system achieves reliable continence, 
which is maintained in long-term follow-up, for a high 
proportion of patients. Long-term follow-up data show 
that in the original series of Paul Mitrofanoff of 23 pa-
tients after a mean follow-up of 20 years, 1 patient 
had died, but in the other 22 patients no metabolic 
changes were noted. The bladder neck was closed in 
21 patients. Secondary bladder augmentation had to 
be performed in 8, while in 4 children a non-continent 
diversion was created. With time the need for addi-
tional surgery decreased and after 20 years 16 pa-
tients had a good and stable continent diversion 
(189). The pressure generated within the lumen of the 
conduit is 2 to 3 times higher than that within the res-
ervoir so that continence is preserved even when the 
intra-abdominal pressure is raised by straining. Con-
versely, the pressure in the lumen of a Kock nipple is 
only slightly higher than that in the reservoir so that 
continence is less reliable (189,190).   The conduit 
may be buried either between the mucosal and mus-
cle layers of the reservoir, or may be completely em-
brocated in the full thickness of the reservoir wall. Any 
well supported tunnel of about 2- 4 cm will suffice. 
The choice depends both on the nature of the reser-
voir and on the conduit (192).  Continence rates of 90-
100% with the Mitrofanoff Principle are reported, re-
gardless of diagnosis, reservoir or conduit type 
(192,193).  Follow-up for at least ten years has shown 
that the system is resilient (194-196). Retrospective 
review of short and long-term outcomes of patients 
with the Mitrofanoff procedure reveal that stoma ste-
nosis and leakage are the most frequent complica-
tions (within wide ranges of 10 – 60 % each) and oc-
cur early during the first two years after creation. After 
the initial peak of complications, there is a relatively 
complication-free period. Yet late complications occur 
in long-term evaluations, probably because of wear 
and tear of the channels and to anatomical modifica-
tions at adolescence with commonly associated obe-
sity (197-201).  

A modified technique of vesicostomy is described us-
ing a gastrostomy button, which could be used as a 
continent urinary stoma in children with incomplete 
voiding. Button vesicostomy is a useful addition to the 
options available for a catheterisable continent uri-
nary stoma in children in the short or medium term 
(202).   Although perfect continence seems attractive, 
it may not be in the child’s best interests. A 'pop-off' 
valve may be in the interest of the child if catheterisa-
tion is impossible or forgotten. 

b) The Ileo-caecal valve. 

The ileo-caecal valve is an obvious sphincter to com-
bine with cecum and ascending colon as the reservoir 
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and the terminal ileum as the conduit. The early con-
tinence rate of 94% was not sustained because of 
high pressures in the tubular reservoir and weakness 
of the valve (203-205).  The Indiana system is based 
on the competence of the ileo-caecal valve but with a 
detubularised reservoir (206).  The valve itself is rein-
forced with non-absorbable plicating sutures and the 
terminal ileum which forms the conduit is tailored. The 
best reported continence rate is 96% with a 2% rate 
of catheterisation difficulties. 

In the complete Mainz I pouch a length of terminal il-
eum is intussuscepted through the ileo-caecal valve 
as a Kock nipple (207).  It is impossible to say 
whether the nipple or the ileocecal valve (or both) pro-
duce the continence which is reported in 96% of pa-
tients. Both of these systems work well as complete 
reconstructions and are widely used as bladder re-
placements in children. The sacrifice of the ileo-cae-
cal valve may cause gastro-intestinal complications.  

c) Kock pouch 

The first workable continent diversion was the Kock 
pouch (42). The reservoir is made from 40cm ileum 
reconfigured to reduce the intrinsic pressure. The 
continence mechanism is formed by intussusception 
of 12cm of ileum. In a complete form it requires 72cm 
of ileum which may be more than can be spared from 
the gastro-intestinal tract.  Although first described as 
a mechanism for a continent ileostomy in children the 
Kock pouch is not commonly used in children be-
cause of the problem with large amount of bowel 
needed, stone formation and mediocre success with 
dryness of the catheterisable stoma (208,209).   

d) Artificial Sphincter 

As a last resort, the AUS may be considered to give 
continence to a reconstructed outlet. Experimental 
evidence suggests that AUS cuffs can be placed 
safely around intestine providing the cuff pressure is 
low (210). The AUS has been used successfully 
around large bowel, in three of four children with fol-
low-up to 11 years (211).  

e) Where to place the cutaneous stoma 

In patients with spina bifida, particularlythose unable 
to walk, the site must be chosen with care. The natu-
ral tendency is for the spine to collapse with time so 
that the lower half of the abdomen becomes more 
pendulous and beyond the range of vision. A low site 
may seem appropriate in the child, but will become 
unusable in the adult. It is best to use a high, midline 
site, preferably hidden in the umbilicus. The site 
should be determined in a sitting position and marked 
before surgery because in the supine position the po-
sition will change dramatically. In some patients, the 
best position may not be in the midline at all: special 
care must be taken that the patient can manage blad-
der emptying and irrigation him/herself.   

For most other patients, the site of the stoma should 
be chosen by cosmetic criteria. The umbilicus can be 
made into a very discrete stoma; the risk of stenosis 

is low and it is a readily identifiable landmark. Other-
wise, the stoma should be as low on the abdominal 
wall as possible and certainly below the top of the un-
derpants.  However, many surgeons find the best re-
sults by placing the catheterisable stoma in the um-
bilicus. 

The problem of stomal stenosis remains ever pre-
sent. It can occur at any time so that only follow up of 
many years could determine whether any system of 
anastomosis to the skin is better than any other. The 
published rate of stomal stenosis is between 10 and 
20%. The multi-flap V.Q.Z. stoma is claimed to have 
the lowest rate but follow up is short and it may well 
not pass the test of time (212).  

5. COMPLICATIONS OF 
CONTINENCE SURGERY IN 

CHILDREN 

5.1. Storage and emptying complications 
In the short term, continent diversions can store urine 
and can be emptied by clean intermittent catheterisa-
tion (CIC). It is apparent that there is a constant need 
for review and surgical revision. This observation mir-
rors the late complications of augmentation cysto-
plasty for neuropathic bladder where the median time 
to revision surgery is as long as ten years (213,214).   

In general, once continent, they remain continent, alt-
hough there are occasional reports of late develop-
ment of incontinence. The problem lies more in diffi-
culties with catheterisation, particularly stenosis and 
false passages which may occur in up to 34% of pa-
tients (192). In a recent retrospective evaluation of 
500 augmentations over 25 years with a median fol-
low-up of 13.3 years, the cumulative risk of further 
surgery at the bladder level was 0.04 operations per 
patient per year of augmentation and 34% of the pa-
tients needed further surgery for complications. Blad-
der perforation occurred in 43 patients (8.6%) with a 
total of 53 events and 125 surgeries done for bladder 
stones in 75 cases (215). The principal complications 
arise because the reservoir is usually made from in-
testine. Ideally, urothelium should be used and 
preservation of the bladder epithelium gives fewer 
complications than enterocystoplasty (216). Combi-
nations of detrusor myomectomy and augmentation 
with de-mucosalised colon have given promising re-
sults in the short term. The surgery is difficult as the 
bladder epithelium must not be damaged and the in-
testinal mucosa must be removed completely. When 
achieved there are no metabolic problems and many 
patients can void (216).  

When augmentation can be done with a dilated ure-
ter, the results are good and the complication rate low 
even in children with compromised renal function or 
transplantation (217). All intestinal reservoirs produce 
mucus. The amount is difficult to measure and most 
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estimates are subjective. No regime has been shown 
to dependably reduce mucus production (218).  

5.2. Reservoir rupture  
The most morbid and disastrous complication follow-
ing bladder augmentation is perforation, which may 
lead to peritonitis, sepsis, and even death. Reported 
rates of bladder perforation following augmentation 
range between 6 and 13 % (219-222).  

There may be delay in diagnosis although the history 
of sudden abdominal pain and diminished or absent 
urine drainage should make it obvious. The patient 
rapidly becomes very ill with symptoms of general-
ized peritonitis (223,224).  A 'pouchogram' may not 
be sensitive enough to demonstrate a leak. Diagnosis 
is best made by history, physical examination, ultra-
sonography and a CT cystogram. If diagnosed early, 
catheterisation and broad spectrum antibiotics may 
sometimes lead to recovery. If the patient fails to re-
spond within 12 hours on this regime or if the patient 
is ill, laparotomy should be performed at once.  If 
there is any instability of the patient laparotomy 
should be considered as an immediate necessity as 
bladder rupture in this clinical situation can be lethal.   

Level of evidence 2. 

Grade of recommendation A  

Figures are not available on the incidence of this com-
plication in reservoirs made only of bowel but come 
from patients with intestinal segments in the urinary 
tract. Most papers report small numbers. In a multi-
centre review from Scandinavia an incidence of 1.5% 
was noted. There were eight patients with neurogenic 
bladder which was said to be disproportionately high 
(223). In a series of 264 children with any sort of 
bowel reservoir or enterocystoplasty, 23 perforations 
occurred in 18 patients with one death (224). There-
fore, as this complication is more common in children 
it becomes a very important consideration (222).  A 
review of 500 bladder augmentation procedures per-
formed during the preceding 25 years, spontaneous 
perforations occurred in 43 patients (8.6%), for a total 
of 54 events. The calculated risk was 0.0066 perfora-
tions per augmentation-year (225).  

Patients and their families should be warned of this 
possible complication and advised to return to hospi-
tal at once for any symptoms of acute abdomen, es-
pecially if the reservoir stops draining its usual volume 
of urine. All young patients with urinary reconstruc-
tions including intestinocystoplasty should carry suit-
able information to warn attending physicians of their 
urinary diversion in case of emergency.  

5.3. Metabolic complications 
Because enteric tissue, although incorporated into 
the bladder, retains its absorptive and secretory prop-
erties, there are potential serious consequences, es-
pecially for children with an expected longer life span 
than adults (226.227). Metabolic changes are com-
mon when urine is stored in intestinal reservoirs and 

must be carefully monitored. It is uncertain whether 
they are commoner in children or whether they just 
live longer and are more closely monitored.  Nurse et 
al found that all patients absorbed sodium and potas-
sium from the reservoirs but the extent was variable 
(228). A third of patients (but 50% of those with an 
ileocecal reservoir) had hyperchloraemia. All patients 
had abnormal blood gases, the majority having met-
abolic acidosis with respiratory compensation. The 
findings were unrelated to renal function or the time 
since the reservoir was constructed.  In 183 patients 
of all ages at St Peter's Hospitals who had any form 
of enterocystoplasty, hyperchloraemic acidosis was 
found in 25 (14%) and borderline hyperchloraemic 
acidosis in an additional 40 (22%) patients. The inci-
dence was lower in reservoirs with ileum as the only 
bowel segment compared to those containing some 
colon (9% v 16%). When arterial blood gases were 
measured in 29 of these children a consistent pattern 
was not found (229). In a series of 23 patients, Di-
tonno et al found that 52% of patients with a reservoir 
of right colon had hyperchloraemic acidosis (230). In 
ileal reservoirs, Poulsen et al found mild acidosis but 
no patients with bicarbonate results outside the refer-
ence range (231).   Many authors do not distinguish 
between patients with normal and abnormal renal 
function. All of 12 patients in one series with a pre-
operative serum creatinine above 2.0mg% developed 
hyperchloraemic acidosis within 6 months of entero-
cystoplasty (232).  It is prudent to monitor patients for 
metabolic abnormalities, especially hyperchloraemic 
acidosis, and to treat them when found (233).   

With increasing experience, it has become clear that 
there is a risk of developing vitamin B12 deficiency, 
sometimes after many years of follow up. It is likely 
that resection of ileum in children leads to an incom-
plete absorption defect. Stores of B12 may last for 
several years before the serum level becomes abnor-
mal. At a mean follow up of six years, low levels of 
B12 have been found in 14% of children. There was 
a corresponding rise in the serum methyl malonic acid 
which accumulates in B12 deficiency, suggesting that 
the finding was clinically significant. Similarly, in 
adults, 18.7% have B12 deficiency at five years. In 
the adults, the mean B12 level was significantly lower 
when the ileo-caecal segment as opposed to ileum 
alone had been used (413 ng/ml compared to 257 
ng/ml) (234,235).  To avoid the serious neurological 
complications, regular monitoring of B12 levels is es-
sential. In a review of 500 augmentations starting at 
7 years postoperatively, 6 of 29 patients (21%) had 
low B12 values, while 12 of 29 (41%) had low-normal 
values (236). Paediatric patients who have under-
gone ileal enterocystoplasty are at risk for develop-
ment of vitamin B12 deficiency. These patients are at 
the highest risk beginning at 7 years postoperatively, 
and the risk increases with time. An annual serum 
B12 value in children beginning at 5 years following 
bladder augmentation is recommended. 

Level of evidence 2 

Grade of recommendation B 
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The stomach has had a chequered career as a uri-
nary reservoir. Its non-absorptive role in the gastro in-
testinal tract has made it particularly useful in recon-
struction of children with inadequate intestine, such 
as those with cloacal exstrophy. There is little effect 
on gastrointestinal function. Metabolically, the acid 
production leading to hyperchloraemic alkalosis may 
be positively beneficial in children with renal failure. It 
produces no mucus and the acidic urine is less easily 
infected and seldom grows stones. However, about a 
third of children have had serious long term compli-
cations, often multiple. The quite severe dysuria / 
haematuria and the skin complications from the acid 
urine, particularly, have limited its use (237,238).   

5.4. Effects on the gastrointestinal tract 
Little attention has been paid to the effects on gastro 
intestinal motility of removing segments of ileum or 
cecum for urinary reconstruction in children. In adults, 
disturbance of intestinal function has been found to 
be more frequent and more debilitating than might be 
expected. Disturbance of bowel habit does not mean 
diarrhoea alone. It also includes urgency, leakage 
and nocturnal bowel actions. Quality of life may be 
seriously undermined by changes in bowel habit 
(239).  It is known that the bowel has a considerable 
ability to adapt, especially in young animals, when 
parts are removed. Nonetheless, reconstruction 
should be undertaken with the smallest length of 
bowel possible. Care should be taken in children with 
neurological abnormality in whom rectal control is al-
ready poor. Poorly controlled faecal incontinence 
may occur in a third of patients (240,241).     

5.5. Renal function 
Obstruction and high pressures in the bladder during 
storage have devastating effects on the upper urinary 
tract. Bladder augmentation eliminates these high 
pressures. Urinary diversion with recurrent urinary 
tract infections and stone formation also may have 
deleterious effects on renal function. It is therefore of 
utmost importance to evaluate renal function in young 
children who have undergone undiversion or conti-
nent diversion. In the follow-up so far available, these 
procedures do not seem to affect renal function. 
When function has improved after such surgery it is 
likely to be the result of eliminating obstruction or high 
bladder storage pressure.  In rats with near complete 
nephrectomy the rate of progression of renal failure is 
no worse in those with ileocystoplasty compared to 
those with normal bladder (242). This suggests, ex-
perimentally, that storage of urine in small intestine is 
not, on its own, harmful to renal function.  

Clinically, in the longer term, renal deterioration has 
been related to obstruction, reflux and stone for-
mation. In one long-term study of Kock pouch pa-
tients, these complications occurred at the same rate 
as that found in patients with ileal conduits: 29% at 
five to 11 years (243).  Similarly, in a prospective fol-
low-up to a minimum of 10 years, it was found that 
the deterioration in glomerular filtration rate (GFR), 

that was found in 10 of 53 patients, was due to a ‘sur-
gical’ cause in all but one (244).  

Although a more complicated procedure, a renal 
transplant can be anastomosed to an intestinal reser-
voir with similar long term results as those using an 
ileal conduit (245,246).   

5.6. Infections and stones 
The incidence of bladder reservoir stones varies be-
tween 12 and 25%. This is higher in children com-
pared to adults. Palmer et al reported an incidence of 
52.5% during a follow-up of four years (247). Renal 
stones are uncommon, occurring in about 1.6% of pa-
tients, an incidence which would be expected in a 
group with congenital urinary tract anomalies.   

In a series comparing the Kock pouch with the Indi-
ana pouch (which does not have staples), 43.1% of 
72 Kock reservoirs formed stones compared to 
12.9% of 54 Indiana reservoirs (248). Furthermore, 
no patient with an Indiana pouch formed a stone after 
4 years, but patients with Kock pouches continued to 
do so at a steady rate up to eight years.  

Apart from the presence of a foreign body, several 
factors have been blamed for the high stone risk. Al-
most all reservoir stones are triple phosphate on anal-
ysis, though Terai et al found carbonate apatite, urate 
and calcium oxalate in up to 50% of stones from pa-
tients with an Indiana pouch (249).  This suggests that 
infection rendering the urine alkaline is a key factor. 
Micro-organisms that produce urease and split urea 
to form ammonia are the main culprits. The incidence 
of infection in reservoirs is high, 95% in one series, 
and yet the majority of patients do not form stones, 
suggesting that there are predisposing factors other 
than infection and the anatomical abnormality of the 
urine reservoirs (250).  It has been suggested that the 
immobility associated with spina bifida may be re-
sponsible, but this seems to have been in series with 
a predominance of such patients and was not con-
firmed in other studies (251). In intestinal augmenta-
tion, mucus formation is especially troublesome as it 
tends to block catheters and requires regular irriga-
tion, and may predispose to stone formation. The 
finding of a spectrum of stone formation from mucus, 
through calcification to frank stone lends some sup-
port to this aetiology. However, it could be a second-
ary event, with mucus becoming adherent to a stone 
that has already formed. Many surgeons encourage 
patients to wash out their reservoirs vigorously with 
water two or three times a week. There seem to be 
fewer stones in those that claim to practice regular 
washing. In a prospective study a regime of weekly 
washouts did not improve the incidence of stones in 
30 children compared to historical controls (252).  
Mathoera et al found an incidence of 16% during a 
follow-up of 4.9 years in 90 patients: girls were more 
frequently affected than boys and concomitant blad-
der neck reconstruction, recurrent infections and dif-
ficulties with CIC were other risk factors identified, 
while the frequency of irrigation did not appear to be 
a risk factor (253).  
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Mucins are an important component of the epithelial 
barrier and protect the epithelium from mechanical 
and chemical erosion. Mucins are known to act as im-
portant adhesion molecules for bacteria. Mucins may 
also enhance the formation of crystals (254). Mucin 
expression changes after incorporating the intestinal 
segment in the bladder. Upregulation of MUC1 and 
MUC4 expression occurs in transposed ileal seg-
ments resembling normal epithelium, whereas ileal 
segments in enterocystoplasty showed an upregula-
tion of MUC2,3,4 and 5AC expression towards the 
site of anastomosis with the ileal segment. These 
changes which may be due to exposure to urine co-
incide with a change from ileal sialomucins to colonic 
sulfomucins by a change in glycosylation. The mucins 
bind calcium and may form a template resembling the 
crystal structure on which crystals are formed and 
grow. From these studies, it is concluded that inhibi-
tion of bacterial adhesion (by using different irrigation 
fluids based on sugars) could be of eminent im-
portance in the prevention of certain types of infection 
stones. An interesting comparison has been made 
between children with a native bladder alone and 
those with an augmentation, all of whom were emp-
tying by self-catheterisation. There was no significant 
difference in the incidence of stones with or without 
an augmentation (255).   

Stones are associated with inadequate drainage in 
the sense that CIC through the urethra, the most de-
pendent possible drainage, has the lowest stone rate. 
Patients with the most ‘uphill’ drainage, that is with a 
Mitrofanoff channel entering the upper part of an or-
thotopic reservoir have a higher incidence of stones 
(254). Kronner et al made the observation, that the 
incidence of stones was statistically associated with 
abdominal wall stomas and a bladder outlet tighten-
ing procedure (21.1% compared to 6% in patients 
with augmentation alone) (250). Once a bladder 
stone has been diagnosed it has to be removed: sev-
eral methods are available, but ESWL should be 
avoided as it is difficult to remove all fragments (and 
small particles may get trapped in mucus and the 
pouch wall), which may form the focus of a new cal-
culus.  Because of the recurrent nature of these 
stones the least invasive method should be recom-
mended (256,257).    Because of the high incidence 
of stones following enterocystoplasty several 
measures should be recommended to the patients 
and their parents. Regular CIC under hygienic cir-
cumstances with adequate fluid intake and irrigation 
seem to be the most important (258).  It is unclear 
whether prophylactic antibiotics are useful, but a clin-
ical infection should be treated adequately. Maybe in 
the future different types of irrigation fluid may prove 
helpful.  

5.7. Growth 
The suggestion that enterocystoplasty delayed 
growth in height seems to have been ill founded. In a 
group of 60 children reported in 1992 it was stated 
that 20% had delayed growth (259). Current follow up 
of the same group has shown that all have caught up 

and achieved their final predicted height. Further-
more, measurements in a group of 123 children from 
the same unit have shown no significant delay in lin-
ear growth (260).  Enterocystoplasty may have an ef-
fect on bone metabolism even if growth is not im-
paired. At least in rats with enterocystoplasty there is 
significant loss of bone mineral density especially in 
the cortical compartment where there is endosteal re-
sorption. These changes are not associated with 
HCA and are lessened by continuous antibiotic ad-
ministration (261,262).   More recent follow-up data 
shows either no effect on growth or a decreased lin-
ear growth (263-266).     

5.8. Pregnancy 
When reconstructing girls it is essential to have a fu-
ture pregnancy in mind. The reservoir and pedicles 
should be fixed on one side to allow enlargement of 
the uterus on the other. Pregnancy may be compli-
cated and requires the joint care of obstetrician and 
urologist (267). Problems include upper tract obstruc-
tion and changes in continence as the uterus en-
larges. Pregnancy with an orthotopic reconstruction 
appears to have a good outcome but chronic urinary 
infection is almost inevitable and occasionally an in-
dwelling catheter is needed in the third trimester 
(268).  With a suprapubic diversion, catheter drainage 
for incontinence or retention may be needed in the 
third trimester (269).   Except in patients with an arti-
ficial urethral sphincter and extensive bladder outlet 
reconstruction, vaginal delivery is usual and caesar-
ean section should generally be reserved for purely 
obstetric indications (distorted pelvis in spina bifida 
patients). During the delivery, the bladder reservoir 
should be empty and an artificial sphincter deac-
tivated. The urologist should be present during Cae-
sarean section to ensure protection for the reservoir, 
the continent channel and its pedicles. 

5.9. Malignancy 
The risk of malignancy in enteric augmentations has 
been reported to be higher than expected, and the 
risk increases with length of follow-up. Malignancy 
occurs in 0.6-2.8% of patients during median follow-
up of 13-21 years. In a study including 153 patients 
with a median follow-up time of 28 years, malignancy 
was found in 4.5% (270). Animal data suggest that 
faecal and urinary streams must be mixed in bowel 
for neoplasia to occur. However, if it is chronic mixed 
bacterial infection, rather than the faeces per se, then 
all bowel urinary reservoirs are at risk. The malig-
nancy seemed to be associated with coexisting car-
cinogenic stimuli or with the inherent risk present with 
bladder exstrophy. In patients with colonic and ileal 
cystoplasties high levels of nitrosamines have been 
found in the urine of most of the patients examined 
(271). Clinically significant levels probably only occur 
in chronically infected reservoirs (272).  Biopsies of 
the ileal and colonic segments showed changes like 
those that have been found in ileal and colonic con-
duits and in ureterosigmoidostomies. More severe 
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histological changes and higher levels of nitrosa-
mines correlated with heavy mixed bacterial growth 
on urine culture (273).   In a review by Filmer et al, 14 
cases of pouch neoplasm were identified (274).  Spe-
cial features could be found in nearly all the cases. 
Ten patients had been reconstructed for tuberculosis; 
four tumours were not adenocarcinomas; one patient 
had a pre-existing carcinoma; six patients were over 
50 years old. Cancer was found in bowel reservoirs 
at a mean of 18 years from formation. This is a few 
years earlier than the mean time at which malignant 
neoplasms are seen in ureterosigmoidostomies.  In a 
review of 260 patients with a follow-up of more than 
10 years, Soergel et al found 3 malignancies (all tran-
sitional cell carcinoma): 2 following ileocecal and 1 af-
ter caecal augmentation. The age at augmentation 
was 8, 20 and 24 years respectively: the tumours 
were found when they were 29, 37 and 44 years old. 
All had metastatic disease and died. The incidence of 
malignancy in this group was 1.2%: considering that 
the development of tumours usually takes 20-25 
years the probable incidence of malignancy following 
enterocystoplasty may be as high as 3.8 % (275).  
Hussmann et al studied a group of 153 patients with 
a mean follow-up of 27 years (10-52 yrs.) after aug-
mentation cystoplasty. In those with a neurogenic 
bladder (n=97) they found 2 patients with transitional 
cell carcinoma (both smokers), in 38 patients with 
bladder exstrophy 3 multifocal adenocarcinomas in 
the augmented segment were found and in 2 of 18 
patients with urethral valves an adenocarcinoma was 
discovered. The overall risk of cancer was 4.5% after 
a median period of 32 years. Of the 7 patients 5 died 
suggesting that these tumours are very aggressive 
and metastasised early (270). This level of carcino-
genesis was also confirmed by Sung (276). 

Patients who undergo bladder augmentation with a 
gastric remnant are at increased risk for malignancy, 
probably similar to that in patients with enterocysto-
plasty.  In a review of 119 patients underwent aug-
mentation cystoplasty with stomach in 2 institutions, 
three patients had gastric adenocarcinoma, while the 
other had poorly differentiated transitional cell carci-
noma. Each case progressed to malignancy more 
than 10 years after augmentation (277-279).  It has 
also been shown that patients with neurogenic blad-
der managed solely with clean intermittent catheteri-
sation have an increased risk of bladder cancer, and 
this risk may be increased following bladder augmen-
tation (280).  If cancer is going to be a common prob-
lem, there will be some difficulty in monitoring the pa-
tients at risk (281). Endoscopy with a small instrument 
through a stoma may not be sufficient. Ultrasound 
may not be able to distinguish between tumours and 
folds of mucosa. Three-dimensional reconstruction of 
computerised tomography may be helpful, though the 
equipment is expensive and not widely available at 
present (282).  Although many advise to perform an 
annual endoscopic evaluation in all patients following 
enterocystoplasty starting 10 years after surgery, 

some argue that yearly endoscopy is not cost-effec-
tive and the potential morbidity makes it an ineffective 
screening procedure (283).  

5.10. Psychological consequences and 
quality of life 

The main justification for performing a bladder recon-
struction or continent diversion is to improve the indi-
vidual’s Quality of Life (QoL). It would seem logical 
that continent urinary diversion would be better than 
a bag. This is not always the case. In adults, the only 
sure advantage is cosmetic. Validated QoL surveys 
in children have not been reported, primarily because 
of the lack of suitable instruments (284). Our preju-
dice is that reconstruction does, indeed, improve the 
lives of children although supporting evidence is very 
thin and based on experience in adults. 

The ileal conduit has been a standard part of urologi-
cal surgery for over 50 years. It has well known com-
plications but few would seriously suggest that they 
were more troublesome than those of the complex 
operations for bladder replacement. In an early inves-
tigation into quality of life issues, Boyd et al investi-
gated 200 patients, half with an ileal conduit and half 
with a Kock pouch: there was little difference between 
the groups except that those with a Kock pouch en-
gaged in more physical and sexual contact. The only 
patients that were consistently ‘happier’ were those 
who had had a conduit and subsequently were con-
verted to a Kock pouch (285).   

In a recent QoL survey in adults, a wide range of com-
plications were considered to be acceptable, alt-
hough an ordinary urological clinic would be full of pa-
tients trying to get rid of such symptoms: mild inconti-
nence (50%), nocturia (37%), bladder stones (12%), 
urinary infections (9%), hydronephrosis (5%). None-
theless, their QOL was judged to be good, primarily 
because 70% had experienced no adverse effect on 
their normal daily lives (286).  

Quality of life does not mean absence of disease or a 
level of complications acceptable to the reviewing cli-
nician. It is a difficult concept to measure because 
lack of validated instruments, difficulties in translating 
from one culture or language to another, and the dif-
ficulties in selecting control groups and variations in 
clinical situations. Gerharz et al have constructed 
their own 102 item instrument and compared 61 pa-
tients with a continent diversion and 131 with an ileal 
conduit. Patients with a continent diversion did better 
in all stoma related items indicating that containment 
of urine within the body and voluntary emptying is of 
major importance. In addition, they had better physi-
cal strength, mental capacity, social competence and 
used their leisure time more actively. There was little 
difference in satisfaction with professional life, finan-
cial circumstances and in all interactions within the 
family including sexual activity (287).  

Consensus statement on surgical treatment of 
urinary incontinence in children 
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Forms of urinary incontinence in children are diverse, 
however, a detailed history, physical examination and 
voiding diary obviate the need for further studies for 
the majority. This should identify that limited group 
that may require surgery. Many patients in this group 
will have obvious severe congenital abnormalities. 

Because of the spectrum of problems, specific treat-
ment is usually dictated by the expertise and training 
of the treating physician. The rarity of many of these 
problems precludes the likelihood of any surgeon 
having expertise in all areas. Furthermore, nuances 
in surgical procedures develop gradually and are of-
ten never systematically evaluated. 

Nevertheless, it may be that newer forms of very early 
aggressive surgical approaches to severe complex 
anomalies such as exstrophy, myelodysplasia and 
urethral valves may provide a successful model for 
significant impact on the ultimate continence in such 
patients. Ultimately these may provide a basis for ran-
domised studies to determine the most specific and 
effective mode of therapy. 

The committee would encourage vigorous research 
on the molecular basis of bladder development and 
support the development of surgical and treatment 
strategies which would utilise the natural ability of the 
bladder to transform in the early months of develop-
ment and immediately after birth. 

Furthermore, efforts to promote bladder healing, and 
to protect and achieve normal bladder function should 
be supported.  Such studies and research may lead 
to earlier and more aggressive treatment of many of 
the complex anomalies now treated by the surgical 
procedures outlined in this report. 

 

 PSYCHOLOGICAL ASPECTS 
OF URINARY INCONTINENCE, 

ENURESIS AND FAECAL 
INCONTINENCE 

List of abbreviations used in this section 

ADHD Attention-Deficit/Hyperactivity Disorder 

CBCL Child Behaviour Checklist 

DSM-5 Diagnostic and Statistical Manual of 
Mental Disorders – 5 

DUI Daytime urinary incontinence 

HKD Hyperkinetic Disorder 

FI Faecal incontinence 

ID Intellectual Disability 

ICD-10 International Classification of Diseases – 
10 

LUTS  Lower urinary tract symptoms  

NE Nocturnal enuresis 

ODD Oppositional Defiant Disorder 

Since the publication of the 4th ICI report in 2009 (1) 
an increasing body of reviews has been published on 
psychological factors of incontinence in children (2-
5). A new focus of research and clinical practice is on 
children with special needs, who have higher rates of 
incontinence and behavioural problems (6). This 
chapter includes an update based on the recent liter-
ature and especially the ICCS standardisation docu-
ment on psychological aspects in urinary and faecal 
incontinence (7), as well as other ICCS documents. 

1. INTRODUCTION 

Children with urinary incontinence, enuresis and fae-
cal incontinence carry a higher risk for manifest be-
havioural disorders, as well as for subclinical emo-
tional and behavioural symptoms. It is important to 
assess and integrate psychological factors in treat-
ment for two reasons: 

1. As can be seen in table 1, the rate of comorbid be-
havioural and emotional disorders is much higher 
than possible organic causes (7). The same care 
used to exclude organic causes should be applied to 
the assessment of behavioural aspects. Therefore, 
paediatricians and urologists should have a basic un-
derstanding of psychological principles to treat their 
young patients adequately. 

2. In functional or non-organic incontinence, provision 
of information, cognitive therapy and behavioural 
modification are the most effective, first-line ap-
proaches to treatment. Medication can be helpful in 
many cases, but are usually not the mainstay of treat-
ment. Surgery is rarely indicated. As most of the tech-
niques used in “urotherapy” are based on cognitive-
behavioural psychotherapy, it is essential to be ac-
quainted with the basic psychological principles. 

Table 1: Organic causes and comorbidity of clinically 
relevant psychological disorders or symptom 
scores* 

Nocturnal enuresis 

Organic causes < 1% 

Behavioural comorbidity* 20-30% 

Urinary incontinence 

Organic causes <10% 

Behavioural comorbidity* 20-40% 

Faecal incontinence with constipation 

Organic causes < 5% 

Behavioural comorbidity* 30-50% 

Faecal incontinence without constipation 
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Nocturnal enuresis 

Organic causes < 1% 

Behavioural comorbidity* 30-50% 

* Comparable population norms: 10%  

This chapter provides information on comorbid mani-
fest clinical disorders, as well as symptoms which 
might be emotionally distressing for children and par-
ents, but do fulfil the criteria for a disorder. Often, 
these will resolve upon attaining continence, while 
manifest disorders usually do not. In addition, chil-
dren with psychological disorders are less compliant, 
and this explains why the failure rate of children’s in-
continence treatment is much higher. It is recom-
mended that both incontinence and any comorbid 
psychological disorder are treated separately to en-
sure effective therapy. 

The relevance of psychological factors for the differ-
ent subtypes of incontinence will be considered. The 
terminology of the ICCS for enuresis and urinary in-
continence as well as of the Rome-IV classification 
for faecal incontinence will be used (8,9). 

2. CLINICAL BEHAVIOURAL 
DISORDERS 

Worldwide, approximately 10 to 20% of children are 
affected by clinically relevant mental health disorder 
according to ICD-10 (10) or DSM-5 (11) criteria (12). 
Even under most conservative estimates, 15% of chil-
dren and adolescents have psychological disturb-
ances with daily incapacitation. But are these disor-
ders increasing? Bor et al. tackled this question in 
their very carefully conducted review and found that 
for toddlers and children, there was no major increase 
of psychological disorders (13). However, adoles-
cents show an increasing risk for internalising disor-
ders such as anxiety and depression, especially girls. 
The rate of comorbid behavioural disorders is in-
creased in children with all types of incontinence. 
Comorbidity denotes the co-occurrence of two or 
more disorders at the same time (concurrent comor-
bidity) or in sequence (sequential comorbidity). The 
focus on comorbidity allows a descriptive approach 
without referring to possible causal associations. Ba-
sically, four combinations are possible:  

• A behavioural disorder can be a consequence of 
the wetting problem, 

• A behavioural disorder can precede and induce 
a relapse when a genetic disposition for enuresis 
is present, for example in secondary nocturnal 
enuresis, 

• Wetting and a behavioural disorder can both be 
due to a common neurobiological dysfunction 
(such as in nocturnal enuresis and ADHD), 

• With such common disorders, no causal relation-
ship can be present and the two may co-exist by 
chance. 

A psychological disorder (synonyms: psychiatric, psy-
chic, mental disorder) “is a syndrome characterised 
by clinically significant disturbance in an individual’s 
cognition, emotion regulation, or behaviour that re-
flects a dysfunction in the psychological, biological, or 
developmental processes underlying mental function-
ing. Mental disorders are usually associated with sig-
nificant distress or disability in social, occupational, or 
other important activities” (DSM-5) (11).  

Clinically relevant disorders can be assessed by two 
basic methods: the categorical and the dimensional 
approach. The categorical method is based on a de-
tailed diagnostic process (including history, observa-
tion, exploration, mental state examination, question-
naires, testing, physical examination and other proce-
dures) and are professional diagnoses according to 
standardised classification schemes: ICD-10 (10) or 
DSM-5 (11). Dimensional assessment is based on 
symptom scores by questionnaires, but do not repre-
sent diagnoses. Cut-offs are defined to delineate a 
clinical (and sub-clinical) range.  

One can differentiate three broad categories: 

1. Externalising or behavioural disorders with out-
wardly-directed, visible behaviour (examples: 
conduct disorders and ADHD), 

2. Internalising, i.e. inwardly-directed, intrapsychic 
disorders such as emotional disorders (exam-
ples: separation anxiety, social anxiety, phobias, 
sibling rivalry and depressive disorders), 

3. Other disorders that do not fit into the two cate-
gories, such as anorexia nervosa, tic disorders 
and autism spectrum disorders. 

Five of the most important disorders occurring in chil-
dren and adolescents with NE, DUI and FI are sum-
marised below: 

Major depression has a prevalence of 2-5%. The ae-
tiology is multifactorial with a 40-50% contribution of 
genetic factors. Symptoms include sadness, unhap-
piness, loss of enjoyment, lack of energy and interest, 
negative thinking, sleep and appetite problems. 
Treatment includes counselling, cognitive-behav-
ioural, interpersonal and psychodynamic psychother-
apy which can be combined with antidepressant med-
ication. A population-based study of 2079 6-year old 
children has shown that depressive and anxious 
symptoms are more common in children with NE and 
DUI, and especially high in FI (14).  

Anxiety disorders affect 5% of children. Again, aeti-
ology is multifactorial, including family, temperament 
and to 40% genetic factors. Four subtypes predomi-
nate: separation anxiety disorder, characterised by 
fears associated with separation; generalised anxiety 
disorder with the main symptom of worrying; in social 
phobia avoidance of social situations is typical and in 
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phobia a fear of objects. Treatment consists of coun-
selling, cognitive-behavioural therapy, relaxation, ex-
posure and skills-based techniques, psychodynamic 
psychotherapy and medication in severe cases (anti-
depressants). Studies on anxiety in children with in-
continence are still rare; exceptions are the study by 
Equit et al. (14). 

Attention-deficit/hyperactivity disorder (ADHD) 
has a prevalence of 6% and a predominantly genetic 
aetiology (70-80%). The main symptoms are inatten-
tion, hyperactivity and impulsivity. Treatment includes 
counselling, parent training and cognitive-behav-
ioural therapy. Medication plays a major role (mainly 
stimulants). In one population-based study of 1391 6-
year old children, children with DUI had the highest 
rates of ADHD (15). Many studies have been con-
ducted on the associations of ADHD and inconti-
nence, which have been summarised in the system-
atic review of von Gontard and Equit (5). 

Oppositional Defiant Disorder (ODD) is character-
ised by persistent hostile, provocative and noncom-
pliant behaviour and affects 2-5% of children. The ae-
tiology is best explained by a gene-environment inter-
action, including a genetic disposition and dysfunc-
tional parenting practices. Treatment consists of 
counselling, parent training, cognitive-behavioural 
therapy, school-based interventions, but usually not 
medication. One population-based study on 718 6-
year-old children showed a high rate of ODD, espe-
cially in children with DUI (16); and another study of 
1676 6-year old children, especially those with FI 
were affected by ODD, ADHD or both (17). 

Autism Spectrum Disorder (ASD) is a neurodevel-
opmental disorder, defined by persistent deficits in 
social communication and social interaction and re-
stricted, repetitive patterns of behaviour, interests 
and activities (DSM-5) (11). These disorders are pre-

sent from the early developmental period, cause clin-
ically significant impairment and are associated with 
intellectual and language impairment, other disor-
ders. The prevalence of ASD is 0.6-1%. The aetiology 
is mainly genetic, with up to 90% of the variance be-
ing due to genetic factors. 15% of ASD are syndromal 
forms, with the Fragile-X Syndrome, Tuberous Scle-
rosis being the most important syndromes. The diag-
nosis is based on a full child psychiatric, paediatric 
and genetic assessment. Treatment consists of par-
ent training and counselling, autism-specific training 
programmes and behavioural therapy. Medication in-
cludes neuroleptics, stimulants, antidepressants 
(SSRI), which are not given routinely, but only when 
indicated. In a recent systematic review, the associa-
tions of ASD and incontinence were summarised, as 
well as the many open research questions (18). 

3. CLINICAL BEHAVIOURAL 
DISORDERS IN CHILDREN WITH 

NOCTURNAL ENURESIS AND 
DAYTIME URINARY INCONTINENCE 

Children with urinary incontinence show a higher rate 
of comorbid behavioural and emotional problems 
(16.5% to 51.9%) than non-wetting children (7.8% to 
10.2%), in both epidemiological and in clinical stud-
ies. The overall relative risk is 1.4 – 4.5 times higher, 
based on early population-based studies (7). Epide-
miological studies have the advantage of revealing 
representative associations. They often cannot differ-
entiate well between subgroups. To date, the largest 
and best population-based studies are those of Join-
son et al., based on the British ALSPAC birth cohort 
(19, 20, 21) (see table 2). 

 

Table 2: Epidemiological, population-based studies: Percentage of children with clinically relevant behav-
ioural problems in comparison to controls and their relative risk* 

Study Age 
(yrs) 

N Type of 
wetting 

Incontinent children Controls  Odd’s 
ratio  

Joinson  2007 
(19) 

7 ½ 
years 

8242 NW Separation anxiety: 8.0%  6.4% 1.3 

    Social anxiety: 7.0% 4.6% 1.5 

    Specific phobia: 14.1% 11.5% 1.2 

    Generalised anxiety: 10.5% 7.7% 1.4 

    Depression: 14.2% 10.9% 1.3 

    ODD: 8.8% 4.7% 1.9 

    Conduct disorders: 8.5% 5.7% 1.5 

    ADHD: 17.6% 11.9% 1.5 

Joinson 2006 
(20) 

7-9 8213 DW Separation anxiety: 11.4% 6.8% 1.8 

    Attention/activity: 24.8% 13.8% 2.1 
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    Oppositional behaviour:10.9% 5.8% 2.0 

    Conduct problems: 11.8% 6.2% 2.0 

Joinson 2006 
(21) 

7-8 8242 FI Separation anxiety: 4.3% 0.8% 5.4 

    Specific phobia: 4.3% 1.0% 4.3 

    Generalised anxiety: 3.4% 0.4% 8.5 

    ADHD: 9.2%  1.9% 4.8 

    ODD: 11.9% 1.9% 6.3 

*DUI = Daytime urinary incontinence 

*FI = Faecal incontinence 

*NE = Nocturnal enuresis 

 

3.1. Nocturnal enuresis 
The ICCS differentiates between primary (never dry) 
and secondary NE (relapse after a dry period of 6 
months); and monosymptomatic (no lower urinary 
tract symptoms - LUTS) and non-monosymptomatic 
NE (with LUTS). Therefore, four subgroups of noctur-
nal enuresis can be differentiated: 

• Primary monosymptomatic nocturnal enu-
resis 

• Primary non-monosymptomatic nocturnal 
enuresis 

• Secondary monosymptomatic nocturnal en-
uresis 

• Secondary non-monosymptomatic noctur-
nal enuresis 

Epidemiological studies show clearly that, depending 
on definitions and instruments used, 20-30% of all 
nocturnal enuretic children show clinically relevant 
behavioural problems, 2 to 4 times higher than non-
wetting children (7).  

In the British population-based ALSPAC-study of 
8242 children at the age of 7 ½ years, children with 
NE were affected by: separation anxiety (8.0%), so-
cial anxiety (70%), specific phobia (14.1%), general-
ised anxiety (10.5%), depression (14.2%), ODD 
(8.8%), conduct disorders (8.5%) and ADHD (17.6%) 
(table 2) (19).   

Children with primary nocturnal enuresis were not dif-
ferent from controls in epidemiological studies (22). 
Secondary nocturnal enuresis was preceded by a 
higher rate of weighted life-events (23) and was sig-
nificantly associated with a higher rate of psychiatric 
disorders, which can persist into adolescence (22). 
By adolescence, the attainment of dryness after the 
age of 10 years increased the risk for behavioural 
problems, independently of the primary or secondary 
status (24). 

The only epidemiological study addressing mono-
symptomatic nocturnal enuresis included 8242 chil-
dren aged 7 ½ years (25). Though not adhering to the 
ICCS criteria, children with monosymptomatic noctur-
nal enuresis showed fewer behavioural symptoms 
than those with daytime problems (i.e. the non-mon-
osymptomatic forms), although the differences did 
not reach significance. 

Regarding the types of behavioural and emotional 
disorders, externalising disorders such as ADHD and 
ODD predominate (5, 15,16,17, 26).  

In a retrospective study of patients with ADHD, 20.9% 
wetted at night and 6.5% during the day. The odds-
ratios were 2.7 and 4.5 times higher, respectively, 
which means that there is a nonspecific association 
of ADHD and both night and daytime wetting (27). 
25% of 140 children with ADHD were affected by noc-
turnal enuresis compared to 10.8% of 120 controls 
(28). The highest comorbidity rates of 40% for ADHD 
and nocturnal enuresis were reported by Baeyens et 
al. (29), possibly due to selection bias: 15% had a 
combined, 22.5% an inattentive and only 2.5% a hy-
peractive type of ADHD. In a community based sam-
ple, the prevalence rate was much lower. ADHD con-
tinued to be present in 72.5% of children in a two-year 
follow-up indicating a high stability (37). Children with 
ADHD continued to wet at follow-up much more often 
(65%) than controls (37%) (Odds-ratio 3.17). At a 4-
year follow-up, 64% still had ADHD: of these, 42% 
continued to wet at night (compared to 37% of the 
controls) (30).  

In clinical practice, children with ADHD are more dif-
ficult to treat. In a retrospective study, 113 children 
with ADHD and nocturnal enuresis had a worse out-
come on alarm treatment than controls (with noctur-
nal enuresis only): 43% (vs. 69%) were dry at 6 
months and 19% (vs. 66%) at 12 months. There was 
no difference if they were treated with medication, 
which does not require active cooperation. Non-com-
pliance was reported in 38% of children with ADHD, 
but only in 22% of the controls (31). This means that 
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children with both enuresis and ADHD require special 
attention – and both need to be treated separately. 

3.2. Daytime urinary incontinence 
Daytime wetting has been neglected in epidemiologi-
cal research. The most important study is based on a 
cohort of 8213 children aged 7 ½ to 9 years (20). Chil-
dren with daytime wetting had significantly increased 
rates of psychological problems, especially separa-
tion anxiety (11.4%), attention deficit (24.8%), oppo-
sitional behaviour (10.9%) and conduct problems 
(11.8%). Externalising disorders predominate in day-
time wetting children, which, in turn, will interfere with 
treatment. In the same cohort, 10,000 children aged 
4 to 9 years were analysed. Delayed development, 
difficult temperament and maternal depression / anx-
iety were associated with daytime wetting and soiling 
(32). In another population-based study, 36.7% of 
children with urinary incontinence had ADHD symp-
toms, in comparison to 3.4% of dry children (15). 

ADHD is a common problem among day wetting chil-
dren, as well. Compared to controls, children with 
ADHD had more symptoms of incontinence, consti-
pation, infrequent voiding and dysuria (33). With 
ADHD, treatment outcome is worse. In a retrospec-
tive analysis, 68% of day wetting children with ADHD 
became dry compared to 91% of controls. Non-com-
pliance was much higher for timed voiding (31). 

Daytime wetting is a heterogeneous group of disor-
ders. According to the ICCS terminology, following 
subgroups can be differentiated (8):  

• Over-active bladder including urgency in-
continence 

• Voiding postponement 

• Underactive detrusor 

• Dysfunctional voiding 

• Obstructive voiding 

• Stress urinary incontinence 

• Vaginal reflux 

• Giggle incontinence 

• Extraordinary daytime urinary frequency 

Only some of these subgroups have been studied re-
garding comorbid psychological disorders. 

Children with urgency incontinence have fewer be-
havioural problems than those with other types of 
DUI. 29 % of children with urgency incontinence had 
an ICD-10 diagnosis and 14% had an internalising 
disorder. 13.5 % had a clinical total problem score in 
the CBCL, again mainly internalising problems (34, 
35). The children are distressed by their wetting and 
family functioning is intact. In another study, 35% of 
children with urgency incontinence fulfilled the criteria 
for an ICD-10 diagnosis (36). Children with urgency 
incontinence have lower rates of comorbid disorders 
than those with voiding postponement (36% vs. 

59%), but higher than controls (9%). Children with ur-
gency incontinence predominantly have emotional, 
introversive disorders. In summary, children with ur-
gency incontinence have only a slightly increased 
rate of comorbid psychiatric disorders. If they are af-
fected, emotional, introversive symptoms predomi-
nate.  

Children with voiding postponement, on the other 
hand, fall into two groups: in some it represents an 
acquired habit, in others, it is associated with exter-
nalising psychological disorders, especially opposi-
tional defiant disorder (ODD). In a systematic study of 
children with voiding postponement in a paediatric 
and child psychiatric setting, 53.8 % fulfilled the crite-
ria for at least one ICD-10 diagnosis (34). These were 
mainly externalising disorders in a third children such 
as Oppositional Defiant Disorder (ODD). Also, 37.3 % 
of children had a CBCL total score in the clinical 
range, again, with externalising symptoms predomi-
nating. In addition, family functioning was impaired 
(34,35). In another sample, 53% of children with void-
ing postponement had at least one ICD-10 diagnosis 
(37). In summary, children with voiding postponement 
have highly increased psychiatric risks. Voiding post-
ponement as one of the most important subgroups of 
DUI was the topic of a recent review (38). 

Studies on comorbid behavioural problems in chil-
dren with underactive bladder have not been per-
formed. Systematic investigations of psychological 
aspects of dysfunctional voiding are rare. In some 
children, it represents an acquired habit, in others se-
vere psychological disturbances are present (39). 
Dysfunctional voiding following severe sexual abuse 
and deprivation as well as other familial stressors 
such as migration has been described in case reports 
(40). There have been no systematic investigations of 
children with giggle incontinence. From clinical expe-
rience, they are highly distressed by the symptom and 
try to avoid situations in which they might be forced to 
laugh. Social withdrawal, not going to parties and 
meeting with friends has been observed. It is not 
known if the rate of behavioural disorders is in-
creased. Regarding the other subtypes of urinary in-
continence, not even anecdotal data are available. 

4. CLINICAL BEHAVIOURAL 
DISORDERS IN CHILDREN WITH 

FAECAL INCONTINENCE 

According to the Rome-IV classification, two sub-
types of faecal incontinence can be differentiated (9): 

• Functional constipation (with or without inconti-
nence) 

• Non-retentive faecal incontinence. 
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4.1. Epidemiological Studies 
In the large ALSPAC study of 8242 children aged 7-8 
years, children with faecal incontinence had signifi-
cantly increased rates of separation anxiety, specific 
phobias, generalised anxiety, ADHD and ODD (see 
table 2) (21). In other words, soiling children show a 
completely heterogeneous pattern of both internalis-
ing and externalising disorders. Again, these will re-
quire assessment in the individual child, as they will 
interfere with treatment of the incontinence.  

In clinical studies, 35% to 50% of all children with fae-
cal incontinence had a total behavioural score in the 
clinical range in this parental questionnaire. Com-
pared to the normative population (10%), 3.5 to 5 
times more children with faecal incontinence have to-
tal behaviour scores in the clinical range (7). Children 
with behavioural maladjustment are less compliant 
than children without psychological disorders (71% 
vs. 38% non-compliant) – so if these behavioural 
problems are not addressed treatment will be less 
successful (41). 

Children with faecal incontinence and constipation 
have the same rate of behavioural scores in the clini-
cal range as children without constipation (39% vs. 
44%, (42) and 37% vs. 39%, (43)). This means that 
the two major types of faecal incontinence cannot be 
differentiated according to the behavioural comorbid-
ity. More importantly, regarding the aetiology, there is 
no evidence that one type (i.e. with constipation) has 
more somatic aetiology, while the other type (i.e. with-
out constipation) has a more psychogenic aetiology. 
There is no specific psychopathology typical for fae-
cal incontinence: all types of behavioural and emo-
tional disorders can co-exist. 

4.2. Subclinical signs and symptoms 
Subclinical behavioural signs and symptoms are 
common, understandable, adequate reactions to-
wards the wetting problem and not disorders. Many 
studies have addressed the impact of wetting on chil-
dren.  

a) Impact on children  

Most children are distressed by enuresis. For exam-
ple, 35% said that they felt unhappy, 25% even very 
unhappy about wetting at night in one study (40 chil-
dren aged 5-15 years) (44). In a Finnish population-
based study, 156 day and night wetting children (from 
3375 7-year olds) showed significant differences 
compared to 170 controls regarding following person-
ality traits (45): they were more fitful (vs. peaceful), 
more fearful (vs. courageous), more impatient (vs. 
calm), more anxious (vs. does not worry) and had 
more inferiority feelings (vs. feels equal). In a large 
population-based British study of 8209 children aged 
9 years, 36.7% of children consider bed-wetting to be 
“really difficult” – ranking 8th behind other stressful 
life-events (46). 

One construct of special importance is that of self-es-
teem. In one study, lower self-esteem in children with 

enuresis disappeared upon attaining dryness (47). In 
another, global self-esteem was significantly lower in 
children with nocturnal enuresis than in controls (48) 
and in yet another, the self-esteem total score was 
higher among enuretics than norms (49). Therefore, 
it was concluded that there is no clear evidence that 
bedwetting leads to lower self-esteem (50) – but there 
can be no doubt that self-esteem can improve upon 
attaining dryness (49). Self-esteem increases even if 
treatment of enuresis is not successful (51), showing 
that care and “good doctoring” for children and par-
ents is of great help – regardless of outcome. Re-
cently, a focus has been on quality of life, which is 
reduced in children with urinary incontinence (52). 
Questionnaires to assess quality of life will be pre-
sented later. 

Children with faecal incontinence tend to feel less in 
control of positive life events and had a lower sense 
of self-esteem than children with other chronic condi-
tions (53). However, in a more recent study, self-es-
teem did not differ between children with faecal incon-
tinence and controls (54).  

b) Impact on parents 

Enuresis and urinary incontinence may be just as dis-
tressing for parents as for children. Generally, par-
ents are very concerned about the welfare of their 
child. In a population based study, 17% worried a 
great deal and 46% some or a little (55). In one study, 
the greatest maternal concerns were: emotional im-
pact, social relationships, smell, extra washing and fi-
nancial aspects (56). Mothers of children with noctur-
nal enuresis had a reduced quality of life scores (bod-
ily pain and emotional role) and more depressive 
symptoms (57).  

Parents also believe that their child should be dry at 
a very early age, which can induce anxiety and stress: 
the mean anticipated age of dryness was 3.18 years 
in one study (58) and 2.75 years in another (59). Also, 
many parents think that emotional factors are the 
cause of nocturnal enuresis and forget that they might 
be the effect of the wetting problem instead (58,59). 

A minority of parents show an attitude that was de-
scribed as “maternal intolerance” by Butler et al (60). 
Convinced that their child is wetting on purpose, the 
risk for punishment is increased. In some cultures, 
punishment is very more common: 42% of Turkish 
children were spanked and 13% beaten (61). Chi-
nese parents show a high level of parenting stress 
associated with externalising behavioural problems 
or their child (62). These parental attributions and ex-
periences must be considered in all treatment plans 
for enuresis, as they can decisively influence the out-
come.  

Parents of children with faecal incontinence are also 
stressed and worried about the problem (63). In one 
study, children with faecal incontinence had family 
environments with less expressiveness and poorer 
organisation than controls (54). In another study of 
104 families, nearly half (51%) had no unusual family 
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problems; 23 had severe and widespread difficulties 
including sexual abuse; 11 families described moder-
ate difficulties and 18 a single traumatic event (64). In 
other words, the atmosphere was warm and support-
ive without major difficulties in at least half of the fam-
ilies.    

5. CHILDREN WITH SPECIAL NEEDS 

Special needs is an umbrella term referring to individ-
uals who require additional medical, psychiatric, psy-
chological and educational assistance (6). Those with 
special needs comprise heterogeneous groups of 
physical and intellectual disability, as well as a wide 
variety of neurodevelopmental disorders. These dis-
orders and disabilities continue to affect adults, i.e. 
they are life-long conditions. Incontinence is major, 
but often neglected disorder in people with special 
needs. 

Studies have shown repeatedly that all types of in-
continence are more common in children with special 
needs than in normally developing children, i.e. noc-
turnal enuresis (NE), daytime urinary incontinence 
(DUI) and faecal incontinence (FI). Also, incontinence 
has a higher likelihood of persisting into adolescence 
and adulthood, i.e. becoming a chronic condition. In-
continence can have an additive negative effect on 
the emotional state, self-esteem and quality of life of 
the child with special needs – and can affect his/her 
own daily school and family functioning.  

Many children with intellectual disability have special 
needs. Intellectual disability (ID) is defined by an IQ < 
70. Mild ID (IQ 50-69) and severe ID (IQ < 50) are the 
two broad categories. Many different syndromes and 
disorders are associated with ID, most with prenatal, 
genetic causes. Overall, incontinence is more com-
mon in children, adolescent and young adults with ID 
(65). Also, there is an inverse relationship between IQ 
and incontinence, i.e. the lower the IQ is, the more 
often incontinence occurs. 

Incontinence has been studied only in some of the 
specific syndromes of ID, such as Fragile-X, Williams, 
Down and Angelman syndromes (66-69). In addition 
to the IQ-level, syndrome-specific risk factors for in-
continence have been identified, such as . epilepsy in 
Angelman syndrome and behavioural factors in other 
syndromes.  

As many children with special needs do not receive 
standard assessment and adequate treatment. Pro-
fessionals working with children with special needs 
should realise that incontinence is a major and com-
mon problem in their patients and should actively of-
fer effective treatment based of incontinence, the un-
derlying condition and associated, comorbid disor-
ders. Daily distress will be reduced for patients, as 
well as parents and caregivers. 

6. GENERAL PRINCIPLES: 
ASSESSMENT 

6.1. Screening Questionnaires 
Due to the high rate of comorbid behavioural disor-
ders, the ICCS recommends screening with a broad-
band, validated questionnaire (7,8). Broad-band 
means that a wide range of psychological symptoms 
are assessed. Narrow-band questionnaires are less 
useful as screening instruments, but are valuable in 
the diagnosis of specific disorders. Narrow-band 
questionnaires include those for depression, anxiety, 
ADHD, obsessive-compulsive behaviour, tics and au-
tism spectrum disorders. If a manifest psychological 
disorder is suspected by history, clinical observation, 
exploration and broad-band questionnaires, a child 
psychological or psychiatric assessment is recom-
mended. Short, medium and long screening ques-
tionnaires are available. 

a) Short broad-band screening questionnaires 

The ‘Parental Questionnaire – Enuresis/Urinary In-
continence (PQ-EnU)’, a parental questionnaire 
which has been used widely in clinical care and re-
search, has recently been validated (3, 70). It con-
tains yes/no questions regarding nocturnal enuresis 
(NE) (12 items), daytime urinary incontinence (DUI) 
(10 items), voiding and stool habits (19 items), as well 
as behavioural problems (10 items). In the validation 
sample of 496 patients, a high correlation of .723 to 
.778 with diagnoses of incontinence (NE, DUI and 
faecal incontinence -FI) could be demonstrated. A 
factor analysis of the Behavioural Problem Scale (BP) 
revealed three factors: “attention and school deficits“ 
(Cronbach’s α =.665), “impulsive-aggressive behav-
iour“ (Cronbach’s α =.731) and “internalising prob-
lems“ (Cronbach’s α =.409). These factors showed 
significant correlations with Child Behaviour Checklist 
(CBCL – see below) total, internalising and external-
ising scales (.351 to .608). In summary, the PQ-EnU 
is a valid questionnaire to examine children with in-
continence and can be used as a screening for psy-
chological symptoms. It can be downloaded without 
charge (3). 

The ‘Short Screening Instrument for Psychological 
Problems in Enuresis (SSIPPE)’ is a comparable in-
strument available in appendix of Van Hoecke et al. 
(71). It is a validated parental questionnaire, based on 
the Child Behaviour Checklist (CBCL) (72). It has 
three scales including 7 Items for emotional prob-
lems, 3 Items for attention symptoms and 3 Items for 
hyperactivity/impulsivity symptoms. The authors rec-
ommend that if more than two yes answers are given 
for any of the 3 problem areas (emotional, attention, 
hyperactivity/impulsivity), this should be followed by a 
more detailed questionnaire such as the CBCL. If the 
CBCL T-scores are in clinical range (or many problem 
items are answered with a “2”), then a detailed child 
psychiatric assessment should follow. 
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b) Medium-length broad-band screening ques-
tionnaire 

The Strengths and Difficulties Questionnaire (SDQ) is 
a medium-length behavioural screening question-
naire about 3-17 year olds (73). Parent and teacher 
versions are available, as well as self-reports for 11-
17-year-old children and adolescents. It exists in sev-
eral versions to meet the needs of researchers, clini-
cians and educationalists. In addition to the standard 
version, one version additionally assesses impact 
and incapacitation, while another version is useful for 
follow-up. Official translations are available in 77 lan-
guages.   

All versions of the SDQ ask about 25 attributes, some 
positive and others negative. The items are scored on 
a three-point scale: not, somewhat and certainly true. 
The 25 items are divided between 5 scales: emotional 
symptoms (5 items), conduct problems (5 items), hy-
peractivity/inattention (5 items) and peer relationship 
problems (5 items) – these 4 scales form the total dif-
ficulties score. A fifth scale measures prosocial be-
haviour (5 items). 

The Strengths and Difficulties Questionnaires, 
whether in English or in translation, are copyrighted 
documents that may not be modified in any way. Pa-
per versions may be downloaded and subsequently 
photocopied without charge by individuals or non-
profit organizations provided they are not making any 
charge to families. The questionnaires, scoring in-
structions, norms and related articles can be down-
loaded free of charge at following website: 
www.sdqinfo.org  

c) Long broad-band screening questionnaires 

The family of Achenbach questionnaires covers the 
age groups from 1 1/2 years to 30 years – with self-
informant-, parent- and teacher versions (72). The 
parental Child Behaviour Checklist (CBCL/6-18) is 
one of the most widely used questionnaires world-

wide with translations in many different languages 
(over 90) and with national norms. 

As the name implies, the CBCL/6-18 is a parental 
questionnaire for the age groups of 6 to 18 years. It 
consists of a 113 problem items, which are scored on 
a three-point scale: 0= not true; 1= somewhat or 
sometimes true; 2= very true or often true. Three 
composite scales can be calculated (total score, in-
ternalizing, externalising behaviour). For these com-
posite scales, the clinical cut-off is at the 90th percen-
tile and the borderline cut-off at the 85th percentile. In 
addition, 8 other syndrome scales can offer valuable 
information. 

The CBCL is one of many questionnaires within the 
Achenbach family of instruments: these aim at the 
pre-schoolers (1 ½ - 5 years), school age children (6-
18 years), young adults (18-30 years), adults (18-59 
years) and older adults (60-90 years). Self-report, 
parent and teacher versions exist, so that behaviour 
can be assessed in different contexts. All Achenbach 
questionnaires (such as the CBCL), manuals and re-
lated materials can be ordered under: 
www.aseba.org 

In the ICCS documents, a general screening for emo-
tional and behavioural problems in all settings (pae-
diatric, urologic, child psychiatric, etc.) with a vali-
dated and standardised parental behavioural ques-
tionnaire is recommended because of the high rate of 
comorbid disorders in 30-50% of children (8). This 
can be done in two steps: using a short screening 
questionnaire first, flowed by a long questionnaire; or 
in one step: using a validated, medium of long ques-
tionnaires. If many problem items are checked, a child 
psychological or psychiatric assessment should fol-
low. If comorbid disorders are present, counselling or 
treatment, if necessary, is recommended (see figure 
1). 
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Figure 1: Flow chart for assessment of psychological symptoms (subclinical) or disorders (clinical). The spe-
cific treatment for enuresis / incontinence is the same for all children including those with symptoms requir-
ing counselling, and those with disorders needing treatment (7) 

 

One construct of special interest in children with in-
continence is that of health-related quality of life 
(HQOL). In their standardisation document, the ICCS 
recommends to screen for changes of health-related 
quality of life (HrQoL) and specifically recommends 
using the PinQ-questionnaire, which is by far the best 
condition-specific HrQoL for children with inconti-
nence (8, 74).  

Generic HrQoL questionnaires can be useful in re-
search in comparison with healthy controls and with 
children affected by other chronic medical conditions 
(75-77). Self-report versions for different age-groups, 
as well as proxy-report versions exist. The youngest 
age for self-report is 4 to 6 years, with reliable results 
available from 8 years onwards. The most commonly 
used proxy report is by parents, but caregivers, 
nurses and doctors can fill out these questionnaires, 

as well. Parental and child appraisal of HrQoL can dif-
fer. In research, comparison of child and own parental 
QoL can be interesting (77,78), but is usually not fea-
sible in clinical practice. 

In general, as HrQoL is a multidimensional construct, 
different aspects are assessed such as physical func-
tioning, psychological well-being, social relationships, 
everyday life activities, satisfaction, discomfort, etc. 
These questionnaires can also be useful in monitor-
ing the effects of therapy – in research, as well as in 
clinical practice. HrQoL-questionnaires are not useful 
in screening for psychological disorders, i.e. the infor-
mation is not sufficient to decide if a disorder could be 
present or not. 
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6.2. Child psychiatric assessment 
A child psychiatric assessment is a professional pro-
cedure with the goal of coming to a categorical deci-
sion: to see if a diagnosis, according to the standard-
ised classification schemes (ICD-10 or DSM-I5) is 
present in the child or not (10,11).  

The first step is a detailed developmental, behav-
ioural and family history in much greater detail than 
provided in the outline in the appendix. The next step 
is to observe the child as well as the parent-child-in-
teraction, followed by an active exploration of the 
child. The information gained from history, observa-
tion and exploration forms the basis of the mental 
state examination. This is a descriptive, phenomeno-
logical assessment of mental and behavioural signs 
and symptoms (for example: CASCAP-D) (79).  

Questionnaires are always an essential part of child 
psychiatric assessment. They are a time-efficient way 
to gather information from different informants. They 
can contribute towards but do not provide a diagno-
sis. Behavioural questionnaires can again be divided 
into general and specific questionnaires. The best 
known, most widely used general parental question-
naire is the Child Behaviour Check List, which has 
been translated into many languages (CBCL/6-
18)(72). In the meantime, Achenbach and co-workers 
have produced a whole “family” of questionnaires for 
different age groups (infants, children – adolescents, 
young adults) and different informants (parents, 
teachers and for children themselves starting from 
age 11). In addition, other specific questionnaires ad-
dress circumscribed areas such as depressive symp-
toms or ADHD problems. 

An intelligence test is not routinely indicated in the as-
sessment of children with elimination disorders, as 
the IQ is in the normal range for most children with 
wetting, as well as soiling problems. However, the 
rate of elimination disorders is clearly increased in 
children with general developmental disorders, in-
cluding those with mental and physical handicap (6). 
If a lower intelligence is suspected, one-dimensional 
tests (such as the CFT or CPM/SPM tests) or multidi-
mensional tests such as the Kaufman or the Wechsler 
tests can be performed. If specific developmental dis-
orders such as dyslexia or dyscalculia are suspected, 
specific tests for these circumscribed disorders are 
indicated. Disorders of speech or language (such as 
articulation, expressive and receptive speech disor-
ders) require a detailed assessment by an audiologist 
and speech therapist. Motor disorders can be as-
sessed clinically by including soft neurological signs 
in the physical examination of children.  

After the diagnostic process has been completed, the 
child’s disorder is diagnosed according to standard-
ized classification schemes. The two standard classi-
fication systems are the ICD-10 (10), which is widely 
used in Europe and in other parts of the world and the 
DSM-5 (11) employed in the United States.  

In child psychiatry, a multi-axial classification is used. 
Six different axes denoting different domains are 
used, including: 

1. Axis: clinical psychiatric diagnosis (such as ano-
rexia nervosa, depressive episodes, etc.) 

2. Axis: specific developmental disorders (such as 
dyslexia) 

3. Axis: intelligence (such as dyslexia, speech and 
motor disorders) 

4. Axis: somatic diagnosis (such as epilepsy and 
other paediatric diagnoses) 

5. Axis: psychosocial risks occurring within the last 
six months (such as distorted intra-familial inter-
action, isolated family and other stressful life 
events) 

6. Axis: the global severity of a disorder (ranging 
from mild incapacitation to disorders requiring 
constant supervision and guidance)  

Only after the diagnostic process has been com-
pleted and discussed with parents and children, 
should therapeutic interventions be planned.  

6.3. General principles: treatment of 
psychological disorder 

For most children with elimination disorders, a symp-
tom-orientated approach is sufficient. If, however, an-
other, co-occurring child psychiatric disorder is pre-
sent, additional types of treatment will be necessary. 
In these cases, a differential indication for therapy is 
mandatory. The question is: which treatment is most 
effective for this child in this family at this moment?  

For some disorders (such as ADHD), medication 
plays a major role. For most others, psycho-therapeu-
tic interventions are the first-line treatment. There can 
be no doubt that psychotherapy in children is effec-
tive. In one of the best and largest meta-analysis of 
150 studies, Weisz et al. (80) conclude that “psycho-
therapy with young people produces positive effects 
of respectable magnitude “(i.e. effect sizes in the me-
dium to large range - 0.5 to 0.8). It has been esti-
mated that over 500 different types of psychothera-
pies exist in the USA for children and adolescents 
alone (81). Of those which have been evaluated, four 
basic schools of psychotherapy can be differentiated:  

1. Depth psychology (or psycho-analysis), which 
addresses and works with unconscious aspects 
of the psyche;  

2. Client- (or child-) centred-psychotherapy, which 
focuses on the current conscious experience of 
the child and the healing aspects of their thera-
peutic relationship;  

3. Family therapy, which focuses on the interaction 
between family members but not the individual 
person;  
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4. Cognitive-behavioural therapy, focusing on cog-
nitions and observable behaviour. 

Before initiating any psychotherapy, a differential in-
dication for therapy as to be made. The first basic 
question should be: is treatment needed at all? In 
many cases counselling of parents and child is all that 
is required. In other cases, changes in the child’s en-
vironment (such as changing school) or help from so-
cial services can be more useful than psychological 
treatment in the narrower sense. 

The modality should be considered. Although parents 
are nearly always included, the focus can be on an 
individual, group or family therapy. The intensity and 
duration should be addressed: is a short focal therapy 
focused on one specific problem needed, or a longer 
more general treatment? The age of the patient plays 
an important role: while older children and adoles-
cents can be reached verbally, younger children re-
quire play or other non-verbal media in their therapy. 

Psychotherapies can be combined with other meth-
ods, such as pharmacotherapy, but also by using 
speech, occupational, physiotherapy, music and 
other types of therapies – if indicated. The decision 
should no longer be based on personal inclinations. 
Instead, empirically based “practice parameters” or 
“guidelines” have been developed in many countries. 
These interventions are usually performed on an out-
patient basis. Day clinic treatment can be indicated in 
more severe disorders, which require a more intense 
approach and management. Finally, in-patient child 
psychiatric treatment is indicated in severe disorders, 
in which a more intense type of treatment is possible.  

6.4. General principles 
a) Urotherapy 

A major part of therapy of incontinence in children is 
non-pharmacological and non-surgical. The term uro-
therapy is used in some countries. It is an umbrella 
term which has been defined as a “type of training 
which makes use of cortical control of the bladder, 
teaching children to recognise and employ conscious 
command over their lower urinary tract. Its main in-
gredients are information about normal lower urinary 
tract function and the specific dysfunction in the child, 
instruction about what to do about it and support and 
encouragement to go through with the training pro-
gramme (82). 

Although not a psychotherapy in a narrow sense, it 
employs many psycho-therapeutic techniques bor-
rowed especially from counselling and cognitive-be-
havioural therapies. As these approaches have been 
shown to be most effective, basic principles and find-
ings shall be outlined. 

b) Non-specific approaches 

The first step in any diagnostic and therapeutic pro-
cess is to create a good relationship with both the 
child and the parent. One should enquire and talk 
about all relevant facts, signs and symptoms openly. 

It is also important to ask about the subjective mean-
ings and connotations. Next, the provision of infor-
mation is essential, because many facts are not 
known. It is often forgotten that not only parents but 
each child needs information, as well. This should be 
provided in words and concepts that a child under-
stands and in a format that is attractive. Increasing 
motivation and alleviation of stress and guilt feelings 
are also part of all patient contacts. 

c) Counselling 

Counselling is already part of the treatment process, 
which has been defined as the provision of assis-
tance and guidance in resolving personal, social, or 
psychological difficulties. For many children, even 
with psychological disorders, counselling is, in fact, 
sufficient. Sometimes, it can be helpful to enhance 
the verbal counselling by other techniques. One sim-
ple technique is that of “demonstration”, e.g. actively 
showing how an alarm works. In “coaching”, parents 
and children take an even more active role, e.g. they 
set and activate an alarm themselves. They can be 
observed and corrected. Other techniques might in-
clude “modelling” and “role-playing”. The learning ef-
fect is much greater in these active forms of teaching 
than in solely verbal counselling.  

d) Cognitive –behavioural therapy 

Cognitive-behavioural therapy (CBT) is a subtype of 
psychotherapy that has shown to be effective for 
many disorders. Cognitive therapy focuses on irra-
tional, dysfunctional conditions, thoughts and beliefs.  
Cognitive therapy encompasses a whole variety of 
techniques such as “self-monitoring” (observation 
and registration), “activity scheduling” (organisation 
of activities) and “labelling” (using positive suggestive 
statements). Behavioural therapy concentrates on 
observable behaviour, which it aims to modify with a 
variety of techniques. These include “classical condi-
tioning” and “operant conditioning”, which basically 
means learning by success, which can be achieved 
by different strategies using positive or negative rein-
forcement.  

e) Baseline and observation 

Baseline and observation are effective techniques 
used in cognitive-behavioural therapy. Children (and 
parents) are advised to observe a defined symptom. 
Different parameters such as frequency (how often it 
occurs), severity (how marked it is), symptomatology 
(in what form it occurs) and in which situation (asso-
ciated factors) can be registered, e.g. in an observa-
tion chart. The mere observation and registration has 
a therapeutic effect and many symptoms diminish if 
they are simply observed. 

In nocturnal enuresis, children are asked to fill out a 
calendar or chart depicting the wet and the dry nights 
symbolically for two to four weeks (3). These non-
specific measures have been shown to be successful 
and are associated with fewer wet nights (3). In one 
clinical trial, for example, 18% became dry after an 8-
week baseline (83).  
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In urgency incontinence, the cognitive aspects are 
stressed in treatment: children are asked to register 
feelings of urgency, refrain from using holding ma-
noeuvres, to void and register the voiding (or any wet-
ting) in a chart (3). For children with voiding postpone-
ment, timed voiding 7 times a day and registration in 
a chart is recommended (3,38).  

For all children with faecal incontinence, stool regula-
tion is an essential part of treatment. Children are 
asked to sit on the toilet three times a day after meal-
times in a relaxed mode for five to ten minutes (4). 
This is documented in a chart and can be reinforced 
positively. If constipation is present and a large 
amount of faecal mass has accumulated, disimpac-
tion has to be performed at the beginning of treat-
ment. Oral disimpaction is the preferred method. To 
avoid re-accumulation of faecal masses, mainte-
nance therapy with oral laxatives, such as polyeth-
ylenglycol (PEG) is recommended for at least six, and 
up to twenty-four months (84). The preferred oral lax-
atives are osmotic laxatives such as PEG.  

f) Biofeedback 

Biofeedback has been shown to be effective in some 
elimination disorders such as dysfunctional voiding 
(85).  It is defined as a variety of techniques, by which 
physiological activity is registered, enhanced and pre-
sented to the patient in real time by visual and acous-
tical signals). In faecal incontinence, biofeedback is 
no more effective than standard behavioural tech-
niques in faecal incontinence both with (86) and with-
out constipation (87). 

g) Alarm treatment 

Alarm treatment for nocturnal enuresis is also a type 
of cognitive behavioural therapy. It works by positive 
reinforcement, as well as aversive, negative experi-
ences and has been shown to be highly effective and 
was introduced by Mowrer and Mowrer (88).  

It is the most effective form of treatment of nocturnal 
enuresis with the best long-term results (grade I level 
of evidence according to reviews and meta-anal-
yses). Houts et al. (89) compiled a systematic review 
and meta-analysis on 78 randomised studies on noc-
turnal enuresis. 62% were dry at the end of treatment 
and 47% at follow-up. The authors conclude that 
“urine alarm treatments should not only be consid-
ered the treatment of choice, but the evidence from 
this review suggests that cure rather than manage-
ment is a realistic goal for the majority of children suf-
fering from nocturnal enuresis”. Therefore, when indi-
cated, alarm has been endorsed as a first line cura-
tive treatment by various guidelines and by the ICCS 
(90). 

The effect of alarm treatment can be enhanced by 
adding additional behavioural components to the 
treatment. Programmes that include alarm in addition 
to other behavioural components showed following 
general effects: 72% of children became dry at the 
end of treatment, and 56% remained so at follow-up 
(meta-analysis) (89).  

These specific programmes including alarm are all 
essentially cognitive-behavioural techniques. Arousal 
training is a simply and easily performed (91,92). Chil-
dren are instructed to turn off the alarm within three 
minutes, go to the toilet and reset the alarm. This goal 
is reinforced positively with two tokens. If the goal is 
not reached, one token has to be returned. The initial 
success rate (89 %) and the rate of dryness after 2 ½ 
years (92 %) were higher than with alarm treatment 
alone (73 % and 72 % respectively).  

Finally, alarm treatment can be combined with phar-
macotherapy, although the evidence for combination 
treatment is conflicting. The combination of desmo-
pressin and alarm treatment has been reported in 
several studies (92,93). The combination with anti-
cholinergics plays an important part in clinical prac-
tice, but has not been investigated systematically. 
However, when alarm treatment fails, the ICCS rec-
ommends switching to desmopressin alone (90). 

6.5. Conclusion and summary 
This review summarised the most important psycho-
logical aspects in children with enuresis, urinary in-
continence and faecal incontinence.  

The rate of comorbid clinical behavioural disorders is 
increased. Children with DUI are more affected than 
those with NE. Children with secondary and non-
monosymptomatic NE have especially high rates of 
comorbid psychological disorders. The most common 
single diagnosis is ADHD, but other disorders such 
as depression, anxiety disorders and autism spec-
trum disorders can exist and must be considered. 

Children with DUI have mainly externalising behav-
ioural disorders. Children with urgency incontinence 
have a low comorbidity, those with voiding postpone-
ment are characterised by oppositional behaviour. 
Children with FI have the highest rate of associated 
disorders – both internalising and externalising.  

These disorders will not disappear upon attaining dry-
ness. They must be addressed, as they will interfere 
with the incontinence therapy due to low compliance. 
Even if comorbid disorders are not present,  children 
and parents are highly stressed by the incontinence. 
These subclinical symptoms will often recede upon 
successful treatment.  Children with special needs, 
especially those with ID, have very high rates of in-
continence. Assessment and treatment of inconti-
nence should be offered to all affected children. 

Questionnaires are useful as screening instruments 
in the assessment process. It is recommended that 
questionnaires are used as a general screening pro-
cedure for emotional and behavioural problems rou-
tinely in all settings. If a psychological disorder is sus-
pected, a full child psychiatric assessment and sub-
sequent treatment is needed. The basic principles, in-
cluding those of psychotherapy, are outlined. Psycho-
therapeutic techniques are used in urotherapy, espe-
cially cognitive-behavioural elements. Non-pharma-
cological and non-surgical techniques are most effec-
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tive for most forms of incontinence. Therefore, it is im-
portant that psychological aspects are integrated into 
the treatment of children with incontinence problems. 

  URINARY INCONTINENCE IN 
CHILDREN WITH SPECIAL NEEDS 

1. INTRODUCTION 

Children with special needs, i.e. intellectually and / or 
motor disabled, suffer lower urinary tract symptoms 
(LUTS) than the normal population.  Several studies 
have shown that nocturnal enuresis, daytime urinary 
incontinence and faecal incontinence are more fre-
quent in children with special needs. Moreover, in-
continence has a higher likelihood to persist during 
adolescence and adulthood.  Although LUTS are as-
sociated with poor quality of life and health status, 
they are often less important to parents and physi-
cians who are mainly focusing on physical rehabilita-
tion. Literature on this topic is limited, but illustrates 
that adequate treatment improves quality of life sig-
nificantly. 

2. CHILDREN WITH SPECIAL NEEDS: 
GENERAL INFORMATION 

2.1. Intellectual disability 
Intellectual disability, the former mental retardation, is 
defined by the American Association on Mental Re-
tardation (AAMR) as a disability characterised by sig-
nificant limitations both in intellectual functioning and 
in adaptive behaviour as expressed in conceptual, 
social and practical adaptive skills. The disability orig-
inates before 18 years of age. Limitations in intellec-
tual ability correspond to an IQ less than 70 to 75. 

According to DSM -V (Diagnostic and Statistical Man-
ual of Mental Disorders 5th edition. American Psychi-
atric Association (2013) Washington, DC) intellectual 
disability involves impairments of general mental abil-
ities that impact adaptive functioning in three do-
mains, or areas. These domains determine how well 
an individual copes with everyday tasks: 

• The conceptual domain includes skills in lan-
guage, reading, writing, math, reasoning, 
knowledge, and memory. 

• The social domain refers to empathy, social 
judgement, interpersonal communication skills, 
the ability to make and retain friendships, and 
similar capacities. 

• The practical domain centres on self-manage-
ment in areas such as personal care, job respon-
sibilities, money management, recreation, and 
organizing school and work tasks. 

In DSM-V intellectual disability is two standard devia-
tions or more below the population mean, which 
equals an IQ score of 70. 

Severity was defined in the DSM-IV (Diagnostic and 
Statistical Manual of Mental Disorders 4th edition. 
American Psychiatric Association (2000) Washing-
ton, DC) based on IQ ranges: 

• Mild: 50-55 to 70 

• Moderate: 35-40 to 50-55 

• Severe: 20-25 to 35-40 

• Profound: < 20-25 

2.2. Motor disability: 
Motor disabilities affect a person’s ability to learn mo-
tor tasks such as walking, running, skipping, sitting, 
handwriting and others. To be considered a disability, 
the problem must cause a person to have motor co-
ordination that is significantly below what would be 
expected for age, and the problem must interfere with 
activities of learning and daily living. 

Although Intellectual disabilities and motor disabilities 
can stand on their own, in a considerable number of 
patients, a combination of both is diagnosed.  

Intellectual disability is a common problem. Up to 
10% of the school-aged children are learning im-
paired and as many as 3% of children in the US man-
ifest some degree of mental retardation. The preva-
lence of mild mental retardation is about 1/77 (1.2%) 
and that of severe mental retardation is 1/300 
(0.33%).  For the clear majority of individuals with 
mental retardation (45-63%) no aetiology is identifia-
ble. More than 800 syndromes are associated with 
mental retardation, of which Trisomy 21 or Down syn-
drome is the best known. In addition, environmental 
factors, such as Foetal Alcohol Syndrome and peri- 
and postnatal conditions, such as CMV, rubella and 
hypo-ischemic encephalopathy, may also be respon-
sible for mental retardation. 

The second most important cause of developmental 
disability is cerebral palsy (CP). Cerebral palsy en-
compasses a group of disorders of the development 
of movement and posture, causing activity limitation, 
which are attributed to non-progressive disturbances 
occurring in the developing fetal or infant brain. [1] Of-
ten disturbances of sensation, cognition, communica-
tion, perception and/or behaviour, and/or seizure dis-
orders accompany the motor disorders. CP is a non-
progressive injury of the brain occurring in the perina-
tal period and persisting through the lifespan. 

The incidence of cerebral palsy is about 1.5 per 1000 
births. 

Twenty percent of the intellectually disabled individu-
als suffer cerebral palsy and 50% of the cerebral 
palsy patients are intellectually disabled. 
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3. LOWER URINARY TRACT 
SYMPTOMS IN CHILDREN WITH 
SPECIAL NEEDS: PREVALENCE 

Von Wendt et al. published that 7-year-old children 
with mild intellectual disability differ relatively little 
from healthy children with respect to enuresis, (11.1% 
versus 9.8%), but suffered significantly more daytime 
urinary incontinence (16.7%) than the normal popula-
tion (3.4%). The more severe the intellectual disability 
the higher the risk of persisting enuresis and daytime 
urinary incontinence. [2]  

In children with CP 55.5% suffer LUTS, of which uri-
nary incontinence is the most frequent with a preva-
lence rate ranging between 20% and 94%. Urgency 
and frequency, with a respective prevalence of 38.5% 
and 22.5%, are also very common in CP patients. Uri-
nary incontinence, urgency and frequency are signif-
icantly more common in children with CP compared 
to a healthy population. 

Storage symptoms are more prevalent than voiding 
symptoms, with a prevalence of hesitancy in children 
with CP of 16.5%.  Urinary tract infections (UTI), with 
a prevalence rate of 8.5%, are also more common in 
CP children than in the normal population. [3]  

Patients with Down’s syndrome also show an im-
paired ability to become continent. Several studies 
have illustrated that children with Down’s syndrome 
have a delay in toilet training and are more prone to 
incontinence afterward. One fifth of the children with 
Down’s syndrome are not toilet trained at the age of 
five and nearly 50% of the toilet trained children will 
have incontinence, that even can persist into adult-
hood. [4] 

LUTS are also more common in children with Down’s 
syndrome, with a prevalence around 27%. The LUTS 
are more common in male (42.8%) than in female 
(19.6%) patients. These LUTS decrease with age, 
and patients with Down’s syndrome older than 10 
years have a five times lower chance of LUTS com-
pared to those who are ten years or younger. [5] 
Kitamura et al. found LUTS to be very common in chil-
dren with Down’s syndrome, but remarkably neither 
the children nor their environment seemed to be 
aware of it. [6] 

Von Gontard reviewed the association of nocturnal 
enuresis, daytime urinary incontinence and faecal in-
continence in children with intellectual disability in 
general and in patients with specific syndromes of in-
tellectual disability including Rett’s, Angelman’s, 
Fragile-X, Prader Willi, Noonan’s and Williams’ syn-
drome. He concluded that people with profound intel-
lectual disability have the highest rate of inconti-
nence, whereas syndromes with mild intellectual dis-
ability have much lower rates.  [7-12] 

Not only intellectual capacity, but also the motor ca-
pacity is correlated with the development of conti-
nence. The more immobile the higher the prevalence 
of urinary incontinence. Motor disability, especially 
the degree of mobility, rather than intellectual disabil-
ity seems to be the dominant factor determining uri-
nary continence. [13]  

4. PATHOPHYSIOLOGY OF LUTS IN 
CHILDREN WITH SPECIAL NEEDS 

a) Urodynamic findings 

Samijn et al. found in their review on LUTS and Uro-
dynamic Findings in CP patients that 84.5% had an 
abnormal videourodynamic study. Neurogenic detru-
sor overactivity (NDO) is the most common urody-
namic abnormality, with an average prevalence rate 
of 59% [3]. The finding of NDO on urodynamics is not 
synonymous for the prevalence of LUTS. Several au-
thors found pathological urodynamic findings in both 
symptomatic and non-symptomatic children with CP 
and vice versa [14-17]. Therefore some authors 
stress on the need for urodynamic examination in this 
population to discover silent bladder dysfunction or 
risk factors for upper urinary tract dysfunction 
(UUTD). 

Abnormal uroflow patterns, especially staccato pat-
tern, were found in 36.5% to 66% of CP patients [13, 
18, 19]. Van Laecke et al. could not establish a corre-
lation between uroflow pattern and urinary inconti-
nence, whereas Silva et al. reported a significant cor-
relation between abnormal uroflow patterns and the 
presence of LUTS [13, 18]. 

The average prevalence rate of detrusor sphincter 
dyssynergia (DSD) is 11% [3]. 

Comparing urodynamic studies with uroflowmetry 
showed more pathological findings on urodynamics 
than on uroflow, which can be explained by the fact 
that uroflowmetry only measures the voiding phase. 

The high prevalence of NDO can be explained by the 
fact that CP is caused by a cerebral insult, with le-
sions in the suprapontine circuitry, disturbing the in-
hibitory control over the pontine micturition centre 
[20]. Overactivity of the pelvic floor and the urethral 
sphincter is not expected in patients with a cerebral 
lesion, and may suggest a lesion of the lumbosacral 
cord. Severe hypoxia might be the cause of this in CP 
patients [20-22]. 

In children with CP, hesitancy is more prevalent than 
DSD, which may indicate that other factors than DSD 
contribute to overactivity of the pelvic floor. Mayo et 
al. suggested that hypertonia is the cause of the ina-
bility to relax the pelvic floor muscles during micturi-
tion, resulting in an increased rate of hesitancy [23]. 
One might conclude that children with spasticity may 
suffer pelvic floor overactivity as a voluntary reaction 
to an overactive bladder. 
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Kitamura et al. found in their study that a significant 
lower number of children with Down’s syndrome had 
a normal bell-shaped uroflow pattern (18%) than age-
matched control children (60%). They concluded that 
the non-bell-shaped uroflow patterns are due to func-
tional and not to anatomical or organic abnormalities 
[6]. 

b) Bladder capacity: 

Reduced bladder capacity is a major factor in the 
pathophysiology of urinary incontinence in children 
with special needs. Several studies illustrated that 
73.5% of the CP subjects have a too small bladder 
capacity compared to the expected bladder capacity 
for age (EBC).  Mean bladder capacity is 58.5% of the 
EBC [3]. Bladder capacity can be negatively influ-
enced by uninhibited bladder contractions, character-
istic for NDO, inadequate fluid intake due to swallow-
ing problems and inadequate hydration [13, 24-27]. 
Constipation, which can be due to restricted fluid in-
take, can negatively influence reduced bladder ca-
pacity [28]. 

c) Inadequate fluid intake 

Van Laecke et al. found that only 9.9% of the children 
with a special need included in their study had a nor-
mal fluid intake. Although some of these children suf-
fer swallowing problems, the major problem was 
found to be inadequate drinking. Increasing the fluid 
intake to a normal level of 1500ml/m² resulted in a 
significant increase in continence and maximum 
voided volume [13, 27].  

d) Post-void residual 

In CP patients, according to the low prevalence of 
DSD and hesitancy, prevalence of pathologically in-
creased post-void residual is limited [14, 18, 19, 29, 
30]. In Down’s syndrome patients post-void residual 
was demonstrated in 7% [6]. 

e) Intellectual disability and motor dysfunction. 

LUTS are less influenced by intellectual disability 
than by moderate to severe motor dysfunction [13, 
31, 32]. Concerning children with CP, continence is 
less often achieved in subjects with low intellectual 
capacity combined with spastic quadriplegia than in 
subjects with high intellectual capacity combined with 
hemi- or diplegia [33]. The combination of both intel-
lectual disability and spasticity has a bigger influence 
than both factors independently. Bross et al. con-
cluded that urinary symptoms and pathological uro-
dynamic findings increase along with the degree of 
motor function impairment [14]. 

Involuntary spasticity of the pelvic floor, which may be 
part of a general spasticity, may cause LUT dysfunc-
tion [25, 28]. This can also explain the vulnerability to 
acquire pelvic floor hyperactivity in reaction to NDO 
in children with spasticity [14, 23]. 

In subjects with quadriplegia LUTS and abnormal 
urodynamic findings are found more often than in pa-
tients with diplegia, illustrating that not only lower limb 

impairment, but also upper limb impairment plays a 
role in achieving continence [33]. The plasticity of the 
central nervous system enables the unaffected side 
to assume more control over the bladder during de-
velopment. This could explain the lower prevalence 
of LUTS and disturbed urodynamic findings in chil-
dren with hemiplegia [32]. 

Poor mobility is an important factor in achieving con-
tinence. Inability to reach the toilet, to get adequate 
on the toilet and to drink enough will influence both 
urinary incontinence and constipation.  Moderate to 
severe functional impairment (GMFCS III or higher) 
and the spastic subtype with quadriplegic distribution 
will negatively influence the ability to become conti-
nent [3]. 

5. COMORBIDITY 

a) Constipation and faecal incontinence 

Constipation is an important comorbidity in the pro-
cess of urinary incontinence in children with special 
needs. There is a proven correlation between consti-
pation and urinary incontinence, detrusor overactivity, 
dysfunctional voiding and UTI [34]. Intellectual disa-
bled children are more prone to constipation and fae-
cal incontinence. Up to 70% of these children suffer 
constipation [35]. Up to 90% of the children with CP 
suffer constipation and 47% faecal incontinence, 
though most of them to a minor degree [36].  

b) Neuropsychiatric disorders 

ADHD and autism are more frequent in intellectually 
disabled children and there is a proven correlation be-
tween ADHD and urinary incontinence [37, 38]. 

c) Sleep disorders 

There is increasingly more evidence that there is a 
relationship between nocturnal enuresis and sleep 
disorders in otherwise healthy children [39-41].   
Sleep is a complex neurological function. In children 
with brain damage, the autonomous nervous system, 
which is involved in pineal melatonin secretion and 
sleep regulation might be affected [42]. Sleep is also 
vulnerable to several other factors common in CP. 
Muscle spasms, decreased ability to change body po-
sition during sleep, epilepsy and glossoptosis, which 
can induce sleep disorder breathing, may be the 
cause of disturbed sleep in these children [43, 44]. 
Sleep disorders like delayed insomnia, disrupted 
sleep, early awake or a combination of these are fre-
quently reported in patients with CP. Newman et al. 
found that 44% of the patients presented at least one 
clinically significant sleep disorder. Nearly 50% of the 
children with CP have some kind of sleep problem. 
These problems are more reported in non-walkers 
(72%) than in walkers (36%) [45]. Also in patients with 
Down’s syndrome sleep disturbances are more com-
mon [4]. 
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6. EVALUATION OF THE SPECIAL 
NEED CHILD SUFFERING LUTS 

a) History 

History taking in children with special needs is often 
challenging, and mainly relies on hetero-anamnestic 
data. Important is that not only parental information 
but also information from the care givers should be 
considered, as many of these patients spend a lot of 
their time in specialised institutions. The questions 
should include items on nocturnal enuresis, urinary 
incontinence, lower urinary tract symptoms and 
bowel function. Attention should also be paid to intel-
lectual and motor development, family disorders, the 
child’s psychosocial and familial situation, neurologi-
cal and congenital anomalies, urinary tract infections, 
relevant medication and surgery.  Special emphasis 
should be given to fluid intake and food habits 

A voiding and drinking diary, and a dry-wet calendar 
are essential to determine the child’s voiding fre-
quency and voided volumes, to evaluate the number 
of enuresis and incontinence episodes, to determine 
the nocturnal diuresis and to evaluate the quantity 
and quality of fluid intake. The same should be done 
for stool, registering defaecation frequency, stool 
consistency and soiling. 

b) Physical examination 

Theoretically, physical examination should include 
the assessment of perineal sensation, the perineal re-
flexes supplied by the sacral segments S1-S4 and 
anal sphincter tone and control. Practically, as this is 
confronting for the child, this part of the physical ex-
amination is restricted to those where there is a sus-
piscion of neuropathy. 

Special attention should be paid to signs of neuropa-
thy such as: spine deformity, abnormal gait, abnormal 
deep tendon reflexes, asymmetrical atrophy of the 
feet, high plantar arches, hammer toes, and signs of 
occult dysraphism, i.e. skin discolouration, dimples, 
hairy tufts, subcutaneous lipoma, asymmetrical but-
tock, legs or feet and oblique gluteal cleft [46].  The 
abdomen should be palpated to asses a full bladder, 
full sigmoid or descending colon and flank masses.  
The external genital region must be inspected for vag-
initis and vulvitis, meatal web and a hymen that co-
vers nearly the complete vaginal introitus in girls and 
for penile anomalies and meatal stenosis in boys.  In 
motor disabled children the locomotor system has to 
be evaluated according to muscle power, mobility, 
stability and spasticity  In intellectual disabled chil-
dren the IQ and the functional autonomy has to be 
estimated. 

c) Laboratory tests 

Urine analysis to exclude pyuria, proteinuria, glycosu-
ria, haematuria, calciuria and bacteriuria should be 
done at the first office visit. Urine osmolality and elec-

trolytes should be determined in case of monosymp-
tomatic enuresis with persistent therapy resistant pol-
yuria. 

d) Uroflowmetry 

Uroflowmetry in children with special needs is often a 
problem. Intellectual disabled children are often too 
anxious to perform a uroflowmetry and motor disa-
bled children are often incapable to perform a non-
disturbed micturition because of their instable posi-
tion on the flow chair. Therefor uroflowmetry, espe-
cially in moderate and severe patients, should be 
preferably performed in their own environment on 
their personal adapted toilet chair.  

e) Ultrasound 

Ultrasound is used to evaluate the upper and lower 
urinary tract in children with LUTS especially when 
they are suffering UTI. It can also be used to measure 
the post-void residual. 

f) (Video-) Urodynamic examination 

These urodynamic investigations are invasive, espe-
cially in children with special needs who often lack the 
intellectual capacity to understand what is going to 
happen, or are physically unable to undergo the ex-
amination in a comfortable way. Although some au-
thors are convinced that urodynamics should be per-
formed in the majority of moderate and severe pa-
tients to rule out the silent bladder dysfunction or risk 
factors for UUTD, this examination should be re-
served for those patients suffering therapy resistant 
urinary incontinence and/or recurrent UTI or when ob-
structive lower urinary tract problems are suspected. 

7. TREATMENT OF URINARY 
INCONTINENCE IN CHILDREN WITH 

SPECIAL NEEDS 

a) Urotherapy 

Urotherapy in children with special needs does not 
differ fundamentally from that used in normally devel-
oping children. The aim is also to achieve normalisa-
tion of the micturition pattern by a combination of pa-
tient education and cognitive, behavioural and physi-
cal therapy methods. 

The first cornerstone of this therapy is patience. 
Treating these children will certainly take more efforts 
and time, but even in severe patients it may lead to 
an important amelioration or cure of urinary inconti-
nence. 

The second is adequate fluid intake. Although often 
time-consuming, the results are remarkably positive 
as illustrated in the study of Van Laecke et al. [27], 
Fluid intake does not only positively influence maxi-
mum voided volume and continence, but also contrib-
utes to an important amelioration of constipation. 
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The third cornerstone of urotherapy is correct toilet 
position. Adequate relaxation of the pelvic floor can 
only be achieved when sitting in a stable position. In 
many children with CP this can only be the case when 
using a personal adapted toilet chair. 

b) Treatment of Bowel Dysfunction 

Constipation and faecal incontinence are common 
comorbidities in children with special needs. LUT dys-
function and bowel dysfunction often occur concomi-
tant and have been labeled as BBD (Bladder and 
Bowel Disturbance) by the ICCS [47].  Adequate 
management of both constipation and faecal inconti-
nence is essential for successful treatment of urinary 
incontinence in these patients. 

Prevention and treatment of milder forms exist of op-
timisation of food and fluid intake (qualitative and 
quantitative) and of toilet habits (regular toileting after 
meals). In case of functional constipation stool 
masses need to be evacuated with laxatives or ene-
mas. Afterwards laxatives should be continued to-
gether with behavioural therapy and dietary interven-
tions for months or even years [48]. 

c) Alarm treatment 

Just like in normally developing children, alarm ther-
apy can be used to treat either nocturnal enuresis or 
daytime urinary incontinence in children with special 
needs [49-51]. In the treatment of daytime inconti-
nence, it can be used to achieve active continence, 
but in some therapy resistant cases it can also be 
used to achieve passive continence by introducing  
timed voiding [52]. Again one should be aware of the 
fact that using an alarm in this population will be more 
challenging and time consuming. 

8. PHARMACOLOGICAL 
TREATMENT 

a) Antimuscarinics 

If standard urotherapy fails to achieve urinary conti-
nence antimuscarinics are the mainstay of treatment 
in patients with overactive bladder (OAB). Oxybutynin 
remains the only FDA approved antimuscarinic for 
the treatment in children. The major problem with ox-
ybutynin are the side effects; dry mouth, constipation, 
blurred vision, psychologic and personality changes 
are common side effects, causing up to 10% of the 
children to stop their treatment [53]. Especially in chil-
dren with special needs these side effects are more 
problematic as tooth decay, constipation, mood dis-
turbances and intellectual delay, which are already 
relatively common in this population, can get even 
worse. Therefore, newer, more bladder specific anti-
muscarinics, only approved for adults, like solifenacin 
and tolterodine are used off-label in these patients. 
Propiverine, which is suggested to be better tolerated 
than oxybutynin, has been approved in some coun-

tries for the use in children [54]. When using antimus-
carinics strict follow-up, with special attention for side 
effects and post void residual is necessary. 

b) Desmopressin 

In case of monosymptomatic enuresis with proven 
nocturnal polyuria, as in normally developing chil-
dren, desmopressin is the first line treatment [55]. 
This treatment should be used with care as excessive 
fluid intake shortly before or quickly after administra-
tion of desmopressin can cause a life threatening wa-
ter intoxication with hyponatraemia and convulsions.  

c) Botulinum toxin 

Botulinum toxin has been used off-label successfully 
for the treatment of children with neuropathic bladder 
and non-neurogenic bladder dysfunction [50, 56-58]. 
In accordance with treatment in normally developing 
children, also in children with special needs it can only 
be considered in patients suffering OAB or urinary in-
continence in whom other treatment options have 
failed. 

9. SURGERY 

Children with Down’s syndrome have a significantly 
increased risk of anterior urethral obstruction and 
posterior urethral valves [59]. In Down’s syndrome 
children, where there is suspicion of obstruction of the 
LUT, cystoscopy under general anaesthesia with 
possible incision of the obstructive element should be 
performed. In those patients with a neuropathic blad-
der, refractory to conventional therapy, bladderaug-
mentation, i.e.  ileocystoplasty with or without conti-
nent catheterisable stoma (Appendicovesicostomy, 
Monty) can offer the final, non-reversible, solution to 
achieve continence and to protect the upper urinary 
tract. 

10. CLEAN INTERMITTENT 
CATHETERISATION (CIC) 

Some children do need intermittent catheterisation, 
especially those undergoing a bladder augmentation. 
Children with cerebral palsy treated with continuous 
Baclofen can also suffer urinary retention needing in-
termittent catheterisation. The problem with some of 
these children with special needs is that they have a 
normal genital sensation that makes catheterisation 
uncomfortable, or even painful. Combined with the re-
duced intellectual capacities of some this makes CIC 
nearly impossible. Therefore, incontinent stoma is 
sometimes the only solution. 

11. CONCLUSION 

Although often thought to be a minor problem urinary 
incontinence remains an important issue for every 
special needs child. Urinary incontinence can lead to 
limited self-esteem and independence, and may be 
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challenging health. Often it is a multifactorial problem, 
but with adequate therapy these children are amena-
ble to continence rehabilitation. The majority can be-
come continent, but some will only achieve a passive 
form of continence.



 

 
REFERENCES: INTRODUCTION  1049 

 

REFERENCES 

 

 INTRODUCTION 

1. Steers WD. Physiology and pharmacology of 
the bladder and urethra. In Walsh PC, Retol 
AB, Vaughan ED, Wein AJ (eds): Campbell’s 
Urology, 7th ed. Philadelphia, WB Saun-
ders,1997; 870-916 

2. de Groat WC, Griffiths D, Yoshimura N. Neural 
control of the lower urinary tract. Compr Phys-
iol. 2015 Jan;5(1):327-96. 

3. Muellner SR: Development of urinary control in 
children, some aspects of the cause and treat-
ment of primary enuresis. JAMA 1960;172: 
1256-61 

4. Franco I: Detrusor overactivity in children. Part 
1: Pathophysiology. J Urol, 2007. 178: 761-8; 
discussion 768 

5. Ohel G, Haddad S, Samueloff A: Fetal urine 
production and micturition and fetal behavioral 
state. Am J Perinatol 1995;12:91-92 

6. Goellner MH, Ziegler EE, Fomon SJ: Urination 
during the first 3 years of life. Nephron 
1981;28:174-8 

7. Yeung CK, Godley ML, Ho CKW, Ransley P, 
Duffy PG, Chen CN, Li AKC: Some new in-
sights into bladder function in infancy. Br J Urol 
1995;6:235-40 

8. Yeung CK, Godley ML, Duffy PG, Ransley PG: 
Natural filling cystometry in infants and chil-
dren. Br J Urol 1995;75: 531-7 

9. Yeung CK, Godley ML, Dhillon HK, Duffy PG, 
Ransley PG: Urodynamic patterns in infants 
with normal lower urinary tracts or primary 
vesico-ureteric reflux. Br J Urol 1998; 81: 461-
7 

10. Bachelard M, Sillen U, Hansson S, Hermans-
son G, Jodal U, Jacobsson B: Urodynamic pat-
tern in asymptomatic infants: siblings of chil-
dren with vesico-ureteric reflux. J Urol. 1999; 
162: 1733-7 

11. Sillen U, Solsnes E, Hellstrom Al, Sandberg K: 
The voiding pattern of healthy preterm neo-
nates. J Urol. 2000; 163:278-81 

12. Holmdahl G, Hansson E, Hansson M, Hell-
strom A-L,Hjälmås, Sillen U: Four hour  voiding 
observation in healthy infants. J Urol. 1996; 
156: 1809-12 

13. Yeates WK: Bladder function in normal micturi-
tion. In Kolvin I, MacKeith RC, Meadow SR 
(eds): Bladder Control and Enuresis. London, 
W Heinemann Medical, 1973;28-365 

14. Koff SA: Estimating bladder capacity in chil-
dren. Urology 1983;21:248-51 

15. Hjälmås K: Micturition in infants and children 
with normal lower urinary tract: a urodynamic 
study. Scand J Urol Nephrol 1976;37:9-17 

16. Zerin JM, Chen E, Ritchey ML, Bloom DA: 
Bladder capacity as measured at voiding cys-
tourethrography in children-relationship in toilet 
training and frequency of micturition. Radiology 
1993;187: 803-6 

17. Kaefer M, Zurakowsky D, Bauer SB, Retik AB, 
Peters CA, Atala A, Treves ST: Estimating nor-
mal bladder capacity in children. J Urol. 
1997;158:2261-4 

18. Rittig S, Kamperis K, Siggaard C, Hagstroem 
S, Djurhuus JC: Age Related Nocturnal Urine 
Volume and Maximum Voided Volume in 
Healthy Children: Reappraisal of International 
Children’s Continence Society Definitions. J 
Urol 2010; 183:1561-67 

19. Bael An M, Lax H, Hirche H, Hjälmås K†, Tam-
minen-Möbius T, Van Hoeck KM, Van Gool J. 
Reference ranges for cystographic bladder ca-
pacity in children―with special attention to 
vesicoureteral reflux. J Urol 2006;  

20. Berk LB, Friman PC: Epidemiological aspects 
of toilet training. Clin Paediatrics 1990; 29:278-
82 

21. Hellström A.L, Hanson E, Hansson S, Hjälmås 
K and Jodal U: Micturition habits and inconti-
nence in 7-year old Swedish school entrants. 
Eur J Paediatr 1990; 149:434-7 

22. Mattsson S, Lindström S: Diuresis and voiding 
pattern in healthy schoolchildren. Br. J. Urol. 
1995;76: 783-89 

23. Wen JG, Tong EC: Cystometry in infants and 
children with no apparent voiding symptoms. 
Br. J. Urol. 1998; 81: 468-73 

24. Szabo L, Fegyvernski S: Maximum and aver-
age urine flow rates in normal children- the Mis-
kolc nomograms. Br J Urol 1995;76:16-20 

25. Mattson S , Spangberg A: Urinary flow in 
healthy school children. Neurourol Urodyn 
1994;13: 281-96 



 

 
1050  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

 EVALUATION IN CHILDREN 
WHO WET 

1. Bauer SB, Austin PF, Rawashdeh YF, de Jong 
TP, Franco I, Siggard C, Jorgensen TM; Inter-
national Children's Continence Society. Inter-
national Children's Continence Society's rec-
ommendations for initial diagnostic evaluation 
and follow-up in congenital neuropathic bladder 
and bowel dysfunction in children. Neurourol 
Urodyn. 2012 Jun;31(5):610-4 

2. Franco I, von Gontard A, De Gennaro M; Inter-
national Childrens's Continence Society. Eval-
uation and treatment of nonmonosymptomatic 
nocturnal enuresis: a standardization docu-
ment from the International Children's Conti-
nence Society. J Pediatr Urol. 2013 
Apr;9(2):234-43 

3. Rawashdeh YF1, Austin P, Siggaard C, Bauer 
SB, Franco I, de Jong TP, Jorgensen TM; Inter-
national Children's Continence Society. Inter-
national Children's Continence Society's rec-
ommendations for therapeutic intervention in 
congenital neuropathic bladder and bowel dys-
function in children. Neurourol Urodyn. 2012 
Jun;31(5):615-20 

4. Bauer SB, Nijman RJ, Drzewiecki BA, Sillen U, 
Hoebeke P; International Children's Conti-
nence Society Standardization Subcommittee. 
International Children's Continence Society 
standardization report on urodynamic studies 
of the lower urinary tract in children. Neurourol 
Urodyn. 2015 Sep;34(7):640-7. 

5. Van Gool JD, Hjälmås K, Tamminen-Möbius T 
and Olbing H. Historical clues to the complex of 
dysfunctional voiding, urinary tract infection 
and vesicoureteral reflux—the International 
Reflux Study in Children. J Urol 
1992;148:1699-1702 

6. Sureshkumar P, Craig JC, Roy LP, Knight JF. 
A reproducible pediatric daytime urinary incon-
tinence questionnaire. J Urol. 2001;165:569-73 

7. Benninga MA, Büller HA, Staalman CR, Gubler 
FM, Bossuyt PM, Plas RN van der, and Tamin-
iau JAJM. Defecation disorders in children, co-
lonic transit time versus the Barr-score. Eur J 
Pediatr 1995;154:277-84 

8. von Gontard A, Baeyens D, Van Hoecke E, 
Warzak W, Bachmann C: Psychological and 
psychiatric issues in urinary and fecal inconti-
nence. J Urol 2011;185, 1432-1437 

9. Achenbach TM. Manual for the child behavior 
checklist 4-18 and 1991 profile. Burlington, Vt: 
University of Vermont, 1991 

10. Van Hoecke E,: J. Urol 2007; 178: 2611-2615 

11. Bower WF, Neurourology and Urodynamics 
2006; 25: 221-7 

12. Bloom D A. Sexual abuse and voiding dysfunc-
tion [editorial]. J Urol 1995;153:777 

13. Mellon, M.W., Whiteside, S.P., Friedrich, W.N.: 
The relevance of fecal soiling as an indicator of 
child sexual abuse. Journal of Developmental 
and Behavioral Pediatrics 27, 25-32, 2006 

14. Martinez-Lage JF, Niguez BF, Perez-Espejo 
MA, Almagro MJ, Maeztu C. Midline Childs 
Nerv Syst. 2006;22:623-7 

15. Wennergren HM, Öberg BE and Sandstedt P: 
The importance of leg support for relaxation of 
the pelvic floor muscles. A surface electromy-
ography study in healthy girls. Scand J Urol 
Nephrol 1991; 25:205-13 

16. Biyikli NK, Alpay H, Guran T. Hypercalciuria 
and recurrent urinary tract infections: incidence 
and symptoms in children over 5 years of age. 
Pediatr Nephrol. 2005;20:1435-8 

17. Burgers RE, Mugie SM, Chase J, et al. Man-
agement of functional constipation in children 
with lower urinary tract symptoms: report from 
the Standardisation Committee of the Interna-
tional Children’s Continence Society. J Urol 
2013;190:29–36. 

18. Rittig S, Kamperis K, Siggaard C, et al. Age re-
lated nocturnal urine volume and maximum 
voided volume in healthy children: Reappraisal 
of international children’s continence society 
definitions. J Urol 2010;183:1561–7. 

19. Bower WF, Moore KH, Adams RD, Shepherd 
R. Frequency volume chart data from 3222 in-
continent children. Br J Urol.1997; 80:658-62 

20. Koff SA. Estimating bladder capacity in chil-
dren. Urology 1983;21:248-51 

21. Rittig S, Kamperis K, Siggaard C, Hagstroem 
S, Djurhuus JC. Age Related Nocturnal Urine 
Volume and Maximum Voided Volume in 
Healthy Children: Reappraisal of International 
Children’s Continence Society Definitions. J. 
Urol. 2010; 183: 1561-67 

22. Mattson S. Voiding frequency, volumes and in-
tervals in healthy schoolchildren. Scand J Urol 
Nephrol 1994;28:1-11 

23. Kirk J, Rasmussen PV, Rittig S and Djurhuus 
JC. Micturition habits and bladder capacity in 
normal children and in patients with desmo-
pressin- resistant enuresis. In: Nørgaard JP, 
Djurhuus JC, Hjälmås K, Hellström A.-L and 
Jørgensen TM (eds.). Proceedings, Second In-
ternational Workshop, International Enuresis 
Research Center, Aarhus. Scand J Urol Neph-
rol 1 995;173:49-50 



 

 
REFERENCES: EVALUATION IN CHILDREN WHO WET  1051 

 

24. Hellström A.-L, Andersson K, Hjälmås K and 
Jodal U. Pad tests in children with inconti-
nence. Scand J Urol Nephrol 1986;20:47-50 

25. Imada N, Kawauchi A, Tanaka Y, Watanabe H. 
The objective assessment of urinary inconti-
nence in children. Br.J Urol. 1998;81:107-8 

26. Bael An M, Lax, Hirche H H, Gäbel E, Winkler 
P, Hellström AL, van Zon R, Jahnsen E, Güntek 
S, Renson C, van Gool JD (on behalf of the Eu-
ropean Bladder Dysfunction Study EU BHM1-
CT94-1006). Self-reported urinary inconti-
nence, voiding frequency, voided volume, and 
pad-test results- variables in a prospective 
study in children. BJU Int. 2007;100:651-6 

27. Akbal C, Genc Y, Burgu B, Ozden E, Tekgul S. 
Dysfunctional voiding and incontinence scoring 
system: quantitative evaluation of incontinence 
symptoms in pediatric population. J Urol. 
2005;173:969-73 

28. Farhat W, Bagli DJ, Capolicchio G, O'Reilly S, 
Merguerian PA, Khoury A, McLorie GA. The 
dysfunctional voiding scoring system: quantita-
tive standardization of dysfunctional voiding 
symptoms in children. J Urol. 2000;164:1011-
15 

29. Afshar K, Mirbagheri A, Scott H, MacNeily AE. 
Development of a symptom score for dysfunc-
tional elimination syndrome. J Urol. 
2009;182:1939-43 

30. Barr RG, Levine MD, Wilkinson RH and Mulvi-
hill,D. Chronic and occult stool retention—a 
clinical tool for its evaluation in school-aged 
children. Clin Pediatr 1979;18:674-6 

31. Blethyn AJ, Verrier Jones K, Newcombe R, 
Roberts GM and Jenkins HR. Radiological as-
sessment of constipation. Arch Dis Child 
1995;3:532-3 

32. Rockney RM, McQuade WH and Days AL. The 
plain abdominal roentgenogram in the manage-
ment of encopresis. Arch Pediatr Adolesc Med 
1 995;149:623-7 

33. van den Bosch M, Graafmans D, Nievelstein R, 
Beek E. Systematic assessment of constipation 
on plain abdominal radiographs in children. Pe-
diatr Radiol. 2006;36:224-6 

34. Baker SS, Liptak GS, Colleti RB, Croffie JM, Di 
Lorenzo C, Ector W, Nurko S. Constipation in 
infants and childeren: evaluation and treat-
ment. A medical position statement of the North 
American Society for pediatric gastroenterol-
ogy and Nutrition. J Pediatr Gastroenterol Nutr 
1999;29:612-26 

35. Reuchlin-Vroklage LM, Bierma-Zeinstra S, 
Benninga MA, Berger MY. Diagnostic value of 
abdominal radiography in constipated children: 
a systematic review. Arch Pediatr Adolesc 
Med. 2005;159(7):671-8 

36. Rasquin A, Di Lorenzo C, Forbes D, et al. Child-
hood functional gastrointestinal disor-
ders:child/adolescent. Gastroenterology 2006; 
130: 1527-37 

37. Singh SJ, Gibbons NJ, Vincent MV, Sithole J, 
Nwokoma NJ, Alagarswami KV. Use of pelvic 
ultrasound in the diagnosis of megarectum in 
children with constipation.J.Pediatr.Surg. 
2005;40:1941-44 

38. Klijn AJ, Asselman M, Vijverberg MA, Dik P, De 
Jong TP. The diameter of the rectum on ultra-
sonography as a diagnostic tool for constipa-
tion in children with dysfunctional voiding. J 
Urol 2004;172:1986-88 

39. Berger MY, Tabbers MM, Kurver MJ, Boluyt N, 
Benninga MA. Value of abdominal radiography, 
colonic transit time, and rectal ultrasound scan-
ning in the diagnosis of idiopathic constipation 
in children: a systematic review. J Pediatr. 
2012;161:44-50 

40. Joensson IM, Siggaard C., Rittig S., Hagstroem 
S, Djurhuus J C. Transabdominal Ultrasound of 
Rectum as a Diagnostic Tool in Childhood Con-
stipation. J Urol, 2008; 179: 1997-2002 

41. van der Plas RN, Benninga MA, Buller HA, Bos-
suyt PM, Akkermans LM, Redekop WK and Ta-
miniau JA. Biofeedback training in treatment of 
childhood constipation: a randomised con-
trolled study. Lancet 1996;348:776-80 

42. Biggs WS, Dery WH. Evaluation and treatment 
of constipation in infants and children. Am Fam 
physician. 2006;73:469-77 

43. Mattson S , Spangberg A. Urinary flow in 
healthy school children. Neurourol Urodyn 
1994; 13: 281-96 

44. Bartkowski DP, Doubrava RG. Ability of a nor-
mal dysfunctional voiding symptom score to 
predict uroflowmetry and external urinary 
sphincter electromyography patterns in chil-
dren. J Urol. 2004;172:1980-85 

45. Bower WF, Kwok B, Yeung CK. Variability in 
normative urine flow rates. J Urol. 
2004;171:2657-59 

46. Yang SS, Chang SJ. The effects of bladder 
overdistention on voiding function in kindergar-
tens. J Urol. 2008;180:2177-82; discussion 
2182 

47. Dudley NJ, Kirkland M, Lovett J, Watson AR. 
Clinical agreement between automated and 
calculated ultrasound measurements of blad-
der volume. Br J Radiol. 2003;76:832-4 



 

 
1052  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

48. Austin PF, Bauer SB, Bower W, Chase J, 
Franco I, Hoebeke P, Rittig S, Walle JV,von 
Gontard A, Wright A, Yang SS, Nevéus T.The 
standardization of terminology of lower urinary 
tract function in children and adolescents: Up-
date report from the standardization committee 
of the International Children's Continence Soci-
ety. Neurourol Urodyn. 2016 Apr;35(4):471-81 

49. Hannson S, Hellström A-L, Hermansson G and 
Hjälmås K. Standardisation of urinary flow pat-
terns in children. In: Nørgaard JP, Djurhuus JC, 
Hjälmås K, Hellström A-L and Jørgensen TM, 
eds. Proceedings of the Third International 
Children's Continence Symposium. Royal Tun-
bridge Wells: Wells Medical 1996;159-61 

50. Kanematsu A, Johnin K, Yoshimura K, Okubo 
K, Aoki K, Watanabe M, Yoshino K, Tanaka S, 
Tanikaze S, Ogawa O. Objective patterning of 
uroflowmetry curves in children with daytime 
and nighttime wetting. J Urol. 2010;184:1674-9 

51. Chang SJ, Chiang IN, Hseih CH, et al. Age and 
gender specific nomograms for single and dual 
post void residual urine in healthy children. 
Neurorol Urodynam. 2013;32:1014–8. 

52. Kuzmic AC, Brkljacic B. Color Doppler ultraso-
nography in the assessment of vesicoureteric 
reflux in children with bladder dysfunction. Pe-
diatr Surg Int. 2002;18:135-9 

53. Müller L, Bergström T, Hellström, Svensson E, 
Jacobsson B. Standardised ultrasound method 
for assessing detrusor muscle thickness in chil-
dren. J Urol 2000; 164: 134-8 

54. Cvitkovic-Kuzmic A, Brkljacic B, Ivankovic D, 
Grga A. Ultrasound assessment of detrusor 
muscle thickness in children with non-neuro-
pathic bladder/sphincter dysfunction. Eur Urol. 
2002;41:214-8 

55. Dogan HS, Akpinar B, Gurocak S, Akata D, 
Bakkaloglu M, Tekgul S.Non-invasive evalua-
tion of voiding function in asymptomatic primary 
school children. J Urol. 2008;179:1564-7 

56. Yeung CK, Sreedhar B, Leung VT, Metreweli 
C. Ultrasound bladder measurements in pa-
tients with primary nocturnal enuresis: a urody-
namic and treatment outcome correlation. J 
Urol. 2004;171:2589-94 

57. Sreedhar B, Yeung CK, Leung VY, Chu CW. 
Ultrasound bladder measurementsin children 
with severe primary nocturnal enuresis: pre-
treatment and post treatment evaluation and its 
correlation with treatment outcome. J Urol. 
2008 Mar;179:1122-6 

58. Roberts DS and Rendell B. Postmicturition re-
sidual bladder volumes in healthy babies. Arch 
Dis Child 1989; 64:825-8 

59. Yang SS, Wang CC, Chen YT. Home uroflow-
metry for the evaluation of boys with urinary in-
continence. J Urol. 2003;169:1505-7 

60. Lyon RP and Smith DR. Distal urethral steno-
sis. J Urol 1963;89:414-21 

61. Saxton HM, Borzyskowski M and Robinson LB. 
Nonobstructive posterior urethral widening 
(spinning top urethra) in boys with bladder in-
stability. Radiology 1992;182:81-5 

62. Szabo L, Lombay B, Borbas E, Bajusz I. Vide-
ourodynamics in the diagnosis of urinary tract 
abnormalities in a single center. Pediatr Neph-
rol. 2004;19:326-31 

63. Bauer SB. Pediatric urodynamics: lower tract. 
In: O‘Donnell B, Koff SA, eds. Pediatric urology. 
Oxford: Butterworth–Heineman, 1998:125–151 

64. Drzewiecki B, Bauer S. Urodynamic testing in 
children: indications, technique, interpretation 
and significance. J Urol 2011; 186: 1190-97 

65. Kaufman MR, DeMarco RT, Pope JC 4th, 
Scarpero HM, Adams MC, Trusler LA, Brock 
JW 3rd. High yield of urodynamics performed 
for refractory nonneurogenic dysfunctional 
voiding in the pediatric population. J Urol. 
2006;176:1835-7 

66. Soygur T, Arikan N, Tokatli Z, Karaboga R. The 
role of video-urodynamic studies in managing 
nonneurogenic voiding dysfunction in chil-
dren.BJU Int. 2004;93:841- 3 

67. Hoebeke P, Van Laecke E, Van Camp C, Raes 
A, Van De Walle J. One thousand video-urody-
namic studies in children with non-neurogenic 
bladder sphincter dysfunction. BJU Int. 
2001;87:575-80 

68. Chin-Peuckert L, Komlos M, Rennick JE, 
Jednak R, Capolicchio JP, Salle JL. What is the 
variability between 2 consecutive cystometries 
in the same child? J Urol. 2003;170:1614-7 

69. Bozkurt P, Kilic N, Kaya G, et al. The effects of 
intranasal midazolam on urodynamic studies in 
children. Br J Urol 1996;78:282–6. 

70. Nijman RJM. Pitfalls in urodynamic investiga-
tions in children. Acta Urol Belg 1995;63:99–
103. 

71. Chin-Peuckert L, Rennick JE, Jednak R, Capo-
licchio JP, Salle JL. Should warm infusion solu-
tion be used for urodynamic studies in chil-
dren? A prospective randomised study.. J Urol. 
2004;172:1653-6 

72. Park JM and Bloom DA. The guarding reflex re-
visited. Br J Urol 1997; 80:940-5 



 

 
REFERENCES: CHILDREN WITH NIGHT TIME INCONTINENCE  1053 

 

73. McGuire EJ, Woodside JR, Borden TA and 
Weiss RM. Prognostic value of urodynamic 
testing in myelodysplastic patients. J Urol 
1981;126:205-9 

74. Gilmour RF, Churchill BM, Steckler RE, et al. A 
new technique for dynamic analysis of bladder 
compliance. J Urol 1993;150:1200–3. 

75. Yeung CK, Godley ML, Ho CKW, Ransley P, 
Duffy PG, Chen CN, Li AKC. Some new in-
sights into bladder function in infancy. Br J Urol 
1995;6:235-40 

76. Yeung CK, Godley ML, Dhillon HK, Duffy PG, 
Ransley PG. Urodynamic patterns in infants 
with normal lower urinary tracts or primary 
vesico-ureteric reflux. Br J Urol 1998;81: 461-7 

77. Vasquez E, Cendron M, Chow J, et al. Is Pelvic 
floor laxity a cause for daytime urinary inconti-
nence in young girls? Abstract presented the 
Pediatric Urology Fall Congress, Miami, Fl. Oct. 
24, 2014. 

78. de Kort LM, Uiterwaal CS, Beek EJ, Jan Nievel-
stein RA, Klijn AJ, de Jong TP. Reliability of 
voiding cystourethrography to detect urethral 
obstruction in boys. Urology. 2004;63:967-71 

79. Hoebeke P, Van Laecke E, Raes A, Van Gool 
JD, Vande Walle J. Anomalies of the external 
urethral meatus in girls with non-neurogenic 
bladder sphincter dysfunction. BJU Int. 
1999;83:294-8 

 CHILDREN WITH NIGHT TIME 
INCONTINENCE 

1. Tekgul, S., et al., Diagnosis and management 
of urinary incontinence in childhood. Report 
from the 4th Intrnational Consultation on Incon-
tinence. 2009: Health Publication Ltd. 

2. Austin, P.F., et al., The standardization of ter-
minology of lower urinary tract function in chil-
dren and adolescents: update report from the 
Standardization Committee of the International 
Children's Continence Society. J Urol, 2014. 
191(6): 1863-1865. 

3. Forsythe, W.I. and R.J. Butler, Fifty years of en-
uretic alarms. Arch Dis Child, 1989. 64(6): 879-
85. 

4. Butler, R.J., et al., Nocturnal enuresis: a survey 
of parental coping strategies at 7 1/2 years. 
Child Care Health Dev, 2005. 31(6): 659-67. 

5. Verhulst, F.C., et al., [Prevalence of enuresis in 
4-to-16-year-old children: an epidemiological 
study]. Ned Tijdschr Geneeskd, 1985. 129(47): 
2260-3. 

6. Verhulst, F.C., et al., The prevalence of noctur-
nal enuresis: do DSM III criteria need to be 
changed? A brief research report. J Child Psy-
chol Psychiatry, 1985. 26(6): 989-93. 

7. [Proposal of the terminological adaptation to 
Spanish of the ICCS standardization of termi-
nology of lower urinary tract function in children 
and adolescents]. Actas urologicas espanolas, 
2008. 32(4):371-89. 

8. Yeung, C.K., Nocturnal enuresis in Hong Kong: 
different Chinese phenotypes. Scand J Urol 
Nephrol Suppl, 1997. 183:17-21. 

9. Yeung, C.K., et al., Characteristics of primary 
nocturnal enuresis in adults: an epidemiological 
study. BJU Int, 2004. 93(3): 341-5. 

10. van Gool, J.D., et al., Subtypes in monosymp-
tomatic nocturnal enuresis. II. Scand J Urol 
Nephrol Suppl, 1999. 202: 8-11. 

11. Vande Walle, J., et al., Practical consensus 
guidelines for the management of enuresis. Eur 
J Pediatr, 2012. 171(6): 971-83. 

12. Foxman, B., R.B. Valdez, and R.H. Brook, 
Childhood enuresis: prevalence, perceived im-
pact, and prescribed treatments. Pediatrics, 
1986. 77(4):482-7. 

13. Devlin, J.B., Prevalence and risk factors for 
childhood nocturnal enuresis, Irish medical 
Journal, . 1991:84:118, . 

14. Warzak, W.J., Psychosocial implications of 
nocturnal enuresis. Clin Pediatr (Phila), 1993. 
Spec No:38-40. 

15. Miller, K., Concomitant nonpharmacologic ther-
apy in the treatment of primary nocturnal enu-
resis. Clin Pediatr (Phila), 1993. Spec No:32-7. 

16. Houts, A.C., Nocturnal enuresis as a biobehav-
ioral problem. Beh.Ther 1991. 22. 

17. Liu, X., et al., Attaining nocturnal urinary con-
trol, nocturnal enuresis, and behavioral prob-
lems in Chinese children aged 6 through 16 
years. J Am Acad Child Adolesc Psychiatry, 
2000. 39(12):1557-64. 

18. Yeung, C.K., et al., Differences in characteris-
tics of nocturnal enuresis between children and 
adolescents: a critical appraisal from a large 
epidemiological study. BJU Int, 2006. 
97(5):1069-73. 

19. Hirasing, R.A., Bedwetting in adults. Paris, p84, 
1997. 

20. Forsythe, W.I. and A. Redmond, Enuresis and 
spontaneous cure rate. Study of 1129 enuretis. 
Arch Dis Child, 1974. 49(4):259-63. 

21. Moilanen, I., et al., A follow-up of enuresis from 
childhood to adolescence. Br J Urol, 1998. 81 
Suppl 3:94-7. 



 

 
1054  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

22. Goessaert, A.S., et al., Long-term followup of 
children with nocturnal enuresis: increased fre-
quency of nocturia in adulthood. J Urol, 2014. 
191(6):1866-70. 

23. Bailey, J.N., et al., Transmission of primary 
nocturnal enuresis and attention deficit hyper-
activity disorder.[see comment]. Acta Paediat-
rica, 1999. 88(12): 1364-8. 

24. von Gontard, A., et al., Clinical enuresis pheno-
types in familial nocturnal enuresis. Scand J 
Urol Nephrol Suppl, 1997. 183:11-6. 

25. von Gontard, A., et al., Genetic heterogeneity 
in nocturnal enuresis. Am J Psychiatry, 1997. 
154(6):885. 

26. von Gontard, A., et al., Clinical enuresis pheno-
types in familial nocturnal enuresis. Scandina-
vian journal of urology and nephrology. Suppl, 
1997. 183:11-6. 

27. Eiberg, H., et al., Linkage study of a large Dan-
ish 4-generation family with urge incontinence 
and nocturnal enuresis. The Journal of urology, 
2001. 166(6):2401-3. 

28. Arnell, H., et al., The genetics of primary noc-
turnal enuresis: inheritance and suggestion of 
a second major gene on chromosome 12q. J 
Med Genet, 1997. 34(5):360-5. 

29. Loeys, B., et al., Does monosymptomatic enu-
resis exist? A molecular genetic exploration of 
32 families with enuresis/incontinence. BJU in-
ternational, 2002. 90(1): 76-83. 

30. Weir, K., Night and day wetting among a popu-
lation of three-year-olds. Dev Med Child Neu-
rol, 1982. 24(4):479-84. 

31. Tai, H.L., et al., The epidemiology and factors 
associated with nocturnal enuresis and its se-
verity in primary school children in Taiwan. Acta 
Paediatr, 2007. 96(2): 242-5. 

32. Moore, K.H., D.H. Richmond, and B.T. Parys, 
Sex distribution of adult idiopathic detrusor in-
stability in relation to childhood bedwetting. Br 
J Urol, 1991. 68(5): 479-82. 

33. Mahler, B., et al., Puberty alters renal water 
handling. Am J Physiol Renal Physiol, 2013. 
305(12):F1728-35. 

34. Graugaard-Jensen, C., S. Rittig, and J.C. 
Djurhuus, Nocturia and circadian blood pres-
sure profile in healthy elderly male volunteers. 
J Urol, 2006. 176(3):1034-9; discussion 1039. 

35. Hvistendahl, G.M., et al., The relationship be-
tween desmopressin treatment and voiding 
pattern in children. BJU Int, 2002. 89(9): 917-
22. 

36. Hansen, M.N., et al., Intra-individual variability 
in nighttime urine production and functional 
bladder capacity estimated by home recordings 
in patients with nocturnal enuresis. The Journal 
of urology, 2001. 166(6): 2452-5. 

37. Fergusson, D.M., L.J. Horwood, and F.T. Shan-
non, Secondary enuresis in a birth cohort of 
New Zealand children. Paediatr Perinat Epi-
demiol, 1990. 4(1): 53-63. 

38. Jarvelin, M.R., et al., Life changes and protec-
tive capacities in enuretic and non-enuretic chil-
dren. J Child Psychol Psychiatry, 1990. 
31(5):763-74. 

39. McGee, R., et al., A longitudinal study of enu-
resis from five to nine years. Aust Paediatr J, 
1984. 20(1):39-42. 

40. Burgers, R.E., et al., Management of functional 
constipation in children with lower urinary tract 
symptoms: report from the Standardization 
Committee of the International Children's Con-
tinence Society. J Urol, 2013. 190(1):29-36. 

41. Jarvelin, M.R., et al., Aetiological and precipi-
tating factors for childhood enuresis. Acta Pae-
diatr Scand, 1991. 80(3): 361-9. 

42. Weissbach, A., et al., Adenotonsilectomy im-
proves enuresis in children with obstructive 
sleep apnea syndrome. International Journal of 
Pediatric Otorhinolaryngology, 2006. 
70(8):1351-6. 

43. Basha, S., et al., Effectiveness of adenotonsil-
lectomy in the resolution of nocturnal enuresis 
secondary to obstructive sleep apnea. Laryn-
goscope, 2005. 115(6):1101-3. 

44. Slyper, A.H., Childhood obesity, adipose tissue 
distribution, and the pediatric practitioner. Pedi-
atrics, 1998. 102(1):e4. 

45. Guven, A., K. Giramonti, and B.A. Kogan, The 
effect of obesity on treatment efficacy in chil-
dren with nocturnal enuresis and voiding dys-
function. J Urol, 2007. 178(4 Pt 1):1458-62. 

46. Weintraub, Y., et al., Enuresis--an unattended 
comorbidity of childhood obesity. Int J Obes 
(Lond), 2013. 37(1):75-8. 

47. Wagner, C., et al., Obesity, overweight, and 
eating problems in children with incontinence. J 
Pediatr Urol, 2015. 11(4):202-7. 

48. Kovacevic, L., et al., Enuretic children with ob-
structive sleep apnea syndrome: should they 
see otolaryngology first? J Pediatr Urol, 2013. 
9(2):145-50. 

49. Kovacevic, L., et al., Why does adenotonsillec-
tomy not correct enuresis in all children with 
sleep disordered breathing? J Urol, 2014. 
191(5 Suppl):1592-6. 



 

 
REFERENCES: CHILDREN WITH NIGHT TIME INCONTINENCE  1055 

 

50. Kovacevic, L., et al., Adenotonsillectomy Nor-
malizes Hormones and Urinary Electrolytes in 
Children With Nocturnal Enuresis and Sleep-
Disordered Breathing. Urology, 2015. 
86(1):158-61. 

51. Kovacevic, L., et al., Adenotonsillectomy im-
proves quality of life in children with sleep-dis-
ordered breathing regardless of nocturnal enu-
resis outcome. J Pediatr Urol, 2015. 11(5): 269 
e1-5. 

52. Norgaard, J.P., S. Rittig, and J.C. Djurhuus, 
Nocturnal enuresis: an approach to treatment 
based on pathogenesis. J Pediatr, 1989. 114(4 
Pt 2):705-10. 

53. Austin, P.F., et al., The standardization of ter-
minology of lower urinary tract function in chil-
dren and adolescents: Update report from the 
standardization committee of the International 
Children's Continence Society. Neurourol Uro-
dyn, 2015. 

54. Norgaard, J.P., et al., Standardization and def-
initions in lower urinary tract dysfunction in chil-
dren. International Children's Continence Soci-
ety. Br J Urol, 1998. 81 Suppl 3:1-16. 

55. Fielding, D., The response of day and night 
wetting children and children who wet only at 
night to retention control training and the enu-
resis alarm. Behav Res Ther, 1980. 18(4):305-
17. 

56. Rittig, S., et al., The circadian defect in plasma 
vasopressin and urine output is related to 
desmopressin response and enuresis status in 
children with nocturnal enuresis. The Journal of 
urology, 2008. 179(6):2389-95. 

57. Norgaard, J.P., et al., A pharmacodynamic 
study of desmopressin in patients with noctur-
nal enuresis. J Urol, 1995. 153(6): 1984-6. 

58. Kamperis, K., et al., Nocturnal polyuria in mon-
osymptomatic nocturnal enuresis refractory to 
desmopressin treatment. Am J Physiol Renal 
Physiol, 2006. 291(6): F1232-40. 

59. Dehoorne, J.L., et al., Desmopressin resistant 
nocturnal polyuria secondary to increased noc-
turnal osmotic excretion. J Urol, 2006. 
176(2):749-53. 

60. Vande Walle, J., et al., Nocturnal polyuria is re-
lated to 24-hour diuresis and osmotic excretion 
in an enuresis population referred to a tertiary 
center. J Urol, 2007. 178(6):2630-4. 

61. Butler, R.J. and P. Holland, The three systems: 
a conceptual way of understanding nocturnal 
enuresis. Scandinavian Journal of Urology & 
Nephrology, 2000. 34(4):270-7. 

62. Neveus, T., et al., Depth of sleep and sleep 
habits among enuretic and incontinent children. 
Acta Paediatrica, 1999. 88(7):748-52. 

63. Hjalmas, K., et al., Nocturnal enuresis: an inter-
national evidence based management strat-
egy. J Urol, 2004. 171(6 Pt 2):2545-61. 

64. Rittig, S., et al., Age-related changes in the cir-
cadian control of urine output. Scand J Urol 
Nephrol Suppl, 1995. 173:71-4; discussion 74-
5. 

65. Rittig, S., et al., Abnormal diurnal rhythm of 
plasma vasopressin and urinary output in pa-
tients with enuresis. Am J Physiol, 1989. 256(4 
Pt 2):F664-71. 

66. Rittig, S., et al., The circadian defect in plasma 
vasopressin and urine output is related to 
desmopressin response and enuresis status in 
children with nocturnal enuresis. J Urol, 2008. 
179(6):2389-95. 

67. Rittig, S., et al., Diurnal variation of plasma 
atrial natriuretic peptide in normals and patients 
with enuresis nocturna. Scandinavian journal of 
clinical and laboratory investigation, 1991. 
51(2):209-17. 

68. Rittig, S., et al., Adult enuresis. The role of vas-
opressin and atrial natriuretic peptide. Scand J 
Urol Nephrol Suppl, 1989. 125:79-86. 

69. Kruse, A., et al., Increased nocturnal blood 
pressure in enuretic children with polyuria. The 
Journal of urology, 2009. 182(4 Suppl):1954-
60. 

70. De Guchtenaere, A., et al., Nocturnal polyuria 
is related to absent circadian rhythm of glomer-
ular filtration rate. J Urology, 2007. 178(6): 
2626-9. 

71. Dossche, L., J.V. Walle, and C. Van Herzeele, 
The pathophysiology of monosymptomatic 
nocturnal enuresis with special emphasis on 
the circadian rhythm of renal physiology. Eur J 
Pediatr, 2016. 175(6):747-54. 

72. Dossche, L., et al., Circadian Rhythm of Glo-
merular Filtration and Solute Handling Related 
to Nocturnal Enuresis. J Urol, 2016. 
195(1):162-7. 

73. Norgaard, J.P., E.B. Pedersen, and J.C. 
Djurhuus, Diurnal Anti-Diuretic-Hormone Lev-
els in Enuretics. Journal of Urology, 1985. 
134(5):1029-1031. 

74. Devitt, H., et al., Plasma vasopressin and re-
sponse to treatment in primary nocturnal enu-
resis. Arch Dis Child, 1999. 80(5): 448-51. 

75. Raes, A., et al., Abnormal circadian rhythm of 
diuresis or nocturnal polyuria in a subgroup of 
children with enuresis and hypercalciuria is re-
lated to increased sodium retention during day-
time. The Journal of urology, 2006. 
176(3):1147-51. 



 

 
1056  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

76. De Guchtenaere, A., et al., Desmopressin re-
sistant nocturnal polyuria may benefit from fu-
rosemide therapy administered in the morning. 
The Journal of urology, 2007. 178(6):2635-9; 
discussion 2639. 

77. Valenti, G., et al., Urinary aquaporin 2 and cal-
ciuria correlate with the severity of enuresis in 
children. Journal of the American Society of 
Nephrology : JASN, 2000. 11(10):1873-81. 

78. Valenti, G., et al., Low-calcium diet in hypercal-
ciuric enuretic children restores AQP2 excre-
tion and improves clinical symptoms. American 
journal of physiology. Renal physiology, 2002. 
283(5): F895-903. 

79. Neveus, T., et al., The standardization of termi-
nology of lower urinary tract function in children 
and adolescents: report from the Standardisa-
tion Committee of the International Children's 
Continence Society. J Urol, 2006. 176(1):314-
24. 

80. Van Herzeele, C., et al., Predictive parameters 
of response to desmopressin in primary noctur-
nal enuresis. J Pediatr Urol, 2015. 11(4):200 
e1-8. 

81. Raes, A., et al., Partial response to intranasal 
desmopressin in children with monosympto-
matic nocturnal enuresis is related to persistent 
nocturnal polyuria on wet nights. J Urol, 2007. 
178(3 Pt 1):1048-51; discussion 1051-2. 

82. Kamperis, K., et al., Optimizing response to 
desmopressin in patients with monosympto-
matic nocturnal enuresis. Pediatr Nephrol, 
2017. 32(2):217-226. 

83. Rittig, S., et al., Sodium regulating hormones in 
enuresis. Scandinavian journal of urology and 
nephrology. Supplementum, 1999. 202: 45-6. 

84. Kamperis, K., et al., Urinary calcium excretion 
in healthy children and children with primary 
monosymptomatic nocturnal enuresis. The 
Journal of urology, 2006. 176(2):770-3. 

85. De Guchtenaere, A., et al., Evidence of partial 
anti-enuretic response related to poor pharma-
codynamic effects of desmopressin nasal 
spray. J Urol, 2009. 181(1):302-9; discussion 
309. 

86. Medel, R., et al., Monosymptomatic primary en-
uresis: differences between patients respond-
ing or not responding to oral desmopressin. Br 
J Urol, 1998. 81 Suppl 3:46-9. 

87. Butler, R., et al., The effectiveness of desmo-
pressin in the treatment of childhood nocturnal 
enuresis: predicting response using pretreat-
ment variables. Br J Urol, 1998. 81 Suppl 3:29-
36. 

88. Neveus, T., et al., Bladder capacity and renal 
concentrating ability in enuresis: pathogenic 
implications. J Urol, 2001. 165(6 Pt 1):2022-5. 

89. Kruse, S., A.L. Hellstrom, and K. Hjalmas, Day-
time bladder dysfunction in therapy-resistant 
nocturnal enuresis. A pilot study in urotherapy. 
Scand J Urol Nephrol, 1999. 33(1):49-52. 

90. Watanabe, H., Sleep patterns in children with 
nocturnal enuresis. Scand J Urol Nephrol 
Suppl, 1995. 173:55-6; discussion 56-7. 

91. Kawauchi, A., et al., Changes in the structure 
of sleep spindles and delta waves on electro-
encephalography in patients with nocturnal en-
uresis. Br J Urol, 1998. 81 Suppl 3:72-5. 

92. Watanabe, H. and A. Kawauchi, Is small blad-
der capacity a cause of enuresis? Scand J Urol 
Nephrol Suppl, 1995. 173: 37-41. 

93. Watanabe, H., et al., Physiological background 
of enuresis type I. A preliminary report. Scand 
J Urol Nephrol Suppl, 1997. 183:7-9; discus-
sion 9-10. 

94. Eller, D.A., et al., Daytime functional bladder 
capacity as a predictor of response to desmo-
pressin in monosymptomatic nocturnal enure-
sis. Eur Urol, 1998. 33 Suppl 3:25-9. 

95. Kawauchi, A., et al., Relationships among noc-
turnal urinary volume, bladder capacity, and 
nocturia with and without water load in nonen-
uretic children. Urology, 2002. 59(3):433-7. 

96. Yeung, C.K., H.N. Chiu, and F.K. Sit, Bladder 
dysfunction in children with refractory mono-
symptomatic primary nocturnal enuresis. J 
Urol, 1999. 162(3 Pt 2):1049-54; discussion 
1054-5. 

97. Sreedhar, B., et al., Ultrasound bladder meas-
urements in children with severe primary noc-
turnal enuresis: pretreatment and posttreat-
ment evaluation and its correlation with treat-
ment outcome. J Urol, 2008. 179(4):1568-72; 
discussion 1572. 

98. Yeung, C.K., et al., Ultrasound bladder meas-
urements in patients with primary nocturnal en-
uresis: a urodynamic and treatment outcome 
correlation. J Urol, 2004. 171(6 Pt 2):2589-94. 

99. Bower, W.F., F.K. Sit, and C.K. Yeung, Noctur-
nal enuresis in adolescents and adults is asso-
ciated with childhood elimination symptoms. J 
Urol, 2006. 176(4 Pt 2):1771-5. 

100. Neveus, T., et al., Depth of sleep and sleep 
habits among enuretic and incontinent children. 
Acta Paediatr, 1999. 88(7):748-52. 

101. Wolfish, N.M., Sleep/Arousal and enuresis sub-
types. J Urol, 2001. 166(6):2444-7. 



 

 
REFERENCES: CHILDREN WITH NIGHT TIME INCONTINENCE  1057 

 

102. Wolfish, N.M., Enuresis: A maturational lag. 
Paediatr Child Health, 2002. 7(8): 521-3. 

103. Bower, W.F., et al., The epidemiology of child-
hood enuresis in Australia. Br J Urol, 1996. 
78(4):602-6. 

104. Dhondt, K., et al., Abnormal sleep architecture 
and refractory nocturnal enuresis. The Journal 
of urology, 2009. 182(4 Suppl): 1961-5. 

105. Dhondt, K., et al., Sleep fragmentation and in-
creased periodic limb movements are more 
common in children with nocturnal enuresis. 
Acta Paediatr, 2014. 103(6):268-72. 

106. Van Herzeele, C., et al., Periodic limb move-
ments during sleep are associated with a lower 
quality of life in children with monosymptomatic 
nocturnal enuresis. Eur J Pediatr, 2015. 

107. Van Herzeele, C., et al., Neuropsychological 
functioning related to specific characteristics of 
nocturnal enuresis. J Pediatr Urol, 2015. 
11(4):208 e1-6. 

108. Dhondt, K., et al., Sleep fragmentation and pe-
riodic limb movements in children with mono-
symptomatic nocturnal enuresis and polyuria. 
Pediatr Nephrol, 2015. 30(7):1157-62. 

109. Van Herzeele, C., et al., Periodic limb move-
ments during sleep are associated with a lower 
quality of life in children with monosymptomatic 
nocturnal enuresis. Eur J Pediatr, 2015. 
174(7):897-902. 

110. Van Herzeele, C., et al., Desmopressin (melt) 
therapy in children with monosymptomatic noc-
turnal enuresis and nocturnal polyuria results in 
improved neuropsychological functioning and 
sleep. Pediatr Nephrol, 2016. 31(9):1477-84. 

111. Norgaard, J.P., et al., Simultaneous Registra-
tion of Sleep-Stages and Bladder Activity in En-
uresis. Urology, 1985. 26(3): 316-319. 

112. Norgaard, J.P., Pathophysiology of nocturnal 
enuresis. Scand J Urol Nephrol Suppl, 1991. 
140:1-35. 

113. Mikkelsen, E.J., et al., Childhood enuresis. I. 
Sleep patterns and psychopathology. Arch Gen 
Psychiatry, 1980. 37(10):1139-44. 

114. Mikkelsen, E.J. and J.L. Rapoport, Enuresis: 
psychopathology, sleep stage, and drug re-
sponse. Urol Clin North Am, 1980. 7(2):361-77. 

115. Djurhuus, J.C., J.P. Norgaard, and S. Rittig, 
Monosymptomatic bedwetting. Scand J Urol 
Nephrol Suppl, 1992. 141:7-17; discussion 18-
9. 

116. Norgaard, J.P. and J.C. Djurhuus, The patho-
physiology of enuresis in children and young 
adults. Clin Pediatr (Phila), 1993. Spec No:5-9. 

117. Hunsballe, J.M., S. Rittig, and J.C. Djurhuus, 
Sleep and arousal in adolescents and adults 
with nocturnal enuresis. Scandinavian journal 
of urology and nephrology. Supplementum, 
1995. 173:59-60; discussion 60-1. 

118. Hunsballe, J.M., Increased delta component in 
computerized sleep electroencephalographic 
analysis suggests abnormally deep sleep in pri-
mary monosymptomatic nocturnal enuresis. 
Scand J Urol Nephrol, 2000. 34(5):294-302. 

119. Neveus, T., The role of sleep and arousal in 
nocturnal enuresis. Acta Paediatr, 2003. 
92(10):1118-23. 

120. Tauris, L.H., et al., Tailoring treatment of mon-
osymptomatic nocturnal enuresis: the role of 
maximum voided capacity. J Urol, 2012. 
187(2): 664-9. 

121. Glazener, C.M. and J.H. Evans, Simple behav-
ioural and physical interventions for nocturnal 
enuresis in children. Cochrane Database Syst 
Rev, 2004(2): CD003637. 

122. Niemczyk, J., et al., Incontinence in children 
with treated attention-deficit/hyperactivity disor-
der. J Pediatr Urol, 2015. 11(3):141 e1-6. 

123. Niemczyk, J., et al., Prevalence of inconti-
nence, attention deficit/hyperactivity disorder 
and oppositional defiant disorder in preschool 
children. Eur Child Adolesc Psychiatry, 2015. 
24(7):837-43. 

124. Niemczyk, J., et al., Incontinence in persons 
with Noonan Syndrome. J Pediatr Urol, 2015. 
11(4): 201 e1-5. 

125. Niemczyk, J., et al., Incontinence and psycho-
logical symptoms in individuals with Mowat-Wil-
son Syndrome. Res Dev Disabil, 2017. 62:230-
237. 

126. von Gontard, A., et al., Psychological and psy-
chiatric issues in urinary and fecal inconti-
nence. J Urol, 2011. 185(4):1432-6. 

127. von Gontard, A., et al., Incontinence in children 
with autism spectrum disorder. J Pediatr Urol, 
2015. 11(5): 264 :1-7. 

128. von Gontard, A., et al., Specific behavioral 
comorbidity in a large sample of children with 
functional incontinence: Report of 1,001 cases. 
Neurourol Urodyn, 2015. 34(8):763-8. 

129. von Gontard, A., et al., Incontinence and par-
ent-reported oppositional defiant disorder 
symptoms in young children--a population-
based study. Pediatr Nephrol, 2015. 
30(7):1147-55. 

130. Equit, M., et al., Elimination disorders in per-
sons with Prader-Willi and Fragile-X syn-
dromes. Neurourol Urodyn, 2013. 32(7):986-
92. 



 

 
1058  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

131. von Gontard, A., et al., Psychological and psy-
chiatric issues in urinary and fecal inconti-
nence. The Journal of urology, 2011. 
185(4):1432-6. 

132. von Gontard, A., et al., Association of attention 
deficit and elimination disorders at school entry: 
a population based study. J Urol, 2011. 
186(5):2027-32. 

133. Von Gontard, A., et al., Central nervous system 
involvement in nocturnal enuresis: evidence of 
general neuromotor delay and specific brain-
stem dysfunction. J Urol, 2001. 166(6): 2448-
51. 

134. Baeyens, D., et al., Attention deficit/hyperactiv-
ity disorder in children with nocturnal enuresis. 
J Urol, 2004. 171(6 Pt 2):2576-9. 

135. Van Hoecke, E., et al., An assessment of inter-
nalizing problems in children with enuresis. J 
Urol, 2004. 171(6 Pt 2):2580-3. 

136. Van Hoecke, E., et al., Enuresis and daytime 
wetting as a biopsychosocial problem: a re-
view. Expert review of pharmacoeconomics & 
outcomes research, 2007. 7(6):633-40. 

137. Van Hoecke, E., et al., Internalizing and exter-
nalizing problem behavior in children with noc-
turnal and diurnal enuresis: a five-factor model 
perspective. J Pediatr Psychol, 2006. 
31(5):460-8. 

138. Baeyens, D., et al., The impact of maturation of 
brainstem inhibition on enuresis: a startle eye 
blink modification study with 2-year followup. 
The Journal of urology, 2007. 178(6): 2621-5. 

139. Ornitz, E.M., et al., Prepulse inhibition of startle 
and the neurobiology of primary nocturnal enu-
resis. Biol Psychiatry, 1999. 45(11):1455-66. 

140. Ornitz, E.M., et al., Prepulse inhibition of startle, 
intelligence and familial primary nocturnal enu-
resis. Acta Paediatr, 2000. 89(4):475-81. 

141. Ornitz, E.M., G.L. Hanna, and J. de Traversay, 
Prestimulation-induced startle modulation in at-
tention-deficit hyperactivity disorder and noc-
turnal enuresis. Psychophysiology, 1992. 
29(4):437-51. 

142. Freitag, C.M., et al., Neurophysiology of noctur-
nal enuresis: evoked potentials and prepulse 
inhibition of the startle reflex. Developmental 
Medicine & Child Neurology, 2006. 48(4):278-
84. 

143. Freitag, C.M., et al., Neurophysiology of noctur-
nal enuresis: evoked potentials and prepulse 
inhibition of the startle reflex. Dev Med Child 
Neurol, 2006. 48(4): 278-84. 

144. Yeung, C.K., M. Diao, and B. Sreedhar, Corti-
cal arousal in children with severe enuresis. N 
Engl J Med, 2008. 358(22):2414-5. 

145. Watanabe, H. and A. Kawauchi, Locus co-
eruleus function in enuresis. Scand J Urol 
Nephrol Suppl, 1999. 202:14-7; discussion 18-
9. 

146. Chase, J., et al., The management of dysfunc-
tional voiding in children: a report from the 
Standardisation Committee of the International 
Children's Continence Society. The Journal of 
urology, 2010. 183(4):1296-302. 

147. Burgers RE, Mugie SM, Chase J, Cooper CS, 
von Gontard A, Siggard Rittig C, Homsy Y, 
Benninga M: Management of functional bowel 
disorders in children: Report from the standard-
isation committee of the international Children’s 
Continence Society. J Urology, 2013: 190; 29-
36 

148. Joensson, I.M., et al., Transabdominal ultra-
sound of rectum as a diagnostic tool in child-
hood constipation. J Urol, 2008. 179(5): 1997-
2002. 

149. De Paepe, H., et al., Pelvic-floor therapy in girls 
with recurrent urinary tract infections and dys-
functional voiding. Br J Urol, 1998. 81 Suppl 
3:109-13. 

150. Hellstrom, A., et al., Association between uri-
nary symptoms at 7 years old and previous uri-
nary tract infection. Arch Dis Child, 1991. 
66(2):232-4. 

151. Borch, L., et al., Bladder and bowel dysfunction 
and the resolution of urinary incontinence with 
successful management of bowel symptoms in 
children. Acta Paediatr, 2013. 102(5):215-20. 

152. Van Laecke, E., et al., Adequate fluid intake, 
urinary incontinence, and physical and/or intel-
lectual disability. The Journal of urology, 2009. 
182(4 Suppl):2079-84. 

153. Niemczyk, J., et al., Toilet refusal syndrome in 
preschool children: do different subtypes exist? 
J Pediatr Gastroenterol Nutr, 2014. 58(3):303-
6. 

154. Lottmann, H., Enuresis treatment in France. 
Scand J Urol Nephrol Suppl, 1999. 202:66-9. 

155. Hellstrom, A.L., et al., Micturition habits and in-
continence in 7-year-old Swedish school en-
trants. Eur J Pediatr, 1990. 149(6): 434-7. 

156. Butler, R.J., et al., Investigating the three sys-
tems approach to complex childhood nocturnal 
enuresis--medical treatment interventions. 
Scand J Urol Nephrol, 2004. 38(2):117-21. 

157. Kaerts, N., et al., Toilet training in daycare cen-
ters in Flanders, Belgium. Eur J Pediatr, 2012. 
171(6): 955-61. 

158. Devlin, J.B. and C. O'Cathain, Predicting treat-
ment outcome in nocturnal enuresis. Arch Dis 
Child, 1990. 65(10): 1158-61. 



 

 
REFERENCES: CHILDREN WITH NIGHT TIME INCONTINENCE  1059 

 

159. Neveus, T., et al., Enuresis--background and 
treatment. Scand J Urol Nephrol Suppl, 
2000(206): 1-44. 

160. Neveus, T., Nocturnal enuresis-theoretic back-
ground and practical guidelines. Pediatr Neph-
rol, 2011. 26(8):1207-14. 

161. Neveus, T., et al., Evaluation of and treatment 
for monosymptomatic enuresis: a standardiza-
tion document from the International Children's 
Continence Society. J Urol, 2010. 183(2):441-
7. 

162. Zerin, J.M., et al., Bladder capacity as meas-
ured at voiding cystourethrography in children: 
relationship to toilet training and frequency of 
micturition. Radiology, 1993. 187(3):803-6. 

163. Loening-Baucke, V., Assessment, diagnosis, 
and treatment of constipation in childhood. J 
Wound Ostomy Continence Nurs, 1994. 
21(2):49-58. 

164. Loening-Baucke, V., Urinary incontinence and 
urinary tract infection and their resolution with 
treatment of chronic constipation of childhood. 
Pediatrics, 1997. 100(2 Pt 1): 228-32. 

165. Longstaffe, S., M.E. Moffatt, and J.C. Whalen, 
Behavioral and self-concept changes after six 
months of enuresis treatment: a randomized, 
controlled trial. Pediatrics, 2000. 105(4 Pt 2): 
935-40. 

166. Baeyens, D., et al., Adherence in children with 
nocturnal enuresis. Journal of pediatric urology, 
2009. 5(2): 105-9. 

167. Van Herzeele, C., et al., Poor compliance with 
primary nocturnal enuresis therapy may con-
tribute to insufficient desmopressin response. 
The Journal of urology, 2009. 182(4 Suppl): 
2045-9. 

168. Cederblad, M., et al., Infrequent enuresis, the 
uninvestigated majority comparisons between 
children with enuresis of varying severity. J Pe-
diatr Urol, 2014. 

169. Goel, K.M., et al., Evaluation of nine different 
types of enuresis alarms. Arch Dis Child, 1984. 
59(8): 748-52. 

170. Bauer, S.B., et al., Standardizing terminology in 
pediatric urology. Journal of pediatric urology, 
2007. 3(2):163. 

171. Glazener, C.M. and J.H. Evans, Alarm inter-
ventions for nocturnal enuresis in children. 
Cochrane database of systematic reviews, 
2001(1): CD002911. 

172. Glazener, C.M., J.H. Evans, and R.E. Peto, 
Treating nocturnal enuresis in children: review 
of evidence. Journal of wound, ostomy, and 
continence nursing : official publication of The 
Wound, Ostomy and Continence Nurses Soci-
ety / WOCN, 2004. 31(4):223-34. 

173. Glazener, C.M., J.H. Evans, and R.E. Peto, 
Alarm interventions for nocturnal enuresis in 
children. Cochrane Database Syst Rev, 
2005(2): CD002911. 

174. Neveus, T., et al., Evaluation of and treatment 
for monosymptomatic enuresis: a standardiza-
tion document from the International Children's 
Continence Society. The Journal of urology, 
2010. 183(2): 441-7. 

175. Butler, R.J. and J.C. Robinson, Alarm treat-
ment for childhood nocturnal enuresis: an in-
vestigation of within-treatment variables. 
Scand J Urol Nephrol, 2002. 36(4): 268-72. 

176. Houts, A.C., J.S. Berman, and H. Abramson, 
Effectiveness of psychological and pharmaco-
logical treatments for nocturnal enuresis. J 
Consult Clin Psychol, 1994. 62(4): 737-45. 

177. Kwak, K.W., K.H. Park, and M. Baek, The effi-
cacy of enuresis alarm treatment in pharma-
cotherapy-resistant nocturnal enuresis. Urol-
ogy, 2011. 77(1)200-4. 

178. Van Hoeck, K.J., et al., Improving the cure rate 
of alarm treatment for monosymptomatic noc-
turnal enuresis by increasing bladder capacity-
-a randomized controlled trial in children. J 
Urol, 2008. 179(3): 1122-6; discussion 1126-7. 

179. Evans, J.H., Evidence based management of 
nocturnal enuresis. BMJ, 2001. 
323(7322):1167-9. 

180. Lettgen, B., Differential diagnoses for nocturnal 
enuresis. Scand J Urol Nephrol Suppl, 1997. 
183:47-8; discussion 48-9. 

181. Azrin, N.H., T.J. Sneed, and R.M. Foxx, Dry-
bed training: rapid elimination of childhood en-
uresis. Behav Res Ther, 1974. 12(3):147-56. 

182. Azrin, N.H., T.J. Sneed, and R.M. Foxx, Dry 
bed: a rapid method of eliminating bedwetting 
(enuresis) of the retarded. Behav Res Ther, 
1973. 11(4): 427-34. 

183. Glazener, C.M. and J.H. Evans, Simple behav-
ioural and physical interventions for nocturnal 
enuresis in children. Cochrane database of 
systematic reviews, 2002(2): CD003637. 

184. Glazener, C.M., J.H. Evans, and R.E. Peto, 
Complex behavioural and educational interven-
tions for nocturnal enuresis in children. 
Cochrane database of systematic reviews, 
2004(1): CD004668. 



 

 
1060  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

185. Hirasing, R.A., L. Bolk-Bennink, and H. Reus, 
Dry bed training by parents: results of a group 
instruction program. J Urol, 1996. 156(6):2044-
6. 

186. HiraSing, R.A., et al., Effect of dry bed training 
on behavioural problems in enuretic children. 
Acta Paediatr, 2002. 91(8):960-4. 

187. Bollard, R.J. and P. Woodroffe, The effect of 
parent-administered Dry-Bed training on noc-
turnal enuresis in children. Behav Res Ther, 
1977. 15(2):159-65. 

188. Bollard, J. and T. Nettelbeck, A component 
analysis of dry-bed training for treatment for 
bedwetting. Behav Res Ther, 1982. 20(4):383-
90. 

189. van Londen, A., et al., Arousal training for chil-
dren suffering from nocturnal enuresis: a 2 1/2 
year follow-up. Behav Res Ther, 1993. 31(6): 
613-5. 

190. Meadow, S.R. and J.H. Evans, Desmopressin 
for enuresis. BMJ, 1989. 298(6688):1596-7. 

191. Janknegt, R.A. and A.J. Smans, Treatment with 
desmopressin in severe nocturnal enuresis in 
childhood. Br J Urol, 1990. 66(5): 535-7. 

192. Knudsen, U.B., et al., Long-term treatment of 
nocturnal enuresis with desmopressin. A fol-
low-up study. Urol Res, 1991. 19(4): p. 237-40. 

193. Lackgren, G., et al., Desmopressin in the treat-
ment of severe nocturnal enuresis in adoles-
cents--a 7-year follow-up study. Br J Urol, 
1998. 81 Suppl 3: 17-23. 

194. Glazener, C.M. and J.H. Evans, Desmopressin 
for nocturnal enuresis in children. Cochrane 
Database Syst Rev, 2002(3): CD002112. 

195. Van de Walle, J., C. Van Herzeele, and A. 
Raes, Is there still a role for desmopressin in 
children with primary monosymptomatic noctur-
nal enuresis?: a focus on safety issues. Drug 
safety : an international journal of medical toxi-
cology and drug experience, 2010. 33(4): 261-
71. 

196. Vande Walle, J., et al., Desmopressin 30 years 
in clinical use: a safety review. Curr Drug Saf, 
2007. 2(3): 232-8. 

197. Vande Walle, J.G., et al., A new fast-melting 
oral formulation of desmopressin: a pharmaco-
dynamic study in children with primary noctur-
nal enuresis. BJU Int, 2006. 97(3): 603-9. 

198. Robson, W.L., Clinical practice. Evaluation and 
management of enuresis. N Engl J Med, 2009. 
360(14):1429-36. 

199. De Guchtenaere, A., et al., Oral lyophylizate 
formulation of desmopressin: superior pharma-
codynamics compared to tablet due to low food 
interaction. The Journal of urology, 2011. 
185(6):2308-13. 

200. De Bruyne, P., et al., Pharmacokinetics of 
desmopressin administered as tablet and oral 
lyophilisate formulation in children with mono-
symptomatic nocturnal enuresis. Eur J Pediatr, 
2014. 173(2):223-8. 

201. Lottmann, H., et al., A randomised comparison 
of oral desmopressin lyophilisate (MELT) and 
tablet formulations in children and adolescents 
with primary nocturnal enuresis. Int J Clin 
Pract, 2007. 61(9):1454-60. 

202. Osterberg, O., et al., Pharmacokinetics of 
desmopressin administrated as an oral lyophi-
lisate dosage form in children with primary noc-
turnal enuresis and healthy adults. J Clin Phar-
macol, 2006. 46(10):1204-11. 

203. Neveus, T., et al., Desmopressin resistant enu-
resis: pathogenetic and therapeutic considera-
tions. J Urol, 1999. 162(6):2136-40. 

204. Dehoorne, J.L., et al., Desmopressin toxicity 
due to prolonged half-life in 18 patients with 
nocturnal enuresis. The Journal of urology, 
2006. 176(2): 754-7; discussion 757-8. 

205. Hunsballe, J.M., et al., The efficacy of DDAVP 
is related to the circadian rhythm of urine output 
in patients with persisting nocturnal enuresis. 
Clin Endocrinol (Oxf), 1998. 49(6):793-801. 

206. Hjalmas, K., et al., Long-term treatment with 
desmopressin in children with primary mono-
symptomatic nocturnal enuresis: an open mul-
ticentre study. Swedish Enuresis Trial 
(SWEET) Group. Br J Urol, 1998. 82(5): 704-9. 

207. Glazener, C.M. and J.H. Evans, Desmopressin 
for nocturnal enuresis in children. Cochrane da-
tabase of systematic reviews, 
2000(2):CD002112. 

208. Tullus, K., et al., Efficacy and safety during 
long-term treatment of primary monosympto-
matic nocturnal enuresis with desmopressin. 
Swedish Enuresis Trial Group. Acta Paediatr, 
1999. 88(11):1274-8. 

209. Hjalmas, K. and B. Bengtsson, Efficacy, safety, 
and dosing of desmopressin for nocturnal enu-
resis in Europe. Clin Pediatr (Phila), 1993. 
Spec No:19-24. 

210. Kjoller, S.S., M. Hejl, and P.S. Pedersen, [Enu-
resis treated with minurin (DDAVP). A con-
trolled clinical study]. Ugeskr Laeger, 1984. 
146(43):3281-2. 



 

 
REFERENCES: CHILDREN WITH NIGHT TIME INCONTINENCE  1061 

 

211. Butler, R.J., P. Holland, and J. Robinson, Ex-
amination of the structured withdrawal program 
to prevent relapse of nocturnal enuresis. J Urol, 
2001. 166(6):2463-6. 

212. De Bruyne, E., et al., Problem behavior, paren-
tal stress and enuresis. The Journal of urology, 
2009. 182(4 Suppl): 2015-20. 

213. Juul, K.V., et al., Desmopressin melt improves 
response and compliance compared with tablet 
in treatment of primary monosymptomatic noc-
turnal enuresis. Eur J Pediatr, 2013. 
172(9):1235-42. 

214. Rushton, H.G., et al., Predictors of response to 
desmopressin in children and adolescents with 
monosymptomatic nocturnal enuresis. Scand J 
Urol Nephrol Suppl, 1995. 173:109-10; discus-
sion 110-1. 

215. Rushton, H.G., et al., The influence of small 
functional bladder capacity and other predictors 
on the response to desmopressin in the man-
agement of monosymptomatic nocturnal enu-
resis. J Urol, 1996. 156(2 Pt 2):651-5. 

216. Lottmann, H., et al., Long-term desmopressin 
response in primary nocturnal enuresis: open-
label, multinational study. International journal 
of clinical practice, 2009. 63(1):35-45. 

217. Rittig, S., U.B. Knudsen, and S. Sorensen, 
Longterm doubleblind crossover study of 
DDAVP intranasal spray in the management of 
nocturnal enuresis., in Desmopresin in noctur-
nal enuresis. 1989, Horus Medical Publica-
tions. 

218. Marschall-Kehrel, D., T.W. Harms, and G. En-
uresis Algorithm of Marschall Survey, Struc-
tured desmopressin withdrawal improves re-
sponse and treatment outcome for monosymp-
tomatic enuretic children. J Urol, 2009. 182(4 
Suppl): 2022-6. 

219. Robson, W.L. and A.K. Leung, Hyponatraemia 
following desmopressin. BMJ, 1993. 
307(6895): 64-5. 

220. Robson, W.L. and A.K. Leung, Hyponatremia in 
children treated with desmopressin. Arch Pedi-
atr Adolesc Med, 1998. 152(9):930-1. 

221. Robson, W.L., Water intoxication in patients 
treated with desmopressin. Pharmacotherapy, 
1996. 16(5):969-70. 

222. Hjalmas, K., SWEET, the Swedish Enuresis 
Trial. Scand J Urol Nephrol Suppl, 1995. 
173:89-92; discussion 93. 

223. Kruse, S., et al., Treatment of primary mono-
symptomatic nocturnal enuresis with desmo-
pressin: predictive factors. BJU Int, 2001. 
88(6):572-6. 

224. Wolfish, N.M., et al., The Canadian Enuresis 
Study and Evaluation--short- and long-term 
safety and efficacy of an oral desmopressin 
preparation. Scand J Urol Nephrol, 2003. 37(1): 
22-7. 

225. Lebl, J., et al., Cerebral oedema in enuretic 
children during low-dose desmopressin treat-
ment: a preventable complication. Eur J Pedi-
atr, 2001. 160(3): 159-62. 

226. Odeh, M. and A. Oliven, Coma and seizures 
due to severe hyponatremia and water intoxi-
cation in an adult with intranasal desmopressin 
therapy for nocturnal enuresis. J Clin Pharma-
col, 2001. 41(5): 582-4. 

227. Apakama, D.C. and A. Bleetman, Hypo-
natraemic convulsion secondary to desmo-
pressin treatment for primary enuresis. J Accid 
Emerg Med, 1999. 16(3): 229-30. 

228. Sharma, R. and D. Stein, Hyponatremia after 
desmopressin (DDAVP) use in pediatric pa-
tients with bleeding disorders undergoing sur-
geries. J Pediatr Hematol Oncol, 2014. 
36(6):371-5. 

229. Yaouyanc, G., et al., Seizure with hypo-
natremia in a child prescribed desmopressin for 
nocturnal enuresis. J Toxicol Clin Toxicol, 
1992. 30(4):637-41. 

230. Kallio, J., et al., Severe hyponatremia caused 
by intranasal desmopressin for nocturnal enu-
resis. Acta Paediatr, 1993. 82(10): 881-2. 

231. Lucchini, B., et al., Severe signs of hypo-
natremia secondary to desmopressin treatment 
for enuresis: a systematic review. J Pediatr 
Urol, 2013. 9(6 Pt B): 1049-53. 

232. Van Kampen, M., et al., Long-term efficacy and 
predictive factors of full spectrum therapy for 
nocturnal enuresis. J Urol, 2004. 171(6 Pt 2): 
2599-602; discussion 2602. 

233. Bradbury, M.G. and S.R. Meadow, Combined 
treatment with enuresis alarm and desmopres-
sin for nocturnal enuresis. Acta Paediatr, 1995. 
84(9):1014-8. 

234. Kamperis, K., et al., Combination of the enure-
sis alarm and desmopressin: second line treat-
ment for nocturnal enuresis. The Journal of 
urology, 2008. 179(3):1128-31. 

235. Sukhai, R.N., J. Mol, and A.S. Harris, Com-
bined therapy of enuresis alarm and desmo-
pressin in the treatment of nocturnal enuresis. 
Eur J Pediatr, 1989. 148(5): 465-7. 

236. Onol, F.F., et al., Comparison of long-term effi-
cacy of desmopressin lyophilisate and enuretic 
alarm for monosymptomatic enuresis and as-
sessment of predictive factors for success: a 
randomized prospective trial. J Urol, 2015. 
193(2): 655-61. 



 

 
1062  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

237. Leebeek-Groenewegen, A., et al., Efficacy of 
desmopressin combined with alarm therapy for 
monosymptomatic nocturnal enuresis. J Urol, 
2001. 166(6):2456-8. 

238. Van Kampen, M., et al., High initial efficacy of 
full-spectrum therapy for nocturnal enuresis in 
children and adolescents. BJU Int, 2002. 90(1): 
84-7. 

239. Bradbury, M., Combination therapy for noctur-
nal enuresis with desmopressin and an alarm 
device. Scand J Urol Nephrol Suppl, 1997. 183: 
61-3. 

240. Fai-Ngo Ng, C., S.N. Wong, and G. Hong Kong 
Childhood Enuresis Study, Comparing alarms, 
desmopressin, and combined treatment in Chi-
nese enuretic children. Pediatr Nephrol, 2005. 
20(2):163-9. 

241. Gibb, S., et al., Evidence against a synergistic 
effect of desmopressin with conditioning in the 
treatment of nocturnal enuresis. J Pediatr, 
2004. 144(3):351-7. 

242. Yeung, C.K., et al., Urodynamic findings in 
adults with primary nocturnal enuresis. J Urol, 
2004. 171(6 Pt 2): 2595-8. 

243. Neveus, T., Oxybutynin, desmopressin and en-
uresis. J Urol, 2001. 166(6): 2459-62. 

244. Kosar, A., N. Arikan, and C. Dincel, Effective-
ness of oxybutynin hydrochloride in the treat-
ment of enuresis nocturna--a clinical and uro-
dynamic study. Scand J Urol Nephrol, 1999. 
33(2): 115-8. 

245. Nijman, R.J., Role of antimuscarinics in the 
treatment of nonneurogenic daytime urinary in-
continence in children. Urology, 2004. 63(3 
Suppl 1): 45-50. 

246. Nijman, R.J., Paediatric voiding dysfunction 
and enuresis. Curr Opin Urol, 2000. 10(5): 365-
70. 

247. Tahmaz, L., et al., Combination therapy of imi-
pramine with oxybutynin in children with enure-
sis nocturna. Urol Int, 2000. 65(3): 135-9. 

248. Geller, B., et al., Critical review of tricyclic anti-
depressant use in children and adolescents. J 
Am Acad Child Adolesc Psychiatry, 1999. 
38(5): 513-6. 

249. Glazener, C.M. and J.H. Evans, Tricyclic and 
related drugs for nocturnal enuresis in children. 
Cochrane database of systematic reviews, 
2000(3): CD002117. 

250. Gepertz, S. and T. Neveus, Imipramine for ther-
apy resistant enuresis: a retrospective evalua-
tion. J Urol, 2004. 171(6 Pt 2):2607-10; discus-
sion 2609-10. 

251. Glazener, C.M. and J.H. Evans, Drugs for noc-
turnal enuresis in children (other than desmo-
pressin and tricyclics). Cochrane database of 
systematic reviews, 2000(3): CD002238. 

252. Al-Waili, N.S., Diclofenac sodium in the treat-
ment of primary nocturnal enuresis: double-
blind crossover study. Clin Exp Pharmacol 
Physiol, 1986. 13(2): 139-42. 

253. al-Waili, N.S., Indomethacin suppository to 
treat primary nocturnal enuresis: double-blind 
study. J Urol, 1989. 142(5): 1290-2. 

254. Al-Waili, N.S., Carbamazepine to treat primary 
nocturnal enuresis: double-blind study. Eur J 
Med Res, 2000. 5(1): 40-4. 

255. Al-Waili, N.S., Increased urinary nitrite excre-
tion in primary enuresis: effects of indometha-
cin treatment on urinary and serum osmolality 
and electrolytes, urinary volumes and nitrite ex-
cretion. BJU Int, 2002. 90(3): 294-301. 

256. Al-Waili, N.S., et al., Effect of carbamazepine 
on urinary volume and osmolality, water clear-
ance, and serum osmolality in patients with pri-
mary enuresis. Eur Urol, 2006. 50(4): 844-9; 
discussion 849-50. 

257. Yuksek, M.S., et al., Acupressure versus oxy-
butinin in the treatment of enuresis. J Int Med 
Res, 2003. 31(6): 552-6. 

258. Bower, W.F., et al., Acupuncture for nocturnal 
enuresis in children: a systematic review and 
exploration of rationale. Neurourol Urodyn, 
2005. 24(3): 267-72. 

259. Glazener, C.M., J.H. Evans, and D.K. Cheuk, 
Complementary and miscellaneous interven-
tions for nocturnal enuresis in children. 
Cochrane database of systematic reviews, 
2005(2): CD005230. 

260. Libonate, J., S. Evans, and J.C. Tsao, Efficacy 
of acupuncture for health conditions in children: 
a review. TheScientificWorldJournal, 2008. 8: 
670-82. 

261. Bower, W.F. and M. Diao, Acupuncture as a 
treatment for nocturnal enuresis. Auton Neuro-
sci, 2010. 157(1-2): 63-7. 

262. Radvanska, E., et al., Effect of laser acupunc-
ture for monosymptomatic nocturnal enuresis 
on bladder reservoir function and nocturnal 
urine output. J Urology, 2011. 185(5): p. 1857-
61. 

263. Vande Walle, J. and S. Rittig, Voiding disor-
ders. Pediatric Kidney Disease Editors: Geary, 
Denis F, Schaefer, Franz (Eds.), 2016. 

264. Neveus, T., The dilemmas of refractory noctur-
nal enuresis. J Urol, 2008. 179(3): 817-8. 



 

 
REFERENCES: CHILDREN WITH BOTH DAY AND NIGHT TIME INCONTINENCE  1063 

 

265. Aubert, D., et al., [Isolated primary nocturnal 
enuresis: international evidence based man-
agement. Consensus recommendations by 
French expert group]. Prog Urol, 2010. 20(5): 
343-9. 

266. Rittig, S., et al., Effect of food intake on the 
pharmacokinetics and antidiuretic activity of 
oral desmopressin (DDAVP) in hydrated nor-
mal subjects. Clin Endocrinol (Oxf), 1998. 
48(2): 235-41. 

267. Kamperis, K., et al., Effect of indomethacin on 
desmopressin resistant nocturnal polyuria and 
nocturnal enuresis. J Urol, 2012. 188(5): 1915-
22. 

268. Kamperis, K., et al., Combination treatment of 
nocturnal enuresis with desmopressin and in-
domethacin. Pediatr Nephrol, 2017. 32(4): 627-
633. 

269. Kamperis, K., et al., The effect of desmopressin 
on renal water and solute handling in desmo-
pressin resistant monosymptomatic nocturnal 
enuresis. The Journal of urology, 2008. 180(2): 
707-13; discussion 713-4. 

270. Kamperis, K., et al., The circadian rhythm of 
urine production, and urinary vasopressin and 
prostaglandin E2 excretion in healthy children. 
J Urol, 2004. 171(6 Pt 2): 2571-5. 

271. Neveus, T., E. Johansson, and S. Hansson, Di-
uretic treatment of nocturnal enuresis: prelimi-
nary results of an open pilot study. J Urol, 2004. 
171(6 Pt 2): 2584-5. 

272. Neveus, T., et al., Diuretic treatment of noctur-
nal enuresis. Scand J Urol Nephrol, 2005. 
39(6): 474-8. 

273. Merks, B.T., et al., Melatonin treatment in chil-
dren with therapy-resistant monosymptomatic 
nocturnal enuresis. J Pediatr Urol, 2012. 8(4): 
416-20. 

274. Thottam, P.J., et al., Sleep architecture param-
eters that predict postoperative resolution of 
nocturnal enuresis in children with obstructive 
sleep apnea. Ann Otol Rhinol Laryngol, 2013. 
122(11): 690-4. 

275. Neveus, T., et al., Respiration during sleep in 
children with therapy-resistant enuresis. Acta 
Paediatr, 2014. 103(3): 300-4. 

276. Neveus, T., et al., Orthodontic widening of the 
palate may provide a cure for selected children 
with therapy-resistant enuresis. Acta Paediatr, 
2014. 

277. Aceto, G., et al., Enuresis subtypes based on 
nocturnal hypercalciuria: a multicenter study. J 
Urol, 2003. 170(4 Pt 2): 1670-3. 

278. Raes, A., et al., Hypercalciuria is related to os-
molar excretion in children with nocturnal enu-
resis. The Journal of urology, 2010. 183(1): 
297-301. 

 CHILDREN WITH BOTH DAY 
AND NIGHT TIME INCONTINENCE 

1. DasGupta R, Kavia RB, Fowler CJ.Cerebral 
mechanisms and voiding function. BJU Int. 
2007 Apr;99(4):731-4 

2. de Groat WC, Griffiths D, Yoshimura N. Neural 
control of the lower urinary tract. Compr Phys-
iol. 2015 Jan;5(1):327-96. 

3. Franco, I., Detrusor overactivity in children. 
Part 1: Pathophysiology. J Urol, 2007 178(3 Pt 
1): 761-8; discussion 768. 

4. Niemczyk J, Equit M, Hoffmann L, von Gontard 
AJ. Incontinence in children with treated atten-
tion-deficit/hyperactivity disorder. Pediatr Urol. 
2015 Jun;11(3):141. 1-6 

5. von Gontard A, Equit M. Comorbidity of ADHD 
and incontinence in children. Eur Child Adolesc 
Psychiatry. 2015 Feb;24(2):127-40. 

6. Franco I. New ideas in the cause of bladder 
dysfunction in children. Curr Op Urol. 2011; 21: 
334-338 

7. Jeffcoate, T.N. and W.J. Francis, Urgency in-
continence in the female. Am J Obstet Gynecol, 
1966. 94(5): 604-18. 

8. Straub, L.R., H.S. Ripley, and S. Wolf, Disturb-
ances of bladder function associated with emo-
tional states. J Am Med Assoc, 1949. 141(16): 
1139-43. 

9. Kiddoo DA. Toilet training children: when to 
start and how to train. CMAJ. 2012 Mar 
20;184(5):511-2 

10. Bakker E, Van Gool JD, Van Sprundel M, Van 
Der Auwera C, Wyndaele JJ. Results of a ques-
tionnaire evaluating the effects of different 
methods of toilet training on achieving bladder 
control. BJU Int. 2002 Sep;90(4):456-61 

11. Austin PF, Bauer SB, Bower W, Chase J, 
Franco I, Hoebeke P, Rittig S, Walle JV, von 
Gontard A, Wright A, Yang SS, Nevéus T. The 
standardization of terminology of lower urinary 
tract function in children and adolescents: Up-
date report from the standardization committee 
of the International Children's Continence Soci-
ety. Neurourol Urodyn. 2016 Apr;35(4):471-81 

12. Hoebeke, P., et al., One thousand video-urody-
namic studies in children with non-neurogenic 
bladder sphincter dysfunction. BJU Int, 2001. 
87(6): 575-80. 



 

 
1064  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

13. Hjalmas, K., P.B. Hoebeke, and H. de Paepe, 
Lower urinary tract dysfunction and urodynam-
ics in children. Eur Urol, 2000. 38(5): 655-65. 

14. Jarvelin, M.R., et al., Enuresis in seven-year-
old children. Acta Paediatr Scand, 1988. 77(1): 
148-53. 

15. Bower, W.F., et al., The epidemiology of child-
hood enuresis in Australia. Br J Urol, 1996. 
78(4): 602-6. 

16. Bloom, D.A., et al., Toilet habits and continence 
in children: an opportunity sampling in search 
of normal parameters. J Urol, 1993. 149(5): 
1087-90. 

17. Mattsson, S., Urinary incontinence and nocturia 
in healthy schoolchildren. Acta Paediatr, 1994. 
83(9): 950-4. 

18. Vaz GT, Vasconcelos MM, Oliveira EA, Fer-
reira AL, Magalhães PG, Silva FM, etal. Preva-
lence of lower urinary tract symptoms in school-
age children.Pediatr Nephrol. 2011 

19. Sureshkumar, P., et al., Daytime urinary incon-
tinence in primary school children: a popula-
tion-based survey. J Pediatr, 2000. 137(6): 
814-8. 

20. Sureshkumar P, Jones M, Cumming R, Craig J. 
A population based study of 2,856 schol-age 
children with urinary incontinence. J Urol 2009; 
181: 808-815; discussion 815-816 

21. Chung JM, Lee SD, Kang DI, Kwon DD, Kim 
KS, Kim SY, Kim HG, Moon du G, Park KH, 
Park YH, Pai KS, Suh HJ, Lee JW, Cho WY, Ha 
TS, Han SW; Korean Enuresis Association. 
Prevalence and associated factors of overac-
tive bladder in Korean children 5-13 years old: 
a nationwide multicenter study. Urology. 
2009;73(1): 63-7; discussion 68-9 

22. Hellstrom, A.L., et al., Micturition habits and in-
continence in 7-year-old Swedish school en-
trants. Eur J Pediatr, 1990. 149(6): 434-7. 

23. Himsl, K.K. and R.S. Hurwitz, Pediatric urinary 
incontinence. Urol Clin North Am, 1991. 18(2): 
283-93. 

24. Rugolotto, S., et al., Toilet training started dur-
ing the first year of life: a report on elimination 
signals, stool toileting refusal and completion 
age. Minerva Pediatr, 2008. 60(1): 27-35. 

25. Kyrklund K, Taskinen S, Rintala RJ, Pakarinen 
MP. Lower urinary tract symptoms from child-
hood to adulthood: a population based study of 
594 Finnish individuals 4 to 26 years old. J Urol. 
2012 Aug;188(2):588-93 

26. Mota, D.M. and A.J. Barros, Toilet training: 
methods, parental expectations and associated 
dysfunctions. J Pediatr (Rio J), 2008. 84(1): 9-
17. 

27. Koc, I., et al., Toilet training in Turkey: the fac-
tors that affect timing and duration in different 
sociocultural groups. Child Care Health Dev, 
2008. 

28. Tarhan H, Çakmak Ö, Akarken İ, Ekin RG, Ün 
S, Uzelli D, Helvacı M, Aksu N,Yavaşcan Ö, 
Mutlubaş Özsan F, Cun S, Koç F, Özkarakaş 
Ö,İlbey YÖ, Zorlu F. Toilet training age and in-
fluencing factors: a multicenter study. Turk J 
Pediatr. 2015 Mar-Apr;57(2):172-6. 

29. Joinson C, Heron J, von Gontard A, Butler U, 
Emond A, Golding J. A prospectivestudy of age 
at initiation of toilet training and subsequent 
daytime bladder control in school-age children. 
J Dev Behav Pediatr. 2009;30(5): 385-93. 

30. Yang SS, Zhao LL, Chang SJ. Early initiation of 
toilet training for urine was associated with 
early urinary continence and does not appear 
to be associated with bladder dysfunction. Neu-
rourol Urodyn. 2011; 30(7): 1253-7 

31. Hodges SJ, Richards KA, Gorbachinsky I, 
Krane LS. The association of age of toilet train-
ing and dysfunctional voiding. Res Rep Urol. 
2014 Oct 3;6:127-30. 

32. Da Fonseca EM, Santana PG, Gomes FA, 
Bastos MD. Dysfunction elimination syndrome: 
Is age at toilet training a determinant? J Pediatr 
Urol.2011; 7(3):332-5. 

33. Swithinbank, L.V., et al., The natural history of 
urinary symptoms during adolescence. Br J 
Urol, 1998. 81 Suppl 3: 90-3. 

34. Soderstrom, U., et al., Urinary and faecal incon-
tinence: a population-based study. Acta Paedi-
atr, 2004. 93(3): 386-9. 

35. Bower WF et al: Nocturnal enuresis in adoles-
cents and adults is associated with childhood 
elimination symptoms. J Urol 2006; 176(4 Pt 
2):1771-5. 

36. Bower, W.F., S.K. Yip, and C.K. Yeung, Dys-
functional elimination symptoms in childhood 
and adulthood. J Urol, 2005. 174(4 Pt 2): 1623-
7; discussion 1627-8. 

37. Minassian VA et al: Effect of childhood dysfunc-
tional voiding on urinary incontinence in adult 
women. Obstetrics & Gynaecology 2006; 
107(6): 1247- 51. 

38. Yildirim A, Uluocak N, Atilgan D, Ozcetin M, Er-
demir F, Boztepe O. Evaluation of lower urinary 
tract symptoms in children exposed to sexual 
abuse. Urol J. 2011;8(1):38-42. 

39. P. Hoebeke, W. Bower, A. Combs, T. De Jong, 
S. Yang. Diagnostic evaluation of children with 
daytime incontinence. J Urol 2010; 183: 699-
703. 



 

 
REFERENCES: CHILDREN WITH BOTH DAY AND NIGHT TIME INCONTINENCE  1065 

 

40. Chang SJ, Van Laecke E, Bauer SB, von Gon-
tard A, Bagli D, Bower WF, Renson C, Kawau-
chi A, Yang SS. Treatment of daytime urinary 
incontinence: A standardization document from 
the International Children's Continence Soci-
ety. Neurourol Urodyn. 2015 Oct 16:183(4), 
1296-1302. 

41. von Gontard A, Baeyens D, Van Hoecke E, 
Warzak WJ, Bachmann C. Psychological and 
psychiatric issues in urinary and fecal inconti-
nence. J Urol. 2011; 185(4):1432-6 

42. Pfister, C., et al., The usefulness of a minimal 
urodynamic evaluation and pelvic floor biofeed-
back in children with chronic voiding dysfunc-
tion. BJU Int, 1999. 84(9): 1054-7. 

43. Parekh, D.J., et al., The use of radiography, 
urodynamic studies and cystoscopy in the eval-
uation of voiding dysfunction. J Urol, 2001. 
165(1): 215-8. 

44. Schewe, J., F.H. Brands, and J. Pannek, Void-
ing dysfunction in children: role of urodynamic 
studies. Urol Int, 2002. 69(4): 297-301. 

45. Soygur, T., et al., The role of vide-urodynamic 
studies in managing non-neurogenic voiding 
dysfunction in children. BJU Int, 2004. 93(6): 
841-3. 

46. Bauer SB, Nijman RJ, Drzewiecki BA, Sillen U, 
Hoebeke P; International Children's Conti-
nence Society Standardization Subcommittee. 
International Children's Continence Society 
standardization report on urodynamic studies 
of the lower urinary tract in children. Neurourol 
Urodyn. 2015 Sep;34(7):640-7. 

47. Kuh, D., L. Cardozo, and R. Hardy, Urinary in-
continence in middle aged women: childhood 
enuresis and other lifetime risk factors in a Brit-
ish prospective cohort. J Epidemiol Community 
Health, 1999. 53(8): 453-8. 

48. Koff, S.A., J. Lapides, and D.H. Piazza, Asso-
ciation of urinary tract infection and reflux with 
uninhibited bladder contractions and voluntary 
sphincteric obstruction. J Urol, 1979. 122(3): 
373-6. 

49. Scholtmeijer, R.J. and D.J. Griffiths, The role of 
videourodynamic studies in diagnosis and 
treatment of vesicoureteral reflux. J Pediatr 
Surg, 1990. 25(6): 669-71. 

50. Soygur, T., et al., Relationship among pediatric 
voiding dysfunction and vesicoureteral reflux 
and renal scars. Urology, 1999. 54(5): 905-8. 

51. Sillen, U., et al., Pronounced detrusor hy-
percontractility in infants with gross bilateral re-
flux. J Urol, 1992. 148(2 Pt 2): 598-9. 

52. van Gool, J.D. and G.A. de Jonge, Urge syn-
drome and urge incontinence. Arch Dis Child, 
1989. 64(11): 1629-34. 

53. Vega, P.J. and L.A. Pascual, High-pressure 
bladder: an underlying factor mediating renal 
damage in the absence of reflux? BJU Int, 
2001. 87(6): 581-4. 

54. Lindehall, B., et al., Effect of clean intermittent 
catheterisation on radiological appearance 
ofthe upper urinary tract in children with mye-
lomeningocele. Br J Urol, 1991. 67(4): 415-9. 

55. Koff, S.A., T.T. Wagner, and V.R. Jayanthi, The 
relationship among dysfunctional elimination 
syndromes, primary vesicoureteral reflux and 
urinary tract infections in children. J Urol, 1998. 
160(3 Pt 2): 1019-22. 

56. McGrath, K.H., P.H. Caldwell, and M.P. Jones, 
The frequency of constipation in children with 
nocturnal enuresis: a comparison with parental 
reporting. J Paediatr Child Health, 2008. 44(1-
2): 19-27. 

57. Bael, A.M., et al., Functional urinary and fecal 
incontinence in neurologically normal children: 
symptoms of one 'functional elimination disor-
der'? BJU Int, 2007. 99(2): 407-12. 

58. van Gool, J.D., M.A. Vijverberg, and T.P. de 
Jong, Functional daytime incontinence: clinical 
and urodynamic assessment. Scand J Urol 
Nephrol Suppl, 1992. 141: 58-69. 

59. Hansson, S., et al., Lower urinary tract dysfunc-
tion in girls with untreated asymptomatic or cov-
ert bacteriuria. J Urol, 1990. 143(2): 333-5. 

60. van Gool, J.D., et al., Bladder-sphincter dys-
function, urinary infection and vesico-ureteral 
reflux with special reference to cognitive blad-
der training. Contrib Nephrol, 1984. 39: 190-
210. 

61. Bachelard, M., et al., Urodynamic pattern in in-
fants with urinary tract infection. J Urol, 1998. 
160(2): 522-6. 

62. Rushton, H.G. and M. Majd, Dimercaptosuc-
cinic acid renal scintigraphy for the evaluation 
of pyelonephritis and scarring: a review of ex-
perimental and clinical studies. J Urol, 1992. 
148(5 Pt 2): 1726-32. 

63. Wennergren, H.M., B.E. Oberg, and P. Sand-
stedt, The importance of leg support for relaxa-
tion of the pelvic floor muscles. A surface elec-
tromyograph study in healthy girls. Scand J 
Urol Nephrol, 1991. 25(3): 205-13. 

64. Varlam, D.E. and J. Dippell, Non-neurogenic 
bladder and chronic renal insufficiency in child-
hood. Pediatr Nephrol, 1995. 9(1): 1-5. 

65. van Gool, J.D., et al., Functional daytime incon-
tinence: non-pharmacological treatment. 
Scand J Urol Nephrol Suppl, 1992. 141: 93-
103. 



 

 
1066  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

66. Hjalmas, K., G. Passerini-Glazel, and M.L. Chi-
ozza, Functional daytime incontinence: phar-
macological treatment. Scand J Urol Nephrol 
Suppl, 1992. 141:108-14. 

67. Ural, Z., I. Ulman, and A. Avanoglu, Bladder dy-
namics and vesicoureteral reflux: factors asso-
ciated with idiopathic lower urinary tract dys-
function in children. J Urol, 2008. 179(4): 1564-
7. 

68. Lopes I, Veiga ML, Braga AA, Brasil CA, Hoff-
mann A, Barroso U Jr. A two- day bladder diary 
for children: Is it enough? J Pediatr Urol. 2015 
Dec;11(6):348,1-4 

69. von Gontard A, Niemczyk J, Weber M, Equit M. 
Specific behavioral comorbidity in a large sam-
ple of children with functional incontinence: Re-
port of 1,001 cases. Neurourol Urodyn. 2015 
Nov;34(8):763-8. 

70. Franco, I., Pediatric detrusor overactivity syn-
drome: pathophysiology and management. 
Paediatr Drugs, 2007. 9(6): 379-90. 

71. Hoebeke, P., et al., Pelvic floor spasms in chil-
dren: an unknown condition responding well to 
pelvic floor therapy. Eur Urol, 2004. 46(5): 651-
4; discussion 654. 

72. Loening-Baucke, V., Urinary incontinence and 
urinary tract infection and their resolution with 
treatment of chronic constipation of childhood. 
Pediatrics, 1997. 100(2 Pt 1): 228-32. 

73. Bower, W.F., S.K. Yip, and C.K. Yeung, Dys-
functional elimination symptoms in childhood 
and adulthood. J Urol, 2005. 174(4 Pt 2): 1623-
7. 

74. van Gool, J.D., et al., Historical clues to the 
complex of dysfunctional voiding, urinary tract 
infection and vesicoureteral reflux. The Interna-
tional Reflux Study in Children. J Urol, 1992. 
148(5 Pt 2): 1699-702. 

75. Koff, S.A., Relationship between dysfunctional 
voiding and reflux. J Urol, 1992.148(5 Pt 2): 
1703-5. 

76. Abidari, J.M. and L.M. Shortliffe, Urinary incon-
tinence in girls. Urol Clin North Am, 2002. 29(3): 
661-75. 

77. Ellsworth, P.I., P.A. Merguerian, and M.E. 
Copening, Sexual abuse: another causative 
factor in dysfunctional voiding. J Urol, 1995. 
153(3 Pt 1): 773-6. 

78. Cooper, C.S., et al., Do public schools teach 
voiding dysfunction? Results of an elementary 
school teacher survey. J Urol, 2003. 170(3): 
956-8. 

79. Hoebeke, P., et al., Anomalies of the external 
urethral meatus in girls with non-neurogenic 
bladder sphincter dysfunction. BJU Int, 1999. 
83(3): 294-8. 

80. Glazier, D.B., et al., Evaluation of the utility of 
video-urodynamics in children with urinary tract 
infection and voiding dysfunction. Br J Urol, 
1997. 80(5): 806-8. 

81. Vereecken, R.L. and W. Proesmans, Urethral 
instability as an important element of dysfunc-
tional voiding. J Urol, 2000. 163(2): 585-8. 

82. Everaert, K., et al., Urodynamic assessment of 
voiding dysfunction and dysfunctional voiding 
in girls and women. Int Urogynecol J Pelvic 
Floor Dysfunct, 2000. 11(4): 254-64. 

83. Chiozza, M.L., Dysfunctional voiding. Pediatr 
Med Chir, 2002. 24(2): p. 137- 40. 

84. Benoit, R.M., et al., The effect of dysfunctional 
voiding on the costs of treating vesicoureteral 
reflux: a computer model. J Urol, 2002. 168(5): 
2173-6; discussion 2176. 

85. Duel, B.P., et al., A survey of voiding dysfunc-
tion in children with attention deficit-hyperactiv-
ity disorder. J Urol, 2003. 170(4 Pt 2): 1521-3; 
discussion 1523-4. 

86. Hellerstein, S. and J.S. Linebarger, Voiding 
dysfunction in pediatric patients. Clin Pediatr 
(Phila), 2003. 42(1): 43-9. 

87. Mazzola, B.L., et al., Behavioral and functional 
abnormalities linked with recurrent urinary tract 
infections in girls. J Nephrol, 2003. 16(1): 133-
8. 

88. Upadhyay, J., et al., Use of the dysfunctional 
voiding symptom score to predict resolution of 
vesicoureteral reflux in children with voiding 
dysfunction. J Urol, 2003. 169(5): 1842-6; dis-
cussion 1846; author reply 1846. 

89. Lettgen, B., et al., Urge incontinence and void-
ing postponement in children: somatic and psy-
chosocial factors. Acta Paediatr, 2002. 91(9): 
978-84. 

90. von Gontard A, Niemczyk J, Wagner C, Equit 
(2106b). Voiding postponement in children – a 
systematic review. Eur Child Adolesc Psychia-
try. 2016 Aug;25(8):809-20. 

91. Maizels, M., et al., Diagnosis and treatment for 
children who cannot control urination. Curr 
Probl Pediatr, 1993. 23(10): 402-50. 

92. Arena, M.G., et al., "Enuresis risoria": evalua-
tion and management. Funct Neurol, 1987. 
2(4): 579-82. 

93. Glahn, B.E., Giggle incontinence (enuresis ri-
soria). A study and an aetiological hypothesis. 
Br J Urol, 1979. 51(5): 363-6. 



 

 
REFERENCES: CHILDREN WITH BOTH DAY AND NIGHT TIME INCONTINENCE  1067 

 

94. Sher, P.K. and Y. Reinberg, Successful treat-
ment of giggle incontinence with methylpheni-
date. J Urol, 1996. 156(2 Pt 2): 656-8. 

95. Richardson I, Palmer S. Successful treatment 
for giggle incontinence with biofeedback, J Urol 
2009; 182, 2062-2066 

96. Berry AK, Zderic S, Carr M. Methylphenidate 
for giggle incontinence. J Urol. 2009;182(4 
Suppl): 2028-32. 

97. Elzinga-Plomp, A., et al., Treatment of enuresis 
risoria in children by self-administered electric 
and imaginary shock. Br J Urol, 1995. 76(6): 
775-8. 

98. Chandra, M., et al., Giggle incontinence in chil-
dren: a manifestation of detrusor instability. J 
Urol, 2002. 168(5): p. 2184-7. 

99. Mattsson, S. and G. Gladh, Urethrovaginal re-
flux--a common cause of daytime incontinence 
in girls. Pediatrics, 2003. 111(1): 136-9. 

100. Chase, J.W., et al., Functional constipation in 
children. J Urol, 2004. 171: 2641-3. 

101. Chen, J.J., et al., A multivariate analysis of dys-
functional elimination syndrome, and its rela-
tionships with gender, urinary tract infection 
and vesicoureteral reflux in children. J Urol, 
2004. 17(5): 1907-10. 

102. Shaikh, N., et al., Dysfunctional elimination 
syndrome: is it related to urinary tract infection 
or vesicoureteral reflux diagnosed early in life? 
Pediatrics, 2003. 112(5): 1134-7. 

103. Mingin, G.C., et al., Children with a febrile uri-
nary tract infection and a negative radiologic 
workup: factors predictive of recurrence. Urol-
ogy, 2004. 63(3): 562-5. 

104. Sampaio C, Sousa AS, Fraga LG, Veiga ML, 
Bastos Netto JM, Barroso U Jr. Constipation 
and Lower Urinary Tract Dysfunction in Chil-
dren and Adolescents: A Population-Based 
Study. Front Pediatr. 2016 Oct 3;4:101 

105. Burgers RE, Mugie SM, Chase J, Cooper CS, 
von Gontard A, Siggard Rittig C, Homsy Y, 
Benninga M: Management of functional bowel 
disorders in children: Report from the standard-
isation committee of the international Children’s 
Continence Society. Journal of Urology, 190, 
29-36, 2013 

106. Koppen IJH, von Gontard A, Chase J, Cooper 
CS, Rittig CS, Bauer SB, Homsy Y, Yang SS, 
Benninga MA. Management of functional non-
retentive fecal incontinence in children; Report 
from the Standardization Committee of the In-
ternational Children’s Continence Society. J 
Ped Urol, 2016; 12(1): 56-64 

107. Tokgoz, H., et al., Assessment of urinary symp-
toms in children with dysfunctional elimination 
syndrome. Int Urol Nephrol, 2007. 39(2): 425-
36. 

108. Erickson, B.A., et al., Polyethylene glycol 3350 
for constipation in children with dysfunctional 
elimination. J Urol, 2003. 170(4 Pt 2): 1518-20. 

109. Desantis DJ, Leonard MP, Preston MA, Bar-
rowman NJ, Guerra LA. Effectiveness of bio-
feedback for dysfunctional elimination syn-
drome in pediatrics: A systematic review. J Pe-
diatr Urol. 2011; 7(3): 342-8 

110. Cigna, R.M., et al., [Enuresis in children. Diag-
nostic assessment and treatment]. Minerva Pe-
diatr, 1989. 41(7): 371-3. 

111. Hellstrom, A.L., K. Hjalmas, and U. Jodal, Re-
habilitation of the dysfunctional bladder in chil-
dren: method and 3-year followup. J Urol, 1987. 
138(4): 847-9. 

112. Hinman, F., Urinary tract damage in children 
who wet. Pediatrics, 1974. 54(2): 143-50. 

113. Halliday, S., S.R. Meadow, and I. Berg, Suc-
cessful management of daytime enuresis using 
alarm procedures: a randomly controlled trial. 
Arch Dis Child, 1987. 62(2): 132-7. 

114. Hagstroem, S., et al., Treatment outcome of 
day-time urinary incontinence in children. 
Scand J Urol Nephrol, 2008: 1-6. 

115. Hagstroem, S., Rittig, S., Kamperis, K., & 
Djurhuus, J. C. Timer watch assisted urother-
apy in children: a randomised controlled trial. J 
Urology, 184(4), 1482-88 

116. Vasconcelos, M., et al., Voiding dysfunction in 
children. Pelvic-floor exercises or biofeedback 
therapy: a randomised study. Pediatr Nephrol, 
2006. 21(12):1858-64. 

117. Allen, H.A., et al., Initial trial of timed voiding is 
warranted for all children with daytime inconti-
nence. Urology, 2007. 69(5): 962-5. 

118. Hoebeke P, Renson C, De Schryver M, De 
Schrijver L, Leenaerts E, Schoenaers A, et al. 
Prospective evaluation of clinical voiding reed-
ucation or voiding school for lower urinary tract 
conditions in children. J Urol. 2011;186: 648-
54. 

119. Vijverberg, M. A., Stortelder, E., de Kort, L. M., 
Kok, E. T., & de Jong, T. P. Long-term Follow-
up of Incontinence and Urge Complaints After 
Intensive Urotherapy in Childhood (75 Patients 
Followed Up for 16.2-21.8 Years). Urology, 78: 
1391-1396. 



 

 
1068  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

120. Chase J, Austin P, Hoebeke P, McKenna P . 
The management of dysfunctional voiding in 
children: a report from the standardisation com-
mittee of the International Children’s Conti-
nence Society. J Urol. 2010; 183: 1296-1302. 

121. Maizels, M., L.R. King, and C.F. Firlit, Urody-
namic biofeedback: a new approach to treat 
vesical sphincter dyssynergia. J Urol, 1979. 
122(2): 205-9. 

122. Norgaard, J.P. and J.C. Djurhuus, Treatment of 
detrusor-sphincter dyssynergia by bio-feed-
back. Urol Int, 1982. 37(4): 236-9. 

123. Vijverberg, M.A., et al., Bladder rehabilitation, 
the effect of a cognitive training programme on 
urge incontinence. Eur Urol, 1997. 31(1): 68-
72. 

124. Hoebeke, P., et al., Outpatient pelvic-floor ther-
apy in girls with daytime incontinence and dys-
functional voiding. Urology, 1996. 48(6): 923-7. 

125. McKenna, P.H., et al., Pelvic floor muscle re-
training for pediatric voiding dysfunction using 
interactive computer games. J Urol, 1999. 
162(3 Pt 2):1056-62. 

126. Herndon, C.D., M. Decambre, and P.H. 
McKenna, Interactive computer games for 
treatment of pelvic floor dysfunction. J Urol, 
2001. 166(5): 1893-8. 

127. Senior, J., Clean intermittent self-catheterisa-
tion and children. Br J Community Nurs, 2001. 
6(8): 381-6. 

128. Fishwick, J. and A. Gormley, Intermittent cath-
eterisation in school: a collaborative agree-
ment. Prof Nurse, 2004. 19(9): 519-22. 

129. Pohl, H.G., et al., The outcome of voiding dys-
function managed with clean intermittent cath-
eterisation in neurologically and anatomically 
normal children. BJU Int, 2002. 89(9): 923-7. 

130. Klingler, H.C., et al., Use of peripheral neuro-
modulation of the S3 region for treatment of de-
trusor overactivity: a urodynamic-based study. 
Urology, 2000. 56(5): 766-71. 

131. Primus, G., G. Kramer, and K. Pummer, Resto-
ration of micturition in patients with acontractile 
and hypocontractile detrusor by transurethral 
electrical bladder stimulation. Neurourol Uro-
dyn, 1996. 15(5): 489-97. 

132. Jonas, U., et al., Efficacy of sacral nerve stimu-
lation for urinary retention: results 18 months 
after implantation. J Urol, 2001. 165(1): 15-9. 

133. Barroso, U., Jr., Tourinho, R., Lordelo, P., Hoe-
beke, P., & Chase, J. (2011). Electrical stimu-
lation for lower urinary tract dysfunction in chil-
dren: A systematic review of the literature. Neu-
rourology and Urodynamics (in press). 

134. De Gennaro, M., Capitanucci, M., Mosiello, G., 
& Zaccara, A. (2011). Current State of Nerve 
Stimulation Technique for Lower Urinary Tract 
Dysfunction in Children J Urology, 185, 1571-
1577. 

135. Barroso, U., Jr., Hoebeke, P., Van Laeke, E., 
De Gennaro, M., Fox, J., & Chase, J. (2011). 
Electrical Stimulation for Lower Urinary Tract 
Dysfunction. Dialogues in Pediatric Urol-
ogy,2011:32(4) 

136. Veiga ML, Queiroz AP, Carvalho MC, Braga 
AA, Sousa AS, Barroso U Jr. Parasacral 
transcutaneous electrical stimulation for over-
active bladder in children: An assessment per 
session. J Pediatr Urol. 2016; 12:396.e1-396 

137. Clarke MC, Chase JW, Gibb S et al: Decreased 
colonic transit time after transcutaneous inter-
ferential electrical stimulation in children with 
slow transit constipation. J Pediatr Surg 2009; 
44: 408. 

138. Roth, T.J., et al., Sacral neuromodulation for 
the dysfunctional elimination syndrome: a sin-
gle center experience with 20 children. J Urol, 
2008. 180(1): 306-11. 

139. L.A. Groen, P. Hoebeke, N. Loret, et al.Sacral 
neuromodulation with an implantable pulse 
generator in children with lower urinary tract 
symptoms: 15-year experience J Urol, 188 (4) 
(2012), 1313–1317 

140. Haddad M, Besson R, Aubert D, Ravasse P, 
Lemelle J, El Ghoneimi A, Moscovici J, 
Hameury F, Baumstarck-Barrau K, Hery G, 
Guys JM. Sacral neuromodulation in children 
with urinary and fecal incontinence: a multicen-
ter, open label, randomised, crossover study. J 
Urol. 2010 Aug;184(2):696-701. 

141. Sillén U, Arwidsson C, Doroszkiewicz M, An-
tonsson H, Jansson I, Stålklint M, Abra-
hamsson K, Sjöström S. Effects of transcutane-
ous neuromodulation (TENS) on overactive 
bladder symptoms in children: a randomised 
controlled trial. J Pediatr Urol. 2014 
Dec;10(6):1100-5. 

142. Dwyer ME, Vandersteen DR, Hollatz P, et al. 
Sacral neuromodulation for the dysfuctional 
elimination syndrome: a 10-year single-center 
experience with 105 consecutive children Urol-
ogy, 84 (4) (2014), pp. 911–917 

143. Patidari N, Mittal V, Kumar M Transcutaneous 
posterior tibial nerve stimulation in pediatric 
overactive bladder, a preliminary report. J Ped 
Urol 2015, 11, 1-6 

144. Barroso U Jr., W. Viterbo W, Bittencourt J, Far-
ias T, Lordelo P. Posterior tibial nerve stimula-
tion vs parasacral transcutaneous neuromodu-
lation for overactive bladder in children J Urol, 
190 (2) (2013 Aug), pp. 673–677 



 

 
REFERENCES: CHILDREN WITH BOTH DAY AND NIGHT TIME INCONTINENCE  1069 

 

145. Yik YI, Leong LC, Hutson JM, Southwell BR. 
The impact of transcutaneous electrical stimu-
lation therapy on appendicostomy operation 
rates for children with chronic constipation--a 
single-institution experience. J Pediatr Surg. 
2012 Jul;47(7):1421-6. 

146. A.A. Raheem, Y. Farahat, O. El-Gamal, M. 
Ragab, M. Radwan, A.H. El-Bahnasy, et al. 
Role of posterior tibial nerve stimulation in the 
treatment of refractory monosymptomatic noc-
turnal enuresis: a pilot study J Urol, 189 (4) 
(2013 Apr), 1514–1518J 

147. P. Sulkowski, K.M. Nacion, K.J. Deans, P.C. 
Minneci, M.A. Levitt, H.M. Mousa, et al.Sacral 
nerve stimulation: a promising therapy for fecal 
and urinary incontinence and constipation in 
children J Pediatr Surg, 50 (10) (2015 Oct), 
1644–1647 

148. Boudaoud N, Binet A, Line A. Et al Manage-
ment of refractory overactive bladder in chil-
dren by transcoutaneous posterior tibilal nerve 
stimulation . a controlled study . J Ped Urol 
2015,138:1-10 

149. Mason MD, Stephany HA, Casella DP, Clayton 
DB, Tanaka ST, Thomas JC, Adams MC, Brock 
JW 3rd, Pope JC 4th. Prospective Evaluation of 
Sacral Neuromodulation in Children: Outcomes 
and Urodynamic Predictors of Success. J Urol. 
2016 Apr;195(4 Pt 2):1239-44. 

150. Van Laecke, E., et al., The daytime alarm: a 
useful device for the treatment of children with 
daytime incontinence. J Urol, 2006. 176(1): 
325-7. 

151. Equit, M., Sambach, H., Niemczyk, J., von 
Gontard, A. (2015). Urinary and fecal inconti-
nence – a training program for children and ad-
olescents. Boston/Göttingen: Hogrefe Publish-
ing 

152. Nijman, R.J., Role of antimuscarinics in the 
treatment of nonneurogenic daytime urinary in-
continence in children. Urology, 2004. 63(3 
Suppl 1): 45-50. 

153. Diokno, A.C. and J. Lapides, Oxybutynin: a 
new drug with analgesic and anticholinergic 
properties. J Urol, 1972. 108(2): 307-9. 

154. Youdim, K. and B.A. Kogan, Preliminary study 
of the safety and efficacy of extended-release 
oxybutynin in children. Urology, 2002. 59(3): 
428-32. 

155. Kaplinsky, R., et al., Expanded followup of in-
travesical oxybutynin chloride use in children 
with neurogenic bladder. J Urol, 1996. 156(2 Pt 
2): 753-6. 

156. van Gool JD, de Jong TP, Winkler-Seinstra P, 
Tamminen-Möbius T, Lax H, Hirche H, Nijman 
RJ, Hjälmås K, Jodal U, Bachmann H, Hoe-
beke P, Walle JV, Misselwitz J, John U, Bael A; 
European Bladder Dysfunction Study (EU 
BMH1-CT94-1006). Multi-center randomised 
controlled trial of cognitive treatment, placebo, 
oxybutynin, bladder training, and pelvic floor 
training in children with functional urinary incon-
tinence. Neurourol Urodyn. 2014 
Jun;33(5):482-7 

157. Curran, M.J., et al., The detrusor overactivity in 
childhood: long-term results with conservative 
management. J Urol, 2000. 163(2): 574-7. 

158. Van Hoeck, K.J., et al., Do holding exercises or 
antimuscarinics increase maximum voided vol-
ume in monosymptomatic nocturnal enuresis? 
A randomised controlled trial in children. J Urol, 
2007. 178(5): 2132-6. 

159. Marschall-Kehrel, D., et al., Treatment with 
Propiverine in Children Suffering from 
Nonneurogenic Detrusor overactivity and Uri-
nary Incontinence: Results of a Randomised 
Placebo-Controlled Phase 3 Clinical Trial. Eur 
Urol, 2008. 

160. Marschall-Kehrel D, Feustel C, Persson de 
Geeter C, Stehr M, Radmayr C, Sillén U, Stru-
gala G. Treatment with propiverine in children 
suffering from nonneurogenic overactive blad-
der and urinary incontinence: results of a ran-
domised placebo-controlled phase 3 clinical 
trial. Eur Urol. 2009;55(3):729-36. 

161. Kim WJ, Lee DG, Lee SW, Lee YK, Lee JS, 
Park KH, Baek MKorean. Efficacy and safety of 
propiverine in children with overactive bladder. 
J Urol. 2012 Apr;53(4):275-9 

162. Todorova, A., B. Vonderheid-Guth, and W. 
Dimpfel, Effects of tolterodine, trospium chlo-
ride, and oxybutynin on the central nervous 
system. J Clin Pharmacol, 2001. 41(6): 636-44. 

163. Hjalmas, K., et al., The detrusor overactivity in 
children: a potential future indication for toltero-
dine. BJU Int, 2001. 87(6): 569-74. 

164. Bolduc, S., et al., The use of tolterodine in chil-
dren after oxybutynin failure. BJU Int, 2003. 
91(4): 398-401. 

165. Munding, M., et al., Use of tolterodine in chil-
dren with dysfunctional voiding: an initial report. 
J Urol, 2001. 165(3): 926-8. 

166. Reinberg, Y., et al., Therapeutic efficacy of ex-
tended release oxybutynin chloride, and imme-
diate release and long acting tolterodine tar-
trate in children with diurnal urinary inconti-
nence. J Urol, 2003. 169(1): 317-9. 



 

 
1070  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

167. Nijman, R.J., et al., Long-term tolerability of 
tolterodine extended release in children 5-11 
years of age: results from a 12-month, open-
label study. Eur Urol, 2007. 52(5): 1511-6. 

168. Hoebeke P, De Pooter J, De Caestecker K, 
Raes A, Dehoorne J, Van Laecke E, Vande 
Walle J. Solifenacin for therapy resistant over-
active bladder. J Urol. 2009;182(4 Suppl):2040-
4. 

169. Bolduc S, Moore K, Nadeau G, Lebel S, 
Lamontagne P, Hamel M. Prospective open la-
bel study of solifenacin for overactive bladder 
in children. J Urol. 2010 Oct;184(4 
Suppl):1668-73. 

170. Nadeau G, Schröder A, Moore K, Genois L, 
Lamontagne P, Hamel M, Pellerin E, Bolduc S. 
Long-term use of solifenacin in pediatric pa-
tients with overactive bladder: Extension of a 
prospective open-label study. Can Urol Assoc 
J. 2014 Mar;8(3-4):118-23 

171. Hellstrom, A.L., K. Hjalmas, and U. Jodal, Ter-
odiline in the treatment of children with unstable 
bladders. Br J Urol, 1989. 63(4): 358-62. 

172. Elmer, M., et al., Terodiline in the treatment of 
diurnal enuresis in children. Scand J Prim 
Health Care, 1988. 6(2): 119-24. 

173. Lopez Pereira, P., et al., Trospium chloride for 
the treatment of detrusor instability in children. 
J Urol, 2003. 170(5): 1978-81. 

174. Kim TH, Lee SE, Lee HE, Lee KS. Safety and 
efficacy of fesoterodine fumarate in patients 
with overactive bladder: results of a post-mar-
keting surveillance study in Korea. Curr Med 
Res Opin. 2016 Aug;32(8):1361-6 

175. Ercan Ö, Köstü B, Bakacak M, Aytaç-Tohma Y, 
Çoşkun B, Avcı F, Efe E. Comparison of sol-
ifenacin and fesoterodine in treatment of over-
active bladder. Saudi Med J. 2015 
Oct;36(10):1181-5 

176. Vella M, Cardozo L. Review of fesoterodine. 
Expert Opin Drug Saf. 2011 Sep;10(5):805-8. 

177. Malhotra B, El-Tahtawy A, Wang EQ, Darekar 
A, Cossons N, Crook TJ, Scholfield D, Reddy 
P. Dose-escalating study of the pharmacokinet-
ics and tolerability of fesoterodine in children 
with overactive bladder. J Pediatr Urol. 2012 
Aug;8(4):336-42. 

178. Nijman RJ . Role of antimuscarinics in the treat-
ment of nonneurogenic daytime urinary incon-
tinence in children. Urology. 2004 Mar;63(3 
Suppl 1):45-50. 

179. Bolduc S, Moore K, Lebel S, Lamontagne P, 
Hamel M. Double anticholinergic therapy for re-
fractory overactive bladder. J Urol. 2009;182(4 
Suppl):2033-8. 

180. Nadeau G, Schröder A, Moore K, Genois L, 
Lamontagne P, Hamel M, Pellerin E, Bolduc S. 
Double anticholinergic therapy for refractory 
neurogenic and nonneurogenic detrusor over-
activity in children: Long-term results of a pro-
spective open-label study. Can Urol Assoc J. 
2014 May;8(5-6):175-80. 

181. Fahmy A, Youssif M, Rhashad H, Mokhless I, 
Mahfouz W. Combined low-dose antimusca-
rinics for refractory detrusor overactivity in chil-
dren. J Pediatr Urol. 2016 May 24 

182. Andersson KE, Martin N, Nitti V. Selective β3-
adrenoreceptor agonist for the treatment of 
overactive bladder. J. Urol 2013;190:1173 

183. Rossanese M, Novara G, Challacombe B, Ian-
netti A, Dasgupta P, Ficarra V.Critical analysis 
of phase Ii and III randomised controltrials 
(RCTs) evaluating efficacy and tolerability of a 
β3-adrenoreceptor agonist (Mirabegron) for 
overactive bladder (OAB). BJU Int 2015 
Jan;115:32-40 

184. Blais AS, Nadeau G, Moore K, Genois L, 
Bolduc S. Prospective Pilot Study of Mira-
begron in Pediatric Patients with Overactive 
Bladder. Eur Urol. 2016 Jul;70(1):9-13 

185. Kuo, H.C., Botulinum A toxin urethral injection 
for the treatment of lower urinary tract dysfunc-
tion. J Urol, 2003. 170(5): 1908-12. 

186. Apostolidis A, Dasgupta P, Denys P, Elneil S, 
Fowler CJ, Giannantoni A, Karsenty G, 
Schulte-Baukloh H, Schurch B, Wyndaele JJ; 
European consensus panel. Recommenda-
tions on the use of botulinum toxin in the treat-
ment of lower urinary tract disorders and pelvic 
floor dysfunctions: a european consensus re-
port. Eur urol. 2009;55(1):100-19. 

187. Hoebeke, P., et al., The effect of botulinum-A 
toxin in incontinent children with therapy re-
sistant overactive detrusor. J Urol, 2006. 
176(1): 328-30 

188. Lahdes-Vasama TT Anttila A, Wahl E, 
Taskinen S. Urodynamic assessment of chil-
dren treated with botulinum toxin A injections 
for urge incontinence: a pilot study. Scand J 
Urol Nephrol. 2011 Dec;45(6):397-400. 

189. Léon P, Jolly C, Binet A, Fiquet C, Vilette C, 
Lefebvre F, Bouché-Pillon-Persyn MA, Poli-
Mérol ML. Botulinum toxin injections in the 
management of non-neurogenic overactive 
bladders in children. J Pediatr Surg. 2014 
Sep;49(9):1424-8. 

190. Blackburn SC, Jones C, Bedoya S, 
Steinbrecher HA, Malone PS, Griffin SJ. In-
travesical botulinum type-A toxin (Dysport®) in 
the treatment of idiopathic detrusor overactivity 
in children. J Pediatr Urol. 2013 Dec;9(6 Pt 
A):750-3. 



 

 
REFERENCES: NEUROGENIC DETRUSOR-SPHINCTER DYSFUNCTION  1071 

 

191. McDowell DT, Noone D, Tareen F, Waldron M, 
Quinn F. Urinary incontinence in children: bot-
ulinum toxin is a safe and effective treatment 
option. Pediatr Surg Int. 2012 Mar;28(3):315-
20. 

192. Kuo, H.C., Effect of botulinum a toxin in the 
treatment of voiding dysfunction due to detru-
sor underactivity. Urology, 2003. 61(3): 550-4. 

193. Radojicic, Z.I., S.V. Perovic, and N.M. Milic, Is 
it reasonable to treat refractory voiding dys-
function in children with botulinum-A toxin? J 
Urol, 2006. 176(1): 332-6 

194. Franco, I., et al., The use of botulinum toxin A 
injection for the management of external 
sphincter dyssynergia in neurologically normal 
children. J Urol, 2007. 178(4): 1775-9 

195. t Hoen LA, van den Hoek J, Wolffenbuttel KP, 
van der Toorn F, Scheepe JR. Breaking the vi-
cious circle: Onabotulinum toxin A in children 
with therapy-refractory dysfunctional voiding. J 
Pediatr Urol. 2015 Jun;11(3):119.e1-6 

196. Vricella GJ, Campigotto M, Coplen DE, Traxel 
EJ, Austin PF. Long-term efficacy and durability 
of botulinum-A toxin for refractory dysfunctional 
voiding in children. J Urol. 2014 May;191(5 
Suppl):1586-91. 

197. Kajbafzadeh AM, Ahadi H, Montaser-Kouhsari 
L, Sharifi-Rad L, Nejat F, Bazargan-Hejazi S. 
Intravesical electromotive botulinum toxin type 
A administration--part II: Clinical application. 
Urology. 2011;77(2):439-45. 

198. Austin, P.F., et al., alpha-Adrenergic blockade 
in children with neuropathic and nonneuro-
pathic voiding dysfunction. J Urol, 1999. 162(3 
Pt 2): 1064-7. 

199. Cain, M.P., et al., Alpha blocker therapy for chil-
dren with dysfunctional voiding and urinary re-
tention. J Urol, 2003. 170(4 Pt 2): p. 1514-5; 
discussion 1516-7. 

200. Yang, S.S., C.C. Wang, and Y.T. Chen, Effec-
tiveness of alpha1-adrenergic blockers in boys 
with low urinary flow rate and urinary inconti-
nence. J Formos Med Assoc, 2003. 102(8): 
551-5. 

201. Donohoe, J.M., A.J. Combs, and K.I. Glass-
berg, Primary bladder neck dysfunction in chil-
dren and adolescents II: results of treatment 
with alpha-adrenergic antagonists. J Urol, 
2005. 173(1): 212-6. 

202. Marschall-Kehrel, A.D., et al., An empirical 
treatment algorithm for incontinent children. J 
Urol, 2004. 171(6 Pt 2): 2667-71. 

 NEUROGENIC DETRUSOR-
SPHINCTER DYSFUNCTION 

1. Bauer SB. The management of the myelodys-
plastic child: a paradigm shift. BJU Int. 2003; 
92: 23-8 

2. Retik AB, Perlmutter AD, Gross RE. Cutaneous 
uretero-ileostomy in children. N Eng J Med 
1967; 277:217-22 

3. Lapides J, Diokno AC, Silber SJ, Lowe 
BS.Clean intermittent self-catheterisation in the 
treatment of urinary tract disease. J Urol 
1972;107:458-62 

4. Frimberger D, Cheng E, Kropp BP. The current 
management of the neurogenic bladder in chil-
dren with spina bifida. Pediatr Clin North Am. 
2012; 59(4):757-67 

5. Bauer SB: The management of spina bifida 
from birth onwards. In Whitaker RH, Woodard 
JR (eds): Paediatric Urology. London, Butter-
worths, 1985, pp 87–112 

6. Bauer SB: Early evaluation and management 
of children with spina bifida. In King LR [ed]: 
Urologic Surgery in Neonates and Young In-
fants. Philadelphia, WB Saunders, 1988, pp 
252–264 

7. Wilcock AR, Emery JL: Deformities of the renal 
tract in children with myelomeningocele and hy-
drocephalus, compared with those children 
showing no such deformities. Br J Urol 42:152-
9, 1970 

8. Hunt GM, Whitaker RH: The pattern of congen-
ital renal anomalies associated with neural tube 
defects. Dev Med and Child Neurol 29:91-5, 
1987 

9. Pierre-Kahn A, Zerah M, Renier D, Cinalli G, 
Sainte-Rose C, Lellouch-Tubiana A, Brunelle 
F, Le Merrer M, Giudicelli Y, Pichon J, Klein-
knecht B, Nataf F. Congenital lumbosacral lipo-
mas. Childs Nerv Syst. 1997 Jun;13(6):298-
334; discussion 335. Review. 

10. Tanikaze S, Sugita Y. Cystometric examination 
for neurogenic bladder of neonates and infants. 
Hinyokika Kiyo 1991;37:1403-5 

11. Zoller G, Schoner W, Ringert RH. Pre-and 
postoperative findings in children with tethered 
spinal cord syndrome. Eur Urol 1991;19:139-
41.; 

12. Ghoniem GM, Roach MB, Lewis VH, Harmon 
EP. The value of leak pressure and blad-
der;144-1440-2 

13. Ghoneim GM, Shoukry MS, Hassouna ME. De-
trusor properties in myelomeningocele pa-
tients: in vitro study. J Urol 1998;159:2193-6 



 

 
1072  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

14. Zermann DH, Lindner H, Huschke T, Schubert 
J. Diagnostic value of natural fill cystometry in 
neurogenic bladder in children. Eur Urol 
1997;32:223–8 

15. Webb RJ, Griffiths CJ, Ramsden PD, Neal DE. 
Measurement of voiding pressures on ambula-
tory monitoring: comparison with conventional 
cystometry. Br J Urol 1990;65:152–4 

16. Palmer LS, Richards I, Kaplan WE. Age related 
bladder capacity and bladder capacity growth 
in children with myelomeningocele. J. Urol. 
1997; 158:1261-4 

17. Agarwal SK, McLorie GA, Grewal D, Joyner 
BD, Bagli DJ, Khoury AE. Urodynamic corre-
lates or resolution of reflux in meningomyelo-
cele patients. J Urol 1997; 158:580-2 

18. McGuire EJ et al: Prognostic value of urody-
namic testing in myelodysplastic patients. J 
Urol 1981;126:205-9 

19. Sillén U, Hansson E. Hermansson G, Hjälmås, 
Jacobsson B, Jodal U: Development of the uro-
dynamic pattern in infants with myelomeningo-
cele. Br J Urol 1996;78: 596-601 

20. Adzick NS, Thom EA, Spong CY, et al. A ran-
domised trial of prenatal versus postnatal repair 
of myelomeningocele. N Engl J Med 
2011;364:993–1004 

21. Brock JW 3rd, Carr MC, Adzick NS, Burrows 
PK, Thomas JC, Thom EA, Howell LJ, Farrell 
JA, Dabrowiak ME, Farmer DL, Cheng EY, 
Kropp BP, Caldamone AA, Bulas DI, Tolivaisa 
S, Baskin LS; MOMS Investigators.. Bladder 
Function After Fetal Surgery for Myelomenin-
gocele. Pediatrics. 2015; 136(4): 906-13 

22. Tarcan T, Bauer S, Olmedo E, Koshbin S, Kelly 
M, Darbey M. Long-term follow-up of newborns 
with myelodysplasia and normal urodynamic 
findings: Is follow-up necessary? J Urol 2001; 
165:564-7 

23. Kasabian NG et al. The prophylactic value of 
clean intermittent catheterisation and anticho-
linergic medication in newborns and infants 
with myelodysplasia at risk of developing uri-
nary tract deterioration. Am J Dis Child, 
1992;146:480-7 

24. Wang SC et al. Urethral dilatation in the man-
agement of urological complications of myelo-
dysplasia. J Urol 1989; 142:1054-5 

25. Lin-Dyken DC, Wolraich ML, Hawtrey CE, Doja 
MS. Follow-up of clean intermittent catheterisa-
tion for children with neurogenic bladders. Urol-
ogy 1992;40:525-9 

26. Kaufman AM, Ritchey ML, Roberts AC, Rudy 
DC, McGuire EJ. Decreased bladder compli-
ance in patients with myelomeningocele 
treated with radiological observation. J Urol 
1996;156:2031-3 

27. Wu HY, Baskin LS, Kogan BA. Neurogenic 
bladder dysfunction due to myelomeningocele: 
neonatal versus childhood treatment. J Urol 
1997;157:2295-7 

28. Kaefer M, Pabby A, Kelly M, Darbey M, Bauer 
SB. Improved bladder function after prophylac-
tic treatment of the high risk neurogenic bladder 
in newborns with myelomeningocele. J Urol 
1999;162:1068-71 

29. van Gool JD, Dik P, de Jong TP. Bladder-
sphincter dysfunction in myelomeningocele. 
Eur J Pediatr 2001; 160:414-20 

30. Bauer SB. The argument for early assessment 
and treatment of infants with spina bifida. Dia-
logues in Pediatric Urology 2000;23 Nr 11:2-3 

31. Park JM. Early reduction of mechanical load of 
the bladder improves compliance: Experi-
mental and clinical observations. Dialogues in 
Pediatric Urology 2000;23 Nr 11:6-7 

32. Lindehall B, Moller A, Hjalmas K, Jodal U. 
Long-term intermittent catheterisation: the ex-
perience of teenagers and young adults with 
myelomeningocele. J Urol 1994;152:187-9 

33. Joseph DB, Bauer SB, Colodny AH, et al: 
Clean intermittent catheterisation in infants with 
neurogenic bladder. Pediatrics 1989;84:78-83 

34. Park JM. Early reduction of mechanical load of 
the bladder improves compliance: Experi-
mental and clinical observations.Dialogues in 
Pediatric Urology 2000;23 Nr 11:6-7 

35. Kasabian NG, Bauer SB, Dyro FM, et al: The 
prophylactic value of clean intermittent cathe-
terisation and anticholinergic medication in 
newborns and infants with myelodysplasia at 
risk of developing urinary tract deterioration. 
Am J Dis Child1992;146:840-4 

36. Baskin LS, Kogan BA, Benard F. Treatment of 
infants with neurogenic bladder dysfunction us-
ing anticholinergic drugs and intermittent cath-
eterisation. Br J Urol 1990;66:532-4 

37. Hopps CV, Kropp KA. Preservation of renal 
function in children with myelomeningocele 
managed with basic newborn evaluation and 
close followup.J Urol. 2003 Jan;169(1):305-8. 

38. Edelstein RA, Bauer SB, Kelly MD, Darbey 
MM, Peters CA, Atala A, Mandell J, Colodny 
AH, Retik AB. The long-term urological re-
sponse of neonates with myelodysplasia 
treated proactively with intermittent catheterisa-
tion and anticholinergic therapy. J Urol. 1995 
Oct;154(4):1500-4. 



 

 
REFERENCES: NEUROGENIC DETRUSOR-SPHINCTER DYSFUNCTION  1073 

 

39. Geraniotis E, Koff SA, Enrile B. The prophylac-
tic use of clean intermittent catheterisation in 
the treatment of infants and young children with 
myelomeningocele and neurogenic bladder 
dysfunction. J Urol. 1988 Jan;139(1):85-6. 

40. Stensballe J, Looms D, Nielsen PN, et al. Hy-
drophilic-coated catheters for intermittent cath-
eterisation reduce urethral micro trauma: A pro-
spective, randomised, participant-blinded, 
crossover study of three different types of cath-
eters. Eur Urol 2005;48:978–83 

41. Moore KN, Fader M, Getliffe K. Long-term blad-
der management by intermittent catheterisation 
in adults and children. Cochrane Database 
Syst Rev. 2007;2:CD006008. 

42. Lucas EJ, Baxter C, Singh C, Mohamed AZ, Li 
B, Zhang J, Jayanthi VR, Koff SA, VanderBrink 
B, Justice SS. Comparison of the microbiologi-
cal milieu of patients randomised to either hy-
drophilic or conventional PVC catheters for 
clean intermittent catheterisation. J Pediatr 
Urol. 2016;12:172: 1-8 

43. Abrams P, Andersson KE, Buccafusco JJ, et al. 
Muscarinic receptors: Their distribution and 
function in body systems, and the implications 
for treating overactive bladder. Br J Pharmacol 
2006;148:565–78 

44. Goessl C, Knispel HH, Fiedler U, Harle B, Stef-
fen-Wilke K, Miller K. Urodynamic effects of 
oral oxybutynin chloride in children with mye-
lomeningocele and detrusor hyperreflexia. 
Urology 1998;51:94-8 

45. Haferkamp A, Staehler G, Gerner HJ, Dorsam 
J. Dosage escalation of intravesical oxybutynin 
in the treatment of neurogenic bladder patients. 
Spinal Cord 2000;38:250-4 

46. Ferrara P, D’Aleo CM, Tarquini E, Salvatore S, 
Salvaggio E. Side effects of oral or intravesical 
oxybutynin chloride in children with spina bifida. 
BJU Int 2001; 87:674-8 

47. Guerra LA, Moher D, Sampson M, Barrowman 
N, Pike J, Leonard M. Intravesical oxybutynin 
for children with poorly compliant neurogenic 
bladder: A systematic review. J Urol 
2008;180:1091–7. 

48. Connor JP, Betrus G, Fleming P, Perlmutter 
AD, Reitelman C. Early cystometrograms can 
predict the response to intravesical instillation 
of oxybutynin chloride in myelomeningocele 
patients. J Urol 1994:151:1045-7 

49. Cartwright PC, Coplen DE, Kogan BA, et al. Ef-
ficacy and safety of transdermal and oral oxy-
butynin in children with neurogenic detrusor 
overactivity. J Urol 2009;182:1548–54. 

50. Lopez Pereira P, Miguelez C, Caffarati J, Estor-
nell F, Anguera A J. Trospium chloride for the 
treatment of detrusor instability in children. 
Urol. 2003;170:1978-81 

51. Ellsworth PI, Borgstein NG, Nijman RJ, Reddy 
PP. Use of tolterodine in children with neuro-
genic detrusor overactivity: relationship be-
tween dose and urodynamic response. J Urol. 
2005 Oct;174(4 Pt 2):1647-51 

52. Mahanta K, Medhi B, Kaur B, Narasimhan KL. 
Comparative efficacy and safety of extended-
release and instant-release tolterodine in chil-
dren with neural tube defects having cystomet-
ric abnormalities. J Pediatr Urol. 2008 
Apr;4(2):118-23. 

53. Newgreen D, Bosman B, Hollestein-Havelaar 
A, Dahler E, Besuyen R, Sawyer W, Bolduc S, 
Rittig S. Solifenacin in Children and Adoles-
cents with Overactive Bladder: Results of a 
Phase 3 Randomised Clinical Trial. Eur Urol. 
2017 Mar;71(3):483-490. 

54. Morin F, Blais AS, Nadeau G, Moore K, Genois 
L, Bolduc S. Dual Therapy for Refractory Over-
active Bladder in Children: A Prospective 
Open-Label Study. J Urol. 2016: S0022-
5347(16)31880-8 

55. Austin PF, Homsy YL, Masel JL, Cain MP, 
Casale AJ, Rink RC. Alpha- adrenergic block-
ade in children with neuropathic and non-neu-
ropathic voiding dysfunction. J Urol 
1999;162:1064-7 

56. Bogaert G, Beckers G, Lombaerts R. The use 
and rationale of selective alpha blockade in 
children with non-neurogenic neurogenic blad-
der dysfunction. Int Braz J Urol. 2004 Mar-
Apr;30(2):128-34. 

57. Kakizaki H, Ameda K, Kobayashi S, Tanaka H, 
Shibata T, Koyanagi T. Urodynamic effects of 
alpha1-blocker tamsulosin on voiding dysfunc-
tion in patients with neurogenic bladder. Int J 
Urol. 2003 Nov;10(11):576-81. 

58. Kroll P, Gajewska E, Zachwieja J, Sobieska M, 
Mańkowski P. An Evaluation of the Efficacy of 
Selective Alpha-Blockers in the Treatment of 
Children with Neurogenic Bladder Dysfunction-
-Preliminary Findings. Int J Environ Res Public 
Health. 2016 Mar 15;13: 321 

59. Smith CP, Somogyi GT, Chancellor MB. 
Emerging role of botulinum toxin in the treat-
ment of neurogenic and non-neurogenic void-
ing dysfunction. Curr Urol Rep. 2002; 3: 382-7 

60. Leippold T, Reitz A, Schurch B. Botulinum toxin 
as a new therapy option for voiding disorders: 
current state of The art. Eur Urol. 2003 ; 44: 
165-74 



 

 
1074  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

61. Schulte-Baukloh H, Knispel HH, Michael T. 
Botulinum-A toxin in the treatment of neuro-
genic bladder in children. Pediatrics. 2002; 110: 
420-1 

62. Lusuardi L, Nader A, Koen M, Schrey A, 
Schindler M, Riccabona M Minimally invasive, 
safe treatment of the neurogenic bladder with 
botulinum- A-toxin in children with myelomenin-
gocele. Aktuelle Urol. 2004;35:49-53 

63. Neel KF, Soliman S, Salem M, Seida M, Al-
Hazmi H, Khatab A.Botulinum-A toxin: solo 
treatment for neuropathic noncompliant blad-
der. J Urol. 2007 Dec;178(6):2593-7 

64. Hascoet J, Manunta A, Brochard C, Arnaud A, 
Damphousse M, Menard H, Kerdraon J, Jour-
nel H, Bonan I, Odent S, Fremond B, 
Siproudhis L, Gamé X, Peyronnet B; French 
Referral Network of Spina Bifida.. Outcomes of 
intra- detrusor injections of botulinum toxin in 
patients with spina bifida: A systematic review. 
Neurourol Urodyn. 2016 May 17. doi: 
10.1002/nau.23025 

65. Apostolidis A, Dasgupta P, Denys P, Elneil S, 
Fowler CJ, Giannantoni A, Karsenty G, 
Schulte-Baukloh H, Schurch B, Wyndaele JJ. 
Recommendations on the Use of Botulinum 
Toxin in the Treatment of Lower Urinary Tract 
Disorders and Pelvic Floor Dysfunctions: A Eu-
ropean Consensus Report.Eur Urol. 2008 Sep 
17. 

66. Hoebeke P, De Caestecker K, Vande Walle J, 
Dehoorne J, Raes A, Verleyen P,Van Laecke 
E. The effect of botulinum-A toxin in incontinent 
children with therapy resistant overactive detru-
sor. J Urol. 2006 Jul;176(1):328-30 

67. Kajbafzadeh AM, Moosavi S, Tajik P, Arshadi 
H, Payabvash S, Salmasi AH, Akbari HR, Nejat 
F. Intravesical injection of botulinum toxin type 
A: management of neuropathic bladder and 
bowel dysfunction in children with myelomenin-
gocele. Urology. 2006 Nov;68(5):1091-6; 

68. Akbar M, Abel R, Seyler TM, Bedke J, Haf-
erkamp A, Gerner HJ, Möhring K. Repeated 
botulinum-A toxin injections in the treatment of 
myelodysplastic children and patients with spi-
nal cord injuries with neurogenic bladder dys-
function. BJU Int. 2007 Sep;100(3):639-45. Er-
ratum in: BJU Int. 2007 Sep;100(3):719 

69. Game X, Mouracade P, Chartier-Kastler E, et 
al. Botulinum toxin-A (Botox) intradetrusor in-
jections in children with neurogenic detrusor 
overactivity/ neurogenic overactive bladder: A 
systematic literature review. J Pediatr Urol 
2009;5:156–64. 

70. Scheepe JR, Blok BF, 't Hoen LA. Applicability 
of botulinum toxin type A in paediatric neuro-
genic bladder management. Curr Opin Urol. 
2017 Jan;27(1):14-19. 

71. Fowler CJ. Systematic review of therapy for 
neurogenic detrusor overactivity. Can Urol As-
soc J. 2011 Oct;5(5 Suppl 2):S146-8. 

72. Mokhless I, Gaafar S, Fouda K, Shafik M, 
Assem A. Botulinum A toxin urethral sphincter 
injection in children with nonneurogenic neuro-
genic bladder. J Urol. 2006 Oct;176(4 Pt 
2):1767-70 

73. Mehta S, Hill D, Foley N, Hsieh J, Ethans K, 
Potter P, Baverstock R, Teasell. Greer T, Ab-
bott J, Breytenbach W, McGuane D, Barker A, 
Khosa J, Samnakay N. Ten years of experi-
ence with intravesical and intrasphincteric 
onabotulinumtoxinA in children. J Pediatr Urol. 
2016 Apr;12(2):94.e1-6. 

74. RW, Wolfe D; Spinal Cord Injury Rehabilitation 
Evidence Research Team.. A meta-analysis of 
botulinum toxin sphincteric injections in the 
treatment of incomplete voiding after spinal 
cord injury. Arch Phys Med Rehabil. 2012 
Apr;93(4):597-603. 

75. Hagerty JA, Richards I, Kaplan WE. Intravesi-
cal electrotherapy for neurogenic bladder dys-
function: a 22-year experience. J Urol. 2007 
Oct;178(4 Pt 2):1680-3 

76. Boone TB, Roehrborn CG, Hurt G. Tran-
surethral intravesical electrotherapy for neuro-
genic bladder dysfunction in children with myel-
odysplasia: A prospective,randomised clinical 
trial. J Urol 1992;148:550–4. 

77. Gaziev G, Topazio L, Iacovelli V, Asimakopou-
los A, Di Santo A, De Nunzio C, Finazzi-Agrò 
E. Percutaneous Tibial Nerve Stimulation 
(PTNS) efficacy in the treatment of lower uri-
nary tract dysfunctions: a systematic review. 
BMC Urol. 2013 Nov 25;13:61. doi: 
10.1186/1471-2490-13-61. Review. 

78. Guys JM, Haddad M, Planche D, Torre M, 
Louis-Borrione C, Breaud J. Sacral neuromod-
ulation for neurogenic bladder dysfunction in 
children. J Urol. 2004 Oct;172(4 Pt 2):1673-6. 

79. 79 Lay AH, Das AK. The role of neuromodula-
tion in patients with neurogenic overactive blad-
der. Curr Urol Rep. 2012 Oct;13(5):343-7. 

80. Younoszai MK: Stooling problems in patients 
with myelomeningocele. South Med J 
1992;85:718.). 

81. Squire R, Kiely EM, Carr B, et al: The clinical 
application of the Malone antegrade colon co-
lonic enema. J Pediatr Surg 1993;28:1012–15 



 

 
REFERENCES: SURGICAL MANAGEMENT OF URINARY INCONTINENCE IN CHILDREN  1075 

 

82. Whitehead WE, Wald A, Norton NJ. Treatment 
options for fecal incontinence. Dis Colon Rec-
tum 2001; 44:131-42 

83. Krogh K, Kvitzau B, Jorgensen TM, Laurberg S. 
Treatment of anal incontinence and constipa-
tion with transanal irrigation. Ugeskr Laeger 
1999;161:253-6 

84. Van Savege JG, Yohannes P. Laparoscopic 
antegrade continence enema in situ appendix 
procedure for refractory constipation and over-
flow fecal incontinence in children with spina bi-
fida. J Urol 2000; 164:1084-7 

85. Aksnes G, Diseth TH, Helseth A, Edwin B, 
Stange M, Aafos G, Emblem R. Appendi-
costomy for antegrade enemas: effects on so-
matic and psychosocial functioning in children 
with myelomeningocele. Pediatrics 2002; 
109:484-9 

86. Matsuno D, Yamazaki Y, Shiroyanagi Y, Ueda 
N, Suzuki M, Nishi M, Hagiwara A, Ichiroku T. 
The role of the retrograde colonic enema in 
children with spina bifida: is it inferior to the an-
tegrade continence enema? Pediatr Surg Int. 
2010 May;26(5):529-33. 

87. Loening-Baucke V, Deach L, Wolraich M: Bio-
feedback training for patients with myelomenin-
gocele and fecal incontinence. Dev Med Child 
Neurol 1988;30:781-6 

88. Marshall DF, Boston VE Altered bladder and 
bowel function following cutaneous electrical 
field stimulation in children with spina bifida: In-
terim results of a randomised double-blind pla-
cebo-controlled trial. Eur J Pediatr Surg 
1997;7:41–43 

89. Hansson S, Caugant D, Jodal U, Svanborg-
Eden C. Untreated asymptomatic bacteriuria in 
girls: I. Stability of urinary isolates. BMJ 
1989;298:853-5 

90. Hansson S, Jodal U, Lincoln K, Svanborg-Eden 
C. Untreated asymptomatic bacteriuria in girls: 
II. Effect of phenoxymethylpenicillin and eryth-
romycin given for intercurrent infections. BMJ 
1989;298:856-9 

91. Hansson S, Jodal U, Noren L, Bjure J. Un-
treated bacteriuria in asymptomatic girls with 
renal scarring. Pediatrics 1989; 84:964-8 

92. Johnson HW, Anderson JD, Chambers GK, Ar-
nold WJ, Irwin WJ, Brinton JR. A short-term 
study of nitrofurantoin prophylaxis in children 
managed with clean intermittent catheterisa-
tion. Pediatrics 1994;93:752-5 

93. Schlager TA, Anderson S, Trudell J, hendley 
JO. Nitrofurantoin prophylaxis for bacteriuria 
and urinary tract infection in children with neu-
rogenic bladder on intermittent catheterisation. 
J Pediatr 1998;132:704-8 

94. Austin PF, Westney OL, Leng WW, McGuire 
EJ, Ritchey ML: Advantages of rectus fascial 
slings for urinary incontinence in children with 
neuropathic bladder. J Urol 2001;165: 2369-71 

95. Guys JM, Fakhro A, Louis-Borrione C, Prost J, 
Hautier A: Endoscopic treatment of urinary in-
continence: long-term evaluation of the results. 
J Urol 2001;165: 2389-91 

96. Kassouf W, Capolicchio G, Bernardinucci G, 
Corcos J: Collagen injection for treatment of 
urinary incontinence in children. Jurol 
2001;165: 1666-8 

97. Kryger JV, Leverson G, Gonzalez R: Long-term 
results of artificial urinary sphincters in children 
are independent of age at implantation. J Urol 
2001;165: 2377-79. 

 SURGICAL MANAGEMENT OF 
URINARY INCONTINENCE IN 

CHILDREN 

1. Ben-Chaim J, Docimo SG, Jeffs RD, Gearhart 
JP. Bladder exstrophy from childhood into adult 
life. JR Soc Med 1996;89:39-46 

2. Hollowell JG, Hill PD, Duffy PG, Ransley PG. 
Evaluation and treatment of incontinence after 
bladder neck reconstruction in exstrophy and 
epispadias. Br J Urol 1993;71:743-9 

3. Mollard P, Mouriquand PE, Buttin X. Urinary 
continence after reconstruction of classical 
bladder exstroph6 (73 cases). Br J Urol 
1994;73:298-302 

4. Hollowell JG, Ransley PG. Surgical manage-
ment of incontinence in bladder exstrophy. Br J 
Urol 1991;68:543-8 

5. Canning DA. Bladder exstrophy: the case for 
primary bladder reconstruction. Urology 1996; 
48:831-4 

6. Stein R, Stockle M, Fisch M, Nakai H, Muller 
SC, Hohenfellner R. The fate of the adult ex-
strophy patient. J Urol 1994;52:1413-16 

7. Hohenfellner R, Stein R. Primary urinary diver-
sion in patients with bladder exstrophy. Urology 
1996;48:828-30 

8. Baird AD, Nelson CP, Gearhart JP.Modern 
staged repair of bladder exstrophy: A contem-
porary series. J Pediatr Urol. 2007 
Aug;3(4):311-315. 

9. Purves JT, Baird AD, Gearhart JP. The modern 
staged repair of bladder exstrophy in the fe-
male: a contemporary series.J Pediatr Urol. 
2008 Apr;4(2):150-3. 



 

 
1076  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

10. Gearhart JP, Baird A, Nelson CP. Results of 
bladder neck reconstruction after newborn 
complete primary repair of exstrophy. J Urol. 
2007 Oct;178(4 Pt 2):1619-22; 

11. Shapiro E, Jeffs RD, Gearhart JP, Lepor H. 
Muscarinic cholinergic receptors in bladder ex-
strophy: insights into surgical management. J. 
Urol 1985;134:308-10 

12. Lee BR, Perlman EJ, Partin AW, Jeffs RD, 
Gearhart JP. Evaluation of smooth muscle and 
collagen subtypes in normal newborns and 
those with bladder exstrophy. J Urol 
1996;156:2034-36 

13. Cervellione RM, Bianchi A, Fishwick J, Gaskell 
SL, Dickson AP. Salvage procedures to 
achieve continence after failed bladder exstro-
phy repair. J Urol. 2008 Jan;179(1):304-6 

14. DeCambre M, Casale P, Grady R, Swartz M, 
Mitchell M. Modified bladder neck reconstruc-
tion in patients with incontinence after staged 
exstrophy/epispadias closures. J Urol. 2006 
Jul;176(1):288-91. 

15. Sheldon CA, Gilbert A, Lewis AG, Aiken J, 
Ziegler MM. Surgical implications of genitouri-
nary tract anomalies in patients with imperfo-
rate anus. J Urol 1994;152:196-9 

16. Boemers TML, Bax KMA, Rovekamp, MH, Van 
Gool JD. The effect of posterior sagital anore-
toplasty and its variants on lower urinary tract 
function in children with anorectal malfor-
mations. J Urol 1995;153:1919 

17. Boemers TML, Van Gool JD, de Jong TPVM, 
Bax KMA. Urodynamic evaluation of children 
with caudal regression syndrome (caudal dys-
plasia sequence). J Urol 1994;151:1038-42 

18. Sheldon C, Cormier M, Crone K, Wacksman J. 
Occult neurovesical dysfunction in children with 
imporforate anus and its variants. J. Pediatr 
Surg 1991; 22:26:49-54 

19. Kim YH, Horowitz M, Combs AJ, Nitti vw, Borer 
J, Glassberg KI. Management of posterior ure-
thral valves on the basis of urodynamic find-
ings. J Urol 1997;158:1011-16 

20. Podesta ML, Ruarte A, Gargiulo C, Medel R, 
Castera R. Urodynamic findings in boys with 
posterior urethral valves after treatment with 
primary valve ablation or vesicostomy and de-
layed ablation. J Urol 2000;164:139-44 

21. Podesta ML, Ruarte A, Gargiulo C, Medel R, 
Castera R. Herrera. Bladder function associ-
ated with posterior urethral valves after primary 
valve ablation or proximal urinary diversion in 
children and adolescents. J Urol 2002;1830-5 

22. Ghanem MA, Wolffenbuttel KP, De Vylder A, 
Nijman RJM. Long-term bladder dysfunction 
and renal function in boys with posterior ure-
thral valves based on urodynamic findings. J 
Urol 2004; 2409-12 

23. Gearhar JP, Peppas DS, Jeffs RD. Complete 
genitourinary reconstruction in female epi-
spadias. J Urol 1993;149:1110-13 

24. Ben-chaim J, Peppas DS, Jeffs RD, Gearhart 
JP. Complete male epispadias: genital recon-
struction and achieving continence. J Urol 
1995;153:1665-7 

25. Ahmed S, Morris LL, Byard RW. Ectopic ureter 
with complete ureteric duplication in the female 
child. J Ped Surg 1992;27:1455-60 

26. Johnin K, Narita M, Kim CJ, Wakabayashi Y, 
Yoshiki T, Okada Y. Bilateral single ectopic ure-
ters with hypoplastic bladder: How should we 
treat these challenging entities? J Pediatr Urol. 
2007 Jun;3(3):243-6. 

27. Heuser M, Zöller G, Seseke F, Zappel H, 
Ringert RH. Bladder dysfunction in children 
with bilateral single ectopic ureters. J Pediatr 
Surg. 2002 May;37(5):E15. 

28. Podestà E, Scarsi PL, Di Rovasenda E, Ferretti 
S, Magillo P, Dodero P. Vesical continence in 
bilateral ectopic single ureters. J Urol. 2001 
Jun;165(6 Pt 2):2363-5. 

29. Psihramis KE, Colodny AH, Lebowitz RL, Retik 
AB, Bauer S. Complete duplication of the ure-
thra. J Urol 1986;139:63-7 

30. Wu HY, Baskin LS, Kogan BA. Neurogenic 
bladder dysfunction due to myelomeningocele: 
neonatal versus childhood treatment. J Urol 
1997;157:2295-7 

31. Kaefer M, Pabby A, Kelly M, Darbey M, Bauer 
SB. Improved bladder function after prophylac-
tic treatment of the high risk neurogenic bladder 
in newborns with myelomeningocele. J Urol 
1999;162:1068-71 

32. Lendvay TS, Cowan CA, Mitchell MM, Joyner 
BD, Grady RW. Augmentation cystoplasty 
rates at children's hospitals in the United 
States: a pediatric health information system 
database study. J Urol. 2006 Oct;176(4 Pt 
2):1716-20. 

33. Pahernik S, Beetz R, Schede J, Stein R, Thür-
off JW. Rectosigmoid pouch (Mainz Pouch II) in 
children.J Urol. 2006 Jan;175(1):284-7. 

34. Rösch WH, Ebert AK. [Development of treat-
ment for extrophy-epispadias in Germany] 
Urologe A. 2007 Dec;46(12):1691-6. 

35. D’elia, Pahernik S, Fisch M, Hohenfellner R , 
Thuroff JW. Mainz Pouch II technique: 10 
years’ experience. BJUInt 2004;93:1037-42 



 

 
REFERENCES: SURGICAL MANAGEMENT OF URINARY INCONTINENCE IN CHILDREN  1077 

 

36. Smeulders N, Sudhakaran N, Wilcox DT, 
Ransley PG. Adenocarcinoma at the ureter-
osigmoidostomy site in a 16-year-old demon-
strates the importance of screening in children. 
J Pediatr Urol. 2008 Jun;4(3):234-5. 

37. Georgacopulo P, Tataranni G, Franchella A, 
Gilli P. Ureterosigmoidostomy and cancer of 
the colon. Report of a case.Z Kinderchir 
Grenzgeb. 1980 Jul;30(3):280-3. 

38. Giannini O, Friedli A, Schärli AF. Sigmoid ade-
nocarcinoma complicating ureterosig-
moidostomy.Pediatr Surg Int. 1998 Nov;14(1-
2):124-6. 

39. Kliment J, Lupták J, Lofaj M, Horáková M, 
Beseda A. Carcinoma of the colon after ureter-
osigmoidostomy and trigonosigmoidostomy for 
exstrophy of the bladder.Int Urol Nephrol. 
1993;25(4):339-43. 

40. Leong CH, Ong GB. Gastrocystoplasty in dogs. 
Aust NZ J. Surg 1972;41:272-9 

41. Nguyen DH, Mitchell ME. Gastric bladder re-
construction. Urol Clin North Am 1991;18:649-
57 

42. Zugor V, Schreiber M, Klein P, Schott GE. [Uri-
nary bladder augmentation using the stomach 
in patients with compensate renal insufficiency] 
Urologe A. 2007 Jun;46(6):667-70. 

43. Soylet Y, Emir H, Ilce Z, Yesildag E, Buyukunal 
SN, Danismend N. Quo vadis? Ureteric reim-
plantation or ignoring reflux during augmenta-
tion cystoplasty. BJU Int. 2004;94:379-80 

44. Lopez Pereira P, Martinez Urrutia MJ, Lobato 
Romera R, Jaureguizar E. Should we treat 
vesicoureteral reflux in patients who simultane-
ously undergo bladder augmentation for neuro-
pathic bladder?J Urol 2001;165:2259-61 

45. Kock NG, Nilson AE, Nilsson LO, Norlen LJ, 
Philipson BM. Urinary diversion via a continent 
ileal reservoir: clinical results in 12 patients. J 
Urol 1982;128:469-75 

46. Rowland RG, Mitchell ME, Bihrle R. The cecoil-
eal continent urinary reservoir. World J Urol 
1985;3;185-190 

47. Thuroff JW, Alken,P, Engelmann U, Riedmiller 
H, Jacobi GH, Hohenfellner R. The MAINZ 
pouch (mixed augmentation ileum and zoe-
cum) for bladder augmentation and continent 
urinary diversion. Eur Urol 1985;11:152-60 

48. McDougal WS. Complications of urinary intes-
tinal diversion. AUA Update series, 1992; vol 
XI:37 

49. Rowland RG. Complications of continent cuta-
neous reservoirs and neobladders – series us-
ing contemporary techniques. AUA Update se-
ries,1995; Vol XIV:25 

50. Medel R, Ruarte AC, Herrera M, Castera R, Po-
desta ML. Urinary continence outcome after 
augmentation ileocystoplasty as a single surgi-
cal procedure in patients with myelodysplasia. 
J Urol 2002 ;168:1849-52 

51. Shekarriz B, Upadhyay J, Demirbilek S, Bar-
thold JS, Gonzalez R. Surgical complications of 
bladder augmentation: comparison between 
various enterocystoplasties in 133 patients. 
Urology 2000;55:123-8 

52. Chadwick Plaire J, Snodgrass WT, Grady RW, 
Mitchell ME. Long-term follow-up of the hema-
turia-dysuria syndrome. J Urol 2000;164:921-3 

53. Leonard MP, Dharamsi N, Williot PE Outcome 
of gastrocystoplasty in tertiary pediatric urology 
practice. J Urol 2000;164:947-50 

54. Duel BP, Gonzales R, Barthold JS. Alternative 
techniques for augmentation cystoplasty. J Urol 
1998;159:998-1005 

55. Kennely MJ, Gormley MA, McGuire EJ. Early 
clinical experience with adult auto-augmenta-
tion. J Urol 1994;152:303-6 

56. Stoher M, Kramer A, Goepel M, Lochner, Ernst 
D, Kruse D, Rubben H. Bladder auto-augmen-
tation – an alternative for enterocystoplasty: 
preliminary results. Neurourol Urodyn 
1995;14:11-23 

57. Dik P, Tsachouridis GD, Klijn AJ, Uiterwaal CS, 
de Jong TP. Detrusorectomy for neuropathic 
bladder in patients with spinal dysraphism. J 
Urol 2003;170:1351-4 

58. Usui A, Inoue K, Nakamoto T, Kadena H, Usui 
T. Usefulness of bladder auto- augmentation in 
neurogenic bladder. Nippon Nihyokika Gakkai 
Zasshi 1006;87:802-5 

59. MacNeily AE, Afshar K, Coleman GU, Johnson 
HW. Auto-augmentation by detrusor myotomy: 
its lack of effectiveness in the management of 
congenital neuropathic bladder. J Urol 
2003;170:1643-46 

60. Marte A, Di Meglio D, Cotrufo AM, Di Iorio G, 
De Pasquale M. A longterm followup of auto-
augmentation in myelodysplastic children. J 
Urol 2003;169:1602-3 

61. Lindley RM, Mackinnon AE, Shipstone D, 
Tophill PR. Long-term outcome in bladder de-
trusorectomy augmentation. Eur J Pediatr Surg 
2003:7-12 

62. Ehrlich RM, Gershman A. Laparoscopic sero-
myotomy (auto-augmentation) for non-neuro-
genic bladder in a child: initial case report. 

63. Chung SY, Meldrum K, Docimo SG. Laparo-
scopic assisted reconstructive surgery: a 7-
year experience. J Urol 2004;171:372-5 



 

 
1078  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

64. McDougall EM, Clayman RV, Figenshau RS, 
Pearl MS. Laparoscopic retropubic augmenta-
tion of the bladder. J Urol 1995;153:123-6 

65. Poppas DP, Uzzo RG, Britanisky RG, Minin-
berg DT. Laparoscopic laser assisted auto-
augmentation of the pediatric neurogenic blad-
der: early experience with urodynamic follow-
up. J Urol 1996;155:1057-60 

66. Gonzales R. Laparoscopic laser assisted auto-
augmentation of the pediatric neurogenic blad-
der: early experience with urodynamic follow-
up. J Urol 1996; 156:1783-6 

67. Koontz WW, Jr. Prout GR, Jr. Mackler MA. 
Bladder regeneration following serosal colo-
cystoplasty. Invest Urol 1970;8:170-6 

68. DeBadiola F, Manivel JC, Gonzalez R. Soro-
muscular enterocystoplasty in rats. J Urol 
1991;146:559-62 

69. Salle JL, Fraga JC, Luvib A, Lampertz M, Jobim 
G, Putten A. Seromuscular enterocystoplasty in 
dogs. J Urol 1990;144:454-6 

70. Dewan PA, Lorenz C, Stefanek W, Byard RW. 
Urothelial lined colocystoplasty in a sheep 
model. Eur Urol 1004;26:240-6 

71. Buson H, Manivel JC, Dayanc M, Long R, Gon-
zales R. Seromuscular colocystoplasty lined 
with urothelium: experimental study. Urology 
1994;44:743-8 

72. Garibay JT, Manivel JS, Gonzales R. Effect of 
seromuscular solocytoplasty lined with urothe-
lium and partial detrusorectomy on a new ca-
nine model of reduced bladder capacity. J Urol 
1996;154:903-6 

73. Denes ED, Vates TS, Freedman AL, Gonzales 
R. Seromuscular colocystoplasty lined with 
urothelium protects dogs from acidosis during 
ammonium chloride loading. J Urol 
1997;158:1075-80 

74. Frey P, Lutz N, Leuba AL. Augmentation cysto-
plasty using pediicled and de-epithelialized 
gastric patches in the mini-pig model. J Urol 
1996;156:608-13 

75. Gonzales R, Buson H, Reid C, Reinberg Y. 
Seromuscular colocystoplasty lined with 
urothelium: experience with 16 patients. Urol-
ogy 1995;45:124-9 

76. Lima SV, Araujo LA, Vilar FO, Kummer CL, 
Lima EC. Nonsecretory sigmoid cystoplasty: 
experimental and clinical results. J Urol 
153:1651-1654, 1995. 

77. Lima SV, Araujo LA, Vilar FO. Nonsecretory in-
testinocystoplasty : a 10 year experience. J 
Urol 2004;165:2636-40 

78. Gonzalez R, Jednak R, Franc-Guimond J, 
Schimke CM. Treating neuropathic inconti-
nence in children with seromuscular colocysto-
plasty and an artificial urinary sphincter. BJU Int 
2002;90:909-11 

79. Oge O, Tekgul S, Ergen A, Kendi S. Urothe-
lium-preserving augmentation cystoplasty cov-
ered with peritoneal flap. BJU Int 2000;85:802-
5 

80. Arikan N, Turkolmez K, Budak M, Gogus O. 
Outcome of augmentation sigmoidocystoplasty 
in children neurogenic bladder. Urol Int 
2000;64:82-5 

81. Jednak R, Schimke CM, Barroso U JR, Bar-
thold JS, Gonzalez R. Further experience with 
seromuscular colocystoplasty lined with urothe-
lium.J Urol 2000;164:2045-9 

82. De Badiola F, Ruiz E, Puigdevall J, Lobos P, 
Moldes J, Lopez Raffo M, Gallo A. Sigmoid cys-
toplasty with argon beam without mucosa. J 
Urol 2001;165:2253-5 

83. Churchill BM, Aliabadi H, Landau EH, McLorie 
GA, Steckler RE, McKenna, PH, Khoury AE. 
Ureteral bladder augmentation. J Urol 
1993;150:716-20 

84. Dewan PA, Nicholls EA, Goh DW. Ureterocys-
toplasty: an extraperitoneal, urothelial bladder 
autmentation technique. Eur Urol 1994;26:85-9 

85. Gosalbez R, Jr, Kim CO, Jr. Ureterocystoplasty 
with preservation of ipsilateral renal function. J 
Ped surg 1996;31:970-5 

86. Ben-Chaim,J, Partin AW, Jeffs RD. Ureteral 
bladder augmentation using the lower pole ure-
ter of a duplicated system. Urology 
1996;47:135-7 

87. Denes FT, Nahas WC, Borrelli M, Rocha FT, 
Mitre AI, Gianini PTR, Apexatto M, Arap S. 
Urererocistoplastia J Bras Urol 1997;23 (supl 
Espec):170-90 

88. Husmann DA, Snodgrass WT, Koyle MA, Fur-
ness PD 3rd, Kropp BP, Cheng EY, Kaplan 
WE, Kramer SA. Ureterocystoplasty: indica-
tions for a successful augmentation. J Urol. 
2004;171:376-80 

89. Ahmed S, De Castro R, Farhoud RA, El Traifi 
A. Augmentation ureterocystoplasty in bladder 
exstrophy: 5-year follow-up in two cases. Eur 
Urol 2002 ;42:631-4 

90. Perovic SV, Vukadinovic VM, Djordjevic ML. 
Augmentation ureterocystoplasty could be per-
formed more frequently. J Urol 2000;164:924-7 

91. Tekgul S, Oge O, Bal K, Erkan I, Bakkaloglu M. 
Ureterocystoplasty: an alternative reconstruc-
tive procedure to enterocystoplasty in suitable 
cases. J Pediatr Surg 2000;35:577-9 



 

 
REFERENCES: SURGICAL MANAGEMENT OF URINARY INCONTINENCE IN CHILDREN  1079 

 

92. Carneiro PM, Binyamini J, Sofer M, Ben-Chaim 
J. Augmentation ureterocystoplasty: is it the 
preferred choice? East Afr Med J. 2005 
May;82(5):247-9. 

93. Youssif M, Badawy H, Saad A, Hanno A, Mokh-
less I. Augmentation ureterocystoplasty in boys 
with valve bladder syndrome.J Pediatr Urol. 
2007 Dec;3(6):433-7. 

94. Johal NS, Hamid R, Aslam Z, Carr B, Cuckow 
PM, Duffy PG.Ureterocystoplasty: long-term 
functional results. J Urol. 2008 
Jun;179(6):2373-5; discussion 2376. 

95. Nahas WC, Lucon M, Mazzucchi E, Antono-
poulos IM, Piovesan AC, Neto ED, Ianhez LE, 
Arap S. Clinical and urodynamic evaluation af-
ter ureterocystoplasty and kidney transplanta-
tion. J Urol 2004;171:1428-31 

96. Talic RF. Augmentation ureterocystoplasty with 
ipsilateral renal preservation in the manage-
ment of patients with compromised renal sec-
ondary to dysfunctional voiding. Int Urol Neph-
rol 1999;31:463-70 

97. Taghizadeh A, Mahdavi R, Mirsadraee S, 
Ghorbani HR, Patel HR. Ureterocystoplasty is 
safe and effective in patients awaiting renal 
transplantation. Urology. 2007 Nov;70(5):861-
3. 

98. Atala A, Vacanti JP, Peters CA, Mandell J, 
Retik AB, Freeman MR. Formation of urothelial 
structures in vivo from dissociated cells at-
tached to biodegradable polymer scaffolds in 
vitro. J Urol 1992;148:658-62 

99. Hutton KA, Trejdosiewicz LK, Thomas DF, 
Southgate J. Urothelial tissue culture for blad-
der reconstruction: an experimental study. J 
Urol 1993;150:721-5 

100. Atala A, Freeman MR, Vacanti JP, Shepard J, 
Retik AB. Implantation in vivo and retrieval of 
artificial structures consistingof rabbit and hu-
man urothelium and human bladder muscle. J 
Urol 1993;150:608-12 

101. Hakim S, Merguerian PA, Chavez D. Use of bi-
odegradable mesh as a transport for a cultured 
uroepithelial graft: an improved method using 
collagen gel. Urology 1994;44:139-42 

102. Scriven SD, Booth C, Thomas DF, 
Trejdosiewicz LK, Southgate J. Reconstruction 
of human urothelium from monolayers culture. 
J Urol 1997;158:1147-52 

103. Magnan M, Berthod F, Champigny MF, Soucy 
F, Bolduc S. In vitro reconstruction of a tissue-
engineered endothelialized bladder from a sin-
gle porcine biopsy.J Pediatr Urol. 2006 
Aug;2(4):261-70. 

104. Moriya K, Kakizaki H, Murakumo M, Watanabe 
S, Chen Q, Nonomura K, Koyanagi T. Creation 
of luminal tissue covered with urothelium by im-
plantation of cultured urothelial cells into the 
peritoneal cavity. J Urol. 2003 Dec;170(6 Pt 
1):2480-5. 

105. Zhang Y, Lin HK, Frimberger D, Epstein RB, 
Kropp BP. Growth of bone marrow stromal cells 
on small intestinal submucosa: an alternative 
cell source for tissue engineered bladder.BJU 
Int. 2005 Nov;96(7):1120-5. 

106. Nakanishi Y, Chen G, Komuro H, Ushida T, 
Kaneko S, Tateishi T, Kaneko M. Tissue-engi-
neered urinary bladder wall using PLGA mesh-
collagen hybrid scaffolds:a comparison study of 
collagen sponge and gel as a scaffold.J Pediatr 
Surg. 2003 Dec;38(12):1781-4. 

107. Hafez AT, Afshar K, Bägli DJ, Bahoric A, Aitken 
K, Smith CR, Khoury AE. Aerosol transfer of 
bladder urothelial and smooth muscle cells 
onto demucosalized colonic segments for por-
cine bladder augmentation in vivo: a 6-week 
experimental study.J Urol. 2005 Oct;174(4 Pt 
2):1663-7; discussion 1667-8. 

108. Zhang Y, Kropp BP, Moore P, Cowan R, Fur-
ness PD 3rd, Kolligian ME, Frey P, Cheng EY. 
Coculture of bladder urothelial and smooth 
muscle cells on small intestinalsubmucosa: po-
tential applications for tissue engineering tech-
nology.J Urol. 2000 Sep;164(3 Pt 2):928-34; 
discussion 934-5. 

109. Drewa T, Sir J, Czajkowski R, Wozniak A. Scaf-
fold seeded with cells is essential in urothelium 
regeneration and tissue remodeling in vivo after 
bladder augmentation using in vitro engineered 
graft. Transplant Proc. 2006 Jan-
Feb;38(1):133-5. 

110. Atala A, Bauer SB, Soker S, Yoo JJ, Retik AB. 
Tissue-engineered autologous bladders for pa-
tients needing cystoplasty.Lancet. 2006 Apr 
15;367(9518):1241-6. 

111. Vorstman B, Lockhart J, Kaufman MR, Politano 
V. Polytetrafluoroethylene injection for urinary 
incontinence in children. J Urol 1985;133:248-
50 

112. Malizia AA, Jr, Reiman HM, Myers RP, Sande 
JR, Bahrman SS, Benson RC, Jr, Dewanjee 
MK, Utz WJ. Migration and granulomatous re-
action after periurethral injection of polytef (Tef-
lon). JAMA 1984;251:3277-81 

113. Bomalski MD, Bloom DA, McGuire EJ, Panzi A. 
Glutaraldhyde cross-linked collagen in the 
treatment of urinary incontinence in children. J 
Urol 1996;155:699-702 



 

 
1080  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

114. Chernoff A, Horowitz M, Combs A, Libretti D, 
Nitti V, Glassberg KL. Periurethral collagen in-
jection for the treatment of urinary incontinence 
in children. J Urol 1997;157:2303-5 

115. Capozza N, Caione P, DeGennaro M, Nappo 
S, Patricola M. Endoscopic treatment of 
vesicoureteral reflux and urinary incontinence. 
Technical problems in the pediatric patient. Br 
J Urol 1995;75:538-42 

116. Sundaram CP, Reinberg Y, Aliabadi HA. Fail-
ure to obtain durable results with collagen im-
plantation in children with urinary incontinence. 
J Urol 1997;157:2306-7 

117. Block CA, Cooper CS, Hawtrey CE. Long-term 
efficacy of periurethral collagen injection for the 
treatment of urinary incontinence secondary to 
myelomeningocele. J Urol 2003:169;327-9 

118. Caione P, Capozza N. Endoscopic treatment of 
urinary incontinence in pediatric patients: a 2-
year experience with dextranomer / hyaluronic 
acid copolymer. J Urol 2002;168:1868-71 

119. Lottmann HB, Margaryan M, Bernuy M, Rouffet 
MJ, Bau MO, El-Ghoneimi A, Aigrain Y, Sten-
berg A, Lackgren G. The effect of endoscopic 
injections of dextranomer based implants on 
continence and bladder capacity: a prospective 
study of 31 patients. J Urol 2002;168:1863-7 

120. Lottmann HB, Margaryan M, Lortat-Jacob S, 
Bernuy M, Läckgren G. Long-term effects of 
dextranomer endoscopic injections for the 
treatment of urinary incontinence: an update of 
a prospective study of 61 patients.J Urol. 2006 
Oct;176(4 Pt 2):1762-6. 

121. Guys JM, Simeoni-Alias J, Fakhro A, Delarue 
A. Use of polydimethylsiloxane for endoscopic 
treatment of urinary incontinence in children. J 
Urol 1999;162:2133-5 

122. Guys JM, Fakhro A, Louis-Borrione C, Prost J, 
Hautier A. Endoscopic treatment of urinary in-
continence: long-term evaluation of the results. 
J Urol 2001;165: 2389-91 

123. Halachmi S, Farhat W, Metcalfe P, Bagli DJ, 
McLorie GA, Khoury AE. Efficacy of polydime-
thylsiloxane injection to the bladder neck and 
leaking diverting stoma for urinary continence. 
J Urol 2004;171:1287-90 

124. Guys JM, Breaud J, Hery G, Camerlo A, Le 
Hors H, De Lagausie P. Endoscopic injection 
with polydimethylsiloxane for the treatment of 
pediatric urinary incontinence in the neurogenic 
bladder: long-term results. J Urol. 2006 
Mar;175(3 Pt 1):1106-10. 

125. Dyer L, Franco I, Firlit CF, Reda EF, Levitt SB, 
Palmer LS. Endoscopic injection of bulking 
agents in children with incontinence: dex-
tranomer/hyaluronic acid copolymer versus 
polytetrafluoroethylene. J Urol. 2007 Oct;178(4 
Pt 2):1628-31. 

126. Kitchens DM, Minevich E, DeFoor WR, Reddy 
PP, Wacksman J, Koyle MA, Sheldon CA. In-
continence following bladder neck reconstruc-
tion--is there a role for endoscopic manage-
ment? J Urol. 2007 Jan;177(1):302-5; discus-
sion 305-6. 

127. Dean GE, Kirsch AJ, Packer MG, Scherz HC, 
Zaontz MR. Antegrade and retrograde endo-
scopic dextranomer/hyaluronic Acid bladder 
neck bulking for pediatric incontinence.J Urol. 
2007 Aug;178(2):652-5. 

128. Misseri R, Casale AJ, Cain MP, Rink RC. Alter-
native uses of dextranomer/hyaluronic acid co-
polymer: the efficacy of bladder neck injection 
for urinary incontinence.J Urol. 2005 Oct;174(4 
Pt 2):1691-3; discussion 1693-4. 

129. Lund L, Yeung CK. Periurethral injection ther-
apy for urinary incontinence using a laparo-
scopic port. J Endourol 2003;17:253-4 

130. Scott FB, Bradley W W, Timm GW. Treatment 
of urinary incontinence by implantable pros-
thetic sphincter. Urology 1973;1:252-9 

131. Diokno AC, Sonda P. Compatibility of genitou-
rinary prosthesis and intermittent self catheter-
isation. J Urol 1981;125:659-60 

132. Gonzalez R, Nguyen DH, Koilelat N, Sidi AA. 
Compatibity of enterocystoplasty and the artifi-
cial urinary sphincter. J Urol 1989;142:502-4 

133. Strawbridge LR, Kramer SA, Castillo OA, Bar-
rett DM. Augmentation cystoplasty and the arti-
ficial genitourinary sphincter. J Urol 
1989;142:297-301 

134. Holmes NM, Kogan BA, Baskin LS. Placement 
of artificial urinary sphincter in children and sim-
ultaneous gastrocystoplasty. J Urol 
2001;165:2366-8 

135. Gonzalez R, Merino FG, Vaughn M. Long term 
results of the artificial urinary sphincter in male 
patients with neurogenic bladder. J Urol 
1995;154:769-70 

136. Levesque PE, Bauer SB, Atala A, Zurakowski 
D, Colodny A, Peters C, Retik AB. Ten year ex-
perience with the artificial sphincter in children. 
J Urol 1996;156:625-8 

137. Singh G, Thomas DG. Artificial urinary sphinc-
ter in patients with neurogenic bladder dysfunc-
tion. Br J Urol 1996;77:252-5 



 

 
REFERENCES: SURGICAL MANAGEMENT OF URINARY INCONTINENCE IN CHILDREN  1081 

 

138. Simeoni J. Artificial urinary sphincter for neuro-
genic bladder: A multi-institutional study in 107 
children. Br J Urol 1996;78:287-93 

139. Castera R, Podesta ML, Ruarte A, Herrera M, 
Medel R. 10-Year experience with artificial uri-
nary sphincter in children and adolescents. J 
Urol 2001;165:2373-76 

140. Kryger JV, Leverson G, Gonzalez R. Long-term 
results of artificial urinary sphincters in children 
are independent of age at implantation. J Urol 
2001;165:2377-9 

141. Nurse DE, Mundy AR. One hundred artificial 
sphincters. Br J Urol 1988;61:318-25 

142. Barrett DM, Parulkar BG, Kramer SA. Experi-
ence with AS800 artificial sphincter in pediatric 
and young adult patients. J Urol 1993;42:431-6 

143. Hafez AT, McLorie G, Bagli D, Khoury A. A sin-
gle-centre long-term outcome analysis of artifi-
cial urinary sphincter placement in children. 
BJU Int 2002;89:82-5 

144. Albouy B, Grise P, Sambuis C, Pfister C, Mitro-
fanoff P, Liard A. Pediatric urinary inconti-
nence: evaluation of bladder wall wraparound 
sling procedure. J Urol. 2007 Feb;177(2):716-
9. 

145. Lopez Pereira P, Somoza Ariba I, MartÃnez 
Urrutia MJ, Lobato Romero R, Jaureguizar 
Monroe E. Artificial urinary sphincter: 11-year 
experience in adolescents with congenital neu-
ropathic bladder.Eur Urol. 2006 
Nov;50(5):1096-101; discussion 1101. 

146. Rodó JS, Cáceres FA, Lerena JR, Rossy E. 
Bladder augmentation and artificial sphincter 
implantation: urodynamic behavior and effects 
on continence. J Pediatr Urol. 2008 Feb;4(1):8-
13. 

147. Herndon CD, Rink RC, Shaw MB, Simmons 
GR, Cain MP, Kaefer M, Casale AJ. The Indi-
ana experience with artificial urinary sphincters 
in children and young adults. J Urol 
2003;169:650-4 

148. Herndon CD, Rink RC, Shaw MB, Cain MP, 
Casale AJ. Experience with non-cycled artificial 
urinary sphincters. BJU Int 2004;93:1049-52 

149. Spiess PE, Capolicchio JP, Kiruluta G, Salle 
JP, Berardinucci G, Corcos J. Is an artificial 
sphincter the best choice for incontinent boys 
with Spina Bifida? Review of our long term ex-
perience with the AS-800 artificial sphincter. 
Can J Urol 2002;9:1486-91 

150. Aliabadi H, Gonzalez R. Success of the artificial 
sphincter after failed surgery for incontinence. 
J Urol 1996;143:987-91 

151. Woodside JR, BordenTA. Pubovaginal sling 
procedure or the management of urinary incon-
tinence in a myelodysplastic girl. J Urol 
1986;78:808-9 

152. Gormley EA, Bloom DA, McGuire EJ, Ritchey 
ML. Pubovaginal slings for the management of 
urinary incontinence in female adolescents. J 
Urol 1994;152:822-5 

153. Kakizaki H, Shibata T, Kobayashi S, Matsu-
mara K, Koyanagi T. Fascial sling for the man-
agement of incontinence due to sphincter in-
competence. J Urol 1995;153:644-7 

154. Elder JS. Periurethral and puboprostatic sling 
repair for incontinence in patients with myelo-
dysplasia. J Urol 1990;144:434-7 

155. Decter RM. Use of fascial sling for neurogenic 
incontinece: Lessons learned. J Urol 
1993;150:683-6 

156. Raz S, Ehrlich RM, Zeidman EJ, Alarcon A, 
McLaughlin S. Surgical treatment of the incon-
tinent female patient with myelomeningocele. J 
Urol 1988;139:524-6 

157. Bauer SB, Peters CA, Colodny AH, Mandell J, 
Retik AB. The use of rectus fascia to manage 
urinary incontinence. J Urol 1989;142:516-9 

158. Perez LM, Smith EA, Broecker BH, Massad 
CA, Parrott TS, Woodard JR. Outcome of sling 
cystourethropexy in the pediatric population: A 
critical review. J Urol 1996;156:642-6 

159. Dik P, Klijn AJ, van Gool JD, de Jong TP. 
Transvaginal sling suspension of bladder neck 
in female patients with neurogenic sphincter in-
continence. J Urol 2003;170:580-1 

160. Colvert JR 3rd, Kropp BP, Cheng EY, Pope JC 
4th, Brock JW 3rd, Adams MC, Austin P, Fur-
ness PD 3rd, Koyle MA. The use of small intes-
tinal submucosa as an off-the-shelf urethral 
sling material for pediatric urinary incontinence. 
J Urol 2002 ;168:1872-5 

161. Bugg CE Jr, Joseph DB. Bladder neck cinch for 
pediatric neurogenic outlet deficiency. J Urol 
2003;170:1501-3 

162. Misseri R, Cain MP, Casale AJ, Kaefer M, Mel-
drum KK, Rink RC. Small intestinal submucosa 
bladder neck slings for incontinence associated 
with neuropathic bladder.J Urol. 2005 
Oct;174(4 Pt 2):1680-2; discussion 1682. 

163. Godbole P, Mackinnon AE. Expanded PTFE 
bladder neck slings for incontinence in children: 
the long-term outcome. BJU Int. 2004;93:139-
41 



 

 
1082  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

164. Dave S, Pippi Salle JL, Lorenzo AJ, Braga LH, 
Peralta-Del Valle MH, Bägli D, Khoury AE. Is 
long-term bladder deterioration inevitable fol-
lowing successful isolated bladder outlet proce-
dures in children with neuropathic bladder dys-
function?J Urol. 2008 May;179(5):1991-6; dis-
cussion 1996. 

165. Nguyen HT, Baskin LS. The outcome of blad-
der neck closure in children with severe urinary 
incontinence. J Urol 2003:169; 1114-16 

166. Hoebeke P, De Kuyper P, Goeminne H, Van 
Laecke E, Everaert K. Bladder neck closure for 
treating pediatric incontinence. Eur Urol 
2000;38:453-6 

167. Young HH. An operation for incontinence asso-
ciated with epispadias. J Urol 1922;7:1-32 

168. Dees J. Congenital epispadias with inconti-
nence. J Urol 1949;62:513-22 

169. Leadbetter GW. Surgical correction of total uri-
nary incontinence. J Urol 1964;91:261-6 

170. Mollard P. Bladder reconstruction in exstrophy. 
J. Urol 1980;124 :525-9 

171. Jones JA, Mitchell ME, Rink RC. Improved re-
sults using a modification of the Young-Dees-
Leadbetter bladder neck repair. Br J Urol 
1993;71:555-61 

172. Salle JL. Urethral lengthening with anterior 
bladder wall flap (Pippi Salle procedure): modi-
fications and extended indications of the tech-
nique. J Urol 1997;158:586-90 

173. Hendren WH. Congenital female epispadias 
with incontinence. J Urol 1981;125:558-64 

174. Lepor H and Jeffs RD. Primary bladder closure 
and bladder neck reconstruction in classical 
bladder exstrophy. J Urol 1083;123:1142-5 

175. Kropp KA and Angwafo FF. Urethral lengthen-
ing and reimplantation for neurogenic inconti-
nence in children. J. Urol 1986;135:533-6 

176. Snodgrass W. A simplified Kropp procedure for 
incontinence. J Urol 1997;158:1049-52 

177. Surer I, Baker LA, Jeffs RD, Gearhart JP. Mod-
ified Young-Dees-Leadbetter bladder neck re-
construction in patients with successful primary 
bladder closure elsewhere: a single institution 
experience. J Urol 2001;165:2438-40. 

178. Szymanski KM, Rink RC, Whittam B, Ring JD, 
Misseri R, Kaefer M, Cain MP. Long-term out-
comes of the Kropp and Salle urethral length-
ening bladder neck reconstruction procedures. 
J Pediatr Urol. 2016 Dec;12(6):403.e1-403.e7. 

179. Grimsby GM, Menon V, Schlomer BJ, Baker 
LA, Adams R, Gargollo PC, Jacobs MA. Long-
Term Outcomes of Bladder Neck Reconstruc-
tion without Augmentation Cystoplasty in Chil-
dren. J Urol. 2016 Jan;195(1):155-61. 

180. Snodgrass W, Villanueva C, Gargollo P et al: 
New hydronephrosis and/or vesicoureteral re-
flux after bladder outlet surgery without aug-
mentation in 75 children with neurogenic blad-
der. J Pediatr Urol 2014; 10: 906. 

181. Whittam B, Szymanski K, Misseri R, Carroll A, 
Kaefer M, Rink R, Cain M. Long-term fate of the 
bladder after isolated bladder neck procedure. 
J Pediatr Urol. 2014 Oct;10(5):886-91. 

182. Mitrofanoff P. Cystostomie continente trans-ap-
pendiculaire dans le traitement de vessies neu-
rologique. Chirugae Paediatrica 1980;621:297- 
305 

183. Duckett JW, Snyder HM. Continent urinary di-
version: variations on the Mitrofanoff principle. 
J Urol 1986;136:58-62 

184. Woodhouse CRJ, MacNeilly AE. The Mitro-
fanoff principle: expanding on a versatile 
theme. Br J Urol 1994;74:447-53 

185. Leibovitch I, Avigad I, Nativ O, Goldwasser B. 
The frequency of histopathological abnormali-
ties in incidental appendectomy in urological 
patients: the implications for incorporation of 
the appendix in urinary tract reconstructions. J 
Urol 1992;148:41-3 

186. Yang WH. Yang needle tunneling technique in 
creating antireflux and continence mecha-
nisms. J Urol 1993;150:830-4 

187. Monti PR, Lara RC, Dutra MA, Rezende de 
Carvalho R. New techniques for construction of 
efferent conduits based on the Mitrofanoff prin-
ciple. Urology 1997;49:112-5 

188. Gerharz EW, Tassadaq T, Pickard RS, Shah 
PJR, Woodhouse CRJ. Transverse retubular-
ised ileum: early clinical experience with a new 
second line Mitrofanoff tube. J Urol 
1998;159:525-8 

189. Liard A, Seguier-Lipszyc E, Mathiot A, Mitro-
fanoff P. The Mitrofanoff procedure: 20 years 
later. J Urol 2001;165:2394-8. 

190. Malone PR, d'Cruz VT, Worth PHL, Wood-
house CRJ. Why are continent diversions con-
tinent? J Urol 1989;141:303-6 

191. Riedmiller H, Burger R, Muller SC, Thuroff J, 
Hohenfellner R. Continent appendix stoma: a 
modification of the Mainz pouch technique. J 
Urol 1990;143:1115-7 

192. Woodhouse CRJ. The Mitrofanoff principle for 
continent urinary diversion. World J Urology 
1996;14:99-104 



 

 
REFERENCES: SURGICAL MANAGEMENT OF URINARY INCONTINENCE IN CHILDREN  1083 

 

193. Duckett JW, Lofti A-H. Appendicovesicostomy 
(and variations) in bladder reconstruction. J 
Urol 1993;149:567-9 

194. Fishwick J, Gough DCS, O'Flynn KJ. The Mi-
trofanoff: does it last? British Journal of Urology 
International 2000;85:496-7 

195. Cain MP, Casale AJ, King SJ, Rink RC. Appen-
dicovesicostomy and newer alternatives for the 
Mitrofanoff procedure: results in the last 100 
patients at Riley Children's Hospital. J Urol. 
1999;162:1749-52 

196. Piaggio L, Myers S, Figueroa TE, Barthold JS, 
González R. Influence of type of conduit and 
site of implantation on the outcome of continent 
catheterizable channels. J Pediatr Urol. 2007 
Jun;3(3):230-4. 

197. Thomas JC, Dietrich MS, Trusler L, et al. Con-
tinent catheterizable channelsand the timing of 
their complications. J Urol 2006;176:1816–20. 

198. Harris CF, Cooper CS, Hutcheson JC, et al. Ap-
pendicovesicostomy: the Mitrofanoff procedure 
– a 15-year perspective. J Urol 
2000;163:1922–6. 

199. Narayanaswamy B,Wilcox DT, Cuckow PM, et 
al. The Yang-Monti ileovesicostomy: a prob-
lematic channel? BJU Int 2001;87:861–5. 

200. Leslie B, Lorenzo AJ, Moore K, et al. Long-
termfollow-up and time to event outcome anal-
ysis of continent catheterizable channels. J 
Urol 2011;185:2298–302 

201. Faure A, Cooksey R, Bouty A, Woodward A, 
Hutson J, O'Brien M, Heloury Y. Bladder conti-
nent catheterizable conduit (the Mitrofanoff pro-
cedure): Long- term issues that should not be 
underestimated. J Pediatr Surg. 2017 
Mar;52(3):469-472. 

202. Hitchcock RJ, Sadiq MJ. Button vesicostomy: A 
continent urinary stoma. J Pediatr Urol. 2007 
Apr;3(2):104-8. 

203. Gilchrist RK, Merricks JW, Hamlin HH, Rieger 
IT. Construction of substitute bladder and ure-
thra. Surgery, Gynecology and Obstetrics 
1950;90:752-60 

204. Harper JGM, Berman MH, Herzberg AD, Ler-
man F, Brendler H. Observations on the use of 
cecum as a substitute bladder. J Urol 
1954;71:600-2 

205. Rowland RG, Mitchell ME, Bihrle R, Kahnoski 
PJ, Piser JE. Indiana continent urinary reser-
voir. J Urol 1987;137:1136-9 

206. Rowland RG,Webster G, Goldwasser B, edi-
tors. Urinary diversion. 1 ed. Oxford: Isis Medi-
cal Media; 1995; 22, Right colon reservoir using 
plicated tapered ileal outlet. p. 229-35 

207. Thuroff J, Alken P, Reidmiller H, Jakobi GH, 
Hohenfellner R. 100 cases of Mainz pouch: 
continuing experience and evolution. J Urol 
1988;140:283-8 

208. Robertson GN, King L. Bladder substitution in 
children. Urol Clin North America 1986;13:333-
44 

209. Skinner EC, Lieskovsky G, Boyd JD, et al. Hen-
dry WF, editors. Recent advances in urol-
ogy/andrology. 5 ed. Edinburgh: Churchill Liv-
ingstone; 1991; 9, Continent cutaneous diver-
sion and total bladder replacement using the 
Kock principles. p. 135-48 

210. Engelmann UH, Felderman TP, Scott FB. The 
use of the AMS AS800 artificial sphincter for 
continent urinary diversion 1. investigations in-
cluding pressure flow studies using rabbit intes-
tinal loops. J Urol 1985;134-83 

211. Light KK. Long term clinical results using the 
artificial sphincter around bowel. Br J Urol 
1989;64:56-60 

212. Mor Y, Quinn FMJ, Carr B, Mouriquand PD, 
Duffy PG, Ransley PG. Combined Mitrofanoff 
and antegrade continence enema procedures 
for urinary and fecal incontinence. J Urol 
1997;158:192-5 

213. Herschorn S, Hewitt RJ. Patient perspective of 
long term outcome of augmentation cystoplasty 
for neurogenic bladder. Urology 1998;52:672-8 

214. Leng WW, Balock HJ, Fredricksson WH, Eng-
lish SF, McGuire EG. Enterocystoplasty or de-
trusor myomectomy: comparison of indications 
and outcomes for bladder augmentation. J Urol 
1999;161:758-63 

215. Metcalfe PD, Cain MP, Kaefer M, Gilley DA, 
Meldrum KK, Misseri R, King SJ,Casale AJ, 
Rink RC. What is the need for additional blad-
der surgery after bladder augmentation in child-
hood? J Urol. 2006 Oct;176(4 Pt 2):1801-5; dis-
cussion 1805. 

216. Dayanc M, Kilciler M, Tan O, Gokalp A, Goktas 
S, Peker AF. A new approach to bladder aug-
mentation in children: seromuscular enterocys-
toplasty. BJU Int 1999;84:103-7 

217. Landau EH, Jayanthi VR, Mclorie GA, Churchill 
BM, Khoury AE. Renal transplantation in chil-
dren following augmentation ureterocysto-
plasty. Urology 1997;50:260-2 

218. N'Dow J, Robson CN, Matthews JNS, Neal DE, 
Pearson JP. reducing mucus production after 
urinary reconstruction: prospective randomised 
trial. J Urol 2001;165:1433-40 

219. Flood HD,Malhotra SJ, O'Connell HE, et al. 
Long-term results andcomplications using aug-
mentation cystoplasty in reconstructive urol-
ogy. Neurourol Urodyn. 1995;14(4):297–309. 



 

 
1084  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

220. Bertschy C, Bawab F, Liard A, et al. Enterocys-
toplasty complications in children. A study of 30 
cases. Eur J Pediatr Surg. 2000;10(1):30–4. 

221. Shekarriz B, Upadhyay J, Demirbilek S, et al. 
Surgical complications of bladder augmenta-
tion: comparison between various enterocysto-
plasties in 133 patients. Urology. 
2000;55(1):123–8. 

222. DeFoorW, Tackett L, Minevich E, et al. Risk 
factors for spontaneous bladder perforation af-
ter augmentation cystoplasty. Urology. 
2003;62(4):737–41 

223. Mansson W, Bakke A, Bergman B. Perforation 
of continent urinary reservoirs. Scandinavian 
Journal of Urology and Nephrology 
1997;31:529-32 

224. Rink RC, Hollensbe DW, Adams MC, Keating 
MA. Is sigmoid enterocystoplasty at greatest 
risk or perforation? Observations and etiology 
in 23 bladder perforations in 264 patients. 
Scandinavian Journal of Urology and Nephrol-
ogy 1992;142(Supplement):179-83 

225. Metcalfe PD, Casale AJ, Kaefer MA, Misseri R, 
Dussinger AM, Meldrum KK, Cain MP, Rink 
RC. Spontaneous bladder perforations: a re-
port of 500 augmentations in children and anal-
ysis of risk.J Urol. 2006 Apr;175(4):1466-70; 
discussion 1470-1. 

226. Scales CD, Jr., Wiener JS. Evaluating out-
comes of enterocystoplasty inpatients with 
spina bifida: A review of the literature. J Urol 
2008;180:2323. 

227. Rawashdeh YF, Austin P, Siggaard C, Bauer 
SB, Franco I, de Jong TP, Jorgensen TM; Inter-
national Children's Continence Society.. Inter-
national Children's Continence Society's rec-
ommendations for therapeutic intervention in 
congenital neuropathic bladder and bowel dys-
function in children. Neurourol Urodyn. 2012 
Jun;31(5):615-20. 

228. Nurse DE, Mundy AR. Metabolic complications 
of cystoplasty. BrJ Urol 1989;63:165-70 

229. Wagstaff KE, Woodhouse CRJ, Rose GA, 
Duffy PG, Ransley PG. Blood and urine analy-
sis in patients with intestinal bladders. Br J Urol 
1991;68:311-6 

230. Ditonno P, Battaglia M, Ricapito V, Saracino 
GA, Selvaggi FP. Metabolic acidosis and uri-
nary tract infections in ileocolic orthotopic res-
ervoirs with an afferent ileal loop. Scandinavian 
Journal of Urology and Nephrology 
1992;142:134-5 

231. Poulsen AL, Thode J, Steven K. Acid base me-
tabolism following urinary diversion with the il-
eal Kock reservoir. Scandinavian Journal of 
Urology and Nephrology; 1992;142(Supple-
ment):135-6 

232. Mitchell ME, Piser JA. Intestinocystoplasty and 
total bladder replacement in children and young 
adults: follow up in 129 cases. J Urol 
1987;138:579-84 

233. Mingin GC, Nguyen HT, Mathias RS, Shepherd 
JA, Glidden D, Baskin LS. Growth and meta-
bolic consequences of bladder augmentation in 
children with myelomeningocele and bladder 
exstrophy. Pediatrics 2002;110:1193- 8 

234. Kalloo NB, Jeffs RD, Gearhart JP. Long term 
nutritional consequences of bowel segment 
use for lower urinary tract reconstruction in pe-
diatric patients. Urology 1997;50:967-71 

235. Racioppi M, D'Addessi A, Fanasca E. Vitamin 
B12 and folic acid plasma levels after ileocae-
cal and ileal neobladder reconstruction. Urol-
ogy 1997;50:888-92 

236. Rosenbaum DH, Cain MP, Kaefer M, Meldrum 
KK, King SJ, Misseri R, Rink RC. Ileal entero-
cystoplasty and B12 deficiency in pediatric pa-
tients. J Urol. 2008 Apr;179(4):1544-7; discus-
sion 1547-8. 

237. Kurzrock EA, Baskin LS, Kogan BA. Gastrocys-
toplasty: long term follow up. J Urol 
1998;160:2182-6 

238. Mingin GC, Stock JA, Hanna MK. Gastrocysto-
plasty: long term complications in 22 patients. J 
Urol 1999;162:1122-5 

239. N'Dow J, Leung HY, Marshall C, Neal DE. 
Bowel dysfunction after bladder reconstruction. 
J Urol 1998;159:1470-5 

240. Singh G, Thomas DG. Bowel problems after 
enterocystoplasty. BJU 1997;79:328-32 

241. Husmann OA, Cain MP. Fecal and urinary con-
tinence after ileal cecal cystoplasty for the neu-
rogenic bladder. J Urol 2001;165:922-96 

242. Vordemark JS, Irby PB, Shehata BM, Brown 
RF. The effects of ileocystoplasty on the devel-
opment of renal failure in a rat model 5/6th ne-
phrectomy. J Urol 1992;148:566-70 

243. Akerlund S, Delin K, Kock NG. Renal function 
and upper urinary tract configuration following 
urinary diversion to a continent ileal reservoir 
(Kock pouch): a prospective 5-11 year follow-
up after reservoir construction. J Urol 
1989;142:1193-8 

244. Fontaine E, Leaver R, Woodhouse CRJ. The 
effect of intestinal urinary reservoirs on renal 
function: a ten year follow up study. BJU Int 
2000;86:195-8 



 

 
REFERENCES: SURGICAL MANAGEMENT OF URINARY INCONTINENCE IN CHILDREN  1085 

 

245. Crowe A, Cairns HS, Wood S, Rudge CR, 
Woodhouse CRJ, Neild GH. Renal transplanta-
tion following renal failure due to urological dis-
orders. Nephrology, Dialysis and Transplanta-
tion 1998;13:2065-9 

246. Riedmiller H, Gerharz EW, Kohl U, Weingartner 
K. Continent urinary diversion in preparation for 
renal transplantation: a staged approach. 
Transplantation 2000;70:1713-7 

247. Palmer LS, Franco I, Kogan S, Reda E, 
Bhagwant G, Levitt S. Urolithiasis in children 
following augmentation cystoplasty. J Urol 
1993;150:726-9 

248. Ginsberg D, Huffman JL, Lieskovsky G, Boyd 
SD, Skinner DG. Urinary tract stones: a compli-
cation of the Kock pouch urinary diversion. J 
Urol 1991;145:956-9 

249. Terai A, Ueda T, Kakehi Y, Terachi T, Arai Y, 
Okada Y, Yoshida O. Urinary calculi as a late 
complication of the Indiana continent urinary di-
version: comparison with the Kock pouch pro-
cedure. J Urol 1996;155:66-8 

250. Kronner KM, Casale AJ, Cain MP, Zerin MJ, 
Keating MA, Rink RC. Bladder calculi in the pe-
diatric augmented bladder. J Urol 
1998;160:1096- 8 

251. Woodhouse CRJ, Lennon GN. Management 
and aetiology of stones in intestinal urinary res-
ervoirs in adolescents. Eur Urol 2001;39:253-9 

252. Brough RJ, O'Flynn KJ, Fishwick J, Gough 
DCS. Bladder washout and stone formation in 
paediatric enterocystoplasty. Eur Urol 
1998;33:500-2 

253. Mathoera RB, Kok DJ, Nijman RJ. Bladder cal-
culi in augmentation cystoplasty in children. 
Urology 2000;56:482-7 

254. Mathoera RB, Kok DJ, Verduin CM, Nijman 
RJM. Pathological and therapeutic significance 
of cellular invasion by Proteus Mirabilis in an 
enterocystoplasty infection stone model. Infec. 
Immun 2002;70: 7022-32 

255. Barrosso U, Jednak R, Fleming P, Barthold JS, 
Gonzalez R. Bladder  calculi in children who 
perform clean intermittent catheterisation. BJU 
Int 2000;85:879- 84 

256. Cain MP, Casale AJ, Kaefer M, Yerkes E, Rink 
RC. Percutaneous cystolithotomy in the pediat-
ric augmented bladder. J Urol 2002;168:1881- 
2 

257. Roberts WW, Gearhart JP, Mathews RI. Time 
to recurrent stone formation in patients with 
bladder or continent reservoir reconstruction: 
fragmentation versus intact extraction. J Urol 
2004:172; 1706-9 

258. Hensle TW, Bingham J, Lam J, Shabsigh A. 
Preventing reservoir calculi after augmentation 
cystoplasty and continent urinary diversion: the 
influence of an irrigation protocol. BJU Int 
2004;93:585-7 

259. Wagstaff KE, Woodhouse CRJ, Duffy PG, 
Ransley PG. Delayed linear growth in children 
after enterocystoplasty. BrJ Urol 1992;69:314-
7 

260. Gerharz EW, Woodhouse CRJ, Ransley PG. 
Growth failure revisited: a second look at the 
metabolic consequences of enterocystoplasty 
in childhood. J Urol 2001;165:106-9 

261. McDougal WS, Koch MO, Shands C, Price RR. 
Boney demineralisation following urinary intes-
tinal diversion. J Urol 1988;140:853-5 

262. Gerharz EW, Mosekilde L, Thomsen JS, Gas-
ser J, Ransley PG, Reidmiller H, Woodhouse 
CRJ. Biomechanical consequences of bone 
loss following urinary diversion through intesti-
nal segments. J Urol 1999;161:67 

263. Feng AH, Kaar S, Elder JS. Influence of enter-
ocystoplasty on linear growth in children with 
exstrophy. J Urol 2002;167:2552-5 

264. Gros DA, Dodson JL, Lopatin UA, Gearhart JP, 
Silver RI, Docimo SG. Decreased linear growth 
associated with intestinal bladder augmenta-
tion in children with bladder exstrophy. J Urol 
2000;164:917-20 

265. Hafez AT, McLorie G, Gilday D, Laudenberg B, 
Upadhyay J, Bagli D, Khoury AE. Long-term 
evaluation of metabolic profile and bone min-
eral density after ileocystoplasty in children. J 
Urol 2003;170:1639-41 

266. Taskinen S, Mäkitie O, Fagerholm R. Intestinal 
bladder augmentation at school age has no ad-
verse effects on growth.J Pediatr Urol. 2008 
Feb;4(1):40- 2. 

267. Hill DE, Kramer SA. Pregnancy after augmen-
tation cystoplasty. J Urol 1989;144:457-9 

268. Creagh TA, McInerney PD, Thomas PJ, Mundy 
AR. Pregnancy after lower urinary tract recon-
struction in women. J Urol 1995;154:1323-4 

269. Hatch TR, Steinberg RW, Davis LE. Successful 
term delivery by cesarean section in a patient 
with a continent ileocecal urinary reservoir. J 
Urol 1991;146:1111-2 

270. Husmann DA, Rathbun SR. Long-term follow 
up of enteric bladder augmentations: The risk 
for malignancy. Journal of Pediatric Urology 
2008; 4:381-5 

271. Groschel J, Riedasch G, Kalble T, Tricker AR. 
Nitrosamine excretion in patients with continent 
ileal reservoirs for urinary diversion. J Urol 
1992;147:1013-6 



 

 
1086  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

272. Creagh TA, Picramenos D, Smalley ET, Wal-
ters CL, Mundy AR. The source of nitrosamines 
in patients with enterocystoplasties. Br J Urol 
1997;79:28-31 

273. Nurse DE, Mundy AR. Assessment of the ma-
lignant potential of cystoplasty. Br J Urol 
1989;64:489-92 

274. Filmer RB, Bruce JR. Malignancies in bladder 
augmentations and intestinal conduits. J Urol 
1990;143:671-8 

275. Soergel TM, Cain MP, Misseri R, Gardner TA, 
Koch MO, Rink RC. Transitional cell carcinoma 
of the bladder following augmentation cysto-
plasty for the neuropathic bladder. J Urol 
2004;172:1649-52 

276. Sung M-T, Zhang S, Lopez-Beltran A, Monti-
roni R, Wang M, Davidson D D, Koch M O, Cain 
M P, Rink R C & Cheng L. Urothelial carcinoma 
following augmentation cystoplasty: an aggres-
sive variant with distinct clinicopathological 
characteristics and molecular genetic altera-
tions. Histopathology 2009; 55: 161–173 

277. Castellan M, Gosalbez R, Perez-Brayfield M, 
Healey P, McDonald R, Labbie A, Lendvay T. 
Tumor in bladder reservoir after gastrocysto-
plasty.J Urol. 2007 Oct;178(4 Pt 2):1771-4; dis-
cussion 1774. 

278. Vemulakonda VM, Lendvay TS, Shnorhavorian 
M, Joyner BD, Kaplan H, Mitchell ME,Grady 
RW. Metastatic adenocarcinoma after augmen-
tation gastrocystoplasty.J Urol. 2008 
Mar;179(3):1094-6; discussion 1097. 

279. Balachandra B, Swanson PE, Upton MP, Yeh 
MM. Adenocarcinoma arising in a gastrocysto-
plasty.J Clin Pathol. 2007 Jan;60(1):85-7. 

280. Higuchi TT, Granberg CF, Fox JA, et al. Aug-
mentation cystoplasty and risk of neoplasia: 
fact, fiction and controversy. J Urol. 
2010;184(6):2492– 6. 

281. Shaw J, Lewis MA. Bladder augmentation sur-
gery--what about the malignant risk? Eur J Pe-
diatr Surg 1999 ;9:39-40 

282. Stenzl A, Frank R, Eder R. 3-dimensional com-
puterised tomography and virtual reality endos-
copy of the reconstructed lower urinary tract. J 
Urol  1998;159:741-6 

283. Higuchi TT, Fox JA, Husmann DA. Annual en-
doscopy and urine cytology for the surveillance 
of bladder tumors after enterocystoplasty for 
congenital bladder anomalies. J Urol. 
2011;186(5):1791–5. 

284. Eiser C. Need for a distinctive child quality of 
life measure. Dialogues in Pediatric Urology 
1997;20:3-4 

285. Boyd SD, Feinberg SM, Skinner DG. Quality of 
life survey of urinary diversion patients. J Urol 
1987;138:1386-9 

286. Sullivan LD, Chow VDW, Ko DSC, Wright JE, 
McLoughlin MG. An evaluation of quality of life 
in patients with continent urinary diversions af-
ter cystectomy. Br J Urol 1998;81:699-704 

287. Gerharz EW, Weingartner K, Dopatke T. Qual-
ity of life after cystectomy and urinary diversion: 
results of a retrospective interdisiplinary study. 
J Urol 1998;158:778-85. 

 PSYCHOLOGICAL ASPECTS 
OF URINARY INCONTINENCE, 

ENURESIS AND FAECAL 
INCONTINENCE 

1. Tekgul S, Nijman RJM, Hoebecke P, Canning 
D, Bower W, von Gontard A. Diagnosis and 
management of urinary incontinence in chil-
dren. In: Abrams P, Cardozo L, Khoury S, Wein 
A (eds.): Incontinence (4th. edition). Paris, 
Health Publication Ltd., 2009: 701-792 

2. Franco I, Austin P, Bauer S, von Gontard A, 
Homsy Y (editors) (2015). Pediatric Inconti-
nence: Evaluation and Clinical Management. 
Oxford and Hoboken: Wiley-Blackwell. 

3. von Gontard A: Enuresis (2012a). In: J Rey 
(ed.): IACAPAP Textbook of Child and Adoles-
cent Mental Health, online, 2012; 
http://iacapap.org/iacapap-textbook-of-child-
and-adolescent-mental-health 

4. von Gontard A (2012b). Encopresis. In: J. Rey 
(ed.): IACAPAP Textbook of Child and Adoles-
cent Mental Health, online, 2012¸ 
http://iacapap.org/iacapap-textbook-of-child-
and-adolescent-mental-health 

5. von Gontard A, Equit M. Comorbidity of ADHD 
and incontinence in children – a review. Euro-
pean Child and Adolescent Psychiatry, 2015; 
24: 127-140 

6. von Gontard, A. Urinary and faecal inconti-
nence in children with special needs. Nature 
Reviews of Urology , 2013; 10, 667-674 

7. von Gontard A, Baeyens D, Van Hoecke E, 
Warzak W, Bachmann C. Psychological and 
psychiatric issues in urinary and fecal inconti-
nence. J Urol. 2011;185: 1432-37 



 

 
REFERENCES: PSYCHOLOGICAL ASPECTS OF URINARY INCONTINENCE, ENURESIS AND FAECAL 

INCONTINENCE  1087 
 

8. Austin PF, Bauer S, Bower W, Chase J, Franco 
I, Hoebeke P, Rittig S, Vande Walle J, von Gon-
tard A, Wright A, Yang A, Nevéus T . The 
Standardization of Terminology of Bladder 
Function in Children and Adolescents: Update 
Report from the Standardization Committee of 
the International Children’s Continence Society 
(ICCS). J Urol. 2014; 191, 1863-1865 

9. Hyams JS, Di Lorenzo CD, Saps M, Schulman 
R, Staiano A, van Tilburg M. Childhood func-
tional gastrointestinal disorders: child/adoles-
cent. Gastroenterology, 2015 150: 1456-1468 

10. World Health Organisation. The ICD-10 classi-
fication of mental and behavioural disorders - 
diagnostic criteria for research. Geneva, 1993 

11. American Psychiatric Association. Diagnostic 
and statistical manual of mental disorders 
(DSM-5). Washington, D.C. 2013 

12. Fuchs M, Bösch A, Hausmann A, Steiner H. 
„The child is father or man“ – Review von rele-
vanten Studien zur Epidmeiologie in der 
Kinder- und Jugendpsychiatrie. Zeitschrift für 
Kinder und Jugendpsychiatrie und Psychother-
apie, 2013; 41, 45-57 

13. Bor W, Dean AJ, Najman J, Hayatbaksh R. Are 
child and adolescent mental health problems 
increasing in the 21st century? Autralian & New 
Zealand Journal of Psychiatry, 2014; 48: 606-
616 

14. Equit M, Klein A, Braun-Bither K, Gräber S, von 
Gontard A. Elimination disorder and anxious-
depressed symptoms in preschool children – a 
population-based study. European Child and 
Adolescent Psychiatry,2014; 23: 417-423 

15. von Gontard A, Moritz AM, Thome-Granz S,. 
Freitag C. Association of attention deficit and 
elimination disorders at school entry – a popu-
lation-based study. J Urol, 2011; 186, 2027-
2032 

16. von Gontard A, Niemczyk J, Thomé-Granz S, 
Nowack J, Moritz A, MD, Equit M. Incontinence 
and parent reported oppositional defiant disor-
der symptoms in young children – a population-
based study. Pediatric Nephrology,2015; 30, 
1147-1155. 

17. Niemczyk J, Equit M, Braun-Bither K, Klein AM, 
von Gontard A. Prevalence of incontinence, at-
tention deficit/hyperactivity disorder and oppo-
sitional defiant disorder in preschool children. 
Eur Child Adolesc Psychiatry, 2015; 24: 837-
843 

18. Niemczyk J, Wagner C, von Gontard A (2017). 
Incontinence in Autism Spectrum Disorder – A 
systematic review. Eur Child Adolesc Psychia-
try, under review 

19. Joinson C, Heron J, Emond A, Butler R. Psy-
chological problems in children with bedwetting 
and combined (day and night) wetting: A UK 
population-based study. Pediatr Psychol 
2007;32:605-616 

20. Joinson C, Heron J, von Gontard A and the 
ALSPAC study team. Psychological problems 
in children with daytime wetting. Pediatrics, 
2006; 118: 1985-93 

21. Joinson C, Heron J, Butler U, von Gontard A. 
and the ALSPAC study team: Psychological dif-
ferences between children with and without 
soiling problems. Pediatrics,2006; 117: 1575-
84 

22. Feehan M, Mc Gee R, Stanton W, Silva PA. A 
6 year follow-up of childhood enuresis: preva-
lence in adolescence and con¬sequences for 
mental health. Journal of Paediatric Child 
Health, 1990; 26: 75-79 

23. Järvelin MR, Moilanen I, Vikeväinen-Tervonen 
L, Huttunen NP. Life changes and protective 
capacities in enuretic and non-enuretic chil-
dren. Journal of Child Psychology and Psychi-
atry, 1990; 31: 763-74 

24. Fergusson DM, Horwood LJ. Nocturnal enure-
sis and behavioral problems in adolescence: a 
15-year longitudinal study. Pediatrics,1994; 94: 
662-68 

25. Butler R, Heron J, Alspac Study Team. Explor-
ing the differences between mono- and poly-
symptomartic nocturnal enuresis. Scandina-
vian Journal of Urology and Nephrology, 
2006;40: 313-19 

26. von Gontard A, Plück J, Berner W, Lehmkuhl 
G. Clinical behavioral problems in day and 
night wetting children, Pediatric Nephrology, 
1999; 13: 662-67 

27. Robson WL, Jackson HP, Blackhurst D, Leung 
AK. Enuresis in children with attention-deficit 
hyperactivity disorder. Southern Medical Jour-
nal,1997; 90: 503-5 

28. Biederman J, Santagelo SL, Faraone SV, Kiely 
K, Guite J, Mick E, Reed ED, Kraus I, Jellinek 
M, Perrin J. Clinical correlates of enuresis and 
ADHD and non-ADHD children. Journal of 
Child Psychology and Psychiatry,1995; 36: 
865-877 

29. Baeyens D. The relationship between atten-
tion-deficit/hyperactivity disorder (ADHD) and 
enuresis in children. PhD thesis, Gent, Bel-
gium, 2005 



 

 
1088  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

30. Baeyens D, Roeyers, H, Van Erdeghem S, 
Hoebecke P, Vande Walle J. The prevalence of 
attention deficit/hyperactivity disorder in chil-
dren with nonmonosymptomatic nocturnal enu-
resis: a 4-year followup study. J Urol. 2007; 
178: 2616-20 

31. Crimmins CR, Rathburn SR, Husman DA. 
Mangement of urinary incontinence and noctur-
nal enuresis in attention-deficit hyperactivity 
disorder. J Urol. 2003;170: 1347-50 

32. Joinson C, Heron J, von Gontard A, Butler R, 
Golding J, Emond A. Early childhood risk fac-
tors associated with daytime wetting and soiling 
in school-age children. Pediatr Psychol. 
2008;33:739-50 

33. Duel BP, Steinberg-Epstein R, Hill M, Lerner M. 
A survey of voiding dysfunction in children with 
attention deficit-hyperactivity disorder. J Urol. 
2003; 170: 1521-24 

34. von Gontard A, Lettgen B, Gaebel E, Heiken-
Löwenau C, Schmitz I, Olbing H. Day wetting 
children with urge incontinence and voiding 
postponement - a comparison of a pediatric 
and child psychiatric sample - behavioural fac-
tors. BJU. 1998; 81: Suppl. 3, 100-106 

35. Lettgen B, von Gontard A, Heiken-Löwenau C, 
Gaebel C, Schmitz I, Olbing H. Urge inconti-
nence and voiding postponement in children: 
somatic and psycho-social factors. Acta Paedi-
atrica. 2002; 91: 978-84 

36. Kuhn S, Natale N, Siemer S, Stöckle M, von 
Gontard A. Clinical differences in subtypes of 
daytime wetting - urge incontinence and void-
ing postponement. J Urology 2009;182:1967-
1972 

37. Zink S, Freitag CM, von Gontard A. Behavioral 
comorbidity differs in subtypes of enuresis and 
urinary incontinence. J Urol, 2008; 179: 295-98 

38. von Gontard A, Niemczyk J, Wagner C, Equit 
(2106). Voiding postponement in children – a 
systematic review. European Child and Adoles-
cent Psychiatry, 25:809-20 

39. Hinman F, Baumann FW. Vesical and ureteral 
damage from voiding dysfunction in boys with-
out neurologic or obstructive disease. J Urol. 
1073; 109: 727-32 

40. Varlam DE, Dippel J. Non-neurogenic bladeder 
an chronic renal insufficiency in childhood. Pe-
diatric Nephrology, 1995; 9: 1-5 

41. Nolan T, Debelle G, Oberklaid F, Coffey C. 
Randomised trial of laxatives in treatment of 
childhood faecal incontinence. Lancet, 
1991;338: 523-27 

42. Bennigna MA, Buller HA, Heymans HS, Tytgat 
GN, Taminiau JA. Is faecal incontinence al-
ways the result of constipation? Archives of 
Disease in Childhood, 1994; 71: 186-93 

43. Bennigna MA, Voskuijl WP, Akkerhuis GW, Ta-
miniau JA, Buller HA. Colonic transit times and 
behaviour profiles in children with defecation 
disorders. Archives of Disease in Childhood, 
2004; 89: 13-16 

44. Morrison MJ, Tappin D, Staines H. ‘You feel 
helpless, that’s exactly it’: parents’ and young 
people’s beliefs about bed-wetting and the im-
plications for practice. Journal of Advanced 
Nursing, 2000; 31: 1216-27 

45. Moilanen I, Järvelin M, Vikeväinen-Torvonen L, 
Huttunen N.-P. Personality and family charac-
teristics of enuretic children. Psychiatrica Fen-
nica, 1987; 18: 53-61 

46. Butler R, Heron J. An exploration of children’s 
views of bed-wetting at 9 years. Child: Care, 
Health and Development, 2007; 34: 65-70 

47. Hägglöf B, Andren O, Bergström E, Marklund 
L, Wendelius M. Self-esteem before and after 
treatment in children with nocturnal enuresis 
and urinary incontinence. Scand J Urol Neph-
rol. 1996; 31: Suppl. 183, 79-82 

48. Theunis M, Van Hoecke E, Paesbrugge S, 
Hoebecke P, Vande Walle J. Self-image and 
performance in children with nocturnal enure-
sis. Eur Urol. 2002; 41: 660-667 

49. Moffat EKM, Kato C, Pless IB. Improvements in 
self-concept after treatment of nocturnal enure-
sis: randomised controlled trial. Journal of Pe-
diatrics, 1987; 110: 647-652 

50. Redsell SA, Collier J. Bedwetting, behaviour 
and self-esteem: a review of the literature. 
Child: Care, health and Development, 2000; 
27: 149-162 

51. Longstaffe S, Moffat M, Whalen J. Behavioral 
and self-concept changes after six months of 
enuresis treatment: a randomised, controlled 
trial. Pediatrics, 2000; 105: 935-940 

52. Gladh G, Eldh M, Mattsson S. Quality of life in 
neurologically healthy children with urinary in-
continence. Acta Paediatrica 1648-1652, 2006 

53. Landman GB, Rappaport L, Fenton T, Levine 
M. Locus of control and self-esteem in children 
with faecal incontinence. Developmental and 
Behavioral Pediatrics, 1986; 7: 111-113 

54. Cox DJ, Morris JB, Borrowitz SM, Sutphen JL. 
Psychological differences between children 
with and without chronic faecal incontinence. 
Journal of Pediatric Psychology, 2002; 27: 585-
591 



 

 
REFERENCES: PSYCHOLOGICAL ASPECTS OF URINARY INCONTINENCE, ENURESIS AND FAECAL 

INCONTINENCE  1089 
 

55. Foxman B, Valdez B, Brook RH. Childhood en-
uresis: prevalence, perceived impact, and pre-
scribed treatment. Pediatrics, 1986; 77: 482-
487 

56. Butler RJ. Maternal attributions and tolerance 
for nocturnal enuresis. Behav Res Ther. 1986; 
24: 307-312 

57. Egemen A, Akil I, CAnda E, Ozyurt BC, Eser E. 
An evaluation of quality of life of mothers of chil-
dren with enuresis nocturna. Pediatric Nephrol-
ogy, 2008; 23: 93-98 

58. Haque M, Ellerstein NS, Gundy JH, Shelov SP, 
Weiss JC, Mc Intire MS, Olness KN, Jones DJ, 
Heagarty MC, Starfield BH. Parental Percep-
tions of Enuresis. American Journal of Disease 
in Children, 1981; 135: 809-811 

59. Shelov SP, Gundy I, Weiss JC, Mc Intire MS, 
Olness K, Staub HP, Jones DJ, Haque M, Eller-
stein NS, Heagarty MC, Starfield B. Enuresis: a 
contrast of attitudes of parents and physicians. 
Pediatrics, 1981; 67: 707-710 

60. Butler RJ. Nocturnal enuresis: Psychological 
perspectives. Wright, Bristol, 1987 

61. Can G, Topbas M, Okten A, Kizil M. Child 
abuse as a result of enuresis. Pediatrics Inter-
national, 2004; 46: 64-66 

62. Chang SS, Ng CFN, Wong, SN. Behavioural 
problems in children and parenting stress asso-
ciated with primary nocturnal enuresis in Hong 
Kong. Acta Paediatrica, 2002; 91: 475-479 

63. Bernard-Bonnin AC, Haliy N, Belanger S, 
Nadeau D. Parental ant patient perceptions 
about faecal incontinence and ist treatment 
Journal of Developmental and Behavioral Pedi-
atrics, 1993; 14: 397- 400 

64. Silver E. Family therapy and soiling. Journal of 
Family Therapy, 1996; 18: 415-432 

65. Von Wendt L, Similä S, Niskanen P, Järvelin M-
R. Development of bowel and bladder control 
in the mentally retarded. Developmental Medi-
cine and Child Neurology, 1990; 32: 515-518 

66. Niemczyk J, von Gontard A, Equit M, Bauer K, 
Naumann T, Wagner C, Curfs L (2016). De-
tailed assessment of incontinence in boys with 
fragile-X syndrome in a home setting. Eur J Pe-
diatr 175: 1325-1334 

67. von Gontard A, Niemczyk J, Borggrefe-Mous-
savian S, Wagner C, Curfs L, Equit M (2016). 
Incontinence in children, adolescents and 
adults with Williams syndrome. Neurourology 
and Urodynamics 35: 1000-1005 

68. Niemczyk J, von Gontard A, Equit M, Medoff D, 
Wagner C, Curfs L. (2016). Incontinence in per-
sons with Down Syndrome. Neurourol Urodyn, 
e-published 

69. Wagner C, Niemczyk J, Equit M, Curfs L, von 
Gontard A (2016). Incontinence in persons with 
Angelman syndrome. Eur J Pediatr, e-pub-
lished 

70. Niemczyk J, Schäfer S, Becker N, Equit M, 
Wagner C, von Gontard A (2016). Evaluation of 
the ‘Parental Questionnaire: Enuresis/Urinary 
Incontinence’. ICCS Conference Kyoto, 30.6.-
2.7.2016, manuscript ready for publication 

71. Van Hoecke E, Baeyens D, Vanden Bossche 
H, Hoebeke P, Braet C, Vande Walle J. Early 
detection of psychological problems in a popu-
lation of children with enuresis: construction 
and validation of the short screening instrument 
for psychological problems in enuresis. J Urol. 
2007; 178: 2611-15 

72. Achenbach TM. Manual for the child behavior 
checklist 4-18 and 1991 profile. Burlington, Vt: 
University of Vermont, 1991 

73. Goodman R (1997) The Strengths and Difficul-
ties Questionnaire: A Research Note. Journal 
of Child Psychology and Psychiatry, 38, 581-
586. 

74. Bower WF, Wong EM, Yeung CK Development 
of a validated quality of life tool specific to chil-
dren with bladder dysfunction. Neurourology 
and Urodynamics, 2006; 25: 221-227 

75. Matza LS, Swensen AR, Flood EM, Secnik K, 
Leidy NK: Assessment of health-related quality 
of life in children: a review of conceptual, meth-
odological, and regulatory issues. Value in 
Health, 2004; 7: 79-92 

76. Bachmann C, Lehr D, Janhsen E, Steuber C, 
Gäbel E, von Gontard A, Bachmann H (2009). 
German version of the Pediatric Questionnaire 
for Urinary Incontinence Health related Quality 
of Life. Journal of Urology, 182, 1993-1999 

77. Equit M, Hill J, Hübner A, von Gontard A 
(2014). Health-related quality of life and treat-
ment effects on children with functional inconti-
nence and their parents. Journal of Pediatric 
Urology 10, 922-928 

78. Naitoh Y, Kawauchi A, Soh J, Kamoi K, Miki T 
(2012). Health related quality of life for mono-
symptomatic enuretic children and their moth-
ers. J Urol 188, 1910-1914 



 

 
1090  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

79. Döpfner M, Berner W, Flechtner H, Lehmkuhl 
G, Steinhausen HC. Psychopathologische Be-
fund-Dokumentation für Kinder und Jugend-
liche (CASCAP-D): Befundbogen, Glossar und 
Explorationsleirfaden. Göttingen: Hogrefe, 
1999 

80. Weisz JR, Weiss B, Han SS, Granger DA, Mor-
ton T. Effects of psychotherapy with children 
and adolescents revisited: a meta-analysis of 
treatment outcome studies. Psychological Bul-
letin, 1995; 117: 450-468 

81. Kazdin A. Psychotherapy for children and ado-
lescents – directions for research and practice. 
New York/ Oxford: Oxford University Press, 
2000 

82. Hellström A-L, Hjälmas K,,Jodal V. Rehabilita-
tion of the dysfunctional bladder in children: 
method and 3-year follow-up. J Urol. 1987; 138: 
847-849 

83. Devlin JB, O'Cathain C. Predicting treatment 
outcome in nocturnal enuresis. Archives of Dis-
ease in Childhood, 1990; 65: 1158-61 

84. Felt B, Wise CG, Olsen A, Kochhar P, Marcus 
S, Coran A. Guideline for the management of 
pediatric idiopathic constipation and soiling. Ar-
chives of Pediatric and Adolescent Medicine, 
1999; 153: 380-385 

85. Chase J, Austin P, Hoebeke P, McKenna P 
(2010). The management of dysfunctional void-
ing in children: a report from the standardisa-
tion committee of the International Children’s 
Continence Society. Journal of Urology 183: 
1296-1302. 

86. Cox DJ, Sutphen J, Ling W, Quillian W, Boro-
witz S. Additive benefits of laxative, toilet train-
ing, and biofeedback therapies in the treatment 
of pediatric faecal incontinence. Journal of Pe-
diatric Psychology, 1996; 21: 659 – 670 

87. Van Ginkel R, Benninga MA, Blommart JE, van 
der Plas R, Boeckstaens GE, Büller HA, Tamin-
iau J. Lack of benefit of laxatives as an adjunc-
tive therapy for functional nonretentive fecal 
soiling in children. Journal of Pediatrics, 
2000;137: 808-813 

88. Mowrer OH, Mowrer WM. Enuresis: a method 
für its study and treatment. American Journal of 
Orthopsychiatry, 1938; 8: 436-459 

89. Houts AC, Berman JS, Abramson H. Effective-
ness of psychological and pharmacological 
treatments for nocturnal enuresis. Journal of 
Consulting and Clinical Psychology, 1994; 62: 
737-745 

90. Neveus T, Eggert P, Macedo A, Rittig S, Tekgül 
S, Vande Walle J, Yeung CK, Robsen L. Eval-
uation of and treatment for monosymptomatic 
enuresis: A standardization document from the 
International Children’s Continence Society. 
Journal of Urology 183, 441-447, 2010 

91. van Londen A, van Londen-Barensten M, van 
Son M, Mulder G. Arousal training for children 
suffering from nocturnal enuresis: a 2 1/2 year 
follow-up. Behavior Research and Therapy, 
1993; 31: 613-615 

92. van Londen A, van Londen-Barensten M, van 
Son M, Mulder G. Relapse rate and parental re-
action after successful treatement of children 
suffering from nocturnal enuresis: a 2 ½ year 
follow-up of bibliotherypy. Behavior Research 
and Therapy, 1995; 33: 309-311 

93. Leebeek-Groenewegen A, Blom J, Sukhai R, 
van der Heijden B. Efficacy of desmopressin 
combined with alarm therapy for monosympto-
matic nocturnal enuresis. J Urol. 2001; 166: 
2456-58 

94. Gibb S, Nolan T, South M, Noad L, Bates G, 
Vidmar S. Evidence against a synergistic effect 
of desmoperssin with conditioning in the treat-
ment of nocturnal enuresis. Journal of Pediat-
rics, 2004; 144: 351-357 

 URINARY INCONTINENCE IN 
CHILDREN WITH SPECIAL NEEDS 

1. Bax, M.C., D.P. Smyth, and A.P. Thomas, 
Health care of physically handicapped young 
adults. Br Med J (Clin Res Ed), 1988. 
296(6630): p. 1153-5. 

2. von Wendt, L., et al., Development of bowel 
and bladder control in the mentally retarded. 
Dev Med Child Neurol, 1990. 32(6): p. 515-8. 

3. Samijn, B., et al., Lower urinary tract symptoms 
and urodynamic findings in children and adults 
with cerebral palsy: A systematic review. Neu-
rourol Urodyn. 

4. Powers, M.K., et al., Trends in Toilet Training 
and Voiding Habits among Children with Down 
Syndrome. J Urol. 194(3): p. 783-7. 

5. de Carvalho Mrad, F.C., et al., Prevalence of 
lower urinary tract symptoms in individuals with 
Down syndrome. J Pediatr Urol. 10(5): p. 844-
9. 

6. Kitamura, A., et al., Assessment of lower uri-
nary tract function in children with Down syn-
drome. Pediatr Int. 56(6): p. 902-8. 



 

 
REFERENCES: URINARY INCONTINENCE IN CHILDREN WITH SPECIAL NEEDS  1091 

 

7. von Gontard, A., et al., Do we manage inconti-
nence in children and adults with special needs 
adequately? ICI-RS 2014. Neurourol Urodyn. 
35(2): p. 304-6. 

8. Von Gontard, A., et al., Urinary incontinence in 
persons with Prader-Willi Syndrome. BJU Int. 
106(11): p. 1758-62. 

9. Niemczyk, J., et al., Incontinence in persons 
with Noonan Syndrome. J Pediatr Urol. 11(4): 
p. 201 e1-5. 

10. von Gontard, A., et al., Incontinence in children, 
adolescents and adults with Williams syn-
drome. Neurourol Urodyn. 

11. Giesbers, S., et al., Incontinence in Individuals 
with Rett Syndrome: A Comparative Study. J 
Dev Phys Disabil. 24(3): p. 287-300. 

12. Radstaake, M., et al., Incontinence in individu-
als with Angelman syndrome: a comparative 
study. Res Dev Disabil. 34(11): p. 4184-93. 

13. Van Laecke, E., et al., Voiding disorders in se-
verely mentally and motor disabled children. J 
Urol, 2001. 166(6): p. 2404-6. 

14. Bross, S., et al., Correlation between motor 
function and lower urinary tract dysfunction in 
patients with infantile cerebral palsy. Neurourol 
Urodyn, 2007. 26(2): p. 222-7. 

15. Chiu, P.K., et al., Does selective dorsal rhizot-
omy improve bladder function in children with 
cerebral palsy? Int Urol Nephrol, 2014. 46(10): 
p. 1929-33. 

16. Delialioglu, S.U., et al., Evaluation of lower uri-
nary system symptoms and neurogenic bladder 
in children with cerebral palsy: relationships 
with the severity of cerebral palsy and mental 
status. Turkish Journal of Medical Sciences, 
2009. 39(4): p. 571-578. 

17. Houle, A.M., et al., Bladder function before and 
after selective dorsal rhizotomy in children with 
cerebral palsy. J Urol, 1998. 160(3 Pt 2): p. 
1088-91. 

18. Fernandes Silva, J.A., F. Borges Carrerette, 
and R. Damiao, Uroflowmetry in the manage-
ment of lower urinary tract symptoms of chil-
dren and adolescents with cerebral palsy. J Pe-
diatr Urol, 2014. 10(3): p. 413-7. 

19. Ersoz, M., et al., Noninvasive evaluation of 
lower urinary tract function in children with cer-
ebral palsy. Am J Phys Med Rehabil, 2009. 
88(9): p. 735-41. 

20. Fowler, C.J., D. Griffiths, and W.C. de Groat, 
The neural control of micturition. Nat Rev Neu-
rosci, 2008. 9(6): p. 453-66. 

21. Decter, R.M., et al., Urodynamic assessment of 
children with cerebral palsy. J Urol, 1987. 138(4 
Pt 2): p. 1110-2. 

22. Azzarelli, B. and U. Roessmann, Diffuse "an-
oxic" myelopathy. Neurology, 1977. 27(11): p. 
1049-52. 

23. Mayo, M.E., Lower urinary tract dysfunction in 
cerebral palsy. J Urol, 1992. 147(2): p. 419-20. 

24. Allen, H.A., et al., Initial trial of timed voiding is 
warranted for all children with daytime inconti-
nence. Urology, 2007. 69(5): p. 962-5. 

25. Drigo, P., et al., Neurogenic vesico-urethral 
dysfunction in children with cerebral palsy. Ital 
J Neurol Sci, 1988. 9(2): p. 151-4. 

26. Reid, C.J. and M. Borzyskowski, Lower urinary 
tract dysfunction in cerebral palsy. Arch Dis 
Child, 1993. 68(6): p. 739-42. 

27. Van Laecke, E., et al., Adequate fluid intake, 
urinary incontinence, and physical and/or intel-
lectual disability. J Urol, 2009. 182(4 Suppl): p. 
2079-84. 

28. Gundogdu, G., et al., Relationship of bladder 
dysfunction with upper urinary tract deteriora-
tion in cerebral palsy. J Pediatr Urol, 2013. 9(5): 
p. 659-64. 

29. Fernandes Silva, J.A., et al., Lower urinary tract 
dysfunction in children with cerebral palsy. 
Neurourol Urodyn, 2009. 28(8): p. 959-63. 

30. Karaman, M.I., et al., Urodynamic findings in 
children with cerebral palsy. Int J Urol, 2005. 
12(8): p. 717-20. 

31. Anigilaje, E.A. and T.T. Bitto, Prevalence and 
Predictors of Urinary Tract Infections among 
Children with Cerebral Palsy in Makurdi, Nige-
ria. Int J Nephrol, 2013. 2013: p. 937268. 

32. Murphy, K.P., S.A. Boutin, and K.R. Ide, Cere-
bral palsy, neurogenic bladder, and outcomes 
of lifetime care. Dev Med Child Neurol, 2012. 
54(10): p. 945-50. 

33. Roijen, L.E., et al., Development of bladder 
control in children and adolescents with cere-
bral palsy. Dev Med Child Neurol, 2001. 43(2): 
p. 103-7. 

34. Chase, J.W., et al., Functional constipation in 
children. J Urol, 2004. 171(6 Pt 2): p. 2641-3. 

35. Bohmer, C.J., et al., The prevalence of consti-
pation in institutionalized people with intellec-
tual disability. J Intellect Disabil Res, 2001. 
45(Pt 3): p. 212-8. 

36. Krogh, K., P. Christensen, and S. Laurberg, 
Colorectal symptoms in patients with neurolog-
ical diseases. Acta Neurol Scand, 2001. 
103(6): p. 335-43. 



 

 
1092  COMMITTEE 9. DIAGNOSIS AND MANAGEMENT OF URINARY INCONTINENCE IN CHILDHOOD 
 

37. Szymanski, L. and B.H. King, Practice parame-
ters for the assessment and treatment of chil-
dren, adolescents, and adults with mental re-
tardation and comorbid mental disorders. 
American Academy of Child and Adolescent 
Psychiatry Working Group on Quality Issues. J 
Am Acad Child Adolesc Psychiatry, 1999. 
38(12 Suppl): p. 5S-31S. 

38. von Gontard, A. and M. Equit, Comorbidity of 
ADHD and incontinence in children. Eur Child 
Adolesc Psychiatry. 24(2): p. 127-40. 

39. Dhondt, K., et al., Sleep fragmentation and in-
creased periodic limb movements are more 
common in children with nocturnal enuresis. 
Acta Paediatr. 103(6): p. e268-72. 

40. Dhondt, K., et al., Abnormal sleep architecture 
and refractory nocturnal enuresis. J Urol, 2009. 
182(4 Suppl): p. 1961-5. 

41. Dhondt, K., et al., Sleep fragmentation and pe-
riodic limb movements in children with mono-
symptomatic nocturnal enuresis and polyuria. 
Pediatr Nephrol. 30(7): p. 1157-62. 

42. Jan, J.E. and R.D. Freeman, Melatonin therapy 
for circadian rhythm sleep disorders in children 
with multiple disabilities: what have we learned 
in the last decade? Dev Med Child Neurol, 
2004. 46(11): p. 776-82. 

43. Newman, C.J., M. O'Regan, and O. Hensey, 
Sleep disorders in children with cerebral palsy. 
Dev Med Child Neurol, 2006. 48(7): p. 564-8. 

44. Kotagal, S., V.P. Gibbons, and J.A. Stith, Sleep 
abnormalities in patients with severe cerebral 
palsy. Dev Med Child Neurol, 1994. 36(4): p. 
304-11. 

45. Svedberg, L.E., et al., Parental perception of 
cold extremities and other accompanying 
symptoms in children with cerebral palsy. Eur J 
Paediatr Neurol, 2008. 12(2): p. 89-96. 

46. Martinez-Lage, J.F., et al., Midline cutaneous 
lumbosacral lesions: not always a sign of occult 
spinal dysraphism. Childs Nerv Syst, 2006. 
22(6): p. 623-7. 

47. Austin, P.F., et al., The standardization of ter-
minology of lower urinary tract function in chil-
dren and adolescents: update report from the 
Standardization Committee of the International 
Children's Continence Society. J Urol. 191(6): 
p. 1863-1865 e13. 

48. Burgers, R.E., et al., Management of functional 
constipation in children with lower urinary tract 
symptoms: report from the Standardization 
Committee of the International Children's Con-
tinence Society. J Urol. 190(1): p. 29-36. 

49. Franco, I., A. von Gontard, and M. De Gennaro, 
Evaluation and treatment of nonmonosympto-
matic nocturnal enuresis: a standardization 
document from the International Children's 
Continence Society. J Pediatr Urol. 9(2): p. 
234-43. 

50. Chang, S.J., et al., Treatment of daytime uri-
nary incontinence: A standardization document 
from the International Children's Continence 
Society. Neurourol Urodyn. 

51. Van Laecke, E., et al., The daytime alarm: a 
useful device for the treatment of children with 
daytime incontinence. J Urol, 2006. 176(1): p. 
325-7. 

52. Lancioni, G.E., I. Van Bergen, and F. Furniss, 
Urine alarms and prompts for fostering daytime 
urinary continence in a student with multiple 
disabilities: a replication study. Percept Mot 
Skills, 2002. 94(3 Pt 1): p. 867-70. 

53. Nijman, R.J., Role of antimuscarinics in the 
treatment of nonneurogenic daytime urinary in-
continence in children. Urology, 2004. 63(3 
Suppl 1): p. 45-50. 

54. McKeage, K., Propiverine: a review of its use in 
the treatment of adults and children with over-
active bladder associated with idiopathic or 
neurogenic detrusor overactivity, and in men 
with lower urinary tract symptoms. Clin Drug In-
vestig. 33(1): p. 71-91. 

55. Neveus, T., et al., Evaluation of and treatment 
for monosymptomatic enuresis: a standardiza-
tion document from the International Children's 
Continence Society. J Urol. 183(2): p. 441-7. 

56. Game, X., et al., Botulinum toxin-A (Botox) in-
tradetrusor injections in children with neuro-
genic detrusor overactivity/neurogenic overac-
tive bladder: a systematic literature review. J 
Pediatr Urol, 2009. 5(3): p. 156-64. 

57. Hoebeke, P., et al., The effect of botulinum-A 
toxin in incontinent children with therapy re-
sistant overactive detrusor. J Urol, 2006. 
176(1): p. 328-30; discussion 330-1. 

58. Rawashdeh, Y.F., et al., International Chil-
dren's Continence Society's recommendations 
for therapeutic intervention in congenital neuro-
pathic bladder and bowel dysfunction in chil-
dren. Neurourol Urodyn. 31(5): p. 615-20. 

59. Kupferman, J.C., C.M. Druschel, and G.S. Kup-
chik, Increased prevalence of renal and urinary 
tract anomalies in children with Down syn-
drome. Pediatrics, 2009. 124(4): p. e615-21. 



 
  1093 

 

Committee 10 

NEUROLOGIC URINARY AND 
FAECAL INCONTINENCE 

Chairman 
A. Apostolidis (Greece) 

Co-Chairman 
M.J. Drake (U.K.) 

Members 
A. Emmanuel (U.K.), 

J. Gajewski (Canada), 
R. Hamid (UK), 

J. Heesakkers (Netherlands), 
T. Kessler (Switzerland), 

H. Madersbacher (Austria), 
A. Mangera (UK), 
J. Panicker (U.K.), 

P. Radziszewski (Poland), 
R. Sakakibara (Japan), 

K.-D. Sievert (Germany), 
J.-J. Wyndaele (Belgium) 

  



 
1094   
 

CONTENTS

 LIST OF ABBREVIATIONS 1095 

 INTRODUCTION 1096 

 The evidence base .............................. 1097 

 PATHOPHYSIOLOGY 1098 

 Suprapontine lesions .......................... 1098 
 Pontine lesions.................................... 1099 
 Suprasacral spinal cord lesions ........ 1099 
 Sacral and subsacral lesions ............. 1101 

 NEUROLOGICAL URINARY 
INCONTINENCE 1102 

 Epidemiology (Introduction)............... 1102 
 Specific diagnostics ........................... 1103 
 Conservative treatment ...................... 1115 
 Pharmacotherapy ................................ 1121 
 Minimally invasive treatments............ 1128 
 Surgical treatment of urinary 

incontinence ........................................ 1142 

 NEUROLOGICAL FAECAL 
INCONTINENCE 1178 

 Epidemiology....................................... 1178 
 Pathophysiology ................................. 1178 
 Assessment ......................................... 1178 
 Conservative treatment ...................... 1178 
 Surgical treatment ............................... 1179 

 SPECIFIC NEUROLOGICAL 
DISEASES 1180 

 Dementias ............................................ 1180 
 Constipation and Faecal Incontinence in 

dementia .............................................. 1185 
 Normal pressure hydrocephalus ....... 1186 
 Multiple system atrophy ..................... 1187 
 Parkinson’s disease ............................ 1192 
 Cerebral lesions and cerebrovascular 

accidents ............................................. 1196 

 Meningitis-retention syndrome ......... 1200 
 Acute disseminated encephalomyelitis 

(ADEM) ................................................ 1202 
 Spinal canal stenosis ......................... 1203 
 Cauda Equina Syndrome ................... 1204 
 Transverse myelitis ............................ 1205 
 Neuropathies and muscle disorders . 1207 
 Familial Amyloid Polyneuropathy ..... 1209 
 Familial Dysautonomia ....................... 1209 
 Charcot-Marie-Tooth disease ............ 1209 
 Autonomic Neuropathies ................... 1210 
 Disorders of the neuromuscular 

junction ............................................... 1210 
 Muscle Disorders ................................ 1210 
 Peripheral neuropathy due to iatrogenic 

lesions (focal neuropathy) ................. 1211 
 Multiple Sclerosis ............................... 1213 
 Spinal cord lesions ............................. 1216 
 Spina bifida ......................................... 1231 
 Diabetes Mellitus ................................ 1234 
 Systemic and other conditions .......... 1237 

 REFERENCES 1240 

 INTRODUCTION 1240 

 PATHOPHYSIOLOGY 1240 

 NEUROLOGICAL URINARY 
INCONTINENCE 1242 

 NEUROLOGICAL FAECAL 
INCONTINENCE 1279 

 SPECIFIC NEUROLOGICAL 
DISEASES 1280 



 

 
LIST OF ABBREVIATIONS  1095 

 

NEUROLOGIC URINARY AND 
FAECAL INCONTINENCE 

A. APOSTOLIDIS (GREECE) 
M.J. DRAKE (U.K.), A. EMMANUEL (U.K.), J. GAJEWSKI (CANADA), R. HAMID (UK), 

J. HEESAKKERS (NETHERLANDS), T. KESSLER (SWITZERLAND), H. MADERSBACHER 
(AUSTRIA), A. MANGERA (UK), J. PANICKER (U.K.), P. RADZISZEWSKI (POLAND), 
R. SAKAKIBARA (JAPAN), K.-D. SIEVERT (GERMANY), J.-J. WYNDAELE (BELGIUM) 

LIST OF ABBREVIATIONS 

Most abbreviations used in the text are given here. 
Others may be given within the front of the section in 
which they are used. 

Ach acetylcholine 

AChE acethylcholinesterase 

AD autonomic dysreflexia 

ADL activities of daily living 

ALD Alzheimer’s disease 

AS anal sphincter 

AUS artificial urethral sphincter 

BBB Blood-brain barrier 

BCR bulbocavernosus reflex 

BST bethanechol supersensitivity test 

CC cystometric capacity 

CIC clean intermittent catheterization 

CMG cystometrogram 

CPG clinical practice guideline 

CPT current perception threshold 

CT computer tomography 

CTT colonic transit time 

CUM continuous urodynamic monitoring 

CVA cerebro-vascular accident 

CVC conventional cystometry 

DI double incontinence 

DLB dementia with Lewy bodies 

DOA detrusor overactivity 

DRS digital rectal stimulation 

DSD detrusor sphincter dyssynergia 

ES electrical stimulation 

EAS external anal sphincter 

EMG electromyography 

EPT electric perception threshold 

FI faecal incontinence 

FTD fronto-temporal dementia 

GBS Guillain-Barre Syndrome 

ID indwelling catheter 

IC intermittent catheterization 

IVES intravesical electrical stimulation 
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LGIT lower gastrointestinal tract 

LMNL lower motor neuron lesion 
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LUTS lower urinary tract symptoms 
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MMC meningomyelocoele 
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MRI magnetic resonance imaging 

MS multiple sclerosis 

MSA multiple system atrophy 

NBo neurogenic bowel 

NBoD neurogenic bowel dysfunction 
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NDO neurogenic detrusor overactivity 

NLUTD neurological lower urinary tract dysfunction 

NUI neurogenic urinary incontinence 

NFC natural fill cystometry 

OR odds ratio 

PD Parkinson’s disease 

PF pelvic floor 

PFD pelvic floor dysfunction 

PSP progressive supranuclear palsy 

Psym parasympathetic 

PVR post void residual 

QoL quality of life 

RCT randomised controlled trial 

SARS sacral anterior root stimulation 

SCI spinal cord injury 

SCL spinal cord lesion 

SDAF sacral deafferentation 

SIC sterile intermittent catheterization 

SLE systemic lupus erythematosis 

SNS sacral nerve stimulation 

SOM somatic 

SPC suprapubic catheter 

SSEP somatosensory evoked potentials 

SSR sympathetic skin response 

SUI stress urinary incontinence 

Sym sympathetic 

TBI traumatic brain injury 

TRI transrectal irrigation 

TURS transurethral sphincterotomy 

UFM uroflowmetry 

UI urinary incontinence 

UMN upper motor neuron 

US urethral sphincter 

U/S ultrasound 

UTI urinary tract infection 

UUT upper urinary tract 

VCUG voiding cystourethrogram 

VSD vesicosphincteric disorders 

VUR vesicoureteric reflux 

WBC white blood cells 

 INTRODUCTION 

This chapter deals with neurologic urinary and faecal 
incontinence; it draws on previous ICI reports, and 
complements information in other ICI chapters. In de-
veloping the content, literature searches were under-
taken with the keywords; “neurologic”, neurogenic”, 
“bladder”, “bowel”, “lower urinary tract”, “anorectal”, 
“incontinence “, “continence”, “urinary”, “faecal”, “pa-
ralysis”, “dysfunction”, “retention”, “constipation”. 
Searches for specific neurologic diseases (section E) 
were undertaken, looking into selected neurological 
diseases of particular relevance to neurourology, 
comprising the more prevalent or more challenging in 
terms of incontinence diagnosis and treatment. 

Continence relates to reservoir functions of the blad-
der and rectum, and closure of their respective outlets 
by contraction of smooth muscle (bladder neck and 
internal bowel sphincter) and striated muscle urethral 
and anal sphincters. Expulsion requires relaxation of 
these latter structures, and contraction of the muscu-
lature of the respective reservoirs, to permit a physi-
ological reflex evacuation of urine or faeces. 

The lower urinary tract (LUT) and the lower bowel 
tract (LBT) are interrelated structures. Embryologi-
cally, bladder and rectum originate from the same 
basic structure, the cloaca [1]. Anatomically both vis-
cera lie in close proximity to each other, and to the 
muscular structures of the pelvic floor. Both are inner-
vated by autonomic and somatic nerves (table 1), 
and have similar principles of central control [2, 3]. 
The LBT differs from the bladder in having an enteric 
nervous system [4]. Interactions between the two or-
gan systems are increasingly recognised, and their 
activity is co-ordinated. Voiding can occur without 
defecation [5], and the initiation of micturition often 
precedes that of defecation, even if both organs are 
considered equally full [6]. The filling status of the 
bladder influences sensation in the rectum and vice 
versa [7], and the potential for mutual influence in pa-
thology is emerging [8]. Nonetheless, little information 
is available on co-ordination of both functions in pa-
tients with neurological pathology. 
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Table 1: Overview of function of the abdominal sympathetic, the pelvic parasympathetic and somatic nerves 
in the LUT and LBT. 

 Sympathetic T10-L1 Parasympathetic S2-4 Somatic S3-5 

Bladder - +  

Bladder neck + -  

External urethral sphincter exp exp + 

Bowel  +  

Internal anal sphincter + -  

External anal sphincter exp exp + 

Pelvic floor   + 

Exp= only suggested in animal experiments, no definite clinical evidence.

 THE EVIDENCE BASE 

Neurogenic lower urinary tract dysfunction (NLUTD) 
is a term that applies to an extraordinarily diverse 
spectrum of clinical conditions. This heterogeneity 
can be appreciated by considering the different chal-
lenges faced by the infant born with myelomeningo-
coele and the elderly patient with dementia-associ-
ated incontinence. Some order can be imposed by 
grouping conditions based on their cause and site of 
impact on the neuraxis (see table 2) [9].  

Historical data demonstrates that the management of 
NLUTD has made huge advances over the last cen-
tury, largely based on a trial and error approach and 

the dissemination of expert opinion [10]. Improved 
outcomes for patients were the result of the develop-
ment of a urodynamic-based understanding of patho-
physiology, the introduction of effective treatments to 
allow safe and reliable urine storage and intermittent 
catheterisation, the advent of more effective antibiot-
ics and the development of better catheters and ap-
pliances. However, the historical approach is accom-
panied by significant problems. Dangerous or ineffec-
tive treatments can be trialled out-with an appropriate 
ethical framework and successful therapies can be 
slow to be introduced because their proponents may 
not convince their peers of the merits of the new treat-
ment. 

 

Table 2: categorisation of neurological lesions according to time of onset, clinical course and CNS loca-tion, 
with example conditions. 

  Congenital and perina-
tal lesions 

Acquired, stable condi-
tions 

Acquired, progressive 
conditions 

Brain and brainstem  Cerebral palsy Stroke, Head injury Multiple sclerosis,* Par-
kinson’s disease, Demen-
tia, Multiple System Atro-
phy* 

Suprasacral spinal cord  Hereditary spastic para-
paresis, Spinal dysra-
phism* 

Trauma Multiple sclerosis*, Spon-
dylosis with myelopathy 

Sacral spinal cord Spinal dysraphism, Sa-
cral agenesis, Ano-rectal 
anomaly 

Conus injury Tumour 

 Subsacral  Spinal dysraphism, Fa-
milial dysautonomia 

Cauda equina injury, Pel-
vic nerve injury  

Tumour, Peripheral neu-
ropathy (e.g.  diabetic) 

*Conditions that can arise in more than one region of the CNS.  

There is an inherent risk when an area of clinical prac-
tice has not been accompanied by a culture of high 
quality scientific research, and where the data which 

is available is used uncritically. For example, there 
has long been concern that management of NLUTD 
by indwelling catheter drainage results in excessive 
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morbidity and, at first glance, published data on com-
plication rates between different bladder manage-
ment systems would appear to confirm that catheters 
are damaging to upper urinary tract function. How-
ever, this is based on cross-sectional data; such stud-
ies do not effectively take into account the preceding 
bladder management methods, the inability to ran-
domise to different management approaches, and 
that catheters are typically used as a last resort in pa-
tients who have already developed problems with 
their urinary tracts [11]. Prospective longitudinal eval-
uation accounting for antecedent bladder manage-
ment actually indicates that indwelling catheterisation 
is protective for the upper urinary tract [12]. 

The extensive evidence base concerning NLUTD is 
clearly demonstrated by the content of this chapter, 
but much of the evidence is contained in reports of 
studies which fail to meet contemporary standards for 
high quality evidence. How then should the clinical 
community respond to the challenge of improving the 
scientific foundations of our care for patients with 
NLUTD? 

There are many aspects of modern management of 
NLUTD which will never be tested in definitive clinical 
trials because they appear to be of self-evident value. 
As a result, no trial could be conducted because the 
hypothesis that was to be tested would lack equi-
poise. For example, it would be impossible to conduct 
a trial that randomised spinal cord-injured patients 
between urodynamic-led and clinical-led treatment 
planning. However, that does not preclude the need 
to question these standard approaches. For example, 
such a study could be conducted in the context of 
multiple sclerosis where different approaches have 
been advocated [13, 14]. 

Despite the difficulties of conducting high quality trials 
in the field of NLUTD, there are an increasing number 
of studies that demonstrate the feasibility of such 
studies. Large, industry-sponsored studies have 
been conducted and are capable of providing near-
definitive data on important clinical questions [15, 16]. 
However, even where high-quality data exists for 
some patient groups, there may be little or no data for 
others; spinal cord-injured and multiple sclerosis pa-
tients have been shown to respond to intra-detrusor 
injections of botulinum neurotoxin A but there is a 
dearth of data on patients with neurogenic detrusor 
overactivity (DO) due to intracranial conditions. Ex-
trapolation from one condition to another is inevitably 
going to be needed but would be aided by even small, 
well-conceived trials that looked at patients with less 
common conditions. 

There are a large number of interventions that have 
only been assessed by low quality methodologies, 
typically uncontrolled case-series. In some cases, 
such as that of the artificial urinary sphincter, there is 
sufficient data on which to base an evaluation, 
whereas other procedures still await a more complete 
assessment; the majority of alternative operations 

used to treat neurogenic stress incontinence fall in 
this category. 

Finally, there is the question of how to evaluate new 
investigative and treatment techniques. Drug thera-
pies are tightly controlled by regulatory authorities but 
it is common for drugs to be extensively investigated 
in the non-neurogenic population but not in patients 
with NLUTD. It is to be hoped that tighter regulation 
and the demonstration that NLUTD trials are feasible 
will encourage drug evaluation in this patient group. 
For devices and surgical procedures, regulation is 
less tight and it is therefore for the clinical body to re-
sist the premature introduction of techniques that lack 
an appropriate evidence base. There is a need for 
multi-centre cooperation in clinical trials that are de-
signed to look, not only at short-term clinical efficacy, 
but also at long term results, complications and cost-
effectiveness of new interventions. 

 PATHOPHYSIOLOGY 

With a neurologic lesion the type of dysfunction that 
follows in LUT (and LBT) will depend on the site, the 
extent and the evolution of the deficit. Traditionally 
neuro-urological pathology has been divided into the 
upper motor neuron lesions (UMNL), comprising su-
prapontine (cerebral) and suprasacral (brainstem, 
and spinal cord); and lower motor neuron lesions 
(LMNL), comprising sacral and subsacral (cauda 
equina and peripheral nerve). Brainstem lesions are 
rarely compatible with more than short-term survival, 
so they are only infrequently encountered in neuro-
urological practice.  

Very recently Powell proposed a new step in classifi-
cation of the neurogenic bladder: SALE (Stratify by 
Anatomic Location and Etiology). The classification is 
based on seven categories, each having a neurologic 
defect in a distinct anatomic location. In addition, the 
presence or absence of bowel dysfunction and auto-
nomic dysreflexia is reported. In the future, as more 
definite prognostic information can be gleaned from 
biomarkers, urinary nerve growth factor (NGF) and 
urinary brain-derived neurotrophic factor (BDNF) lev-
els can be added to the classification. The SALE sys-
tem should efficiently describe a patient suffering 
from NGB and simultaneously inform the most appro-
priate treatment, follow-up regimen, and long-term 
prognosis. [1] 

 SUPRAPONTINE LESIONS  

In suprapontine lesions a neurologic LUTD may be a 
direct consequence of the neurologic lesion, but may 
also be due to or changed by other conditions: e.g. 
motor and cognitive dysfunctions may lead to “func-
tional” incontinence. 

There is growing knowledge about how cerebral su-
prapontine regions are related to the LUT function. 
The location and extent of a suprapontine lesion will 
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determine the resulting symptoms and if they are re-
versible or not. While historically a close clinical ob-
servation, post-mortem or surgical evaluation were 
the main link between LUTD and brain lesions, the 
modern functional neuroimaging has illustrated such 
interaction better and has permitted to highlight 
smaller lesions. [2]  

The current model of central LUT control consists of 
a network of interconnected brain regions involved in 
the switch between storage and voiding. A recent 
overview accepts functional roles of the supplemen-
tary motor area, dorsal anterior cingulate cortex, lat-
eral prefrontal cortex, thalamus, insula. [3]  It is im-
portant that there is laterality of cerebral control net-
works, which can influence the dysfunction in unilat-
eral pathology. Speculations have been made re-
garding the role of neural circuits but, what is still lack-
ing is a full understanding of connectivity of cerebral 
control networks.  

The cerebral control of the urethral sphincter will de-
pend on voluntary and involuntary control by different 
parts of the brain. [4]  

Supra-Pontine neurologic lesions differ from other 
neurologic insults because they lead to loss of tonic 
inhibition of the pontine micturition center (PMC). This 
can lead to spontaneous involuntary DO, which is dif-
ferent from DO that occurs after supra-sacral SCI. 
The supra-pontine lesions are overall characterized 
by storage dysfunction. Normal uroflow and normal 
post voiding residual (PVR) can often be expected. In 
some cases detrusor underactivity (DU) has been re-
ported, as well as DO with impaired contraction 
(DOIC). So it is important to acknowledge that DO is 
not the only finding in supra-pontine injury. [5] More-
over there may be loss of one or more of the cerebral 
activities, such as volitional control over timing of 
emptying, inhibition of bladder, conscious filling and 
emptying sensations and some integration functions 
with other organ systems and activities of daily life. 
One should not overlook the importance of the loss of 
mobility and of initiative /cognition. This is not seldom 
the case in such brain lesions as stroke or head in-
jury, which mostly continue to have a synergic LUT 
function. In many cases there will be OAB syndrome, 
the patients may purposely increase sphincter activity 
during an overactive detrusor contraction to prevent 
urinary incontinence which would otherwise occur. [6] 
This has been termed “pseudo-dyssynergia” because 
it is difficult to distinguish from true detrusor sphincter 
dyssynergia (DSD) on an urodynamic record. 

New knowledge is developing.  The CNS, once 
considered to be an immune-privileged area may 
instead be an active surveillance site, with bi-
directional communication with the immune system. 
This finding has led to a significant interest in 
neuroimmunological interactions and investigation 
into the role of the immune system in the pathology of 
various neurological disorders. The proposal has 
been made that the relationship between peripheral 
immune cells, the brain, and the urologic system 

should be considered as an additional possible 
mechanism in urologic diseases, and that 
immunotherapy might be an alternative therapeutic 
strategy in treating neurogenic bladder dysfunction. 
[7] [8] 

A growing body of evidence suggests that 5-
hydroxytryptamine (5-HT; serotonin) has both 
physiological and pathological functions in the LUT. 
In the central pathways controlling the micturition 
reflex, 5-HT1A, 5-HT2A, and 5-HT7 are involved in 
regulation of bladder and urethral sphincter activities. 
Their functions, especially that of 5-HT1A, vary in a 
species- and site (spinal or supraspinal)- dependent 
manner. [9] 

A similar relationship between the bladder and mito-
chondrial function in the regulation of cellular energet-
ics and metabolism was described as in heart failure. 
Though there are currently no pharmacologic agents 
that directly affect mitochondrial biogenesis in organ 
failure, current advances in the development of ther-
apy including mitochondrial biogenesis, mitochondrial 
oxidative stress and mitochondrial pore transition pro-
teins might become important in the future. [10] 

 PONTINE LESIONS 

The dorsal pontine tegmentum has been established 
as the seat of the micturition centre. Lesions at that 
level are rare, but may lead to DO and DSD. This can 
occur in multiple system atrophy (MSA; formerly 
known as Shy-Drager syndrome). In view of the cru-
cial role of the pons in key homeostatic and physio-
logical functions, only a limited extent of pontine dys-
function is compatible with life. 

 SUPRASACRAL SPINAL CORD 
LESIONS  

 Complete suprasacral lesions 
A lesion resulting in a completely transected spinal 
cord which occurs above the level of the conus med-
ularis (L1/L2), leads to a cranial cord segment and a 
caudal cord segment which cease to communicate 
(Fig 1). The caudal segment therefore becomes au-
tonomous and is known as the distal autonomous 
cord. This leads to an upper motor neurone picture 
in the affected limbs with hypertonicity, spasticity, ab-
sent sensation and hyperreflexia. Occasionally, a le-
sion above the conus medularis may extend into the 
lumbar and sacral segments of the conus and lead to 
lower motor neurone effects in the affected limbs. The 
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resulting LUT dysfunction in this case will follow a sa-
cral pattern rather than a suprasacral pattern. There-
fore it is not just the level of injury which is important 
but the extent of injury and whether it leads to a distal 
autonomous cord (Fig 1). 

With complete suprasacral injury, micturition, which 
was once controlled by the pontine micturition centre 
becomes essentially an unmodulated spinal reflex.  
Previously quiescent, C fibre afferents become acti-
vated and the patient develops a reflex bladder. As 
the bladder fills and pressure rises it contracts auto-
matically leading to involuntary urination, seen as 
neurogenic detrusor overactivity on an urodynamic 
study. The guarding reflex (which contracts the ure-
thral sphincter on urine entering the bladder neck) is 
no longer synchronised with voiding (as this is co-or-
dinated by the pons). This leads to detrusor sphincter 
dyssynergia (DSD) i.e. concomitant contraction of the 
urethral sphincter during bladder contraction. [11] 

Incontinence is caused by detrusor overactivity when 
the bladder pressure overcomes the sphincteric re-
sistance or when the sphincter fatigues. The bladder 
also may not empty to completion as it is reliant on 
the neurogenic detrusor overactivity (reflex contrac-
tions) to empty and is impeded by the DSD. 

Another feature of the distal autonomous cord is au-
tonomic dysreflexia. This can be potentially life 
threatening. This occurs due to a painful stimulus oc-
curring in the distal autonomous cord which is above 
T6. The effect is vasoconstriction, piloerection and 
sweating in the region supplied by the distal autono-
mous cord. This leads to the dumping of blood from 
the areas supplied by this region into the circulation 
of the regions above the spinal lesion resulting in sig-
nificant hypertension. The body’s response is to pre-
cipitate a reflex bradycardia and vasodilatation which 

can only occur in the areas under suprapontine con-
trol i.e. those above the lesion. [12] This results in the 
visibly characteristic vasoconstriction in the skin be-
low the level of SCI and vasodilation above.  

A complete suprasacral cord injury results in a reflex 
bladder with DSD. The important aspects worth con-
sidering are that: [1] bladder contraction involves dif-
ferent afferent fibres (experiments in cats indicate 
that the relevant afferents are the C-fibres ) [13] [2] 
bladder contractions are poorly sustained, [3] the ure-
thra and bladder become dyssynergic, and [4] previ-
ously irrelevant stimuli influence the bladder and/or 
external sphincter activity. Also voluntary inhibition of 
the micturition reflex is lost, though some conscious-
ness of bladder sensation may still be present.  

Of 489 patients assessed by Kaplan et al. it was 
shown that all those with suprasacral cord lesions 
without sacral cord signs (complete SCI) had detrusor 
overactivity and DSD and in those with sacral cord 
signs (incomplete injury) 84% had an areflexic blad-
der. [14] Another study by Weld and Dmochowski of 
196 veterans with suprasacral injuries revealed 95% 
had NDO and/or DSD. [15] Six patients (3%) all with 
lumbar injuries had bladder areflexia and fit the 
subsacral pattern described below. 

DSD may cause incomplete emptying and with pro-
longed detrusor contractions structural bladder 
changes may occur resulting in bladder fibrosis and 
poor compliance with vesico-ureteric reflux. When 
combined with recurrent urinary tract infections, renal 
failure may result. This is more common with contin-
uous than intermittent DSD although both require 
long term follow-up. [16] More than half of men de-
velop urological complications and are considered to 
be at high risk of upper tract damage.  

 
Figure 1: Diagrammatic representation of complete spinal cord injury with a) distal autonomous cord present 
leads to spasiticity, hypertonicity and hyperreflexia in limbs and reflex activity and DSD for the bladder and 
sphincter respectively, b) No distal autonomous cord/ sacral lesion leads to flaccidity and areflexlia in limbs 
and an areflexic bladder with a flaccid sphincter. 
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 Incomplete suprasacral lesions 
Incomplete suprasacral injuries can take many forms 
but four common patterns of injury have been de-
scribed. Anterior cord syndrome, usually occurs 
due to disruption of the anterior spinal artery leading 
to reduced or absent motor activity and pain/ temper-
ature sensation but proprioception is retained. In con-
tradistinction, posterior cord syndrome for example 
due to tabes dorsalis affects only proprioception. Lat-
eral cord syndrome also known as Brown Sequard 
leads to ipsilateral loss of power and proprioception 
and contralateral loss of pain and temperature sensa-
tion. The most common pattern however, is seen due 
to traumatic neck hyperextension during a fall and is 
termed central cord syndrome. [17] Due to lamina-
tion in the spinal cord, the upper limbs are more af-
fected than lower limbs (as they lie closer to the cen-
tral canal) and the former are more likely to show 
lower motor neurone features compared to the latter 
which demonstrate spasticity. Sensation also dispro-
portionately affects the upper limbs. Recovery is also 
more likely in the less affected lower limb. [18] 

Incomplete suprasacral lesions lead to variable blad-
der and sphincteric function. Anterior cord injury 
leads to detrusor overactivity in the majority of pa-
tients, and DSD is also a possibility dependent on 
how extensive the injury is and which parts of the cord 
are affected. The pathways co-ordinating the bladder 
and sphincter are located mostly in the lateral col-
umns and if these are affected DSD may occur. [19]  
If the dorsal columns are unaffected, bladder sensa-
tion is spared. [20]  The risk of upper tract injury is 
based on the individual circumstances. 

A urodynamic study of 22 veterans with central cord 
syndrome revealed normal findings in three men, de-
trusor areflexia in four, DSD in 11, detrusor overactiv-
ity without DSD in one and detrusor underactivity in 
one, also two men had BOO due to BPH. [21] There-
fore it is clear that the LUT function in central cord 
syndrome will be variable and the risk of upper tract 
damage due to DSD or poor compliance needs to be 
considered but is not common and also sensation is 
reported to be preserved. [22]   

With Brown Sequard syndrome, urodynamic studies 
in eight patients revealed detrusor overactivity in four, 
an areflexic detrusor in three and DSD in four pa-
tients. [23] In a study of 269 patients with spinal cord 
lesions, those with unimpaired sensation and 
younger age were most likely to recover acceptable 
bladder function. [24] Brown Sequard and central 
cord syndromes carried the best prognosis for recov-
ery of bladder function. 

 SACRAL AND SUBSACRAL 
LESIONS  

Lesions of the conus medullaris and cauda equina 
are characterized by motor and sensory symptoms in 
the lower limbs, buttocks, perineum accompanying 

the dysfunctions of bladder, bowel and sexual activ-
ity: the “cauda equina syndrome”. [25] As the axons 
with roots from cauda equina extend into the spinal 
cord, dysfunctions caused by a lesion of conus or 
cauda are similar thus making distinction between 
them on clinical grounds difficult. [26] 

 Sacral (conus medullaris) lesions  
The intermediolateral nucleus contains the motor nu-
clei of the autonomic nervous system. In the sacral 
spinal cord, this region is parasympathetic, and dam-
age to the nucleus renders the detrusor areflexic. Re-
sulting retention of urine can cause incontinence (for-
merly termed overflow incontinence). Onuf’s nucleus, 
located medially in the ventral horn of the sacral spi-
nal cord, is a mixed autonomic/ somatic nucleus con-
taining the motor nuclei for the LUT and LBT outlets. 
Damage to this structure affects sphincters (and 
some pelvic floor musculature), and thus stress in-
continence may result. If the pudendal nerve is also 
impaired, there is an increased risk for incontinence.  

The functioning of a sacral or areflexic bladder de-
pends on the sphincteric resistance (detrusor leak 
point pressure). The bladder will fill up to the detrusor 
leak point pressure and empty by over flow. There will 
be no detrusor contraction. The bladder may develop 
poor compliance and pose some risk to the upper 
tracts. The symptoms can be acute with motor and 
sensory changes as when central large lumbar disc 
herniation occurs. Chronic symptoms may occur 
when degenerative disc disease and osteoarthritis of 
the spine create gradually narrowing of the spinal ca-
nal and/or foramina. 

 Subsacral lesions (cauda equina or 
peripheral nerves)  

The same effects as seen with lesions of the conus 
medullaris can result from lesions of the subsacral 
nerves (the cauda equina, or the peripheral nerves- 
including the pudendal nerves). The main function of 
peripheral nerves is the communication between the 
CNS and peripheral effector organs. Lesions at that 
level can occur by different causes as infections (cy-
tomegalovirus, herpes), fractures, surgery, radiother-
apy and many more. Peripheral neuropathies are 
found in a long list of conditions as diabetes, alcohol 
abuse, Guillain-Barré et al. [27] [28] Both parasympa-
thetic and somatic motor function will potentially be 
impaired; the detrusor can be underactive or areflexic 
and the external sphincter can be paralyzed. These 
lesions can also cause a variety of sensory deficits. 
Some pain and/or filling sensation can be retained 
because of intact sympathetic hypogastric nerves, 
which enter the spinal cord in thoracic roots. The 
bladder neck is predominantly innervated by sympa-
thetic pathways, and so it can retain some function in 
sacral injury. If there is extensive autonomic damage, 
the bladder neck remains open. [29]   

Iatrogenic causes of focal pelvic nerve lesions have 
been described with abdominoperineal resection, 
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though these are probably less frequent with in-
traoperative neuro-monitoring. It has been studied in 
hysterectomy, where nerve sparing techniques offer 
a better outcome. [30] [31] Also in radical prostatec-
tomy enhanced attention to the innervation at the time 
of surgery may result in improved preservation. [32] 
Complete lesions of all local innervation, are followed 
by a silent, painless distension of the bladder. Urinary 
retention follows, leading to incontinence by overfill-
ing, though if the external urethral sphincter is also 
denervated stress urinary incontinence (SUI) and 
even continuous urine leakage may occur. When le-
sions are partial, sensory symptoms may predomi-
nate. But patients, especially women, can report 
“spontaneous voiding” with Valsalva. In patients with 
a presumed isolated PNS involvement (as in Guillain-
Barré syndrome), DO with or without DSD has been 
described. [33] [34] 

In patients with a complete cauda equina or a lower 
conus lesion, a sensory input from the bladder can be 
preserved and is possibly transferred through the in-
tact hypogastric plexus to the thoracolumbar seg-
ments of the spinal cord. [35] 

Conclusions (LOE = 1) 

• With a neurologic lesion the type of dysfunction 
that follows in LUT (and LBT) will depend on the 
site, the extent and the evolution of the deficit. 

• Distinction is made between suprapontine, pon-
tine, surpasacral spinal cord, sacral and 
subsacral lesions. 

Recommendations (grade A) 

•  It seems worthwhile to further evaluate the clas-
sification of the neurogenic bladder: stratified by 
Anatomic Location and Etiology (SALE). Beside 
classifying into seven categories, each corre-
sponding with a neurologic defect in a distinct an-
atomic location, the presence or absence of 
bowel dysfunction and autonomic dysreflexia is 
reported.  

• In the future, if further evaluation confirms their 
importance, prognostic information as from bi-
omarkers, NGF and BDNF, can be added to the 
classification and will be an important avenue for 
further research.  

• As such the classification describes a patient suf-
fering from NGB and simultaneously informs 
about the most appropriate treatment, follow-up 
regimen, and long-term prognosis 

 NEUROLOGICAL URINARY 
INCONTINENCE 

 EPIDEMIOLOGY (INTRODUCTION) 

NLUTD may be caused by a variety of neurological 
diseases and/or events affecting the various parts of 
the nervous systems controlling the LUT. The result-
ant dysfunction depends grossly on the location, ex-
tent, and nature of the causative neurological lesion 
or lesions. Overall prevalence estimates for NLUTD 
in the general population are scarce, but data are 
available on the prevalence of the underlying condi-
tions and, in some cases, the relative risk for the de-
velopment of NLUTD. It is important to realise that 
most of these data show a very wide range of preva-
lence figures, due to low level of evidence in most 
published data and smaller sample sizes. 

Nevertheless, worldwide estimates of the prevalence 
of spinal cord injury (SCI) are at over 2.5 million, mul-
tiple sclerosis (MS) considerably greater than 1.5 mil-
lion and Parkinson’s disease (PD) approximately 3 
million [1-3]. Spinal cord injuries are common, with an 
estimated 50 people per million sustaining a trau-
matic spinal injury every year in the Western world 
[4]. Non-traumatic injury (vascular, infection, tumour) 
is more common, and cancer alone is estimated to 
cause more SCI than trauma [5]. Traumatic injury 
mostly affects young men, and advances in rehabili-
tation medicine mean that the longevity of paraple-
gics is similar to the general population while that of 
tetraplegics is 10 years shorter [9]. The prevalence of 
MS is approximately 1 per 1 000 [2].  

Mobility, pain and bladder dysfunction in neurological 
patients has been relatively well studied, while the 
bowel and pelvic floor dysfunction has been ne-
glected by comparison. With rapid advances in reha-
bilitation medicine resulting in increased survival of 
patients, these individuals are experiencing bladder 
and bowel symptoms for ever-longer periods. 

As in previous International Consultations on Inconti-
nence reports published data on epidemiology were 
reported both in a separate section and in each spe-
cific neurological condition, it seemed more appropri-
ate for the 2016 ICI report to present updates of epi-
demiology only with each specific neurological condi-
tion. The general conclusions and recommendations 
on epidemiology of the previous ICI report remain un-
changed.   

Conclusions 

• Dysfunction of the LUT occurs in patients with a 
variety of neurologic diseases but precise epide-
miological data is seldom available 
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• Common manifestations of NLUTD include uri-
nary incontinence, voiding difficulties, and uri-
nary retention. 

• Because neurological disease is often present in 
elderly populations, it is frequently difficult to dis-
criminate if LUTS are due to aging alone, or due 
to the presence of neurological disease. This dif-
ficulty is reflected in widely varying prevalence 
estimates. 

Recommendations 

• Patients with neurologic disease known to be as-
sociated with NLUTD should be evaluated for the 
presence of lower urinary tract symptoms. 

• In certain neurologic disease states, NLUTD may 
be relatively asymptomatic, yet represent a risk 
of upper urinary tract impairment. 

• In the appropriate clinical setting, a neurological 
evaluation may be recommended in a patient 
with unexplained LUTS and no known neurolog-
ical disturbance. This is particularly true in the 
case of a young patient with idiopathic severe 
LUTS after proper office evaluation for common 
etiologies. 

• Prevalence estimates of NLUTD would be im-
proved by multicenter co-operative studies from 
large tertiary centers utilizing established out-
comes and evaluation tools. 

 

 SPECIFIC DIAGNOSTICS 

Before any functional investigation is planned, all 
“basic” data should be gathered and used for further 
interpretation of the NLUTD [1,2]. Relevant investiga-
tions include; history and physical examination, ques-
tionnaires, urine tests, voiding diary, urodynamic 
studies (cystometry, electromyography (EMG), video-
urodynamics, uroflowmetry, pressure-flow study), di-
agnostic imaging with voiding cystourethrography 
and ultrasonography. In this chapter are highlighted 
some data specially related to NLUTD. Some tests 
developed for the diagnosis of neurologic dysfunction 
are considered specifically; the bethanechol super-
sensitivity test, and the ice water or bladder cooling 
test. Neurophysiologic studies are discussed in the 
chapter “Clinical Neurophysiological testing”, and 
only some data for NLUTD is given here. 

 History 
The general history aims at gathering information on 
the neurological and congenital abnormalities, previ-
ous urinary complications or treatments. The use of 
medication with known or possible effects on the LUT, 
menstrual, sexual and bowel function, and obstetric 
history are also important. Hereditary or familial risk 
factors, metabolic diseases and other must be 

known. Lifestyle factors such as smoking, alcohol, or 
addictive drug use should be assessed as well as an 
evaluation of Quality of Life. Social impact and the 
degree of disability have to be taken into considera-
tion. Patients with a spinal cord lesion above Th6 may 
develop autonomic dysreflexia, so a history of severe 
headaches should be explored. 

The signs and symptoms that bring the patient to con-
sultation must be documented. Symptoms related to 
storage and voiding, continence and /or retention, as 
well as onset and nature of the NLUTD (acute or in-
sidious) should be determined. If appropriate this in-
formation should be compared with the patient’s con-
dition before the NLUTD developed. Bladder sensa-
tion and mode and type of voiding (catheterization) 
should be considered. Validated questionnaires are 
useful for recording symptoms, their frequency, se-
verity and bother, and the impact of LUTS on QoL.  
Some instruments were not validated in NLUTD or 
are impossible to implement because of sensory or 
motor deficiency in NLUTD.  An excellent review of 
available tools for neurological disease and urinary-
specific instruments used to assess QOL associated 
to bladder symptoms has been written by Clark and 
Welk [3]. Results are summarized in Table 3 at the 
end of this paragraph. Warning signs and symptoms 
that warrant early further investigation include; fever, 
pain, hematuria, catheterization problems, clinical in-
fections and signs of autonomic dysreflexia. Individu-
als with NLUTD may not be accurate at determining 
whether they have a UTI based on their symptoms 
[4]. UTI management is not standardised and clinical 
practice suffers from a weak evidence base [5].  
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Table 3: Disease- and urinary-specific instruments used to assess QOL associated to bladder symptoms (adapted from [3]) 

Scale Population Original purpose Item generation Internal validity Reliability External validity Responsiveness 
and MDC* 

Qualiveen [6] SCI/MS 

Cross-sectional and 
longitudinal 
examination of SCI 
patients 

Patient interview 
and expert review α >0.80 ICC: 0.85–0.92 

Consistent with 
predicted 
correlations with 
SQLP 

SRM >0.75 (in 
patients with MS) [7] 

MDC: 32 

SCI-SCS [8] SCI 

Cross-sectional and 
longitudinal 
examination of SCI 
patients 

Adapted from the 
SCQ α >0.76 ICC: 0.56–0.80 

R: 0.31–0.64 
between total score 
and 6 SF-12 
domains 

SRM: NE 

MDC: NC 

SCI-QOL bladder 
management 
difficulties bank [9] 

SCI 

Cross-sectional and 
longitudinal 
examination of SCI 
patients 

Adapted items from 
Neuro-QOL with 
patient interview 
and expert opinion 

α: 0.74 ICC: 0.74 Study in progress 

SRM: NE 

MDC: 12 

SCI-FI [10,11] SCI 

Cross-sectional and 
longitudinal 
examination of SCI 
patients 

Interviews with 
patients, literature 
review and expert 
consensus 

α: 0.85–0.95 ICC: 0.90–0.99 Not evaluated 

SRM: NE 

MDC: NC 

I-QOL [12] SUI/SCI/MS 

Cross-sectional and 
longitudinal 
examination of SCI 
patients 

Patient interview 
and expert review α >0.79 ICC: 0.89–0.99 [13] 

R: 0.36–0.59 for SF-
36 mental health, 
social functioning 
and vitality domains 

SRM: NE 

MDC: NC 

MID: 11 with 
medium effect size 
estimation 

NBSS [14] SCI/MS/SB 

Cross-sectional and 
longitudinal 
examination of SCI 
and MS patients 

Interviews with 
patients, literature 
review and expert 
consensus 

α: 0.89 ICC: 0.91 

R: 0.52–0.59 with 
AUASS, ICIQ-UI, 
GBA and SF-
Qualiveen total 

SRM: NE 

MDC: 9 

MSQOL-54 [15] MS 

Cross-sectional and 
longitudinal 
examination of MS 
patients 

Adapted from SF-36 
with literature and 
expert review 

α >0.75 ICC: 0.66–0.96 

Varying degrees of 
correlation with SF-
36, MOS, and faces 
scale 

SRM: 0.71 for 
physical health 

SRM: 0.57 for 
mental health [16] 

MDC: 67 
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Scale Population Original purpose Item generation Internal validity Reliability External validity Responsiveness 
and MDC* 

MSIS-29 [17] MS 

Cross-sectional and 
longitudinal 
examination of MS 
patients 

Interviews with 
patients, literature 
review and expert 
consensus 

α >0.91 ICC: 0.65–0.90 

Consistent with 
predicted 
correlations with SF-
36, FAMS, 

Effect size: 0.66 
(psychological 
scale), 0.82 
(physical scale) 

EQ-5D, GHQ-12, 
postal Barthel Index MDC: 2 

FAMS [18] MS 

Cross-sectional and 
longitudinal 
examination of MS 
patients 

Interviews with 
patients, literature 
review and expert 
consensus 

α >0.82 ICC: 0.85–0.91 

Consistent with 
predicted 
correlations with SF-
36, HADS, MDI, 
PSR and MCSDS 

SRM: 0.58 [9] 

MDC: 29 

HAQUAMS [19] MS 

Cross-sectional and 
longitudinal 
examination of MS 
patients 

Items adapted from 
FAMS and SF-36 
and expert opinion 

α >0.68 ICC: 0.75–0.94 

Consistent with 
predicted 
correlations with 
EDSS, T8, SDMT, 
9HPT, FAMS, 
HADS 

SRM: −0.55 in 
worsening patient 

SRM: 0.30 and 0.59 
in patient 
undergoing 
intervention [20] 

MDC: 2 

MSQLI [21] MS 

Cross-sectional and 
longitudinal 
examination of MS 
patients 

Conglomeration of 
10 scales [22] α >0.70 ICC: 0.83–0.92 (for 

bladder scale) 
R: 0.45–0.58 (for 
bladder scale) 

SRM: NE 

MDC: NC 

ABSST/-SF [23,24] MS 

Cross-sectional and 
longitudinal 
examination of MS 
patients 

Interviews with 
patients, literature 
review and expert 
consensus 

α: 0.85–0.90 ICC: 0.80 
Long form R ≥0.782 
with OAB-q SF and 
HRQOL scores 

SRM: NE 

MDC: 12 

QOLSB [25] SB 

Cross-sectional and 
longitudinal 
examination of 
children with SB 

Interviews with 
patients/parents, 
literature review and 
expert consensus 

α: 0.93–0.94 ICC: 0.37–0.63 

R: 0.26 (children) 
and 0.89 
(adolescent) with 
Piers-Harris 
Children’s Self-
Concept Scale 

SRM: NE 

MDC: NC 

IIQ-7 [26] UI α >0.88 ICC >0.8 SRM: NE 
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Scale Population Original purpose Item generation Internal validity Reliability External validity Responsiveness 
and MDC* 

Cross-sectional and 
longitudinal 
examination of 
adults with UI 

Adapted from the 
IIQ 

Consistent with 
predicted 
correlations with 
EORTC QLQC30 

MDC: NC 

KHQ-LUTS [27] UI 

Cross-sectional and 
longitudinal 
examination of 
adults with UI 

Adapted from the 
KHQ α >0.72 ICC: 0.93 [28] 

Consistent with 
predicted 
correlations with SF-
36 [29] 

SRM: NE 

MDC: 39 

ICIQ-OAB [30] OAB 

Cross-sectional and 
longitudinal 
examination of 
adults with over 
active bladder 

Interviews with 
patients/parents, 
literature review and 
expert consensus 

α >0.86 ICC: 0.91–0.95 [31] 

Consistent with 
predicted 
correlations with SF-
36 

SRM: 0.6 [32] 

MDC: NC 

Table 3 abbreviations: QOL, quality of life; MDC*, 1.96*[SD* √(1-ICC)]*√2; SCI, spinal cord injury; MS, multiple sclerosis; α, Cronbach’s alpha; ICC, interclass correlation 
coefficient; SQLP, Subjective Quality of Life Profile; SRM, standardized response mean; MDC, minimally detectable change; SCI-SCS, Spinal Cord Injury Secondary 
Conditions Scale; SCQ, Seekins Secondary Conditions Scale; R, Spearman correlational coefficient; NE, not established; NC, not calculable; SCI-QOL, Spinal Cord 
Injury Quality of Life; Neuro-QOL, Quality of Life in Neurological Disorders Measurement System; SCI-FI, Spinal Cord Injury Functional Index; I-QOL, Incontinence 
Quality of Life; SUI, stress urinary incontinence; SF-36, Short Form 36 Health Survey; MID, minimally important difference; NBSS, neurogenic bladder symptom score; 
SB, spina bifida; AUASS, American Urological Association Symptom Score; ICIQ-UI, International Consultation on Incontinence-Urinary Incontinence; GBA, Global 
Bladder Assessment; MSQOL-54, Multiple Sclerosis Quality of Life 54-item scale; MOS, medical outcomes study health distress measure; MSIS-29, Multiple Sclerosis 
Impact Scale 29-item; GHQ-12, General Health Questionnaire; FAMS, Functional Assessment of Multiple Sclerosis; MDI, multiscale depression inventory; PSR, Eastern 
cooperative oncology group performance status rating; MCSDS, Marlow Crowne social desirability scale; HAQUAMS, Hamburg Quality of Life Questionnaire in MS; 
EDSS, expanded disability status scale; T8, timed 8-minute walk; SDMT, symbol digit modalities test; 9HPT, nine hole peck test; HADS, hospital anxiety and depression 
scale; MSQLI, Multiple Sclerosis Quality of Life Index; ABSST, Actionable Bladder Symptom Screening Tool; SF, short form; OAB-q SF, Over Active Bladder Question-
naire; HRQOL, health related quality of life; QOLSB, Quality of Life in Spina Bifida scale; IIQ-7, Incontinence Impact Questionnaire 7-item; UI, urinary incontinence; IIQ, 
Incontinence Impact Questionnaire; EORTC QLQC30, EORTC Quality of Life Questionnaire; KHQ-LUTS, King’s Health Questionnaire Lower Urinary Tract; ICIQ-OAB, 
International Consultation on Incontinence Questionnaire Overactive Bladder. 
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A urinary diary can be used to capture information on 
the number of voids (frequency and nocturia), the 
sensation at each void, volumes voided, inconti-
nence, and volume/ time of fluid intake. Little infor-
mation is available on optimal diary duration in 
NLUTD, considering information captured balanced 
against inconvenience to the patient [33]. However 
general recommendation is to do it at least for 3 days 
[34]. Some information could be difficult or impossible 
to collect because of sensory or motor deficiency in 
NLUTD. Nonetheless, such diaries deliver useful as-
sessment for evaluating treatment outcomes [35].  

A Urinary diary can be subdivided into: 

1. Micturition Time Chart: this records only the 
times of micturitions, day and night, for at least 
24 hours. 

2. Frequency Volume Chart (FVC): It records the 
volumes voided as well as the time of each mic-
turition, day and night, for at least 24 hours. 

Bladder Diary: it records the times of micturitions and 
voided volumes, incontinence episodes, pad usage 
and other information such as fluid intake, the degree 
of urgency and the degree of incontinence. 

 Physical examination 
A general impression of patient’s physical and mental 
possibilities is relevant to the choice of investigations 
and treatment. Severely impaired mobility, extreme 
spasticity, severe mental disorder and general weak-
ness are all important in this respect. The physical 
examination evaluates the lower abdomen, external 
genital organs and perineal skin. Palpation per 
vagina or per rectum is done in search of pelvic organ 
descent, or cervix-uterus/ prostate disease. The 
strength of the pelvic floor muscles should be as-
sessed. Cardiovascular function should be consid-
ered. Patients with very high neurological lesions may 
suffer from a significant drop in blood pressure when 
changing position.  

Specific examination of the lumbo-sacral innervation 
includes: sensation of fine touch and pin-prick in the 
different perineal dermatomes (Figure 2), evaluation 
of bulbocavernosus/ anal/ cremaster reflexes, tone of 
anal sphincter and voluntary contraction of the anal 
sphincter / pelvic floor muscles (Figure 3). Clinical 
neurological findings correlate well with NLUTD in 
some types of neuropathy such as single level trau-
matic spinal cord lesions [36] but less in other types 
like meningomyelocoele or combined traumatic spi-
nal cord lesions [37,38]. Urinary symptoms and 
pathological urodynamic findings increase along with 
the degree of motor function impairment in infantile 
cerebral palsy [39] The levels of vertebra lesions does 
not correspond to the level of nerve damage (Figure 
4) [40] 

 Urine tests 
Tests for bacteria or pyuria do not establish a diagno-
sis of urinary tract infection (UTI), but are helpful in 

the context when symptoms are present. The urine 
sample should be collected with sterile catheter and 
taken to the laboratory immediately. Colony forming 
units ≥105 cfu/L in an intermittent catheter specimen 
with symptoms present, represents sufficient diagno-
sis of UTI’s. In clean-voided specimens from cathe-
ter-free men using condom catheters, ≥107 (cfu/L) is 
a sufficient level [41]. There is however lack of other 
high level evidence to define UTI’s in patients with 
NLUTD. 

 Urodynamic tests 
Urodynamic techniques evaluate multiple functional 
parameters in NLUTD [42]. The International Urody-
namic Basic Spinal Cord Injury (SCI) Data Set sets 
out data to be included in the urodynamic evaluation 
of patients with SCI. Variables included are; bladder 
sensation during filling cystometry, detrusor function 

 
Figure 2: Dermatomes of spinal cord levels L2-S4 

 
Figure 3: Urogenital and other reflexes in lower spi-
nal cord 
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and compliance during filling cystometry, detrusor 
function during voiding, detrusor leak point pressure, 
maximum detrusor pressure, cystometric bladder ca-
pacity and post-void residual [16].If the study is under 
taken with video control then one has to look for re-
flux, bladder trabeculations and sphincter dyssyner-
gia.  

Often, the nature of NLUTD is impossible to anticipate 
from clinical assessment alone, exemplified by CNS 
tumours in children [43]. Likewise, severity of NLUTD 
does not necessarily correspond with severity of neu-
rological lesion.  

Electromyography (EMG) during cystogram 
and pressure flow studies 
The basis of EMG has long been a question of debate 
[44, 45]. Sundin and Petersen [46] used cystometry 
(EMG) investigation in NLUTD for patients with an ac-
tive detrusor contraction associated with impaired 
bladder emptying. A voluntary control of external ure-
thral sphincter relaxation was found in most of the 
healthy volunteers, and cystometry-EMG gave relia-
ble information on DSD in patients. .On the other 
hand Kirby et al showed that perineal surface patch 
EMG did not measure expected pelvic floor and ure-
thral sphincter relaxation during voiding [47]. De et al 

found significant disagreement between needle EMG 
and VCUG for a positive diagnosis of DESD and sug-
gested a combination of EMG and VCUG for diagno-
sis of DESD [48]. Perkash [49] found rhythmic detru-
sor contractions on cystomanometry with associated 
marked increase in EMG activity on attempted void-
ing to be relevant characteristics of patients with 
DSD. Rodriquez et al. [50] used EMG-gas cystome-
trogram to select SCI patients for removal of a Foley 
catheter. Important factors governing success were 
the amplitude of the detrusor contraction, the pres-
ence of detrusor-sphincter synergy and the presence 
of a flaccid sphincter. Mayo and Kiviat [51] used mul-
tichannel urodynamic studies in patients with incom-
plete bladder emptying secondary to suprasacral spi-
nal cord lesions. They found that bladder pressure 
and sphincter EMG measurement during voiding, 
combined with fluoroscopy, are ideal methods to 
identify the factors responsible for incomplete empty-
ing in problem cases. Perlow and Diokno [52] and Ko-
yanagi et al. [53] found cystometry-EMG informative 
in SCI patients. 

Blaivas et al. [54] described three types of dyssyner-
gia. Type 1 had a crescendo increase in EMG activity 
that reached a maximum at the peak of the detrusor 
contraction, type 2 had clonic sphincter contractions 

 
Figure 4. Levels of spinal cord injury 
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interspersed throughout the detrusor contraction and 
type 3 was characterized by a sustained sphincter 
contraction that coincided with the detrusor contrac-
tion. There was no correlation between the clinical 
neurologic level and the type of dyssynergia. In DSD, 
Rudy et al. observed clinically that increases in EMG 
activity and external urethral sphincter pressure were 
associated clearly with a positive slope of the in-
travesical pressure trace, whereas decreases in both 
parameters were associated with a negative slope 
[55].  

Simultaneous recording of intravesical pressure, 
sphincter electromyography and uroflowmetry was 
compared by Aoki et al. [56] with cystometry EMG. 
They found some influence of the catheter in the ure-
thra. Micturition pressure and opening pressure were 
larger with cystometry EMG, and incidence of DSD 
was greater. The authors also found that the Credé 
manoeuvre exaggerated the DSD. Urodynamics with 
needle electrode EMG permitted Kirby [57] to differ-
entiate between patients with pelvic nerve injury, dis-
tal autonomic neuropathy, progressive autonomic 
failure - multiple system atrophy, and idiopathic Park-
inson's disease. This influenced the selection of pa-
tients for transurethral surgery. Pavlakis et al. [58] 
studied cystometry concomitant with perineal floor 
and rectus abdominis EMG and were able to improve 
the recognition of intravesical pressure elevation ow-
ing to voluntary contraction of the abdominal muscu-
lature. EAS motor unit potential (MUP) analysis and 
EMG cystometry were used to differentiate multiple 
system atrophy (MSA) from Parkinson's disease in 
the first five years after disease onset. It showed that 
involvement of Onuf's nucleus in MSA is time-de-
pendent; before the fifth year of illness, the preva-
lence of neurogenic change does not seem to be 
high, so a negative result cannot exclude the diagno-
sis of MSA [59]. Rapidi et al. used combined urody-
namic and electrophysiological study in diabetic cys-
topathy [60].  

Filling parameters 
The importance of detrusor pressure has been 
acknowledged for many years. Filling rate is im-
portant in NLUTD, and slow filling is recommended 
by the International Continence Society to minimise 
artefactually affecting compliance [61].  

Bruschini et al. [62] undertook clinical, urodynamic 
and imaging evaluation of the upper and lower urinary 
tract in inadequately managed myelomeningocele 
patients. The urodynamic data correlated with the 
status of the upper urinary tract (UUT). The cystome-
try showed detrusor overactivity (DO), poor compli-
ance, increased bladder capacity and normal cystom-
etry in 48, 49, 2 and 1% of the patients, respectively. 
Detrusor leak point pressure (DLPP) over 40 cm H2O 
was associated with UUT damage. Patients with de-
crease of functional bladder capacity (FBC) had more 
renal scars than their counterparts. Incomplete SCI 
patients with neurogenic DO should be evaluated 
with the same caution as complete SCI patients, as 

there can be little difference in cystometric capacity 
and leak point pressure between complete and in-
complete spinal cord injury patients [63]. 

The importance of urodynamic tests for diagnosis and 
follow up was demonstrated in the study by Abra-
hamsson et al. [64] on urodynamic changes with un-
tethering in myelomeningocoele children. After un-
tethering, 35% experienced improved bladder func-
tion and 5% deteriorated. All of the patients who de-
teriorated before untethering improved afterward, and 
90% of those who were stable preoperatively contin-
ued to be stable postoperatively. Regular evaluation 
of bladder function in children with myelomeningocele 
is recommended. Kang et al. [65] used urodynamic 
tests to determine prognostic factors affecting urolog-
ical outcome after untethering surgery for lumbosa-
cral lipoma. 

Perkash and Friedland [66] found simultaneous 
transrectal ultrasonography helpful. They recom-
mended not to irritate the bladder when introducing 
the urodynamic catheter, and to examine the entire 
curve of the CMG, not simply the initial rise [67]. 

Filling technique 
In SCI patients with neurogenic LUT dysfunction, Ko 
et al. [68] determined whether cystometry performed 
by filling using diuretics (FMCG) reveals different find-
ings compared with conventional CMG. Significant 
differences between the two techniques were found 
in pressures and compliance in neurogenic DO, but 
not in hyporeflexic or areflexic bladders. Natural filling 
by the production of urine can change the results of 
cystometry considerably, and should be considered 
when performing urodynamic investigations and in-
terpreting the results.  

De Gennaro et al. [69] performed continuous urody-
namic monitoring over six hours in children and com-
pared this with standard urodynamics. They found 
continuous monitoring feasible, permitting a better di-
agnosis than standard cystometry in some cases. 
Zermann et al. [70] investigated the diagnostic value 
of natural fill cystometry (NFC) in children with neuro-
logic bladder in comparison to conventional videocys-
tometry. In 45%, NFC detected additional findings. 
The extra value of ambulatory urodynamics as com-
pared to conventional urodynamics in spinal cord in-
jury patients was investigated by Martens et al. They 
concluded that ambulatory urodynamics do not seem 
necessary for diagnosis and risk assessment in SCI 
patients suspected for DO when conventional urody-
namics are done properly [71]. 

The outlet during voiding 
Pressure-flow study can demonstrate an obstructive 
pattern (high pressure voiding) in neurologic patients 
due to urethral relaxation failure [72,73]. Videourody-
namics (VUDS) offers visualisation of bladder neck 
and urethral sphincter activity during filling and void-
ing [74,75]. Accordingly, VUDS is a test that can de-
termine the site of obstruction. Zerin et al. [76] found 
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that the urographic position of the bladder neck in re-
lation to the pubic symphysis was correlated with 
lower motor neuron (LMN) denervation of the urethral 
sphincter as detected with electromyography in in-
fants and children with myelodysplasia. They con-
cluded that, although not as precise as urodynamic 
testing, significant descent of the bladder neck is a 
reliable urographic finding of complete LMN denerva-
tion of the external urethral sphincter in infants and 
children with myelodysplasia. In men with SCI, some 
cystometric variables and detrusor overactivity may 
remain consistent over sequential studies [77]. 

Bladder sensation 
In a large cohort study it was shown that impaired per-
ception of bladder filling during CMG is a sign of neu-
ropathy [78]. Nonetheless, despite spinal abnormal-
ity, patients can experience bladder filling sensation, 
signifying the presence of afferent pathways joining 
the spinal cord at higher levels. In 52 SCI patients, 26 
% of those with a supposed complete lesion had sen-
sation of bladder filling during cystometry [79]. In 41 
patients with myelodysplasia the perception of blad-
der filling was present in a majority [80]. In a study of 
26 SCI patients, bladder sensation was reported by 
73% of patients in daily life. However, only 41% of 
patients had analyzable bladder sensation concomi-
tant with detrusor overactivity during ambulatory Uro-
dynamics [81].   

Ersoz and Akyuz [82] investigated bladder filling sen-
sation in 73 SCI patients with complete lesions above 
T11 and below T10 and with incomplete lesions. 
Bladder filling sensation was present to some degree 
in all incomplete SCI patients, in 82.4% of the patients 
with complete lesions below T10, and in 38.9% of the 
patients with complete lesions above T11. Bladder-
filling sensation investigations were reproducible in 
terms of bladder filling sensation category in 36 SCI 
patients who had a second CMG. The authors con-
cluded that presence of bladder-filling sensation in 
many SCI patients reveal the potential for sensation-
dependent bladder emptying, especially in the ones 
with complete lesions below T10 and the ones with 
incomplete lesions. The safe use of sensation-de-
pendent bladder emptying was shown to be depend-
ent on the urodynamic situation [83].  

The amplitude of the first overactive contraction and 
the maximal detrusor contraction were found to be 
statistically greater in female patients with multiple 
sclerosis and neurogenic detrusor overactivity com-
pared to women with idiopathic overactivity. The 
threshold volume for detrusor overactivity was 
greater, likely secondary to the elevated post void re-
sidual urine volume in the MS patients. In this study 
using a cut off value of 30 cm H2O for amplitude of 
the first overactive contraction achieved a positive 
predictive value of 88% for identifying multiple sclero-
sis [84]. 

Complications of urodynamic testing 
Complications of cystometry include hematuria due to 
the urethral catheter, the development of oedema in 
the urinary bladder wall and urinary bladder spasm as 
a result of catheter irritation. One case report of twist 
and knot formation in the double lumen urethral cath-
eter after cystometry of a patient with a hypocompli-
ant bladder has been published [85]. Another case 
report describes bladder rupture during filling cystom-
etry many years after bladder augmentation in a girl 
with meningomyelocoele [86].  

Symptomatic urinary tract infections after cystometry 
are not infrequent and antibiotic prophylaxis has been 
advocated [87]. Randomised controlled trials (RCTs) 
comparing effectiveness of prophylactic antibiotics 
with placebo or nothing in reducing bacteriologically 
proven UTI after invasive cystometry have been done 
for all patients, including NLUTD [88]. The use of 
prophylactic antibiotics in urodynamics reduced the 
risk of significant bacteriuria but there was not enough 
evidence to suggest that this effect reduced sympto-
matic urinary tract infections [89]. 

Conclusions 

• Findings of Urodynamic tests can be difficult to 
anticipate from clinical assessment alone in 
NLUTD (LOE 2) 

• A combination with EMG and /or imaging adds to 
the diagnostic possibilities (LOE 2) 

• Filling rate can influence the outcome of several 
urodynamic parameters (LOE 2) 

• Pressure development in the bladder is one of 
the important parameters to be studied and high 
leak point pressure is a risk factor for renal dete-
rioration (LOE 2) 

• Sensation of filling may be preserved despite spi-
nal abnormality (LOE 2) 

• Complications of urodynamic testing are rare, 
but antibiotic prophylaxis in NLUTD can be con-
sidered (LOE 1) 

Recommendations 

• There is currently inadequate data (LOE3-4) to 
support recommendations for the use of urody-
namics in each specific neurological condtion. 
However, the use of invasive urodynamics is rec-
ommended in neurological conditions associated 
with ‘high-pressure bladders’ which may place 
renal function at risk (A), as opposed to ‘urody-
namically safe’ bladder conditions (C)   

• Methods of Urodynamic testing in NLUTD should 
follow International Continence Society recom-
mendations (A) 
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 Special tests 

Bladder-cooling reflex; the ice water test (IWT) 
The ice water test (IWT) is a C-fiber mediated reflex, 
first described as a way to differentiate upper from 
lower motor neuron lesions. It is based on the princi-
ple that mucosal temperature receptors can elicit a 
spinal reflex contraction of the detrusor, a reflex that 
is normally inhibited by supraspinal centers. An upper 
motor neuron lesion interrupts these inhibitory path-
ways, resulting in manifestation of the reflex, whereas 
a lower motor neuron lesion does not. A positive test 
should therefore theoretically occur in patients with 
upper motor neuron lesions, whereas those with 
lower motor neuron lesions and neurologically normal 
patients should have a negative test. Simultaneous 
measurement of intravesical pressure with cold fluid 
instillation enables evaluation of the response. Pa-
tients without neurogenic disease have a greater per-
ception of cold during the IWT than neurogenic pa-
tients; this must be considered when evaluating test 
results [90]. The bladder cooling reflex was blocked 
in 16 out of 17 neurogenic patients when 30 mg in-
travesical oxybutinin was instilled [91].  

There is a significant correlation between a positive 
IWT with abnormal sensation of bladder filling and in-
ability to inhibit micturition voluntarily. A negative IWT 
also corresponded with the occurrence of phasic de-
trusor contractions during cystometry. The IWT may 
be useful for functional subdivision of overactive blad-
ders. In patients with voiding dysfunction in the ab-
sence of LUT inflammation, a positive test is an indi-
cator of a silent or overt neurological disorder. 
Geirsson [92] reported positive or a false negative 
IWT in a large cohort study. Geirsson and Fall [93] 
used the IWT in patients suspected of DSD (cystom-
etry and needle EMG). A positive test with a high de-
trusor pressure was stated to indicate DSD, whereas 
the contrary applies to the negative test. All patients 
who responded to cold stimulation with detrusor con-
traction but without fluid leakage (called positive non-
leakage IWT), manifested DSD on EMG. The authors 
concluded that the simpler IWT could substitute for a 
needle EMG study. 

Ishigooka et al. [94] evaluated urinary bladder sensa-
tion to ice water instillation in patients with diabetes 
mellitus. There was no apparent relationship between 
prevalence of peripheral neuropathy and that of neg-
ative sensation of IWT. Impairment of ice water per-
ception was less frequent than that of mechanorecep-
tor sensation in patients with diabetic cystopathy.  

Ronzoni et al. [95] studied the IWT in 148 patients 
with neurologic bladder dysfunction resulting from a 
traumatic lesion and in 130 patients with neurologic 
bladder dysfunction and multiple pathogenic disor-
ders. IWT was positive in 95% of patients affected by 
complete and in 86% of patients with incomplete me-
dullary lesions. The IWT in patients with lower motor 
neuron medullary lesions was always negative. The 
test was used diagnostically in patients with lower 

motor neuron lesions. In those with upper motor le-
sions it was used as a rehabilitation method during 
the medullary-shock phase to accelerate the appear-
ance of the micturition reflex. In 9% of patients it was 
used to induce micturition during cystography. The 
authors consider IWT as a useful complement to uro-
dynamic examinations in patients with neurological 
bladder disease. By contrast, Chancellor et al. [96] 
found lack of sensitivity and specificity of the IWT in 
SCI patients and concluded it did not contribute to 
their management. Autonomic dysreflexia can occur 
during evaluation. Since the IWT is an unphysiologi-
cal investigation that might significantly bias subse-
quent urodynamics, Kozomara et al. suggest that the 
IWT should not precede more physiological standard 
urodynamic invastigation [97]. 

Repeating the IWT has been shown to increase its 
positivity [98]. Combining the IWT and electrical per-
ception threshold (EPT) testing will reinforce the re-
sults of both tests and can indicate more clearly the 
possibility of an unsuspected neurologic pathologic 
finding in patients with idiopathic DO. In multiple scle-
rosis it may have pathophysiological value, indicating 
a spinal rather than cerebral mechanism of overactive 
bladder, and diagnostic value, indicating multifocal 
demyelination [99].  

Conclusions:  

• The majority of published studies show value  of 
the IWT in the diagnosis of NLUTD and in the 
differentiation between reflexic and areflexic 
neurologic bladder (LOE 2) 

Recommendation: 

• The ice water test is an optional test which 
should be interpreted in the context of all data 
from the diagnostic evaluation, but should not 
precede regular UDS (B)  

Bethanechol supersensitivity test (BST) 
Bethanechol is a muscarinic agonist which may im-
prove bladder emptying in some non neurologic pa-
tients, and correspondingly increase bladder sensitiv-
ity [100]. The BST was developed by Lapides et al. in 
1962 [101] to try to distinguish between a neurologic 
and a myogenic aetiology in an acontractile bladder. 
It is based on the observation that after an organ is 
deprived of its nerve supply, it develops hypersensi-
tivity to the normal excitatory neurotransmitters. A 
neurologically intact bladder should have a pressure 
increase of less than 15 cm H2O above the control 
value, whereas a denervated bladder shows a re-
sponse greater than 15 cm H2O. The clinical utility 
has not been studied in detail recently.  

The test is considered unreliable by some [102]. 
Penders [103] considered the test reliable when the 
indications are good (large capacity, hypotonic blad-
der, clinical suspicion of lower neuron lesion) and 
when the interpretation is based on a right under-
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standing of its mechanism. Pavlakis et al. [104] sug-
gest that the BST is more sensitive and more specific 
than perineal floor electromyography in corroborating 
bladder neuropathy. Sidi et al. [105] studied patients 
with neurologic or non-neurologic detrusor areflexia 
with the BST, EMG of the urethral rhabdosphincter 
and bulbocavernosus reflex latency and found the 
sensitivity of these tests in detecting neurologic 
mechanisms to be 90, 87.5 and 78.1%, and the spec-
ificity 96, 76 and 80%, respectively. When all three 
tests were performed together, the combined accu-
racy approached 100 %. They conclude that these 
combined tests are useful in the diagnosis of patients 
with equivocal bladder neurologic conditions and in 
those with subtle neurological lesions. Denervation 
supersensitivity to bethanechol was demonstrated in 
acute idiopathic autonomic neuropathy [106] . 

Wheeler et al. [107] found the positive BST not diag-
nostic of neurologic detrusor areflexia because of the 
many variables that can influence the test. In a later 
study, the same group [108] suggested that flow rate, 
surface electromyography, and bethanechol super-
sensitivity test cannot help differentiate neurologic 
from non-neurologic detrusor failure. Although no test 
can accurately differentiate neurologic from non-neu-
rologic female urinary retention, careful neurourologic 
evaluation will help guide to more appropriate man-
agement. 

Conclusion:  

• The literature on the value of the bethanechol 
test for the diagnosis of neurologic pathology is 
contradictory. The test may contribute to overall 
evaluation of neurologic LUT dysfunction. (LOE 
2) 

Recommendation: 

• The bethanechol supersensitivity test has limita-
tions, and results should be interpreted in con-
junction with established diagnostic results. (B)  

Electrodiagnostic tests 

EMG of the urethral sphincter 
EMG of the urethral sphincter has been used for dec-
ades in the diagnosis of NLUTD; its value in practice 
remains uncertain. Use of needle or surface elec-
trodes is debated. Urethral concentric needle elec-
trodes were found to be superior to surface patch 
electrodes for evaluating relaxation of the muscle dur-
ing voiding in neurologically intact women [109]. 
Nordling and Meyhoff [110] used cystometry in com-
bination with urethral and anal sphincter EMG in pa-
tients with suspected NLUTD and found anal sphinc-
ter EMG to be highly unreliable. Koyanagi et al. [111] 
also found discordant activities between the anal and 
the external urethral sphincters in 39 % of male pa-
tients with SCI. The degree of bladder dysfunction 
was related more to the degree of dyssynergia of the 
urethral than the anal sphincter. Nevertheless, Pod-
nar states that anal sphincter EMG is the most useful 

diagnostic test, particularly for focal sacral lesions, 
and atypical Parkinsonism [112]. Fowler et al. [113] 
introduced a technique of recording EMG activity of 
striated muscle in the urethral sphincter by using a 
concentric needle electrode and an oscilloscope with 
a delay line and trigger. Individual motor units were 
isolated and measured. Vodusek also studied individ-
ual motor units [114]. Both conclude that quantitative 
EMG may be a helpful technique in the investigation 
of patients with disorders of micturition. 

Ziemann and Reimers [115] found the sphincter EMG 
the most sensitive technique in the diagnosis of 
chronic pudendal lesions. However, pure afferent le-
sions cannot be detected by the sphincter EMG. In 
this case, the BCR, using unilateral stimulation of the 
dorsal nerves of the penis, provides the opportunity 
to distinguish between afferent and efferent lesions of 
the sacral innervation. Fowler [116] concluded that 
sphincter electromyography (EMG) is valuable for 
identifying patients with Parkinsonism who have mul-
tiple system atrophy. Tests which examine aspects of 
nerve conduction velocity have proved to be of lesser 
value both because such investigations test conduc-
tion of nerve fibres rather than levels of innervation. 
Furthermore, they examine large myelinated fibre 
conduction, rather than the unmyelinated fibres which 
comprise the autonomic innervation. Sphincter EMG 
is a diagnostic test of Fowler’s syndrome in young 
women with urinary retention [117]. Sphincter EMG 
can be used in gauging timing of stimulation for sup-
pressing DO [118].  

De E J et al. [119] found a significant disagreement 
between needle EMG and voiding cystourethrogram 
(VCUG) for diagnosis of DSD. A combination of EMG 
and VCUG may identify more cases of DSD than ei-
ther modality alone and underscores the need for 
more strict criteria when defining this entity from a 
urodynamic standpoint. 

Anal sphincter EMG as well as external urethral 
sphincter EMG can be used to detect the onset of de-
trusor contractions in patients with both neurogenic 
detrusor overactivity (NDO) and detrusor sphincter 
dyssynergia (DSD) opening a door for the use of trig-
gered devices to inhibit unwanted contractions 
through continuous electrical stimulation of sensory 
nerves [120,121]. Light et al. [122] found in patients 
with detrusor areflexia and a high spinal cord lesion, 
EMG of the pelvic floor muscles is the neurophysio-
logical test which best predicts detrusor contractility. 

EMG of the urethral sphincter has been used to in-
vestigate retention in multiple-system atrophy [123], 
LUT function in Machado-Joseph disease [124], the 
impact of pregnancy and delivery on vesico-urethral 
disorders in patients with multiple sclerosis [125] and 
children with cerebral palsy [126]. 

ICS Guidelines on urodynamic equipment standardi-
zation recommend that EMG during urodynamics 
should have high input impedance greater than 100 
MOhms, a common-mode rejection (CMRR) greater 
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than 80, and a filtering program to best produce a 
consistent EMG during testing [127]. 

EMG of Detrusor muscle 
Detrusor EMG has not been widely studied in neuro-
logic patients. La Joie et al. [128] recorded simultane-
ous EMG recordings from the bladder detrusor mus-
cle and the inferior rectus abdominis muscle in 6 nor-
mal subjects, in 4 patients with LMN bladder disease 
and in 2 patients with an UMN type of bladder lesion. 
The bladder electrodes did not appear to record mus-
cle activity remote from the abdominal muscles so 
that any increased detrusor electrical activity with ab-
dominal contraction must have some other explana-
tion. Kaplan and Nanninga [129] analysed detrusor 
EMG in upper motor neuron type NLUTD. Kinder et 
al. did not advocate detrusor EMG [130]. Recent data 
are lacking and so the technique cannot be consid-
ered a standard diagnostic test. 

Conclusion 

• Sphincter EMG can be valuable in the diagnosis 
of patients with neurologic bladder dysfunction 
(LOE 2). 

• Detrusor EMG is not established as a diagnostic 
test 

Recommendation: 

• EMG of the urethral sphincter can be considered 
as a specialized diagnostic method in patients 
with neurologic LUT dysfunction and neurologic 
urinary incontinence (B B) 

Dynamic Bulbocavernosus reflex (BCR) 
Walter et al. [131] studied dynamic BCR during mic-
turition induced by using periodic dorsal penile nerve 
stimulation; the evoked reflex response was recorded 
with an anal sphincter pressure sensing balloon. Re-
sults indicate that an enhanced BCR is a factor con-
tributing to increased urethral resistance during mic-
turition. 

Kaiho et al. [132] recorded the evoked potential of the 
BCR (BCR-EP) with a concentric needle electrode at 
the periurethral striated muscle. They found BCR-EP 
was suppressed during voluntary voiding in normal 
subjects, but it was insufficiently suppressed in the 
patients with NLUTD. It was suggested that the meas-
urement of BCR-EP could distinguish involuntary 
voiding caused by pathological urethral sphincter re-
laxation from voluntary voiding. The same group 
[133] investigated the change of sacral reflex activity 
of the striated urethral sphincter in the urine storage 
phase with BCR-EP in normal male subjects and 
male patients with NLUTD due to suprasacral spinal 
cord injury. Sacral reflex activity was accelerated by 
bladder filling in both the normal subjects and SCI pa-
tients, particularly in the latter. In addition to the con-
ventional evaluation of the integrity of sacral reflex arc 
by BCR examination, the observation of changes of 

BCR affected by bladder filling may provide infor-
mation on the continuity of sacral segment and su-
praspinal micturition centre. Niu et al. showed that in 
8% of patients with SCI and in 70% of patients with 
peripheral nerve lesions the BCR was abnormal 
[134].  

Motor evoked potentials  
Motor evoked potentials (MEP) has been used to as-
sess neurogenic lesions affecting the urethral com-
pressive musculature with simultaneous recording of 
evoked pressure curves [135]. MEP recording is an 
accurate and easily applicable test for the diagnosis 
of lumbosacral spinal cord lesions [136].  

Nerve conduction studies 
In patients with diabetes mellitus, conduction veloci-
ties are decreased [137]. Vereecken et al. [138] found 
urethral and anal responses produced by electrical 
stimulation of penis, bladder neck and anus were de-
layed and the duration reduced. Carbone et al. [139] 
assessed the effect of urinary bladder filling on the 
excitability of somatic spinal motor neurones in pa-
tients affected by neurogenic and non-neurogenic DO 
and proposed that H-reflex modulation may be con-
sidered a tool in the differential diagnosis of voiding 
dysfunctions. 

Somatosensory evoked potentials  
In the committee’s literature search, no recent publi-
cations were found on somatosensory evoked poten-
tials (SSEP). Badr et al. [140] described techniques 
of recording evoked potentials in humans in response 
to stimulation of the urinary bladder. Galloway et al. 
[141] described a method of sacral evoked response 
to measure the integrity and function of the lower sa-
cral segments by stimulation at the urethral and anal 
sphincters. 

Mochida et al. [142] studied evoked spinal cord po-
tentials (ESCP) in surgical patients with cervical mye-
lopathy. The presence of NLUTD was closely corre-
lated with severe limb symptoms and with relatively 
slow ESCP velocity. However, for 47% of the patients 
with urinary complaints, findings of urodynamic ex-
aminations were negative; these patients may have 
had pathologic or psychosomatic factors other than 
neurogenic bladder due to cervical myelopathy.  

Curt et al. [143] studied the significance of SSEP re-
cordings in predicting the recovery of bladder function 
in acute, traumatic spinal cord injury (SCI). They 
found a good correlation with the recovery of the ex-
ternal urethral sphincter function, but not with the uro-
dynamic impairment. SSEP in response to stimula-
tion of the tibial nerve have been studied in patients 
with hyperactive urinary bladder to clarify their role in 
prognosis of tibial neuromodulation efficacy [144].  

Afferent nerve recording on sacral roots 
Afferent nerve activity from the sacral dermatome, 
bladder and rectum can be recorded using cuff elec-
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trodes placed on the extradural S3 sacral root in hu-
mans, but improvements in recording quality and so-
phisticated signal processing methods are needed for 
chronic application. The applicability in clinical prac-
tice is very limited [145, 146]. 

Conclusions:  

• Detrusor EMG, BCR-EP and MEP are tech-
niques of experimental interest, but with insuffi-
cient basis for use as standard clinical diagnostic 
tests.  

• There are some arguments that nerve conduc-
tion studies can be useful in the further differen-
tiation of the nerve deficits in cases of neurologic 
pathology of the bladder (C) 

• Direct measurement of sacral afferent nerve ac-
tivity is still experimental  

Recommendation 

• Somatosensory evoked potentials can be of use 
in the further diagnosis of nervous deficits related 
to LUT dysfunction (C). 

Electrosensation in the LUT 
Measurement of the sensory threshold of the LUT to-
wards electrical stimulation was attempted as early 
as 1899 [147]. After re-introduction of the technique 
by Markland et al. [148] several authors have studied 
its value in neurologic bladder dysfunction. Kieswet-
ter [149], and Powell and Feneley [150] demonstrated 
abnormal electrosensation in patients with NLUTD. 
Frimodt- Möller [151] described pathological elec-
trosensation in patients with Parkinson’s disease, 
multiple sclerosis and meningomyelocoele. He also 
found abnormal electrosensation in half of patients 
with diabetes and generalized sensory neuropathy, 
but only in 10% of the diabetic patients with a neuro-
logic bladder. Electro sensation was present in many 
meningomyelocoele patients with absent skin sensa-
tion and absent reflexes, and in many patients with 
suspected complete spinal cord injury on clinical eval-
uation [78,79]. 

Wyndaele [152] determined the threshold of sensitiv-
ity to electrical stimulation in several parts of the LUT 
in 436 consecutive patients. In the groups with differ-
ent patterns of disturbed sensation a higher incidence 
of neuropathy was found than in the group with a nor-
mal sensation. Further neurological investigation re-
vealed abnormal innervation in 29% of patients who 
lacked electrosensitivity in one or more parts of the 
LUT but who had no previous evidence of neuropa-
thy. 

Standardization is necessary to develop the tech-
nique and achieve reproducible results [153]. While it 
is a constructive concept to be able to determine 
threshold of different fibre types selectively [154], so 
far no such fibre selectivity has been demonstrated in 
the bladder [155]. In the committee’s literature 
search, no recent publications were found. 

Conclusion:  

• To determine the electrosensation in the LUT 
might be valuable to evaluate the afferent inner-
vation in cases of neurologic bladder.  

• Absent electrosensitivity might guide further neu-
rologic tests in patients with LUT dysfunction 
(LOE 2) 

• Further development and standardisation is 
needed for the use of electrosensation test to be-
come established as a clinical test. 

Functional Magnetic Resonance Imaging 
(fMRI)  
fMRI has been used as a research tool in patients 
with overactive bladder [156-158].but only a single 
study has been conducted in SCI patients with neu-
rogenic LUTD [159]  

Neuroimaging-positron emission tomography 
(PET) and single-photon emission computer-
ized tomography (SPECT). 
Novel functional brain imaging study (PET) showed 
evidence for the existence of abnormal interaction be-
tween brainstem and cortical centers in women with 
urinary retention [160]. There are however only lim-
ited reports on using these studies in NLUTD, mainly 
in Parkinson’s disease [161-165]. A report on using 
SPECT brain imaging with special reference of blad-
der function, performed in eight multiple system atro-
phy (MSA) patients suggested that the decrease in 
tracer activity in the cerebellar vermis during urinary 
storage and micturition is contributing to the micturi-
tional disturbance in this disorder [161]. 

Conclusion 

• These tests are still restricted to specialized cen-
tres and are considered as a research tool rather 
than diagnostic test. 

Sympathetic skin response  
Schurch et al. [166] assessed the descending sym-
pathetic spinal tract and correlated these findings with 
bladder neck function in SCI patients. Evidence was 
presented that the integrity of the descending sympa-
thetic spinal tract is necessary for a synergic function 
of the vesicourethral complex and that sympathetic 
skin responses (SSR) are of value in the diagnosis of 
bladder neck dyssynergia. SSR’s are absent in case 
of bladder neck dyssynergia. For lesions below the 
T12 level, other investigative methods to exclude 
bladder neck dyssynergia are necessary. Rodic et al. 
[167] found that recording the perineal SSR in addi-
tion to that of the hand and foot represents a sensitive 
diagnostic tool for assessing sympathetic nerve func-
tion within the thoracolumbar spinal cord, represent-
ing a reliable and accurate diagnostic tool for as-
sessing bladder neck competence and incompe-
tence.  
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Emad et al. showed abnormal suprapubic, palmar, 
and plantar SSR in urinary incontinence patients due 
to incomplete SCI. They considered an abnormal 
SSR from the suprapubic area as another way to 
show bladder sympathetic system involvement [168].  

SSR recordings above a spinal lesion level after ure-
thral electrostimulation might provide a useful and 
technically simple objective diagnostic tool to assess 
integrity of autonomic (visceral) afferent nerves from 
the LUT. Somatosensory deficits are not always par-
alleled by viscerosensory loss and vice versa. SSR 
may be superior to visceral sensory evoked poten-
tials, which are more difficult to record. The clinical 
utility needs to be further studied. 

Conclusion 

• Sympathetic skin responses may help evaluate 
the integrity of LUT-related sympathetic function, 
including bladder neck competence and synergia 
(LOE 2) 

 

 CONSERVATIVE TREATMENT 

Therapeutic principles in different patterns of NLUTD 
depend on the underlying processes: dysfunction of 
the detrusor, dysfunction of the sphincter or a combi-
nation of both. Neurogenic detrusor overactivity leads 
to “reflex-incontinence”, detrusor acontractility with in-
continence due to retention (overflow incontinence). 
An acontractile (incompetent) sphincter causes neu-
rogenic stress-incontinence, an overactive sphincter 
overflow-incontinence. Quite often detrusor and 
sphincter are affected simultaneously by the neuro-
genic lesion. In most patients the storage problem, 
leading to incontinence, is associated with an empty-
ing problem; therefore both aspects have to be con-
sidered at the same time. Therapy of neurogenic in-
continence is primarily a conservative one. Timed 
bladder emptying, by whatever means, controlled 
fluid-intake and avoidance of urinary tract infections 
are the prerequisites for successful treatment. 

If incontinence persists, and if operative procedures 
are not indicated or possible, containment products 
will be needed. The indwelling catheter remains an 
option for conservative therapy, and can offer ac-
ceptable quality of life outcomes [1]. However, most 
experts regard indwelling catheterisation as being as-
sociated with significant problems [3]. While suprapu-
bic catheters are generally preferred over urethral, 
there is little evidence on which to base practice [4]. 
Urethral leakage can persist despite continuous 
drainage with a SPC either due to persisting detrusor 
overactivity (DO), induced or aggravated by UTI, then 
pharmacological inhibition of DO as well as UTI treat-
ment/prophylaxis need to be considered. Bladder 
neck closure is rarely indicated [5].  

 Overview according to type of lesion 
The aim of neurogenic bladder management is to pre-
serve kidney function and to control incontinence 
resp. to restore continence. 

Supraspinal lesions (previously included in 
upper motor neuron lesions) 
In supraspinal lesions, neurogenic DO is mostly com-
bined with normal sphincter function; overactivity in-
continence is the main symptom and behavioural 
treatment together with antimuscarinic therapy is the 
method of choice, especially in patients with cognitive 
impairment. Antimuscarinics are able to increase the 
bladder capacity but are not able to change the un-
derlying pathophysiology. 

Spinal lesions 
They mostly cause simultaneous dysfunction of the 
detrusor and the sphincter. 

Suprasacral spinal lesions (previously in-
cluded in upper motor neuron lesions) 
In suprasacral lesions, the spinal reflex bladder man-
ifests the combination of DO with an overactive/ dys-
synergic sphincter. For these patients, spontaneous 
reflex voiding may be possible. However, detrusor 
contractions may be inadequate and detrusor striated 
sphincter dyssynergia present, both potentially lead-
ing to inefficient voiding. Triggered reflex voiding is 
recommended only if it is urodynamically safe and re-
flex incontinence is manageable; accordingly, careful 
support is needed to achieve adequate symptom con-
trol [6] and long-term renal safety [2]. The method of 
choice nowadays is – at least in complete lesions – to 
circumvent the spastic sphincter by intermittent cath-
eterisation. Treatment to lower tone and spasticity of 
the urethral sphincter can be used to aid emptying, 
especially in incomplete lesions using sphincterotomy 
[7], stenting [8] or repeated botulinum toxin injections 
into the sphincter [9. Any unit managing patients with 
SCI should be appropriately set up to manage acute 
autonomic dysreflexia. Sphincterotomy may help in 
reducing episodes of autonomic dysreflexia [11].  

The mainstay of treatment in current practice is inter-
mittent catheterization (IC) [12], undertaken by the 
patient or carer. However, to achieve low pressure 
LUT urine storage and continence between catheter-
isations, additional pharmacotherapy may be neces-
sary. If bladder inhibitory agents fail or are not tolera-
ble, electrotherapy is an alternative in incomplete le-
sions: ano-genital electrostimulation (penile, clitoral, 
vaginal and anal) can inhibit neurogenic detrusor 
overactivity by stimulating pudendal nerve afferents 
(see Electrical neuromodulation section).  

Sacral/subsacral spinal cord lesions (previ-
ously called lower motor neuron lesions) 
For complete conus lesions, acontractility of the de-
trusor with acontractility of the sphincter is character-
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istic. Sphincter incompetence causes neurogenic uri-
nary stress incontinence and may be combined with 
dribbling incontinence if adequate emptying is not 
achieved. Conservative treatment to achieve conti-
nence is often unsuccessful. Bladder expression is 
potentially dangerous, and pharmacotherapy is not 
helpful in this situation. Accordingly, appliances and 
condom catheters are often necessary, and consider-
ation of suitability of surgery may be needed [9].  

Acontractility of the detrusor combined with overactiv-
ity of the sphincter may occur in epiconal lesions. This 
pattern may also result from decompensation of a 
neurogenic overactive bladder after chronic urinary 
retention. With this combination, overflow inconti-
nence can be controlled by intermittent catheteriza-
tion- mostly without adjunctive additional pharma-
cotherapy. If intermittent catheterization is not possi-
ble, an indwelling catheter, preferably suprapubic (ex-
pert opinion), may be needed. If overactivity of the 
detrusor is combined with acontractility of the sphinc-
ter, reflex incontinence is combined with neurogenic 
stress incontinence. This pattern is sometimes found 
in epiconal lesions, especially in myelomeningoceles. 
Agents inhibiting abnormal bladder pathways may di-
minish neurogenic detrusor overactivity. In incom-
plete lesions, electrical stimulation of the pelvic floor 
musculature may improve sphincter function. How-
ever, with this type of neurogenic LUT dysfunction, 
conservative treatment alone is generally unable to 
restore continence; therefore either appliances or op-
erative treatment must be considered. 

Cauda equina and peripheral nerve lesions are often 
incomplete. Hypoactivity or acontractility of the detru-
sor may also be combined with a normally functioning 
external striated sphincter, a combination which can 
be seen after intrapelvic surgery, when the pudendal 
nerves remain intact. Conversely, pudendal nerve le-
sions in which the pelvic plexus remains intact, a 
combination of a normally functioning detrusor with a 
hypo- or acontractile external sphincter may be pre-
sent. If there is DO, pharmacotherapy is the first 
choice treatment. For some lesions, intravesical elec-
trotherapy has been reported to increase detrusor 
contractility [13]. Repeated injection of botulinum 
toxin in the striated sphincter is a potential treatment 
option, not well accepted as retreatment may be nec-
essary maybe already after three months.  

 Specific interventions 
During the acute period of spinal or cerebral shock, 
bladder management comprises proper bladder 
drainage. For the post shock period, or for non-acute 
neurogenic dysfunctions, several conservative treat-
ments are in use [14, 15]: 

a. Behavioral therapy 

a.1 Triggered reflex voiding 

a.2 Bladder expression (Crédé and Valsalva 
maneuver) 

a.3 Toileting assistance 

b. Catheters and appliances 

b.1 Intermittent catheterization 

b.2 Indwelling catheterization 

b.3 Condom catheter and external appliances 

c. Pharmacotherapy 

Triggered reflex voiding  
“Automatic” or spinal “reflex” bladder behaviour can 
occur following recovery from spinal shock in supra-
sacral spinal cord lesions. This can be used as a 
means to empty the bladder, using voluntary ap-
proaches to provoking a bladder contraction by stim-
ulation of the sacral and lumbar dermatomes. The 
most commonly used manoeuvres are suprapubic 
“tapping”, thigh scratching and anal/rectal manipula-
tion. A quadriplegic patient who is unable to perform 
ISC or has nobody who can do it for him may choose 
this option, however, mostly incontinence aids are 
necessary and post-void residual urine is present 
(see below).  

If the efferent branches of the pelvic nerve are im-
paired, reflex emptying is much less complete, and 
considerable voluntary straining is additionally re-
quired to empty the bladder to a satisfactory degree. 
Integrity of the sacral reflexes predicts the potential to 
use this approach.  

The aims of regular triggered reflex voiding are to 
achieve “balanced voiding”, decreasing incontinence 
but ensuring safe (low pressure) urodynamic func-
tion. The possibility of collecting the urine in a socially 
acceptable way and a reasonable time period for 
bladder emptying are needed. Frequency of emptying 
has to be specified for each patient. Whether bladder 
outlet obstruction is present also has to be consid-
ered; this is not often considered in published litera-
ture. To improve emptying, control autonomic dysre-
flexia related to bladder filling and contraction, and 
avoid upper tract damage, the effect of alpha-block-
ers is still discussed controversially, botulinum toxin 
sphincteric injections have to be repeated periodi-
cally. Sphincterotomy and/or bladder neck incision 
may sometimes be needed. Regular follow-up is es-
sential, though the frequency of check-up appoint-
ments is not validated. 

Triggered voiding should not be recommended as 
first line management; in current practice, IC is the 
accepted standard for continence, upper urinary tract 
protection and improvement of quality of life. 

Conclusions  

• Reflex voiding is based on an unphysiological 
sacral reflex. It is potentially dangerous and has 
a limited role in managing the reflex bladder 
(LOE3). 

• Costs of appliances and of adjuvant therapies 
(pharmacotherapy, surgery, urethral prosthesis 
etc) have to be evaluated (LOE 2). 
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• Treatment of co-existing sphincteric spasticity/ 
bladder neck obstruction and co-morbidity 
should be taken into consideration (LOE 1 and 2)  

Recommendations 

• Triggered voiding could be recommended only 
for patients whose situation has proven to be uro-
dynamically safe and stable, and who can man-
age reflex incontinence.  

• Triggered voiding can be considered for patients 
after sphincterotomy and/or bladder neck inci-
sion and/or alpha-blockers and/or intrasphinc-
teric botulinum toxin injections, in order to im-
prove spontaneous reflex voiding (C). 

• Reflex voiding can be recommended only if an 
adequate follow-up is guaranteed (C) 

• Any unit managing patients with SCI should be 
appropriately set up to manage acute autonomic 
dysreflexia. 

Bladder expression (Crédé and Valsalva)  
Bladder expression comprises various techniques 
aimed at increasing intravesical pressure in order to 
facilitate bladder emptying. The most commonly used 
are the Valsalva (abdominal straining) and the Crédé 
(manual compression of the lower abdomen). It has 
been recommended for a long time for patients with a 
combination of an acontractile detrusor with an acon-
tractile sphincter or with an incompetent urethral clo-
sure mechanism of other origin (e.g. after sphincter-
otomy). Difficulties in emptying the bladder by expres-
sion may either be due to an inability to open the blad-
der neck or due to compression of the membranous 
urethra on its way through the pelvic floor even if it is 
flaccid during these manoeuvres. Therefore, espe-
cially in men, these techniques may induce a func-
tional obstruction at the level of the membranous ure-
thra despite complete paralysis of the musculature of 
the pelvic floor. Over time, patients may manifest 
problems such as reflux into the prostate and seminal 
vesicles, or epididymo-orchitis. Moreover, the high 
pressures could cause reflux into the upper urinary 
tract. The stress to the pelvic floor with these tech-
niques several times a day also can make inconti-
nence worse, and causes additional genital-rectal 
prolapse and haemorrhoids. 

Adjunctive therapy to decrease outflow assistance in-
cludes alpha-blockers, sphincterotomy or botulinum 
toxin injections. If effective, they usually cause or in-
crease neurogenic urinary stress incontinence. Ex-
pression of the bladder for voiding by Crédé and 
Valsalva can be effective. To empty the bladder, the 
pressures measured may be high and potentially 
dangerous for the upper urinary tract. Bladder ex-
pression is often not safe. Sphincter-hyperreflexia 
and detrusor-sphincter dyssynergia are contra-indi-
cations for bladder expression. 

Conclusions 

• Bladder expression by Valsalva or Credé is po-
tentially hazardous for the urinary tract due to 
functional obstruction at the level of the pelvic 
floor (LOE 3). 

• It is contraindicated if it creates a high intravesi-
cal pressure, particularly in association with re-
flux into the ureters or seminal vesicles. Hernias, 
pelvic organ prolapse, haemorrhoids and ure-
thral pathology (strictures) are relative contrain-
dications (LOE 3). 

• Bladder expression may adversely affect a flac-
cid pelvic floor, potentially exacerbating inconti-
nence (LOE 3). 

• Alpha-blockers, sphincterotomy or botulinum 
toxin may reduce the outflow resistance, but may 
also induce or increase urinary stress inconti-
nence (LOE 3). 

Recommendations 

• Before recommending bladder expression by 
Valsalva or Credé, it must be proven that the LUT 
is urodynamically safe. (B) 

• Exclude contraindications, such as vesico-ure-
teric reflux, pelvic organ prolapse, hernias, ure-
thral pathology and symptomatic UTIs before 
recommending this type of bladder emptying. (B) 

• In general, bladder expression should be re-
placed by CIC in most patients with neurogenic 
bladder-sphincter dysfunction. (B) 

• Adjunctive therapy of outflow obstruction can be 
considered. (B). 

Toileting assistance: timed voiding, habit re-
training, prompted voiding 
See also the chapters on adult conservative treat-
ment and frail elderly. 

Adaptation of the drinking and voiding regimen re-
quires education and can be implemented by the pa-
tient and/or caregivers. The aim of the behavioural 
process in adults is to re-establish the control of uri-
nary continence. The goals include correcting faulty 
habit patterns of frequent urination, improving ability 
to control bladder urgency, prolonging voiding inter-
vals, increasing bladder capacity, reducing inconti-
nent episodes, and building a patient’s confidence in 
controlling his/her bladder. In dependent patients all 
these techniques can be proposed and tried, pro-
vided that caregivers (physiotherapist, nurse, family 
members, etc.) are supportive. 

Timed voiding is characterized by a fixed interval be-
tween toileting, e.g. every two hours. It is a passive 
toileting assistance program, initiated and maintained 
by caregivers. It is considered appropriate for patients 
who cannot participate in independent toileting. It has 
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been used where incontinence is associated with 
cognitive and/or motor deficits. Its aim is more to 
avoid incontinence than to restore a normal bladder 
function. For neurologic patients it has also been con-
sidered as an adjunct to tapping and/or Crédé ma-
noeuvre and/or intermittent catheterisation. Timed 
voiding can also be recommended in the manage-
ment of patients with excessive bladder volumes, ex-
emplified by diabetic patients with impaired bladder 
filling sensation. With habit retraining the intervals be-
tween toileting are based individually on the voiding 
diary. As with timed voiding also theaim of habit re-
training is to help patients to avoid incontinence by 
decreasing voiding intervals. Prompted voiding is 
used to teach people to initiate their own toileting 
through requests for help and positive reinforcement 
from caregivers.These techniques are more suited to 
patients with brain diseases than spinal cord dis-
eases, and for patients with cognitive and/or motor 
deficits.. Such a program is very useful for institution-
alised patients, there are no specific evaluations on 
neurologic patients in the literature. 

Conclusions 

• Behavioural techniques should be used in con-
junction with other therapies (pharmacological 
treatment, catheterisation) (LOE 2) 

• When appropriate, toileting assistance should be 
used to improve continence of neurologic im-
paired patients (LOE 3) 

• Timed voiding, habit retraining and prompted 
voiding may be able to decrease incontinence 
episodes. Patients likely to benefit from the tech-
nique are those with less cognitive impairment 
and higher dependency (LOE 2/3) 

Recommendations 

• Behavioural techniques are a suitable compo-
nent of the rehabilitation program for each indi-
vidual. (C) 

• There are no guidelines or consensus on suita-
ble intervals for bladder emptying. They should 
ideally be derived from the voiding diary and 
other related factors (bladder volume, fluid in-
take, post-void residual urine volume, urody-
namic parameters). (C) 

• The mental status of a patient must be taken into 
consideration, and a rehabilitation program real-
istically tailored to the patient’s possibilities. 
(B/C). 

Intermittent catheterization 
Intermittent catheterization (IC), including intermittent 
self-catheterization (ISC), aims to resume normal 
bladder storage and regularly complete urine evacu-
ation. They avoid some of the complications of in-
dwelling catheterization (IDC). IC can improve incon-
tinence, or make patients with neurogenic bladder 

continent, if; bladder capacity is sufficient, bladder 
pressure is kept low, urethral resistance is adequate, 
and fluid intake is balanced with frequency of cathe-
terization. In children with SCI, IC used with anticho-
linergic drugs appears to minimise upper urinary tract 
deterioration, improve continence and decrease in-
fections; safe increase in capacity appears to in-
crease with growth [16, 17]. Post-void residual signi-
fying the need to institute IC remains to be clarified. 
However, Dromerick et al. [18] (LOE 2) demonstrated 
in a series of stroke patients that a post-void residual 
greater than 150 ml is an independent risk factor for 
development of UTI.  

Most appropriate technique and catheter depend on 
individual anatomic, social and economic possibilities 
[19] (LOE 1). Two main techniques have been 
adopted, aseptic IC (IC) and clean IC (CIC). The 
aseptic non-touch technique involves the use of ster-
ile materials each time and insertion of the catheter 
“out of the sheath” without touching it directly (“non-
touch technique”). In an intensive care unit, some ad-
vocate wearing a mask and a sterile gown as well 
[20]. De Ridder et al. [21] compared SpeediCath hy-
drophilic-coated catheters versus uncoated polyvinyl 
chloride (PVC) catheters, in SCI patients. This 1-year, 
prospective, open, parallel, comparative, random-
ised, multi centre study included 123 male patients 
injured within the preceding 6 months. Primary end-
points were occurrence of symptomatic UTI and he-
maturia. Secondary endpoints were development of 
urethral strictures and convenience of use. The re-
sults indicate a beneficial effect regarding UTI when 
using hydrophilic-coated catheters. Bjerklund-Johan-
sen et al. evaluated patient willingness to change and 
satisfaction with catheters for IC in neurogenic blad-
der dysfunction. They also compared patient re-
sponse to conventional catheters and a packaged hy-
drophilic catheter: LoFric Primo [22]. 409 neurogenic 
patients were recruited and 378 (283 males, 95 fe-
males; mean age 43.5 years) completed a short-term 
trial. Patient satisfaction was expressed on a Visual 
Analogue Scale for seven topics covering use and 
general satisfaction. Differences regarding satisfac-
tion, handling, time spent, and ability to cope with 
daily life were reported. Kovindah and Madersbacher 
investigated whether a silicone catheter reused over 
years for clean IC was safe for men with SCI [23]. Re-
used silicone catheter appeared to function as well as 
disposable. However, to reuse urinary catheters, one 
should consider the increased risk of infection. The 
authors suggest that for SCI patients in developing 
countries, CIC with a reusable silicone catheter may 
be a suitable and safe choice if one cleans and ap-
plies it. In the same way, Getliffe performed a system-
atic Cochrane review summarizing current evidence 
on the relationship between sterile single-use cathe-
ters or clean reused catheters and the incidence of 
UTIs [24]. 13 trials met the inclusion criteria. There 
was considerable variation in length of follow-up, def-
initions of UTI, and numbers of subjects. Attrition was 
a problem for several studies, and all were underpow-
ered. Several studies were more than 10 years old, 
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and outcome measures were imprecise, making it dif-
ficult to draw conclusions on the benefit of one cath-
eterization method over another. They concluded that 
there are no definitive studies illustrating that inci-
dence of UTIs is affected by sterile single-use or 
coated catheters compared to clean reused cathe-
ters. However the current research base is weak and 
design issues are significant. Based on the current 
data, it is not possible to state that one catheter 
method is better than another and further research is 
needed (LOE1). Research to evaluate clean vs. ster-
ile PVC catheter use, and coated vs. uncoated cath-
eter use (both sterile and reused), is needed. It seems 
that single or multiple use silicone catheters are be-
coming more popular especially in Asian countries, 
studies are available only from the Japanese silicone 
catheter [25].   

Frequency of catheterization depends on many fac-
tors, e.g. bladder volume, fluid intake, post void resid-
ual, and urodynamic parameters (compliance, detru-
sor pressure). Usually it is recommended to catheter-
ize 4 – 6 times a day during the early stage after spi-
nal cord lesion. Some will need to keep this frequency 
if IC is the only way of bladder emptying. Others will 
catheterize 1 – 3 times a day to check and evacuate 
residual urine after voiding. To overcome high detru-
sor pressure, adjunctive therapy with antimuscarinic 
drugs or other bladder relaxants can be indicated. For 
those who develop a low compliance bladder, upper 
tract deterioration or severe incontinence, injection of 
Botulinum toxin in the bladder wall or surgery, such 
as bladder augmentation, may be necessary.  

If catheterization is begun by patients with recurrent 
or chronic UTI and urinary retention, the incidence of 
infection usually decreases. If symptomatic infections 
occur, improper CIC or misuse should be considered. 
Chronic infection persists if the cause of the chronicity 
remains. Treatment of UTI is necessary if the infec-
tion becomes symptomatic. Lindehall et al. evaluated 
the rate of complications associated with catheteriza-
tion and the risk of urethral lesions in myelomeningo-
cele treated with clean IC for a minimum of 10 years. 
They found that there were remarkably few problems 
[26]. The incidence of major urethral lesions did not 
increase during puberty. Larger catheters seemed to 
be protective against major lesions [27] (LOE3). In 
contrast, Chen et al. found that the incidence of ure-
thral strictures increases with a longer follow-up, and 
bladder stone formation is associated with long-term 
use of CIC in SCI patients [28] (LOE3).  

Oh et al. evaluated health-related quality of life 
(HRQOL) with IC in neurogenic bladder. They con-
ducted a prospective trial involving 132 patients (81 
men and 51 women, mean age 41.8 years, range 18 
to 80 years) with SCI and 150 age and sex-matched 
controls [29]. Patients using IC have a reduced qual-
ity of life in all health domains, as assessed by the 
SF-36 (LOE2). In another prospective, cross-sec-
tional study involving 102 SCI patients and 110 con-
trols, the same group of researchers found that the 

risk for depression was 4.6-fold higher in patients un-
able to perform CIC (LOE2) [30]. 

Conclusions 

• IC in the neurogenic bladder is effective and safe 
in short- and long- term use. (LOE 1) 

• Complications such as UTI are regularly seen 
and seem to be related to both, the catheteriza-
tion itself (technique and materials) and the pre-
existing LUT condition (LOE 2) 

• Urethral and bladder complications seem to in-
crease in the long- term (LOE 3) 

• In order to reduce and prevent complications, ap-
propriate materials and correct techniques 
should be taught, performed and controlled (LOE 
3) 

• Adequate frequency of IC, a non-traumatizing 
technique and suitable materials are the key fac-
tors for a successful outcome (LOE 2) 

Recommendations 

• IC is the first choice treatment for those with ina-
bility to empty the bladder adequately and safely 
in neurogenic voiding dysfunction. It is a valuable 
tool for achieving continence. (A) 

• Proper education and teaching are necessary to 
achieve a good outcome. (B) 

• To prevent and reduce complications, a non-
traumatizing technique (external lubricant or lub-
ricant coated catheters) with adequate frequency 
of catheterization and complete emptying should 
be achieved. (B) 

• Annual follow-up is needed. (B/C) 

• Due to the poor quality of studies it is currently 
not possible to state whether any IC method or 
catheter type is advantageous (Grade D) and fur-
ther research on the topic is strongly recom-
mended. 

Indwelling Catheter (IDC) 
The Foley catheter was developed in the early 20th 
century. After the World War I, most SCI and other 
neurologic patients were treated with indwelling ure-
thral catheterization (IDUC) or suprapubic catheteri-
zation (SPC) due to difficulty in voiding or urinary in-
continence. While IC is nowadays recommended for 
neurologic patients, many still choose IDC due to dif-
ficulty in performing IC, or persistent leakage be-
tween catheterizations. In developing countries, IDC 
can still be the method of choice for those with urinary 
retention or incontinence.  

IDUC placement requires meticulous technique. 
More frequent catheter changes may be needed in 
patients with recurrent UTIs. IDUC can cause various 
complications, such as; urethral trauma and bleeding, 
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urethritis, bladder stones, cystitis, acute and chronic 
UTI, bladder neck incompetence, meatus and ure-
thral sphincter erosion, and bladder carcinoma. Fistu-
las can result from pressure effects, caused by im-
proper catheter size and inadequate securing tech-
nique, particularly with long-term use. Therefore 
many experts advocate removal of an IDUC as soon 
as possible, and usage of other methods such as IC 
or SPC. Nowadays the complications of IDUC seem 
less, presumed due to better materials, judicious size 
selection and a proper technique of securing the cath-
eter. For CIC wet patients, overnight IDUC self-place-
ment seems to decrease risk of febrile episode due to 
UTI, as compared to CIC alone [31]. In the morning, 
the catheter was removed, washed with tap water and 
stored in disinfectant (LOE3). 

The study by Pannek (LOE 3) reported an incidence 
0.11% for bladder cancer in catheterised SCI individ-
uals (48 out of 43,561 patients), similar to that ob-
served in the general population [32]. However, more 
than 60% of the patients with SCI initially presented 
with muscle-infiltrating bladder cancer. Hypotheti-
cally, the expression of inducible nitric oxide synthase 
with IDUC [33] might predispose to formation of po-
tentially carcinogenic nitrosamines in the bladder. Ha-
mid et al. [34] did not find bladder cancer on bladder 
biopsies in patients with SCI and a mean IDUC use 
of 12.1 years. Literature remains conflicting as in a 
recent series of 129 consecutive patients suffering 
from NLUTD for at least 5 years, investigation with 
bladder washing cytology and urethrocystoscopy 
identified a range of relevant histological findings 
(bladder melanosis, nephrogenic adenoma, keratiniz-
ing squamous metaplasia, intestinal metaplasia, and 
muscle-invasive adenocarcinoma) in 5% of them 
[35].  Nevertheless, both general guidelines on blad-
der cancer (EAU)[36] and more specific spinal cord 
medicine guidelines [37] recommend urethrocystos-
copy and/or cytology as part of routine follow-up for 
patients with NLUTD.  

Routine antibiotic prophylaxis for patients with IDC is 
not recommended. Attempts at eliminating bacteriuria 
associated with indwelling or intermittent catheters 
are generally unsuccessful [38, 39] (LOE 4). For pre-
vention of UTI, general cleanliness and local hygiene 
should be encouraged. In symptomatic UTI, it is im-
portant to consider catheter blockage and problems 
such as urinary stones. Symptomatic UTIs have to be 
treated with the most specific, narrowest spectrum 
antibiotics available for the shortest possible time. 
Guidelines for selecting antimicrobial agents in SCI 
patients are similar to guidelines for the treatment of 
complicated UTIs in the general population. Charac-
teristics of the quinolones make them well suited for 
treating UTI in SCI patients [40] (LOE 4). Recommen-
dations of the local microbiology department should 
be sought.  

The benefit and risks of SPC are similar to IDUC, in-
cluding the risk for UTI, stone formation and mainte-
nance cost of catheter and bag. Advantages include: 

minimized risk of urethral trauma and pain- in neuro-
logically impaired women with even relatively short-
term IDUC, urethral destruction is a significant risk. 
The key disadvantage is that SPC placement re-
quires a minor ‘surgical’ procedure to insert the su-
prapubic catheter, with potential to injure nearby or-
gans [41]. In this respect, if the SPC is displaced, un-
less replaced promptly, reinsertion may be a problem 
through the same tract. While most centres favour 
SPC use, complications are well-recognised and lit-
erature is limited. Most publications are old, there are 
no prospective studies and no RCTs on SPC. 

Conclusions: 

• Long-term IDUC use in neurologic patients can 
predispose to complications. (LOE 2)  

• Catheters should have as large a lumen as pos-
sible to maximise time to blockage by encrusta-
tion (12-14 Fr silicone catheters in men and 14-
16 Fr silicone catheters for women), and 5-10 ml 
self-retaining balloons to minimise the pressure 
effect on the bladder neck. (LOE 4) 

• Closed drainage systems are associated with 
lower infection risk. (LOE 1) 

• Frequency of change largely depends on time to 
blockage, which is influenced by catheter mate-
rials and lumen, patient factors and infection. 
(LOE 3) 

• SPC is a reasonable alternative to IDUC, but IC 
is the first line intervention (LOE 3). 

• SPC is a safe and effective short-term manage-
ment of urinary retention. (LOE 3) 

Recommendations:  

• Silicone or hydrogel-coated catheters are prefer-
able. (A/B)  

• Use sterile materials and aseptic technique, and 
routine catheter care in the context of a closed 
drainage system. (C/D) 

• Catheters should be changed regularly, to try to 
pre-empt obstruction or infection. (C/D) 

• Bladder irrigation and antibiotic prophylaxis are 
not recommended as a routine infection-control 
measure. Symptomatic UTI should be treated 
with narrowest spectrum antibiotic possible, ac-
cording to local microbiology practice. (B)  

• Patient education on daily cleanliness (meatus) 
and hygiene care are mandatory. (C) 

• Short-term IDC during the acute phase of neuro-
logical injury is a safe management for neuro-
logic patients. (B) 

• Long-term IDC should be the last resort and may 
be safe only if a careful check-up of urodynamic, 
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renal function, and upper and lower tract imaging 
are performed. (B) 

• Bladder screening for bladder cancer is strongly 
recommended, especially those with IDC more 
than 5-10 years. (C) Annual bladder washing cy-
tology is recommended after the 5th year, which 
should be combined with urethrocystoscopy after 
year 10 (B)   

• Annual cystoscopy and biopsy may be neces-
sary for those with gross hematuria, or chronic 
symptomatic UTI refractory to therapy. (C) 

• Consider the use of antimuscarinic drugs in indi-
viduals with suprasacral lesions using chronic in-
dwelling catheters. (C) 

• Patient comfort, convenience, sexuality and 
quality of life need to be considered. (C) 

Condom catheters and external appliances 
Male patients with neurogenic bladder and chronic 
urinary incontinence can be candidates for a condom 
catheter connected to a collection bag. However, 
some men have difficulty in applying condom cathe-
ters, e.g. due to obesity, penile atrophy or retraction. 

Conclusions  

• Condom catheters facilitate urinary containment 
in neurologic male patients (LOE 3) 

• Long-term use does not increase the risk of UTI 
when compared to other methods of bladder 
management. (LOE 3) 

• Complications may be less if technique, hygiene, 
replacement and maintenance of low bladder 
pressures are optimised. (LOE 3) 

• Due to possible Latex allergy especially in chil-
dren with congenital NBD silicone condom cath-
eters are to be preferred. 

Recommendations 

• Size selection should consider control of leak-
age, and prevention of penile compressive ef-
fects. (B) 

• Regular bladder emptying with low bladder pres-
sures and low post void residual should be con-
firmed (B) 

 

 PHARMACOTHERAPY  

This chapter deals primarily with specific issues of 
continence pharmacotherapy in neurologic patients. 
For a fuller description of the drugs in use, see chap-
ter 8. The principal causes of urinary incontinence in 
this subpopulation are neurogenic DO and/or incom-
petence of urethral closing function. Accordingly, 

treatment aims to decrease storage-phase detrusor 
activity, increase bladder capacity and/or increase 
bladder outlet resistance. This picture is blurred by 
the occurrence of DSD, which can be present con-
comitantly with DO. Pharmacologic therapy alone is 
particularly helpful in relatively mild degrees of neuro-
genic bladder dysfunction. Patients with more pro-
found neurogenic bladder disturbances may require 
pharmacologic treatment to improve results of other 
forms of management, such as IC.  

In 2013 Madersbacher et. al published a review on 
efficacy, tolerability and safety of oral antimuscarinics 
in patients with neurogenic detrusor overactivity, 
based on thirty studies, thereof 16 randomized con-
trolled trials , enrolling 1479 patients. 

The following conclusions were made: Only oxy-
butynin, propiverine and trospium were evaluated in 
large-placebo controlled studies, demonstrating a de-
crease in the maximum detrusor pressure by 30 - 40 
% and an increase of maximum cystometric bladder 
capacity 30 - 40 %. Antimuscarinics were able to nor-
malize the intravesical pressure and to increase cys-
tometric bladder capacity. Self selected dosing of AM, 
exceeding the recommended doses, improve efficacy 
and tolerability. 

However other important parameters were not ade-
quately investigated so far as e.g. achievement of 
continence inbetween catheterizations in patients on 
IC, also long-term data were not assessed, despite 
the fact that most patients with NDO are on antimus-
carinic medication life-long. 

Therefore the authors proposed that any further study 
should aim at incorporating not only urodynamic, but 
also crucial clinical parameters as achievement of 
continence and long-term results.  

In 2016, three years later, an integrative review of 
standardized clinical evaluation tool utilization in anti-
cholinergic drug trials for neurogenic lower urinary 
tract dysfunction published by Stothers et al. identi-
fied infrequent use of standardized clinical evaluation 
tools and reporting measures state, that data from fu-
ture trials evaluating therapies for neurogenic bladder 
would likely be more applicable to specific patient 
groups, if current standardized classification and de-
scriptors are used consistently.[1] Still the “ideal” 
studies are not yet available. 

Also between 2013 and 2016 only a comparatively 
small number of relevant papers were published: 6 
with Oxybutynin (Oxy.), 4 of them dealing with chil-
dren, 3 with Solifenacin, 1 with each Fesoterodine, 
Propiverine, Imidafenacin and 1 with the “newcomer” 
Mirabegron. There was no study published during 
these years with Trospium (only in a study in combi-
nation with Oxybutynin [2] and no study with Toltero-
dine, only in one study with Solifenacin as active con-
trol [3]. 
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 Drugs for neurogenic storage 
dysfunction 

Oral bladder relaxants  

Antimuscarinics 
General indications of pharmacological treatment in 
neurogenic DO are to improve reflex incontinence, 
decrease high intravesical storage and voiding pres-
sures and support other interventions e.g. IC and 
IDC. Antimuscarinic therapy is a symptomatic treat-
ment. In neurogenic DO, antimuscarinics may in-
crease post void residual urine.  

The evidence base for the use of antimuscarinics in 
patients with a neurogenic bladder is limited. In fact, 
in a recent Cochrane review performed on all current 
literature regarding anticholinergic therapy for MS-
related incontinence, only five usable studies were 
found, and no conclusion supporting benefit could be 
drawn from the analysis [4].  

Oxybutynin  
Oxybutynin hydrochloride is a moderately potent an-
timuscarinic agent with a pronounced muscle relax-
ant activity and local anesthetic activity as well- the 
clinical relevance of the latter is debatable. In a pro-
spective, 12-week dose titration trial of controlled re-
lease oxybutynin (OXY-XL), Bennett et al. [5] evalu-
ated the efficacy and tolerability of higher dose oxy-
butynin chloride in patients with neurogenic bladder 
and multiple sclerosis, spinal cord injury or Parkin-
son's disease. A 7-day washout period was used be-
fore initiation of the starting dose of 10 mg OXY-XL. 
Doses of OXY-XL were increased by 5 mg at weekly 
intervals to a maximum dose of 30 mg per day guided 
by patient perception of efficacy versus side effect. At 
the end of the study statistically significant decreases 
in the number of voids in 24 hours, episodes of noc-
turia and incontinence episodes were observed. Re-
sidual urine remained unchanged. No patient experi-
enced serious adverse events (LOE2). In a prospec-
tive, open label trial of 3 formulations of oxybutynin 
(tablets, syrup and extended release tablets), Franco 
et al. [6] evaluated the efficacy and safety of oxy-
butynin in children with neurogenic DO. The effect of 
treatment on average urine volume per catheteriza-
tion and on secondary urodynamic outcomes was 
evaluated. Maximal cystometric capacities increased, 
and mean detrusor and intravesical pressures were 
significantly decreased at week 24. Improvements in 
bladder function were consistent across all oxy-
butynin formulations (LOE 2). Gajewski et al. demon-
strated in a prospective randomized study that oxy-
butynin was more effective than propantheline in the 
treatment of DO in patients with multiple sclerosis 
(LOE 1) [7]. 

More recently two Oxybutynin papers deal with in-
travesical application (0,1%), one in adults, one in 
children (see topic Antimuscarinics Intravesical Blad-
der Relaxants). 

Lee et.al (2014) published a  retrospective, multi-cen-
tre, observational study with Oxybutynin in paediatric 
neurogenic bladder due to spinal dysraphism: of 121 
patients 41 (34 %) received OXY. at less than 5 years 
of age. During a mean observation time of 19 months 
(range 0,3 to 111 months) there was a significant im-
provement of both primary efficacy outcomes, MCC 
increased about 8 %, mean EFP was reduced from 
33 to 21 cm H2O.  No serious AEs were reported; 
constipation and fascial flushing consisted of the ma-
jor AEs. (LOE3) [8]. 

Propiverine 
In a randomized, double-blind, prospective multicen-
ter clinical study, Stöhrer et al. [9] compared the effi-
cacy and tolerability of propiverine and oxybutynin in 
patients with neurogenic detrusor overactivity. Pro-
piverine and oxybutynin were equally effective in in-
creasing bladder capacity and lowering bladder pres-
sure. The trend for better tolerability of propiverine 
compared to oxybutynin achieved significance for 
dryness of the mouth (LOE1). Propiverine hydrochlo-
ride has also been shown to be effective in neuro-
genic detrusor overactivity in children and adoles-
cents, even in some of those cases unresponsive to 
other anticholinergics [10, 11]. The low incidence rate 
of adverse events evidenced a favourable risk-benefit 
profile of propiverine hydrochloride (LOE3). 

In 2013 a review on Propiverine, of its use in the treat-
ment of adults and children with overactive bladder 
associated with idiopathic or neurogenic detrusor 
overactivity, as well as in men with lower urinary tract 
symptoms was published by McKeage [12]. 

Propiverine is now also produced in an extended re-
lease (ER) formulation. Comparing patients with neu-
rogenic detrusor overactivity in a double-blind ran-
domized multi-centre study, comprising 66 patients 
with proven NDO Stöhrer et. al (2013) demonstrated, 
that both galenic formulations are equi-effective, 
However following propiverine ER 45 mg s.i.d higher 
continence rates compared with propiverine ER 15 
mg t.i.d were achieved, indicating most probably 
more balanced plasma-levels with the ER formulation 
[13]. A slight tendency for superior tolerability out-
come with ER compared with IR was demonstrated; 
however it did not reach statistical significance. 
(LOE2) 

Trospium  
Trospium is a quaternary ammonium derivative with 
mainly antimuscarinic actions. Trospium has been 
shown to significantly reduce the number of urina-
tions, increase cystometric capacity and mean effec-
tive volume of the bladder, and reduce the incidence 
of urgent voids in neurogenic patients [14, 15] 
(LOE1). It is the only antimuscarinic which does not 
pass the healthy blood-brain-barrier as proved by 
Staskin et al. (2010) comparing the trospium levels in 
the blood and the CNF after trospium treatment in a 
group of healthy elderly people [16]. Since 2013 no 
further study with trospium in NDO was published. 
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Tolterodine 
Tolterodine is a competitive muscarinic receptor an-
tagonist. Tolterodine has a high selectivity in vitro and 
exhibits selectivity for the urinary bladder over the sal-
ivary glands in vivo. Several phase II studies have 
demonstrated the efficacy and safety of tolterodine in 
patients with overactive bladder [17]. Ethans con-
ducted a prospective, randomized, double-blind, 
crossover trial plus open-label comparative stage, 
aiming at comparing tolterodine with oxybutynin and 
placebo in people with neurogenic DO. Tolterodine, 
when used at self-selected doses (SSDs) was com-
parable with oxybutynin at SSDs in enhancing blad-
der volume and improving continence, but with less 
dry mouth. It seems that larger doses of tolterodine 
are needed to achieve best effect on neurogenic 
bladder [18, 19] (LOE3). Since 2013 no study with 
tolterodine in NDO was published. 

Solifenacin succinate 
Solifenacin has been extensively studied in OAB [20, 
21] (LOE1). In a prospective, open-label study of sol-
ifenacin for the treatment of OAB in MS patients, van 
Rey et al. demonstrated a significant improvement in 
number of micturitions, number of pads used per day 
and severity of urgency compared to baseline follow-
ing eight weeks of treatment [22] (LOE 2).  

Three studies were published between 2013 and 
2016 using Solifenacin. Krebs and Pannek (2013) re-
port on the effects of solifenacin in patients with neu-
rogenic detrusor overactivity as a result of spinal cord 
lesion. In this retrospective analysis of case histories 
and urodynamic data (35 SCI patients) solifenacin 
(dosage unknown) resulted in significant improve-
ments in bladder capacity, decrease in maximum de-
trusor pressure (median -7 cm  H20), reflex volum 
(median + 62, 5 ml) and detrusor compliance (median 
+25.0 ml/cmH20). The findings indicate that solifen-
acin significantly improves bladder capacity, detrusor 
compliance, reflex volume and maximum detrusor 
pressure. Res. two patients discontinued Solifenacin 
treatment due to insufficient efficacy or intolerable ad-
verse event. [23] (LOE3) 

The second study is a double-blind, randomized, ac-
tive- and placebo-controlled urodynamic study 
(SONIC), in which 189 patients with neurogenic de-
trusor overactivity-NDO due to multiple sclerosis 
(MS) or spinal cord injury (SCI) were randomized to 
placebo or active treatment (solifenacin 5 mg, 10 mg 
and oxybutynin 15 mg) for four weeks [3] . In the pri-
mary analysis solifenacin significantly improved 
mean change from baseline MCC vs. placebo and 
was associated with improvements in bladder volume 
at first contraction and at first leak as well as detrusor 
pressure at first leak. Similar results were obtained for 
oxybutynin versus placebo. However the study was 
not powered for the comparison of Solifenacin with 
oxybutynin. Solifenacin 10 mg was more effective 
than solifenacin 5 mg in most of the parameters. 
(LOE1) 

The third trial with solifenacin is a double-blind, ran-
domized, placebo-controlled, 3-site study with an 
open label extension phase to determine the efficacy 
of Solifenacin in idiopathic PD patients with OAB (Ze-
siewicz et.al., 2015).  The primary outcome measure 
was the change in the mean number of micturitions 
per 24 h period, secondary outcome measures in-
cluded the change in the mean number of urinary in-
continence episodes. In this pilot trial Solifenacin 
treatment led to an improvement in urinary inconti-
nence, despite persistence in other OAB symptoms. 
Adverse events included constipations and xerosto-
mia, central nervous system side effects are not men-
tioned, however in a study on patients with cerebral 
diseases the tolerability and safety of antimuscarinics 
should include systemic evaluation of central nervous  
system side effects. [24] A good example how to do 
it, is the paper of Sakakibara et al. (2013), with Im-
idafenacin (see below) [25]. (LOE2) 

Darifenacin 
Dariferacin has a higher relative selectivity for the M3 
receptor compared with other anticholinergics. Darif-
eracin has been extensively studied in OAB, but not 
in neurogenic bladder dysfunction.  

Fesoterodine 
Fesoterodine acts functionally as a prodrug, hydro-
lysed by nonspecific esterases to 5-hydroxymethyl 
tolterodine (5-HMT). This active metabolite, responsi-
ble for the antimuscarinic activity of fesoterodine is 
also an active metabolite of tolterodine. Phase 3 trials 
have evaluated fesoterodine in OAB. There is one 
dose-escalating study on the pharmacokinetics and 
tolerability of Fesoterodine in children with overactive 
bladder. Of 21 children enrolled, 11 had neurogenic 
detrusor overactivity. Treatment-related adverse 
events (all mild or moderate) including 1 event each 
of dry mouth, constipation, dry eyes and blurred vi-
sion, and 2 events each of nausea and increased 
post-void residual volume. Moreover, oral administra-
tion of Fesoterodine in children produced steady-
state plasma 5-hydroxy-methyltolterodine exposures 
similar to those in adults. [26] (LOE3) 

Imidafenacin 
A study by Sakakibara et. al with 62 patients, mean 
age 70 years (25-86) with OAB due to neurologic dis-
eases investigated the urinary symptoms survey, 
moreover cognitive tests (MMSE, FAB, ADAS-cog) 
were performed in all patients. Urodynamics were 
conducted in 35 patients and real-time near-infrared 
spectroscopy (NIRS)-urodynamics in eight patients 
before and after Imidafenacin for 3 months at 0,2 
mg/day. [25] 

Imidafenacin significantly ameliorated urinary ur-
gency, night-time urinary frequency, and quality of life 
and - most important - the three cognitive measures 
did not change significantly. Urodynamics showed in-
creased bladder capacity, but detrusor overactivity 
did not change significantly. NIRS showed changes 
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in the bilateral prefrontal area but without statistical 
significance. It is concluded, that imidafenacin effects 
on bladder and brain function, ameliorated bladder 
sensation without cognitive worsening, with a trend of 
prefrontal activation. Imidafenacin seems safe in 
treating  OAB patients with or due to neurological dis-
eases.  

The long term results of double anticholinergic ther-
apy for refractory neurogenic and non-neurogenic de-
trusor overactivity were reported in a paper by 
Nadeau et.al. (2014) in a prospective open-label 
study. Results showed that with DO or NDO refrac-
tory to anticholinergic monotherapy double anticholin-
ergic therapy is feasible and efficient approach. Side 
effects were reported by half of the patients (28/56) 
light by 20, moderate by 8 and severe in 2 with with-
drawal from the study. [27] 

Dual therapy with antimuscarinics 
Dual therapy (between combinations of oxybutynin, 
tolterodine and trospium) has been shown to be ef-
fective and well tolerated in a few patients with neu-
rogenic bladder dysfunction [28] (LOE 2).  

Hadiji et.al (2014) evaluated efficacy of anticholiner-
gic agents in the treatment of neurogenic overactive 
bladder and neurogenic detrusor overactivity in spinal 
cord injury patients on clean intermittent catheteriza-
tion. Neither the monotherapy nor a combination of 
Oxybutynin with Trospium was not always satisfac-
tory in terms of control of NDO and rarely allowed full 
continence. [2] 

Antimuscarinics in neurological patients with 
cognitive impairment 
In the cognitively impaired, antimuscarinics should be 
prescribed with a warning about possible deteriora-
tion in memory or the onset of confusion. It would ap-
pear sensible to recommend the use of antimusca-
rinics that are likely to have less impact on cognition, 
either by lower propensity to cross the blood–brain 
barrier (e.g. trospium chloride) or by relative selectiv-
ity for the M3 receptor (e.g. darifenacin) which is not 
known to be involved in cognition; evidence affirming 
these considerations is limited. Only one study by Sa-
kakibara et al. (2009) with results on the management 
of overactive bladder in elderly individuals with de-
mentia, the combined used of donepezil (a central ac-
etylcholinesterase inhibitor) and propiverine (a pe-
ripheral muscarinic receptor antagonist) showed by 
evaluated MMSE and mean ADHS-coc that there 
was no significant change in these parameters when 
propiverine was added to cholinesterase inhibitor 
therapy. The authors conclude that this combination 
of therapy  - acetylcholinesterase inhibitor plus pro-
piverine could become an option in patients who suf-
fer from dementia and OAB together.[29] In a ran-
domised, double-blind, parallel group, multicentre 
study of 3 weeks treatment with darifenacin in the 
healthy elderly, no significant effects on memory 
compared to placebo was observed, in comparison to 

oxybutynin ER which caused significant memory de-
terioration [30] (LOE 1). In a single-centre, non-com-
parative, pre-post dose intervention phase IV study of 
healthy elderly that was primarily designed to evalu-
ate CSF trospium levels after orally dosed trospium , 
no decline in performance on tests of learning and 
memory was observed following ten days [31] (LOE 
2).  

Recommendations 

• The evidence demonstrating the efficacy of oral 
pharmacotherapy in the management of storage 
NLUTD symptoms concerns mainly the older an-
timuscarinics. More large-scale randomised con-
trolled studies are needed to evaluate this fur-
ther.  

Beta-3-Andrenoceptor agonists – Mirabegron 
Only one study is so far published reporting the initial 
experience with the treatment of neurogenic detrusor 
overactivity with the β-3 agonist Mirabegron as mon-
otherapy in patients with spinal cord injury in a retro-
spective chart analysis comprising 15 patients with 
NDO during a period of at least 6 weeks. There was 
a significant reduction of the frequency of bladder 
evacuation per 24h (8,1 vs 6,4, P = 0,003) and incon-
tinence episodes per 24h (2,9 vs. 1,3, P=0,027). Fur-
thermore there was a improvement in bladder capac-
ity (from 365 to 419, of compliance and of detrusor 
pressure during storage phase (45,8 vs. 30 cm H20). 
However, due to the limited number of patients and 
the retrospective nature of the study, prospective, 
placebo-controlled studies are needed. In regards to 
tolerability it is mentioned, that NDO treatment with 
Mirabegron in patients with NLUTD due to SCI is fea-
sible and well tolerated, without giving any further de-
tails on tolerability and safety. [32] 

The different working mechanisms of antimuscarinics 
and the beta-3-adrenoceptor agonist Mirabegron let 
us assume that a combination of both could have syn-
ergistic effect. In a study by Wada et. al (2015, phase 
IV study, article in Japanese) efficacy and safety of 
Mirabegron in patients with neurogenic bladder, who 
had detrusor overactivity or a low compliance bladder 
despite taking anticholinergic medications are re-
ported. Mirabegron was added to the anticholinergic 
medication (Solifenacin 5 mg, 10 mg and Tolterodine 
4 mg). After 7 months of the combination with Mira-
begron (50 mg, once daily) together with the anticho-
linergics, incontinence improved in all patients, blad-
der deformity improved as well, VUR disappeared in 
all 3 patients. The authors conclude that combination 
therapy of Mirabegron with anticholinergics is effec-
tive and beneficial for neurogenic bladder resistant to 
anticholinergic monotherapy. [33] 

Based on these however limited results Mirabegron 
is an alternative in NDO if antimuscarinics are contra-
indicated, not effective or cause intolerable side ef-
fects. Cognitive impairment should not occur. Beta-3-
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receptors are also in the brain, however, their func-
tions is unknown.  

Oral cannabinoid agonists 
The cannabinoid system comprises exocannabinoids 
and endocannabinoids. Both anecdotal reports of MS 
patients [34] and clinical trials [35-37] suggest that 
cannabis and cannabis-based medicinal extracts 
(CBME) improve skeletal muscle spasticity as well as 
bladder and bowel dysfunction. An open-label (LOE3) 
study using sublingual spray of extracts containing 
delta-9-tetrahydrocannabinol (THC) and/or canna-
bidiol (CBD) in patients with advanced MS and 
NLUTD concluded that both extracts significantly re-
duced urinary urgency, the number of incontinence 
episodes, daytime frequency, nocturia, daily total 
voided and catheterized urine volumes as well as in-
continence pad weights [35].  Freeman et al. (2006) 
investigated the effect of a CBME (Δ9-THC) on ur-
gency incontinence in a large multi-center, random-
ized, placebo controlled trial (the CAMS-LUTS study) 
involving 647 patients with MS. The study demon-
strated a significant effect of CBME on incontinence 
episodes compared to placebo (LOE1)[36]. Another 
multicentre double-blind, placebo-controlled trial spe-
cifically studying LUTS in 135 patients with advanced 
MS used an endocannabinoid modulator comprising 
THC and CBD in a 1:1 ratio (Sativex). The active 
treatment improved daytime frequency, nocturia, and 
Patient’s Global Impression of Change significantly 
more than placebo (LOE1)[37]. Improvements in ur-
gency and urgency incontinence episodes did not 
reach statistical significance over placebo.  

With regards to endocannabinoids, Strittmatter et al. 
(2012) investigated the distribution of fatty acid amide 
hydrolase (FAAH; cannabinoid degrading enzyme) 
immunoreactivity in the human urothelium [38]. 
Aizawa et al. (2014) demonstrated in a rat experiment 
that inhibition of peripheral FAAH suppresses the A-
delta and C-fiber activity of primary bladder afferents 
via CB1 and CB2 receptors, a promising finding for 
further research [39].  

Intravesical bladder relaxants 

Antimuscarinics  
Since the first use of the intravesical application by 
Brendler et al. in 1989 [40], there have been several 
articles reporting successes of intravesical oxy-
butynin to treat OAB and neurogenic DO. The main 
findings were, at least at short term follow up; im-
proved LUTS, fewer incontinence episodes, an in-
crease of maximum bladder capacity and decreased 
DO. George et al. 2007 compared the therapeutic re-
sponse of intravesical oxybutynin, propantheline, and 
capsaicin in the treatment of neurogenic DO [41]. Ox-
ybutynin 5 mg in solution or propantheline 15 mg in 
solution and capsaicin were instilled intravesically in 
each patient. Urodynamic studies were done before 
and after the intravesical instillation of each drug. 
There was a significant difference in therapeutic re-

sponse between intravesical oxybutynin, pro-
pantheline, and capsaicin in the treatment of detrusor 
overactivity for leak volume (LV) and leak frequency 
at 2nd week. When comparing responses of oxy-
butynin and propantheline, more subjects demon-
strated improvement with intravesical propantheline 
than oxybutynin for reflex volume, detrusor leak point 
pressure, clean intermittent catheterization volume, 
and LV (LOE3). However, there is no standard instil-
lation protocol concerning the use of intravesical oxy-
butynin; doses used range between 5-30 mg, diluted 
in 30-40 ml saline [41, 42]. Also the instillation fre-
quency is not standardized and varies between 1 to 3 
times /d. Small case series report on long-term suc-
cess of intravesical oxybutynin (up to 3 years in 
adults, up to one year in children with NDO (LOE4) 
[43, 44]. Despite favourable results on urodynamic 
parameters, there is also a low level of evidence for 
the use of intravesical oxybutinin in low-compliance 
neurogenic bladders [45]. Modulation of the ice-water 
test and suppression of the electrical perception 
threshold by oxybutynin has been studied [46]. An an-
imal experiment suggested that early administration 
of oxybutynin might have a protective effect on struc-
tural bladder alterations, at least in obstructed ani-
mals [47]. 

Fader et al. 2007 [48] tested the efficacy and side ef-
fect profiles of intravesical atropine compared to oxy-
butynin immediate release (IR) in MS. They per-
formed a study to determine the most effective dose 
of atropine. Eight participants used increasing doses 
of intravesical atropine (2 to 6 mg in 20 ml saline) dur-
ing a 12-day period. Bladder diary data showed that 
the instillation of 6 mg atropine 4 times daily was most 
effective for increasing bladder capacity (voided/cath-
eter volumes). Afterwards they performed a random-
ized, double-blind crossover trial. Participants re-
ceived 14 days of treatment with oral oxybutynin IR 5 
mg twice daily (range 2.5 twice to 5 mg 4 times daily) 
or with intravesical atropine, followed by 14 days of 
alternative treatment. Participants recorded a bladder 
diary and rated side effects and quality of life. The pri-
mary outcome variable was bladder capacity. 57 par-
ticipants with MS completed the study. Average 
change in bladder capacity was higher in the atropine 
arm. Changes in incontinence events and voiding fre-
quency were not statistically different between the 
arms. Changes in total side effect and dry mouth 
scores were significantly better in the atropine treat-
ment arm. These findings suggest that intravesical at-
ropine is as effective as oxybutynin IR for increasing 
bladder capacity and has less antimuscarinic side ef-
fects (LOE2). However, no further results of clinical 
trials with intravesical atropine have been published 
since. Since 2013 two papers deal with intravesical 
application of oxybutynin (0,1 %), one in children and 
one in adults: 

In the paediatric long-term study with evaluation 15 ± 
1 years after the switch from oral to intravesical, blad-
der compliance shows a statistically significant in-
crease; pyélonéphritic episodes decreased, from 10 
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during the 2 years on oral to 3 over 15 years with in-
travesical oxybutynin indicating that intravesical oxy-
butynin provided more than adequate suppression of 
detrusor activity without side effects for a period of 15 
years [49] (LOE3). 

The adult study is a randomized, prospective, con-
trolled multi-centre trial comparing intravesical 0,1 %, 
oxybutynin 3 times per day with a group on oral oxy-
butynin  5 mg, 3 times a day, each for a period of 28 
days: There was a statistically significant increase in 
maximum bladder capacity with intravesical applica-
tion compared to oral oxybutynin ADR were reported 
by 55,6 % with intravesical and 82,5 % with oral ad-
ministration. Significant differences in favour of in-
travesical application were observed in ADR affecting 
vision, gastrointestinal tract, nervous system, skin 
and subcutis [50]. ADR from the nervous systems are 
reported 2/10 with intravesical vs 8/14 with oral OXY.  
But also in this study as in others (exception a study 
of Sakakibara on Imidafenacin [25]) no systematic 
evaluation of CNS effects using relevant cognitive 
tests was undertaken. (LOE 2) 

Nociceptin/orphanin FQ (N/OFQ)  
Nociceptin is a peptide that exerts several physiologic 
actions at both the central and the peripheral level by 
activating a specific G-protein-coupled receptor 
named nociceptin orphan peptide (NOP) receptor. 
Animal studies have demonstrated that N/OFQ inhib-
its the micturition reflex in the rat [51]. Lazzeri et al. 
recently studied the feasibility, safety and efficacy of 
daily intravesical instillation of 1 mg of the endoge-
nous peptide N/OFQ in a selected group of patients 
who performed CIC for neurogenic DO [52]. A total of 
18 patients were randomized to receive 1 mg noci-
ceptin/orphanin FQ in 10 ml saline or placebo (saline) 
at the first catheterization for 10 days. Mean daily 
urine leakage episodes significantly decreased from 
2.18 at baseline to 0.94 during nociceptin/orphanin 
FQ treatment, while no significant changes were re-
ported in the placebo group. The bladder capacity 
significantly increased in patients receiving noci-
ceptin/orphanin FQ. The urodynamic parameters 
showed an increase in cystometric capacity and a de-
crease in maximum bladder pressure. Although these 
findings supported the use of nociceptin/orphanin FQ 
peptide receptor agonist as an alternative approach 
for controlling NDO incontinence (LOE2), no further 
study results have been published since 2006.  

Compounds acting via the transient receptor 
potential (TRP) channels 
The vanilloids, capsaicin (CAP) and resiniferatoxin 
(RTX), desensitize afferent nerves by binding TRP-
V1 receptors. CAP has been the subject of small, 
short-lasting placebo-controlled trials in patients with 
SCI or MS [53] (LOE1-2). Thus, the use of CAP is still 
largely experimental and limited by the fact of pro-
longed and painful excitation of the sensory c-fibers. 
The alcoholic solvent may be a major factor in the 
poor tolerability of alcoholic CAP instillation, as sug-
gested by the result of one placebo controlled study 

showing that side effects appeared to be the same 
after intravesical instillation of CAP diluted in 30% 
ethanol as after instillation of ethanol alone (LOE2).  

RTX acts without the potent neuronal excitatory effect 
of capsaicin, and therefore elicits less discomfort. The 
difference in tolerability of the 2 vanilloids (CAP vs. 
RTX) was usually attributed to the differential pun-
gency of the 2 agents. Nevertheless, because we 
know the role of the solvent in the irritative effect on 
bladder mucosa, it is reasonable to assume that dif-
ferential effects could be related to the use of different 
vectors. From a technical point of view the choice of 
the solvent is limited because of the poor hydrosolu-
bility of CAP, imposing the use of an alcoholic, lipidic 
or glucidic vector. The safety of the lipidic solution 
could be imperfect because of difficulty of achieving 
complete elimination of lipidic solution from the blad-
der. On the contrary, a glucidic solution may repre-
sent a safe and valuable alternative to the alcoholic 
vector. De Seze et al. [54] compared the efficacy and 
tolerance of intravesical instillations of CAP and RTX 
using a glucidic solvent for CAP and the 10% ethanol 
solvent for RTX in a controlled randomized, double 
blind study in patients with severe urinary inconti-
nence due to spinal cord injury. On day 30, improve-
ment was found clinically and urodynamically in 78% 
and 83% respectively of patients treated with CAP vs. 
80% and 60% treated with RTX. No significant differ-
ence between the 2 groups was observed. The ben-
efit remained in two-thirds of the 2 groups on day 90. 
There were no differences in regard to incidence, na-
ture or duration of side effects in CAP vs. RTX treated 
patients. These results once more strongly argue for 
the importance of accounting for the role of vanilloid 
solute when interpreting efficacy and tolerance of 
vesical vanilloid instillation in neurogenic DO cases. 
They suggest that a glucidic solution is a valuable sol-
vent for CAP instillation (LOE2). 

RTX seems to have a beneficial effect on neurogenic 
DO (LOE 2). However, good randomized controlled 
studies are needed to determine its place in the treat-
ment of NDO. Also the optimum doses (concentra-
tion) as well as the inter treatment intervals need to 
be determined. Moreover, the long-term safety of 
vanilloid agents, particularly concerning mutagenic 
and carcinogenic effects on the bladder wall is not 
perfectly known. RTX belongs to the family of tumor 
promoting phorbol esters, strengthening the need to 
ensure the safety of RTX before extending its thera-
peutic applications. 

Initial interest in RTX has declined following the intro-
duction of intradetrusor Botulinum toxin injections in 
the treatment of intractable neurogenic DO. In a ran-
domized trial comparing onabotulinumtoxinA injection 
to resiniferatoxin intravesical instillation in 25 patients 
with spinal neurogenic DO [55] there was a significant 
decrease in catheterization and incontinence epi-
sodes for both treatments at 6, 12, and 18-months of 
follow-up. However, onabotulinumA injections pro-
vided superior clinical and urodynamic benefits as 
compared to intravesical resiniferatoxin, although 
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RTX did not necessitate subsequent intermittent 
catheterisation (LOE1-2). 

Transient receptor potential channels are being in-
creasingly investigated as targets for the treatment of 
detrusor overactivity. Piperine, a novel vanilloid com-
pound, was found to have both acute and prolonged 
in vitro effects [56]. In an animal model of chronic spi-
nal NDO, systemic administration of GRC-6211, a 
novel TRPV1 antagonist, could abolish DO [57]. An 
antagonist of another TRP channel, the ankyrin-re-
peat transient receptor potential 1 channel (TRPA1), 
could decrease the number and amplitude of non-
voiding bladder contractions in SCI rats [58]. Finally, 
nitro-oleic acid, an electrophilic fatty acid nitroalkene 
derivative which modulates gene transcription and 
protein function via post-translational protein modifi-
cation demonstrated TRP-agonist actions affecting 
both the TRPV1 and the TRPA1 receptors in rat blad-
ders [59].  

For both vanilloids no clinical studies were published 
between 2013 and 2016. 

Potential intravesical treatments with Canna-
binoid modulators  
While orally administered cannabinoid modulators 
appear to improve neurogenic OAB symptoms, par-
ticularly in MS patients [60], the identification of func-
tional cannabinoid receptors (CBs) in the human 
bladder urothelium [61, 62] has intensified research 
in intravesical cannabinoid agonists for bladder dys-
functions. To date, only preclinical studies exist, and 
in non-neurogenic bladder models. Cannabinor, a se-
lective CB2 receptor agonist, was found to affect 
bladder function in both normal rats as well as rats 
with bladder outlet obstruction, by increasing intervals 
between bladder contractions as well as flow pres-
sures [63, 64]. In rats, but not humans, a Cannabis 
sativa extract enriched in cannabidiol drug substance 
reduced cholinergic-mediated bladder contractility in 
vitro [65]. Intravesical application of a non-selective 
cannabinoid agonist suppressed afferent activity via 
activation of CB1 receptors [66]. Finally, intravesical 
administration of the fatty acid amide hydrolase, the 
enzyme responsible for the degradation of the endo-
cannabinoid anandamide, altered afferent-related 
urodynamic parameters in normal rats [67]. In a sin-
gle study using a spinal cord injury model, systemic 
administration of a CB2-selective agonist could im-
prove spontaneous voiding, possibly via a positive ef-
fect on inflammatory responses in the spinal cord 
[68].   

 Drugs for sphincter deficiency 
Several drugs, including alpha-adrenergic agonists, 
estrogens, beta-adrenergic agonists and tricyclic an-
tidepressants, and duloxetine have been used in an 
effort to increase outlet resistance. No adequately de-
signed controlled studies of any of these drugs for 
treating neurogenic sphincter deficiency have been 
published.  

 Drugs for treating voiding dysfunction 

Alpha-adrenergic antagonists (alpha-blockers) 
Alpha-adrenoceptors are present in the bladder base, 
posterior urethra and prostate. Alpha-blockers have 
been already reported to be useful in neurogenic 
bladder by decreasing urethral resistance during 
voiding. Tamsulosin has been shown to improve 
bladder storage and emptying in MS and SCI [69]. 
Abrams et al. [70] evaluated the efficacy and safety 
of tamsulosin in patients with neurogenic lower uri-
nary tract dysfunction secondary to suprasacral spi-
nal cord lesions in a 4-week randomized controlled 
trial (RCT) followed by a 1-year, open label, long-term 
study. A total of 263 patients were randomized to 4-
week double-blind therapy with placebo, or 0.4 or 0.8 
mg tamsulosin once daily. The primary efficacy pa-
rameter was maximum urethral pressure (MUP). In 
the long-term study, but not in the RCT trial, there was 
a statistically significant mean decrease in MUP from 
baseline to end point. In the long-term study 
tamsulosin also improved several cystometry param-
eters related to bladder storage and emptying, e.g. 
decreased maximum urethral closure pressure. It 
also increased mean voided volume based on the 
micturition diary. There was statistically significant im-
provement for the International Prostate Symptom 
Score Quality of Life. Both doses were effective and 
well tolerated. (LOE1).  

The value of alpha blockers with neurogenic LUT dys-
function is still discussed controversially. The efficacy 
of selected alpha-blockers in the treatment of children 
with neurogenic bladder dysfunction is investigated 
by Kroll et.al. (2016). The aim was to assess the use-
fulness of selective alpha-1-blockers in children with 
neurogenic urinary tract dysfunctions and increased 
leak point pressure (LPP). 14 children from age 6 to 
16 years with LPP higher than 40 cm H20 were en-
rolled in the study. All patients received the selective 
a1-blocker doxazosin for 6-8 weeks (initial dosage 
0,03 mg/kg). The differences both in LPP and LPV 
before and after treatment were not statistically sig-
nificant. This observation is consistent with the con-
clusions from other studies and showed no evident 
efficacy of doxazosin in children with neurogenic 
bladder. [71] 

Conclusions 

• Antimuscarinic drugs improve storage function 
(LOE 1).  

• Antimuscarinic drugs have a high incidence of 
side effects (dry mouth, constipation, urinary re-
tention, etc.). Tolterodine, propiverine, trospium 
and controlled-release oxybutynin have signifi-
cantly less side effects compared to immediate-
release oxybutynin (LOE 1). 

• High doses of oxybutynin have been used to 
treat patients with neurogenic bladder dysfunc-
tion (LOE 3) 
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• Intravesical instillation of oxybutynin may be an 
alternative route of administration (LOE 4). 

• An alternative to antimuscarinics is the beta-3-
agonist Mirabegron, however, only one study 
was published so far. The advantages in regards 
to side effects compared to antimuscarinics are 
evident. 

• There is LOE1 data to support a beneficial effect 
of oral cannabinoid agoinsts on neurogenic lower 
urinary tract dysfunction in patients with MS 

• Intravesical instillation of capsaicin/resinifera-
toxin has been reported to improve spinal reflex 
incontinence. Resiniferatoxin is preferable (LOE 
3). Recent results supporting their use are lack-
ing.  

• Long-term alpha adrenergic antagonists are ef-
fective and well tolerated in patients with MS and 
suprasacral spinal cord lesion with neurogenic 
lower urinary tract dysfunction (LOE1) 

• There is no adequately designed controlled 
study of any drug for neurogenic sphincter defi-
ciency. 

Recommendations  

• Antimuscarinic drugs should be recommended 
for the treatment of neurogenic detrusor overac-
tivity (A). Titration of the dosage of these drugs 
individually should be done to optimal balance of 
therapeutic and adverse effects. If one drug is 
not tolerated, another drug should be tried (C/D). 

• The use of oral cannabis-based medicinal ex-
tracts can be recommended for MS patients with 
NLUTD, currently in specialized research cen-
tres (C). Further research is needed on oral and 
intravesical cannabinoids in patients with NLUTD 

• Vanilloid intravesical therapy still remains exper-
imental and therefore is not recommended ex-
cept within clinical trials (C/D) 

• For decreasing outlet resistance in neurogenic 
bladder a-adrenergic antagonists may be used 
(B/C). 

• For neurogenic sphincter deficiency, no effective 
drugs are available up to now; further research is 
needed (D). 

• For detrusor acontractility no effective drugs are 
available up to now; further research is needed 

 

 MINIMALLY INVASIVE 
TREATMENTS  

 Botulinum neurotoxin type A injections 

Botulinum neurotoxin type A for neurogenic 
incontinence 
Efficacy. Botulinum neurotoxin type A (BoNT/A) intra-
detrusor injections has become the newest approved 
treatment for urinary incontinence in adult neurologi-
cal patients with inadequate response to (or reduced 
tolerance of) an anticholinergic medication (U.S. 
Food and Drug Administration approval) in the 
OnabotulinumtoxinA (BOTOX®) format. Similar ap-
proval has been granted in European countries. Sev-
eral systematic reviews [1-4] [5, 6], meta-analyses [7] 
and randomized, controlled trials (LOE1) [8-14], an 
active comparator-controlled trial (LOE1-2)[15], four 
LOE2 studies [16-19], as well as numerous LOE3 
studies have confirmed the efficacy of BoNT/A in the 
treatment of refractory neurogenic DO incontinence. 
Clinical improvement is accompanied by significant 
ameliorations in bladder function, as urodynamic pa-
rameters that matter in the management of NDO, 
namely maximum cystometric capacity, maximum 
detrusor pressure and reflex volume, appear to gain 
substantial benefits [1-3, 20]. Almost all studies have 
published on two BoNT/A preparations, onabotuli-
numtoxinA (Botox®) and abobotulinumtoxinA 
(Dysport®)[3, 5]. The two formats are not inter-
changeable and there are no direct comparisons for 
dose, efficacy and safety, at least in urological indica-
tions. Although both products appear to be effica-
cious in NDO, onabotulinumtoxinA has been more 
comprehensively studied than abobotulinumtoxinA 
[3]. Two LOE1 studies have been published reporting 
abobotulinumtoxinA [14, 17]. An LOE3 study sug-
gests that onabotulinumtoxinA may be more effica-
cious than a novel BoNT/A preparation, Prosigne, in 
the treatment of refractory NDO [21].  

The mean duration of efficacy of a single injection is 
6-16 months for onabotulinumtoxinA and 5-12 
months for abobotulinumtoxinA [3]. The FDA regula-
tory trials (275 and 416 patients, respectively) 
demonstrated a mean duration of effect of 37-42 
weeks for onabotulinumtoxinA compared to 13 weeks 
for placebo [10, 12]. Complete continence was 
achieved in 36-38% and 40-41% respectively with the 
200U and 300U doses of onabotulinumtoxinA as op-
posed to 7.6-10% with placebo. Interestingly, signifi-
cantly higher post-treatment continence rates have 
been reported in single-centre studies with both prep-
arations (a mean 71% with onabotulinumtoxinA and 
65% with abobotulinumtoxinA) [3]. Similarly, reduc-
tion in the number of daily leaks was significantly su-
perior in LOE3 compared to LOE1&2 studies (80% vs 
63%, p=0.01) [5], but the majority of LOE3 studies 
had used 300U onabotulinumtoxinA. The concomi-
tant use of anticholinergics does not appear to pro-
vide additional benefit [22], although this needs to be 
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confirmed in specifically-designed studies. In those 
taking anticholinergics, onabotulinumtoxinA initially 
reduces the dose of anticholinergics needed, but this 
tends to increase again at longer follow-ups [23] [24]. 
A single real-life study has investigated the effect of 
switching from the earlier used 300U to the newly ap-
proved 200U onabotulinumtoxinA [25]. Although 94% 
of patients continued to experience symptomatic im-
provement, 25% reverted back to the original 300U 
dose. Somewhat greater reductions in daytime fre-
quency and nocturia were recorded with 200U vs. 
300U (87.5% and 81.3% respectively vs. 75% and 
75%) but lesser urgency improvements (75% vs 81). 
At three year follow–up, 82% of patients who had 
switched to the lower dose were happy and keen to 
continue receiving 200IU OnabotulinumtoxinA. Sev-
eral retrospective studies [19, 26-36] and a single pro-
spective trial [37] now attest to the sustained efficacy 
of repeat treatment sessions with either of the two for-
mulations. In prospectively followed-up patients opt-
ing for repeat injections, the median duration of effect 
was ≥9 months, with one in four patients enjoying an 
even more lasting effect of at least one year [37].  

Reported failure rates are 5-25% for onabotuli-
numtoxinA and 10-32% for abobotulinumtoxinA [3] 
[39]. Clinical predictors of success/failure in NDO 
have little been studied. A study of spinal cord injured 
patients proposed that the level of injury may be im-
portant as patients with thoracic and lumbar injury 
had better clinical and urodynamic outcomes com-
pared to cervical injury patients [38]. A longer dura-
tion of MS has been proposed as a predicting factor 
for treatment failure [9] (LOE3). To date there is no 
robust evidence to link treatment failure with the for-
mation of neutralizing BoNT/A antibodies, but a wide 
range of antibody formation rates following treatment 
has been reported (0-35%) [40-43] and its clinical sig-
nificance needs further investigation. A small, mid-
term, controlled study in children (LOE1-2) found no 
association between antibody formation and treat-
ment failure, but reported an increased rate of anti-
body formation in those receiving repeat versus sin-
gle injections (71% vs. 38%) [44] up to 4 months post 
treatment. In the long-term, antibody titers returned to 
control levels. Patient-related factors also affect ad-
herence to treatment; in a long-term study with a 
mean 12-year follow-up, 21% of patients discontin-
ued treatment due to inadequate efficacy, but another 
19% opted for other treatments (antimuscarinics, sa-
cral neuromodulation) despite the toxin’s efficacy 
[36]. In another study, only 59.3% of spinal cord in-
jured patients were satisfied with repeat treatments 
and only 20% continued after a fourth injection, with 
33.9% reporting inadequate efficacy and 6.8% dis-
continuing due to adverse events [35]. Nevertheless, 
in treatment failures toxin switch could be more effec-
tive than re-injection with the same toxin (51.7% vs. 
24.1%). Patients treated with a switch from abobotu-
linumtoxinA to onabotulinumtoxinA and those treated 
with a switch from onabotulinumtoxinA to abobotuli-
numtoxinA had similar success rates (52.9% vs. 
50%)[45].  

Patient populations. The majority of the studies in-
volved participants with neurogenic bladder due to 
SCI or MS, often mixed, while only small case series 
investigated efficacy in patients with Parkinson’s dis-
ease, multiple system atrophy or cerebrovascular ac-
cident (CVA) [46-49]. Comparisons of efficacy be-
tween neurological subpopulations are generally 
lacking, although a small LOE3 study suggested bet-
ter continence outcomes and more significant im-
provements in maximum detrusor pressures in SCI 
patients compared to those with CVA [49]. The larg-
est RCTs which involved MS and SCI patients con-
clude that the toxin is highly efficacious in both sub-
populations [10, 12]. A lower placebo effect in the SCI 
subpopulation could be noted, although the studies 
were not designed for head-to-head comparisons.  

Doses. The FDA registration studies demonstrated a 
similar efficacy and adverse event profile for the 200U 
and 300U onabotulinumtoxinA (BOTOX) doses, sug-
gesting a plateau in the efficacy of the toxin. Similar 
conclusions were drawn by a smaller randomized 
study [19]. Providing the best benefit/risk ratio, the 
200U onabotulinumtoxinA dose was recommended 
for the treatment of refractory NDO incontinence [10] 
[12]. A LOE2 study suggested a trend towards better 
clinical and urodynamic improvements with 750U as 
opposed to 500U abobotulinumtoxinA [46]. Other, 
non-randomized and inadequately powered studies 
(LOE3)[16, 17, 50]  could not identify a clear dose-
response for higher doses of abobotulinumtoxinA, alt-
hough 1000U abobotulinumtoxinA might produce a 
beneficial effect of greater duration than that with 
500U[17].  

Little data exists on lower doses. A pilot LOE3-4 study 
suggests that 100U onabotulinumtoxinA could be ef-
fective in MS patients and minimize unfavourable 
side-effects, particularly the need for IC [51], while a 
LOE1 dose-response study confirms a more signifi-
cant clinical benefit of the 200U dose as opposed to 
the 50U and 100U doses of onabotulinumtoxinA in 
patients with SCI [13].  

Effect on quality of life (QOL). Both preparations have 
been shown to improve patients’ QOL in RCTs. The 
I-QOL questionnaire has been used in the majority of 
LOE1 studies. Patients with NDO-associated inconti-
nence receiving a single injection of 500 units 
abobotulinumtoxinA, diluted in 25 ml saline and in-
jected into 25 injection sites, had a more significant 
change in clinical, QOL and urodynamic parameters 
when compared to placebo at 26 weeks, in addition 
to reduced use of anticholinergics [9]. Similarly, 200U 
and 300U onabotulinumtoxinA administered into 30 
injection sites improved QOL scores significantly 
more than placebo in all LOE1 studies [10-12, 52][53, 
54]. Moreover, OnabotulinumtoxinA-treated patients 
achieve their treatment goals at significantly higher 
proportion than placebo-treated patients (LOE1) [55]. 
Fully published data on QOL following repeat treat-
ments is sparse; in a 3-year extension study of the 
registration trials, QOL improvement was sustained 
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with repeat injections (up to six) in parallel with clinical 
benefits [56].  

Administration technique. A large variance in the 
number and volume of injections has been described. 
However, in the majority of studies onabotulinumtox-
inA was given at 30 injection sites (range 10–40) at a 
dilution of 10U/1ml per injection site (total volume of 
30 ml, range 3–30 ml), as described in the original 
publication by Schurch et al. [57]. The same dilution 
and number of injection sites was used when admin-
istering either 300U or 200U onabotulinumA in the 
regulatory trials. Administration of abobotulinumtox-
inA is less standardized (10–30 injection sites, total 
volume of 5–30 ml), but a total 30 ml given at 30 in-
jection sites appears to be the most common again 
[3]. The effect of these variables on outcomes has lit-
tle been studied. A recent LOE1 study compared 15 
to 30 injection sites (Dysport 750 U or the equivalent 
placebo) and concluded that a reduction of injection 
sites does not affect efficacy [14]. Urodynamic results 
were more robust than the clinical ones, the small 
sample size possibly affecting the statistics. A ran-
domised, non-controlled study on Onabotulinumtox-
inA only exists in short report format [58]. Comparing 
10 to 30 injection sites (300 U Botox), Karsenty et al. 
found no significant difference in number of inconti-
nence episodes or cystometric capacity, but a signifi-
cant reduction in post-procedure pain was noted in 
the 10 injection-sites group. 

The vast majority of studies reported injections into 
the detrusor muscle sparing the trigone, as in the orig-
inal technique [57]. There is, however, LOE2 evi-
dence to suggest that trigonal injections may produce 
better continence rates than detrusor injections 
alone; urodynamic parameters were affected to a 
lesser extent, as only reflex volume was improved 
more significantly in patients who received trigonal in-
jections [18]. There is also LOE1-2 evidence suggest-
ing that submucosal injections are comparable in ef-
ficacy to intradetrusor injections, with the exception of 
voided volume [59] and detrusor compliance [60]. An 
impressive difference was found, however, in patient 
satisfaction favouring the suburothelial injections 
(88.8% vs. 64.3% of patients satisfied) [60].   

Alternative delivery techniques are being investigated 
including intravesical instillation of BoNT/A encapsu-
lated in liposomes [61] or via electromotive drug ad-
ministration (EMDA) [62]. The former has only been 
tested in non-neurogenic patients in small, short-
term, placebo-controlled trials [63, 64]( LOE1-2) with 
inconclusive results.  In the largest trial (n=62 pa-
tients), intravesical instillation of liposomal onabotuli-
numtoxinA (200U) improved micturition frequency 
and urgency severity scores over placebo at 4 weeks, 
but not urgency episodes or urgency incontinence 
[64]. No urinary retention episodes were reported 
though. The EMDA method has been tested in a pilot 
LOE3-4 study in children with myelomeningocele. 
Significant improvements were reported in maximum 
cystometric capacity, detrusor pressure, urinary in-

continence, vesicoureteric reflux and even fecal in-
continence [65], but results need to be confirmed in 
controlled trials. 

Safety. The treatment appears to be overall safe in 
currently used doses and techniques. The most com-
mon adverse event is the significant increase in post-
void residual in patients not using CIC prior to treat-
ment. In onabotulinumtoxinA placebo-controlled tri-
als, 12-22%, 30-47%, and 42-49% of patients in the 
placebo, 200U, and 300U groups, respectively, initi-
ated CIC post-treatment [10] [12]. Rates of de novo 
CIC appear to be reduced after repeat treatments: in 
a 4-year study with up to six onabotulinumtoxinA in-
jections, de novo CIC rates were 29.5, 3.4, and 6.0% 
(200U), and 43.0, 15.0, and 4.8% (300U) for treat-
ments 1-3, respectively; de novo CIC rates were 0% 
for treatments 4-6 [56]. 

Although earlier studies had reported a reduced inci-
dence of UTIs in NDO patients treated with BoNT/A 
[31, 66, 67], recent large RCTs [10][12] as well as 
systematic reviews [6] and meta-analyses [7] suggest 
a higher incidence of UTIs in those treated with 
onabotulinumtoxinA as opposed to placebo-treated 
patients. This might be associated with the increased 
rate of de novo CIC in the Botox®-treated population. 
In prospective, long-term, follow-up trials UTIs re-
mained the most common adverse event, but with no 
increased incidence over time [37, 56].  Long-term 
controlled trials could clarify these apparent discrep-
ancies.  

Haematuria, constipation and flu-like symptoms have 
also been described [3, 10, 12] , while inclusion of 
trigonal injections does not appear to produce 
vesicoureteral reflux (LOE2-3) [18][68][69]. A study in 
SCI male patients found a post-treatment decrease in 
the volume of ejaculate accompanied by improve-
ments in semen quality, sperm mobility and vitality, 
as well as semen culture [70]. Further research is 
needed to confirm these results and explore whether 
they are due to local re-organization of autonomic 
function which also affects the reproductive system.  

The most serious adverse event is generalized para-
paresis/ fatigue, which has been described in 0.005% 
of patients receiving onabotulinumtoxinA and in 
0.026% of patients receiving abobotulinumtoxinA [3]. 
The effect resolves spontaneously after 4-6 weeks 
and appears to be dose-related, with most cases re-
ported in those patients injected with 750-1000U 
abobotulinumtoxinA or 300U onabotulinumtoxinA 
[12, 29, 71].  

As BoNT/A studies in skeletal muscles have identified 
autonomic, histological and other secondary effects 
[72, 73], further investigation is needed on safety is-
sues, especially after repeat injections [2]. Preclinical 
studies provided evidence for transport of the toxin 
from the bladder to the CNS and vice versa [74, 75]. 
A single study to-date prospectively examined distant 
effects post-BoNT/A bladder injection using single-fi-
bre EMG; one-third of the patients had findings of 
neuromuscular jitter post-treatment, but there was no 
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placebo arm or pre-treatment data for comparison 
[76] (LOE3). Frequency and severity of autonomic 
dysreflexia episodes were reported to be reduced fol-
lowing onabotulinumtoxinA bladder injections 
(LOE3)[77]. Other studies produced histological evi-
dence of reduced or no additional fibrosis after one or 
multiple injections, including in children [78-80].  

Future research should highlight the gaps in our 
knowledge of long-term treatment with focus on pa-
tient-reported outcomes and satisfaction, safety and 
tolerability issues as well as technical aspects such 
as alternative techniques of application, ways to min-
imize post-treatment voiding dysfunction in patients 
who void freely and larger studies in select patient 
populations.  

Botulinum neurotoxin type A for neurogenic 
voiding dysfunction 
Sphincter injections were historically the first applica-
tion of BoNT/A in the lower urinary tract [81], but there 
is still inadequate evidence to support its use. The 
most commonly injected volume is 4ml of either the 
onabotulinumtoxinA or the abobotulinumtoxinA prep-
arations. Usually 100U onabotulinumtoxinA or 150U 
abobotulinumtoxinA have been delivered transper-
ineally or transurethrally [82, 83].  No direct compari-
son of injection techniques exists; there is low evi-
dence (LOE4) to suggest the two delivery ap-
proaches are equally effective [82]. 

In a LOE1 study, the effects on DSD of botulinum 
toxin versus placebo was studied in 86 multiple scle-
rosis (MS) patients [84]. The study employed a single 
transperineal injection of onabotulinumtoxinA, 100 U 
in 4 ml normal saline, or placebo, into the striated 
sphincter with EMG guidance. The primary endpoint 
was post void residual volume at 30 days. The sec-
ondary endpoints included voiding and urodynamic 
variables. OnabotulinumtoxinA failed to decrease 
post-void residual volume in this group of MS pa-
tients, although it increased voided volume and re-
duced pre-voiding and maximum detrusor pressures. 
These findings differ from those in patients with spinal 
cord injury and may be due to lower detrusor pres-
sures in MS patients. A small LOE1-2 study (n=13 pa-
tients) showed a superior effect of onabotulinumtox-
inA over lidocaine 0.5% injected in the urethral 
sphincter in MS patients [83]. Another small (n=21 pa-
tients), controlled study (LOE1-2) in CVA patients 
with urethral sphincter pseudodyssynergia reported 
superior clinical efficacy in the active treatment group 
(91% response rate and higher improvements in QOL 
and symptom scores with 100U OnabotulinumtoxinA) 
despite highly significant urodynamic benefits noted 
in the control group (reduction in voiding pressures 
and increase in maximum flow rates) [85].  In MS pa-
tients there is also LOE3 to suggest that a combina-
tion of detrusor and sphincter injections may facilitate 
bladder emptying [86]. In children with NDO and DSD 
due to myelomeningocele there is LOE1-2 from a sin-
gle study to suggest that sphincter injections addi-
tional to the detrusor injections accomplish significant 

improvements in post-void residuals, as well as more 
significant benefits in urinary incontinence, constipa-
tion, vesicoureteral reflux and creatinine levels [87].  

Since the last ICI update (2012) there has been a sin-
gle LOE3 study in SCI patients with NDO and DSD 
comparing urethral injections of 100U onabotuli-
numtoxinA to detrusor injections of 200U onabotuli-
numtoxinA depending on the main symptoms (void-
ing dysfunction vs. NDO-associated incontinence) 
and found less patient satisfaction in the urethral in-
jection group (60.6% vs. 77.3% in the detrusor injec-
tions group) as well as greater improvements in the 
UDI-6 and IIQ-7 scores in the detrusor injection 
group, despite significant urodynamic benefits in both 
groups [88].  Not unexpectedly, patients in the ure-
thral injection group were dissatisfied due to in-
creased degree of post-Botox incontinence whereas 
the detrusor injection group suffered higher rates of 
post-treatment voiding difficulty.   

Overall, randomized controlled trials (RCTs) or quasi-
RCTs investigating the use of BoNT/A in patients with 
neurogenic DSD in comparison to placebo or active 
comparators were reviewed by the Cochrane data-
base. Published data were found to be of limited qual-
ity due to the small sample sizes, the heterogeneity 
in the protocols, and with a high risk of bias. Never-
theless, the authors conclude that intraurethral 
BoNT/A injections improve some urodynamic param-
eters at 30 days post-injection and propose future 
high-quality research to address the optimal dose and 
mode of injection for neurogenic DSD [89].  

Conclusions 

• Botulinum neurotoxin A (BoNT/A) injection into 
the detrusor muscle improves clinical and urody-
namic parameters (LOE1) as well as the quality 
of life (LOE1), and has been approved as sec-
ond-line treatment for urinary incontinence asso-
ciated with neurogenic detrusor overactivity in 
patients with inadequate response to or intoler-
ance of an anticholinergic.  

• Both the OnabotulinumtoxinA and the Abobotuli-
numtoxinA formats are effective (LOE1), but the 
vast majority of currently published data con-
cerns OnabotulinumtoxinA 

• Repeat intradetrusor injections of BoNT/A pro-
vide sustained clinical benefits (LOE3) 

• Published LOE1 data almost exclusively concern 
intra-detrusor injection administration, but there 
is limited LOE2 data to favour trigonal and sub-
mucosal over detrusor injections  

• Treatment with intradetrusor BoNT/A is consid-
ered overall safe, with increased post-void resid-
ual and need for post-treatment CIC being the 
most common adverse event (LOE1). A higher 
incidence of UTIs in those treated with the toxin 
has become apparent in LOE1 studies.  
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• Antibody formation is not associated with treat-
ment failure, but may be increased after repeat 
injections (children)(LOE1-2) 

• BoNT/A is probably safe and effective for the 
treatment of DSD in spinal cord injury patients 
(LOE2). However, on the basis of one LOE1 
study,  

• BoNT/A does not provide significant benefit for 
the treatment of DSD in MS patients. 

Recommendations 

• BoNT/A should be offered as a treatment option 
for incontinence associated with neurogenic de-
trusor overactivity (A).  

• Further research is needed on long-term out-
comes and safety, administration techniques, the 
bio-equivalence of the various preparations, the 
concomitant use of anticholinergic drugs or β3-
agonists, mechanisms of action, and wider ef-
fects (A) 

• BoNT/A may be considered for DSD in spinal 
cord injury patients (B) 

 

 Electrical Neuromodulation 
In the last decade, sacral nerve neuromodulation 
(SNM) has been established as a treatment option for 
patients with OAB. The success with SNM has in-
creased the interest in other neuromodulation tech-
niques. Additional methods include; (a) anogenital 
stimulation (b) pudendal nerve stimulation, (c) dorsal 
genital nerve stimulation (d) percutaneous tibial nerve 
stimulation, (e) magnetic stimulation and (f) deep 
brain stimulation. It is not really known how neuro-
modulation works, but there is evidence that sites of 
action are spinal and supraspinal [90]. Firstly the non-
surgical ways of neuromodulation will be presented, 
followed by the surgical techniques.  

Anogenital Stimulation 
This has been applied in children with OAB com-
plaints. Gladh et al. found a response for anogenital 
stimulation in 53% of the children [91]. Trsinar and 
Kralj used an endoanal electrode and reported a 
complete or partial response to the treatment in 75% 
of the patients [92]. In a control group of patients who 
had the endoanal electrode introduced but not acti-
vated, no patient had the symptoms resolved com-
pletely. No recent publications could be found. 

Pudendal Nerve Stimulation 
Pudendal nerve stimulation and electrode positioning 
can be carried out under neurophysiological monitor-
ing (using a St. Mark’s electrode) in order to guide the 
electrode in Alcock’s Canal as close as possible to 
the pudendal nerve [93]. Electrode implantation can 

also be carried out by a rear approach under local an-
esthesia according to the method described by the 
same team [94, 95]. On the other hand, an anatomi-
cal study demonstrated that the technique for im-
planting electrodes at the pudendal level may carry 
some risk [96].  

Direct pudendal nerve stimulation has beneficial ef-
fects on numerous pelvic floor function impairments 
such as urinary and/or fecal incontinence, retention, 
and constipation. In preceding literature the implant 
technique required a fairly complex and invasive pro-
cedure, although recent advances with percutaneous 
placement of the lead through an introducer have 
made the procedure much less invasive. Electrical 
stimulation of pudendal nerve afferents can inhibit 
bladder contractions in patients with SCI, and bladder 
capacity can be increased [97] (LOE3). Implants such 
as the InterStim system have made this treatment 
modality commercially available (see sacral nerve 
stimulation). Common to these implantable systems 
is that they use continuous stimulation. Detrusor inhi-
bition is in principal only necessary during an involun-
tary contraction and, thus, stimulation could be turned 
off between contractions (i.e. conditional stimulation) 
[98]. Such a stimulation scheme could have a number 
of advantages. Power consumption may be de-
creased and, thus, extend battery lifetime. Further-
more, continuous stimulation of a reflex may lead to 
habituation, which would be minimized or prevented 
by conditional stimulation. Hansen et al. [99] exam-
ined the effect of the automatic, event driven electri-
cal stimulation of pudendal nerve afferents on bladder 
capacity in patients with SCI. The study included two 
women and 14 men older than 18 years with NDO, 
bladder capacity below 500 ml and complete or in-
complete suprasacral SCI. Detrusor pressure (Pdet) 
was recorded during natural bladder filling. In a simi-
lar subsequent recording Pdet was used to trigger 
electrical stimulation when pressure exceeded 10 cm 
H2O. Of the 16 patients enrolled in this study, 13 had 
increased bladder capacity and reduced storage 
pressure decrease achieved by event-driven electri-
cal stimulation. During stimulated filling, Pdet never ex-
ceeded 55 cm H2O. An average bladder capacity in-
crease of 53% was achieved (LOE 3). Ohlson et al. 
treated eight patients with NDO in whom vaginal/rec-
tal stimulation failed, with acute pudendal nerve stim-
ulation. Five achieved a decrease in urinary fre-
quency and four had an increase in cystometric ca-
pacity [100]. 

Spinelli et al. [94] performed a staged procedure sim-
ilar to that of sacral neuromodulation (SNM) to place 
a tined lead near the pudendal nerve, using neuro-
physiological guidance. They named this approach 
chronic pudendal nerve stimulation (CPNS). Fifteen 
neurogenic patients (eight male, seven female) with 
urgency incontinence underwent CPNS. All patients 
had complete neurophysiological and urodynamic 
evaluation at baseline and follow-up and were asked 
to complete a voiding and bowel diary for 7 days. Dur-
ing screening, the average number of incontinent ep-
isodes per day decreased from 7+/-3.3 to 2.6+/-3.3 
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(P<0.02, paired t-test). Eight patients became conti-
nent, two improved by more than 88% (from 9 to 1 
daily incontinence episodes) and two patients re-
duced the number of incontinence episodes by 50%. 
The implantable pulse generator (IPG) was subse-
quently implanted in those 12 patients. Three patients 
without improvement did not continue to second 
stage. In implanted patients with 6 months follow-up, 
urodynamic evaluation showed an objective improve-
ment in the maximum cystometric capacity which in-
creased from 153.3+/-49.9 to 331.4+/-110.7 ml 
(P<0.01, paired t-test). The maximum pressure de-
creased from 66+/-24.3 to 36.8+/-35.9 cmH2O 
(P=0.059, paired t-test). Eight patients reported sig-
nificant improvement in bowel function (LOE3).  

Another elegant way to approach the pudendal nerve 
is the laparoscopic one as described by Possover et 
al. [101]. 

Only recently in 2016 an experimental study with 
electrical stimulation of dog pudendal nerve is show-
ing that stimulation of the pudendal nerve trunk is a 
promising method to modulate bladder function. It 
can well be that in medium term sacral neuromodula-
tion could be replaced by pudendal nerve stimulation, 
a method which was described already in 1986 by 
Vodusek et al. [102] and more recently, also Spinelli 
et al. (2006) reported success with pudendal nerve 
stimulation by a minimally invasive procedure in 15 
patients with failed previous SNM [103]. 

Dorsal Genital Nerve (DGN) stimulation 
DGN stimulation can be continuous or conditional. 
Goldman et al. used continuous stimulation for one 
week [104]. They found a 55% increase in cystomet-
ric capacity. In 47% there was >50% reduction in in-
continence episodes, and in 81% there was >50% re-
duction in number of urgency events. Increases in 
cystometric capacity vary significantly between stud-
ies using continuous stimulation (range 11-177%) 
and also conditional stimulation (range 37-144%). 
Horvath et al. and Oppisso et al. showed that DO was 
suppressed conditionally, with a subsequent increase 
in bladder volume and postponement of incontinence 
[105, 106]. Martens et al. found with conditional stim-
ulation that an increase in stimulation current results 
in a more pronounced detrusor inhibition [107]. Be-
sides DO suppression, increases of the pressure at 
the bladder neck and the urethral sphincter contribute 
to continence [108]. In general, patients tolerate con-
ditional stimulation well and they adapt to the sensa-
tion in long-term use [109]. Stimulation effectively 
suppresses urgency and decreases urgency epi-
sodes. Suppression of urgency during stimulation 
might contribute to tolerance of stimulation. This 
might enable stimulation at higher current to increase 
effectiveness when stimulation is applied condition-
ally. 

Posterior tibial nerve stimulation  
Percutaneous posterior tibial nerve stimulation 
(PTNS) was described 20 years ago as a minimally 

invasive treatment for urge incontinence due to neu-
rogenic detrusor overactivity (NDO) in spinal cord in-
jury (SCI) patients. Interestingly, the location where 
the tibial nerve is stimulated is in the same area as 
the Sanyinjiao (SP6) point used in Chinese acupunc-
ture to treat pelvic floor organ dysfunctions. The PTN 
is derived from the L4-S3 nerve roots and therefore 
shares common roots with those serving bladder 
functions. SCI and Parkinson patients with neuro-
genic DO have been treated with PTNS. PTN seems 
to increase cystometric bladder capacity and bladder 
volume at which DO and associated leakage occurs 
[110, 111] (LOE3). Gobbit et al. looked at the effect in 
21 MS patients. Eighty-nine percent of patients re-
ported a treatment satisfaction of 70%. Significant im-
provement in QoL was seen in most domains of the 
King's Health QoL questionnaire [112]. Kabay et al. 
looked at the clinical and urodynamic effects in MS 
and Parkinson’s disease [113, 114]. They found sig-
nificant clinical and urodynamic improvements, alt-
hough it was impossible to completely suppress DO. 
De Seze et al. looked at transcutaneous PTNS in 70 
MS patients [115]. With daily stimulation sessions, 
they showed clinical improvement in urgency and fre-
quency in more than 80% of patients at three months. 
They also observed an initial acute cystometric re-
sponse in > 50% of the patients without correlation 
with clinical efficiency. There still is debate about the 
possibilities to really influence voiding behavior via 
the posterior tibial nerve [116]. PTNS is a stimulation 
technique that allows for sham comparison. It should 
therefore be tested in this fashion. 

As in SNM, the literature reports of PTNS in the neu-
rogenic bladder population is complicated by limited 
number of studies, small sample sizes, non-standard 
treatment plans, poor descriptions of the extent and 
severity of neurologic disease, and heterogeneous 
patient populations. A recent meta-analysis by Ga-
ziev et al. (2013) including MS and Parkinson’s dis-
ease showed mixed findings on success rate ranging 
from approximately 40 % to 100 % for neurogenic 
overactive bladder or urinary retention [117] (LOE3). 
In 2015 Kabay et al. published the results of a retro-
spective case-controlled study with 34 patients en-
rolled to PTNS treatment. 21 patients completed the 
one year PTNS treatment with controls at 6, 9 and 12 
months of therapy. After 12 weeks of therapy, PTNS 
was applied at 14-day intervals for 3 months, then 21-
day intervals for 3 months, and in the end for another 
3 months with 28-day intervals.  The improvements 
for all voiding diary parameters were significant at 
each control when compared to the baseline. Day-
time frequency decreased by 5.4 voids daily, urgency 
incontinence decreased by 3.4 episodes daily, ur-
gency episodes decreased by 7.4 episodes daily, 
nocturia decreased by 2.6 voids, and voided volume 
improved by a mean of 72.1 cc. The reported results 
demonstrate an excellent durability of PTNS over 12 
months [118] (LOE3). 
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Repetitive transcranial magnetic stimulation  
Repetitive transcranial magnetic stimulation (rTMS) 
of the motor cortex induces a long-lasting modulation 
of spinal cord excitability [119]. Thus, it represents a 
potentially useful tool for the treatment of neurogenic 
urinary disturbances. Centonze et al. [120] investi-
gated the effects of low frequency (5 Hz) excitatory 
rTMS over the motor cortex on LUT dysfunction in 10 
MS patients complaining of urinary symptoms. All but 
one of the patients reported an improvement of void-
ing phase LUT symptoms and a significant reduction 
of post void residual volume. In patients with pure de-
trusor underactivity, there was increase of PdetQmax 
and Qmax. In patients with DSD, on the other hand, 
rTMS produced negligible effects, although the ob-
servation of a reduction of PdetQmax in this context 
seems to suggest a better relaxation of the urethral 
sphincter (LOE3). Brusa et al. also observed positive 
effects lasting 2 weeks after rTMS in 8 patients [121].  

Deep brain stimulation 

Subthalamic nucleus deep brain stimulation 
(STMN-DBS) 
A large proportion of patients suffering from Parkin-
son’s disease present with urinary dysfunction includ-
ing urgency, increased frequency or incontinence 
[122]. Deep brain stimulation (DBS) of the subtha-
lamic nucleus (STN) has been established as a sur-
gical treatment of motor symptoms in Parkinson’s dis-
ease patients [123]. However, data from experimental 
urodynamic measures in men [124] and animal mod-
els [125] have also demonstrated a significant influ-
ence of STN-DBS on urinary bladder function. In 
these studies, the main effect of STN-DBS appeared 
to be a normalization of urodynamic parameters in the 
storage phase with a delayed first desire to void and 
an increased bladder capacity. Herzog et al. investi-
gated the effect of STN-DBS on the neural mecha-
nisms underlying cerebral bladder control. Using PET 
to measure changes in regional cerebral blood flow 
(rCBF), 11 patients with bilateral STN-DBS were 
studied during urodynamic bladder filling in STN-DBS 
ON and OFF condition. A filled bladder led to a signif-
icant increase of rCBF in the anterior cingulate cortex, 
which was further enhanced during STN-DBS OFF. A 
significant interaction between bladder state and 
STN-DBS was observed in lateral frontal cortex with 
increased rCBF when the bladder was filled during 
STN-DBS OFF [126, 127] (LOE3). 

 Thalamic deep brain stimulation 
The precise mechanisms underlying cerebral regula-
tion of lower urinary tract function are still poorly un-
derstood. Essential tremor (ET) is not known to in-
duce lower urinary tract symptoms (LUTS) or neuro-
pathological changes in the thalamus. Consequently, 
DBS in patients with ET offers the unique opportunity 
to investigate the role of the thalamic ventral interme-
diate nucleus (VIM) nucleus in lower urinary tract 
function. Kessler at al. [128] evaluated the effect of 
thalamic DBS on urodynamic parameters in patients 

with ET. Seven patients were examined (two females, 
five males) with ET 15–85 months after implantation 
of DBS leads into the VIM. They compared urody-
namic parameters during thalamic DBS (ON state) 
and 30 min after turning the stimulator off (OFF state). 
In the ON compared with the OFF state, there was a 
significant decrease in bladder volume at first desire 
to void (median, 218 ml vs. 365 ml, p = 0.031), at 
strong desire to void (median, 305 ml vs. 435 ml, p = 
0.031), and at maximum cystometric capacity (me-
dian, 345 ml vs. 460 ml, p = 0.016). No significant dif-
ferences between the ON and OFF state were de-
tected for changes in detrusor pressure during filling 
cystometry, bladder compliance, maximum detrusor 
pressure, detrusor pressure at maximum flow rate, 
maximum flow rate, voided volume, and postvoid re-
sidual (LOE3). 

Conclusions 

• Electrical neuromodulation is not first line treat-
ment for neurogenic DO. There are some limited 
reports showing that it may be beneficial (LOE 
3). 

• Automatic, event-driven electrical stimulation in 
the treatment of neurogenic DO is feasible (LOE 
3).  

• Chronic pudendal nerve stimulation is feasible. 
Neurophysiological guidance seems to be man-
datory to place the lead near the pudendal nerve 
(LOE3). 

• Percutaneous Tibial Nerve Stimulation gives im-
proved clinical and urodynamic parameters. 
(LOE3), but its role is not established.  

• Enhancing corticospinal tract excitability by 
rTMS might be useful to ameliorate detrusor con-
traction and/or urethral sphincter relaxation in 
MS patients with bladder dysfunction (LOE3). 

• Thalamic deep brain stimulation resulted in an 
earlier desire to void and decreased bladder ca-
pacity, suggesting a regulatory role of the thala-
mus in lower urinary tract function (LOE3). 

• STN-DBS appeared to tend to normalization of 
urodynamic parameters in the storage phase, 
with a delayed first desire to void and an in-
creased bladder capacity (LOE3). 

Recommendations 

• If pharmacotherapy fails to relax the overactive 
detrusor, electrical neuromodulation may be op-
tional in patients with neurogenic DO (C/D) 

• Although the setup for conditional, event-driven 
electrical stimulation is not suitable in a clinical 
setting, the treatment modality is promising and 
it warrants further investigation (D). 

• Further studies on chronic pudendal nerve stim-
ulation must be carried out to identify the best 
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stimulation parameters and to verify the long 
term results (D)  

• The thalamus may be a promising target for the 
development of new therapies for lower urinary 
tract dysfunction. Further investigation on this 
matter is needed before its potential role can be 
elaborated. 

 Electrical stimulation of the pelvic floor 
musculature 

The aim of electrical stimulation in patients with neu-
rogenic urinary stress incontinence is to improve key 
functions, namely the strength and/or timing of the 
pelvic floor muscle contraction. Electrical stimulation 
is provided nowadays mostly by portable battery pow-
ered stimulation, offering a wide combination of wave 
forms, frequencies, intensities, electrode placements 
etc. 

In patients with incomplete denervation of the pelvic 
floor muscle and of the striated sphincter, electrical 
stimulation via anal or vaginal plugs performed over 
months, may improve pelvic floor function, and may 
thus improve incontinence. The incompleteness of 
the lesion should be as such that the patient is able 
to contract voluntarily the pelvic floor to some extent, 
even if such contraction is weak.  

Conclusions 

• There is no study published which deals with 
electrical stimulation via anal or vaginal plugs 
could be able to improve the strength of pelvic 
floor musculature (LOE 4)  

Recommendations  

• In patients with incomplete denervation and 
some voluntary contraction of the pelvic floor 
muscle and the striated sphincter, electrical stim-
ulation may be an option to improve pelvic floor 
function, thus improve incontinence (C/D) 

 Intravesical electrical stimulation (IVES) 
The technique involves a catheter with a stimulation 
electrode, introduced into the bladder and connected 
to the stimulator. Saline (0.9 %) is used as the current 
leading medium within the bladder. The neutral elec-
trode is attached to the skin in an area with preserved 
sensation, usually in the lower upper abdomen. The 
afferent stimuli induced by IVES travel along afferent 
pathways from the LUT to the corresponding CNS 
structures. This “vegetative afferention” results in 
sensation of bladder filling/urge to void, with subse-
quent enhancement of active contractions, and pos-
sibly also in voluntary control over the detrusor. Feed-
back training is mediated by enabling the patient to 
observe the change of the detrusor pressure on a wa-
ter manometer, which enables the patient to notice 
when a detrusor contraction takes place. This also fa-
cilitates voluntary control. 

Intravesical electrical stimulation of the bladder 
(IVES) is still not established as a therapy for patients 
with neurogenic detrusor dysfunction. IVES may help 
to verify function of afferent pathways, proper indica-
tion is crucial and this type of therapy should only be 
applied in those with afferent fibers between the blad-
der and the cortex, proved by the evaluation of vis-
cerosensory cortical evoked potentials. Intravesical 
electrotherapy may be able to improve neurogenic 
bladder dysfunction. Studies about IVES were re-
viewed in previous consultations [129]. 

Conclusions 

• Basic research during the last decade supports 
the underlying working concept of IVES (LOE 3) 

• The results reported in the literature are contro-
versial, mainly because of varied inclusion and 
exclusion criteria (LOE 3). 

• In the only sham-controlled study the treatment 
period was short and the inclusion and exclusion 
criteria were not fully defined (LOE 3). 

Recommendations 

• Intravesical electrotherapy may improve neuro-
genic bladder dysfunction, inducing bladder sen-
sation and the urge to void (B/C) 

• IVES is the only available option to induce/im-
prove bladder sensation and to enhance the mic-
turition reflex in patients with incomplete central 
or peripheral nerve damage, but corroborating 
controlled evidence is needed (B) 

• Selection of patients is crucial and IVES should 
be applied only if afferent fibers between the 
bladder and the cortex are still intact and if the 
detrusor muscle is still able to contract (B) 

• The ideal indication is the neurogenic hyposen-
sitive and hypocontractile detrusor (C) 

 Sacral neuromodulation  
Two indications for neuromodulation are clearly valid 
in urology: overactivity/ urgency urinary incontinence 
and chronic urinary retention (aside from vesico-
sphincteric dyssynergia) [130], as discussed else-
where in the consultation. This section focuses on the 
possible application of sacral neuromodulation in pa-
tients with neurological bladder dysfunction. The liter-
ature survey was undertaken with the key words: neu-
rogenic bladder; spinal cord injury; spina bifida; me-
ningomyelocoele; multiple sclerosis, sacral neuro-
modulation 

Hypotheses on the modes of action of neuro-
modulation  
The first effects of electricity on the bladder were re-
ported during electro stimulation treatment of pelvic 
floor muscles (with the aid of electrodes situated in 
the anus, the vagina, on the penis...) during urinary 
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incontinence reeducation [131-134]. Inhibition of 
bladder contractions by electrostimulation was seen. 
Tanagho and Schmidt, the pioneers of neuromodula-
tion, attributed the benefits of neuromodulation in uri-
nary incontinence to a hypertrophy of the pelvic mus-
cles, allowing better control [135]. Voluntary contrac-
tions of the pelvic floor muscles can cause reflex re-
laxation of the bladder. However, the most widely 
held hypothesis currently is that neuromodulation al-
lows a restoration of normal vesical reflexes [136-
138] (LOE4). This hypothesis explains that the stimu-
lation can inhibit the guarding reflex pathway and re-
store normal urination or turn off supraspinally medi-
ated overactivity by blocking ascending sensory path-
ways. The role of cortico-subcortical structures was 
recently emphasized in studies of patients with incon-
tinence [139, 140] (LOE4) or retention [141] (LOE4). 
Somatic afferents as the vectors for neuromodulation 
mechanism of action is supported by the observation 
that visceral nerve fibers  are not activated by the pa-
rameters normally used [142] (LOE4). Despite data 
obtained in animals [143] (LOE4), it seems that neu-
romodulation cannot be effective in patients with a 
non functional peripheral nerve circuit. 

Treatment of neurogenic detrusor overactivity 
incontinence 
Prior to 2010 the literature examining the use of sa-
cral neuromodulation (SNM) in the neurogenic popu-
lation was scarce and limited by heterogeneous pa-
tient populations including multiple neurologic diag-
noses, lack of randomized controlled trials, small 
sample sizes, and short-term follow-up. Many studies 
even recorded results for incontinence and for reten-
tion at the same time, without always separating the 
results. Since the technique’s first stages, Vodusek 
[134, 135] (LOE4) reported that non-muscular electri-
cal stimulation of the sacral somatic afferents can in-
duce bladder inhibition in patients who present with 
DO secondary to a medullary lesion, be it due to 
trauma or to multiple sclerosis (MS). The data on 
SNM in the neurogenic population is more or less lim-
ited to patients with stroke, Parkinson’s disease, MS 
and incomplete spinal cord injury. In recent years, 
however, the literature has shifted somewhat to sep-
arate studies based on individual neurologic diagno-
ses, moreover, one randomized trial to this effect is 
underway (Knüpfer at al. 2014, [144]) (LOE3). With 
these limitations in mind, the current literature is gen-
erally positive and indicates that SNM demonstrates 
similar efficacy among the neurogenic and the non-
neurogenic populations in terms of successful test 
phase, device implantation, clinical outcomes and 
urodynamic outcomes. 

Two points must be kept in mind when treating pa-
tients with neurological bladder: 

• The disappearance of wettings between cathe-
terizations can be considered a success by itself 
in patients using IC. In contrast, in able-bodied 
patients, treating retention with IC is most often 
considered a failure 

• On the other hand (contrasting, for example with 
botulinum toxin injections), neuromodulation 
does not systematically require the use of IC. 
Furthermore, reversibility of neuromodulation is 
a strong point that must be considered when de-
vising a therapeutic plan. 

The main published series are summarized in Table 
4. Author definitions for neurological pathology dif-
fered widely: some authors considered a history of 
pelvic surgery as a possible etiology while others in-
cluded only patients with medullary neurological le-
sions. Despite this, several points considering the 
neurological etiology of the bladder dysfunction can 
be discussed;  

• MS is not a contra-indication for neuromodula-
tion [139, 145, 146] (LOE3-4). However, it seems 
important to propose this treatment only in pa-
tients who present with a stabilized form of mul-
tiple sclerosis. In addition, patients must be 
clearly informed that the results of neuromodula-
tion may be altered by the evolution of their un-
derlying illness. 

• Patients with incomplete medullary lesions, 
whether of traumatic or other origins, may benefit 
from neuromodulation [139, 147-152] (LOE3-4). 
On the other hand, all authors agree on exclud-
ing patients with complete medullary lesions. 
Clinical data, especially from the Hohenfellner 
series [149] (LOE3), support among others those 
reported by Schurch et al. in 2003 [153] (LOE4). 
These authors published a study in which they 
recorded external anal sphincter (EAS) electro-
myographic activity caused by stimulation of the 
S3 sacral root during a percutaneous needle 
evaluation (PNE) test in three patients who pre-
sented with neurogenic DO and DSD secondary 
to a complete traumatic medullary lesion. They 
describe a reflex response with early and late la-
tency in the three patients. They also demon-
strated that the EAS contraction observed during 
the PNE represented an indirect motor response 
mediated by the afferent nerves towards the spi-
nal cord. Despite the recording of an EAS motor 
response in the three patients, they did not ob-
tain any urodynamic or clinical benefit. This sug-
gests the participation of supraspinal neuronal 
centers— presumptively a spino-bulbar spinal 
pathway—in the SNM mode of action. However, 
these data are contradicted by an experimental 
study using bilateral neuromodulation in the cat 
[154] (LOE4). 

• Guys et al. [155] demonstrated significant 
but limited urodynamic differences in chil-
dren (LOE3). However, the clinical transla-
tion of these modifications has not been re-
ported. It must be emphasized that, in the 
absence of electrodes adapted to paediatric 
sizes, the study was carried out without the 
usual percutaneous evaluation phase.  
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• Encouraging short term results in neurologi-
cal bladder dysfunction do not necessarily 
translate into long-term efficacy [149] 
(LOE2). Despite a positive test in about half 
of the patients tested, long term (54 months) 
results were poor in almost all patients (1/12 
had neuromodulation efficacy). 

• Sievert et al. [156] performed acute bilateral 
sacral S3 nerve stimulation in 10 patients 
with complete spinal cord lesions (SCLs) 
during the spinal shock phase, with six pa-
tients as controls. After a mean follow-up of 
26 months, the cystometric capacity in-
creased and IDC were abolished in the stim-
ulation group. Further studies should look 
into this technique and question the ideas 
about the working mechanism in sacral 
nerve stimulation since afferent stimulation 
effects are unlikely in complete SCI.  

• One of the largest and latest series is from 
Chaabane et al. [157]. They looked at the 
results of PNE testing and SNM implants 
with a mean follow-up of 4.3 years in 62 pa-
tients (34 with DO, 28 with chronic urinary 
retention). DSD was present in nine cases. 
41 patients (66.1%) had more than 50% im-
provement on urodynamic evaluation and 
bladder diary with PNE, and 37 were im-
planted. At follow-up results remained simi-
lar to the evaluation phase in 28 cases 
(75.7%). In six cases (16.2%), clinical re-
sponse had been lost; in these six cases, 
neuromodulation failed on average 12.0 
months after implantation. 

Particular attention has been given to the outcomes 
of SNM in the MS population. These patients present 
unique challenges given the heterogeneity of neuro-
logic lesions and the ability of the disease to progress 
over time. Engeler et al. (2015) performed a single 
center prospective series for the treatment of neuro-
genic lower urinary tract dysfunction (NLUTD) caused 
by Multiple Sclerosis. Out of seventeen patients (13 
women, 4 men) treated with SNM for refractory 
NLUTD, enrolled 2007–2011, 94 % had a positive 
test phase with a >70 % improvement. After implan-
tation of the pulse generator the improvement in void-
ing variables persisted. At 3 years, the median voided 
volume had improved from 125 to 265 ml, the post 
void residual from 170 to 25 ml, micturition frequency 
from 12 to 7, and number of incontinence episodes 
from 3 to 0. Only two patients developed lack of ben-
efit. No major complications are reported. These re-
sults are based on a careful patient selection, patients 
had to have stable disease and confirmed neurogenic 
lower urinary tract dysfunction [158]. (LOE2). These 
results correlate with those reported in a review arti-
cle which was carried out up to December 2014 by 
Puccini et al. (2016). Based on two prospective stud-
ies the authors conclude “SNM seems to be a safe 
and effective treatment for LUTS in MS patients. Fur-

ther and larger studies as well as randomized con-
trolled trials are needed to confirm its clinical role in 
patients with MS.” [159] (LOE3) 

In a prospective neuromodulation database study, 
Peters et al. (2013) enrolled patients with mixed etiol-
ogy [160]: stroke (n=17), multiple sclerosis (n=13), 
Parkinson’s disease (n=10), incomplete spinal cord 
injury (n=4), cerebral palsy (n=1) and some others. 63 
of 71 (88,7%) had a positive test phase and received 
the implantable pulse generator. This group of pa-
tients was compared with the group of patients with 
non-neurogenic bladders. Most patients (> 50 %) in 
both groups reported moderate and marked improve-
ment in overall bladder symptoms of two years, and 
the patients with neurogenic bladder dysfunction ex-
perienced benefits after neuromodulation similar to 
the benefits experienced by those without coexisting 
neurologic condition. These results are encouraging, 
however, there are still some issues which need to be 
solved, e.g. unilateral vs. bilateral implantation espe-
cially in patients with a neurogenic underactive detru-
sor. Life time of the implanted generator (battery) of 
course depends very much on how much electricity is 
necessary. Moreover, also the issue of performing 
MRI needs to be discussed with the patient and his 
neurologist as MRI might damage the implant (ac-
cording to the producing company). (LOE3) 

Scheepens et al. [150] reported two prognostic fac-
tors for poor response (the study population was six 
incomplete medullary injuries, five patients with 
cauda equina syndrome, six with multiple sclerosis, 
and one with myelomeningocele) (LOE3): duration of 
the symptoms (more than seven months in this study) 
and the existence of a neurological cause for bladder 
dysfunction. Neurological patients with a very local-
ized and incomplete nervous condition were the most 
successful. Patients with herniated disc surgery had 
a greater chance of good response. Patients with 
complete medullary or large sacral lesions were poor 
neuromodulation candidates. 

Clinical results of neuromodulation do not necessarily 
correlate to urodynamic results. Bosch indicated in 
his series [147] that almost half of the patients con-
sidered to have had a good outcome clinically in real-
ity retained some overactivity. One publication re-
ported correspondence between urodynamic test 
data and clinical data [139] (LOE4). In 2001 Chartier-
Kastler [161] et al. published the results of a prospec-
tive study concerning the evolution of urodynamic pa-
rameters during the acute phase of the PNE test in 
14 patients with neurogenic DO. The authors con-
cluded that the acute phase of PNE was accompa-
nied by a significant change in urodynamic parame-
ters in more than 2/3 of the patients, and that this 
should be a possible means for selecting patients.  

Sacral neuromodulation for urinary retention 
in neurological bladder dysfunction 
Only two studies reported specific results for neuro-
genic urinary retention.The first is by Hohenfellner et 
al. [149] (LOE3), reporting on 11 patients. Of these 
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patients, three were implanted with temporarily satis-
factory results in only two.  

Lombardi et al. in 2014 evaluated 95 incomplete SCI 
patients suffering from chronic, neurogenic non-ob-
structive urinary retention. Only 41 % were suitable 
for implant after the test phase. The implant was done 
unilaterally. After three years 25 of all patients (29%) 
were considered to be successful, 11 (19%) were fail-
ures. The majority of them with the unilateral implant 
had success when the contralateral L3 sacral root 
was stimulated. The authors conclude that SCI pa-
tients with neurogenic, non-obstructive urinary reten-
tion are good candidates for SNM in the medium fol-
low-up. [162] (LOE2) 

Due to the limited available data and the rather low 
success rate, SNM currently holds a marginal place 
in neurogenic retention patients. Patients need to be 
clearly informed of the high risk of failure. In this re-
spect the bladder contractility test could be helpful in 
order to predict a successful outcome of sacral nerve 
stimulation in acontractile neurogenic bladders [163]. 
It is also necessary to be especially prudent in pa-
tients with cauda equina problems, who may have the 
illusion of recovering urination, but actually may be 
enhancing abdominal straining to evacuate their blad-
der. In reflex incontinence, patients with complete spi-
nal cord or cauda equina lesions are poor candidates 
(LOE4). While a few studies have reported on SNM 
in specific contexts [164-167], patients should be in-
formed that IC is the first-line therapeutic option for 
neurogenic urinary retention.  

Recommendations 

• Sacral neuromodulation can have an inhibitory 
effect on neurogenic DO (C) 

• While sacral neuromodulation has a place in the 
care of neurological urinary incontinence or neu-
rological urinary retention, the proportion of pa-
tients whose condition is improved is much less 
than in non-neurological pathologies (B). 

• Indications for sacral neuromodulation in the 
care of DSD in neurological urinary dysfunction 
are still not established (D). 

 



 

 
 

1139 

Table 4: Results of sacral neuromodulation (test and implantation) in neurogenic patients.  

Author LOE n 
(neurogenic 
bladder) 

Follow-
up 
(months) 

Neurological 
Pathology 

Type of 
dysfunction 

Number of 
patients 
tested 

Test 
success 
Criteria 

Number of 
implantations 

Success criteria 
after the 
implantation 

Number or 
percentage of 
success after the 
implantation at the 
end of the study 

Bosch et al. 1996 
[146]  

4 5(5) 6 MS 5 Incontinence NA >50% 5 >50% 4/5 

Bosch et al. 1998 
[147] 

4 6(6) 24 MS 5 
Incomplete SCI 1 

Incontinence NA >50% 6 >50% 5/6 

Chartier-Kastler 
et al. 2000 [139] 

4 9(9) 43,6 MS 5 
Myelitis 1 
Vascular myelitis 1 
SCI 2 

Incontinence 23 >50% 9/26 >75% 7/9 

Spinelli et al. 
2001 [148] 

4 196(10) 12 Discal hernia 5 
MS 1 
Incomplete SCI 2 
Cerebral lesion 1 

Incontinence 
Retention 

NA >50% 196(10) >50% Retention: 66% 
Incontinence: 50% 

Hohenfellner et 
al. 2001 [149] 

3 27(27) 54 SCI 9 
Myelitis 5 
Cerebral lesions 2 
Discal hernia 7 
Pelvic surgery 4 

Incontinence 
Retention 

27 >50% 12 >50% 1/12 

Scheepens et al. 
2002 [150] 

4 211(24) NA Incomplete SCI 9 
Caudal syndrome 5 
Stroke 3 
MS 6 
Spina 1 

Incontinence 211 >50% NA NA NA 

Bross et al. 2003 
[153]  

3 24 NA Pelvic surgery 5 
Ependymoma A 
Cerebral tumours 7 
Discal hernia 5 
Polyradiculoneuritis 
6 
Spina bifida 1 

Retention 24 >50% 8/24 NP NP 

Guys et al. 2004 
[155] 

2 21 12 Spina bifida 13 Incontinence NA NA 21 >50% NP 
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Author LOE n 
(neurogenic 
bladder) 

Follow-
up 
(months) 

Neurological 
Pathology 

Type of 
dysfunction 

Number of 
patients 
tested 

Test 
success 
Criteria 

Number of 
implantations 

Success criteria 
after the 
implantation 

Number or 
percentage of 
success after the 
implantation at the 
end of the study 

Partial sacral 
agenesis 2 
SCI 2 
Tumour 2 
Various 2 

Spinelli et al. 
2005 [152] 

3 15(15) 6 SCI incomplete 7 
Various Medullar 
lesions 8 

Incontinence 15 >50% 12/15 NP NP 

Wallace et al. 
2007 [145] 

3 33(33) 12,4 MS 16 
Parkinson 6 
Spina bifida 2 
Stroke 2 
Other 6 

Incontinence 
Retention 

33 >50% 28/33 >50% NP (3 
neuromodulators 
removed) 

Chaabane et al. 
2011 [157] 

3 62 51 MS 13 
Incomplete SCI 13 
Peripheral 
neuropathy 8 
Parkinson 4 
Myelitis 4 
Stroke 4 
Other 16  

Incontinence 
retention 

62 >50% 41/62 >50% 76%  

Knüpfer et al. 
2014 [144] 
(only a  protocol 
proposal for a 
randomized, 
placebo-
controlled, 
double-blind 
clinical trial ) 

          

Lombardi et al. 
2014 [162] 

3 85 NP SCI incomplete Neurogenic 
non-
obstructive 

85 NP 36 Significant 
improvement 0.01 
to 0.05  

23/34 full responders 
11/34 inconstant 
responders 
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Author LOE n 
(neurogenic 
bladder) 

Follow-
up 
(months) 

Neurological 
Pathology 

Type of 
dysfunction 

Number of 
patients 
tested 

Test 
success 
Criteria 

Number of 
implantations 

Success criteria 
after the 
implantation 

Number or 
percentage of 
success after the 
implantation at the 
end of the study 

urinary 
retention 

Peters et al. 2013  
[160] 

3 71 NP Stroke 17 
MS 13 
Parkinson 10 
Incomplete 4 
Cerebral palsy 1 
Others 26 

Storage and 
voiding 
symptoms 

Statistical 
significance 

88,7%  Statistical 
significance 

>50 % 

Puccini et al. 
2013 [159] 
(Literature 
research on two 
prospective  and 
four retrospective 
studies – all 
patients with MS) 

3 228 Up to 7 
years 

MS 79 
Neurological 
disease 149 

NP NP NP 159 Objective success 
often unclear, 
subjective cure 
rate 45%, patients 
reported 
satisfaction 85% 
Results stable 
over time 

 

NP: Not precisely stated, NA: Not applicable; LOE: Level of evidence MS: Multiple sclerosis.  
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 SURGICAL TREATMENT OF 
URINARY INCONTINENCE 

 Denervation procedures for treating 
reflex urinary incontinence due to 
detrusor overactivity 

Peripheral bladder denervation 
The best known bladder denervation technique was 
developed by Ingelman-Sundberg [1,2].  The tech-
nique comprises  resection of the inferior hypogastric 
plexus in contact with the bladder through an inverted 
U-shaped vaginal incision, dissecting the bladder lat-
erally and posteriorly, as widely as possible. In the 
most recent paper [2], the authors report up to 54% 
recovery over a mean follow-up of about three years. 
Each published series is from the same group, is ret-
rospective and reports only a small sample size 
(LOE4). It has only occasionally been used in neuro-
genic DO. 

Isolated rhizotomy of ventral and/or dorsal sa-
cral roots 
Historically, attempts at sacral root surgery first fo-
cused on cutting the motor (ventral) sacral roots in or-
der to abolish detrusor reflex contractions. It was 
soon clear that this method failed within six months. 
With a different objective, Brindley [3] developed a 
technique involving stimulation of ventral sacral roots 
to obtain controlled and complete bladder voiding in 
cases of SCI. He realised that patients only acquired 
continence if the stimuli causing reflex bladder con-
traction could be blocked [4]. Early techniques con-
sisted in selective destruction of the dorsal sacral 
roots that evoke detrusor contractions. These selec-
tive rhizotomies did not, however, give the best re-
sults. Only after complete de-afferentation of the sa-
cral micturition centre by intradural rhizotomy were 
better results obtained [5-8] (LOE2-3).  

The technique of "selective" dorsal sacral rhizotomy 
has been studied more extensively but since 1988 no 
publications can be found anymore. It involves mak-
ing an extra-dural approach to the sacral roots (S2-
5), isolating and stimulating the dorsal (sensory) con-
tingent whilst monitoring changes in urodynamic 
pressure within the bladder in order to cut only those 
fibres responsible that do not show evoked overactiv-
ity. This implies that only the senory nerves are cut 
and the motor nerves are preserved.  To retain reflex 
erection, S2 must be preserved, at least on one side. 
This treatment may be proposed for patients with 
neurogenic DO, and also those with urgency inconti-
nence. The most recent article from 1988 by Lucas et 
al. [9] is about  22 patients (LOE3). At the mean fol-
low-up of 4 years, 39% of patients retained a urody-
namically stable bladder with satisfactory clinical re-
sponse. The authors ascribe these improved results 
to a more extensive rhizotomy. However, it should be 
noted that there was a marked heterogeneity of pa-
tients in this series, three out of the eight, considered 

to be "successes", were IDC patients with leakage 
due to DO. 

Mertens et al. [10] applied a technique previously 
used for limb spasticity, namely microsurgical 
DREZotomy, the aim of which is to destroy the dorsal 
root entry zone (DREZ). This zone, first defined in 
1972 by Sindou [11], is a functional anatomical entity 
that groups together the proximal portion of the dorsal 
root, the medial portion of the dorso-lateral tract and 
the superficial layers of the dorsal horn. The tech-
nique involves making a micro-surgical lesion (by mi-
cro-coagulation) on the ventro-lateral portion of the 
entry zone, near the apex of the dorsal zone. The ef-
fect of DREZotomy is to selectively block nociceptive 
afferents, and their relays, and myotatic afferents. 
The benefit of the limited lesion is to avoid complete 
abolition of tactile and proprioceptive sensitivity and 
to prevent the development of deafferentation phe-
nomena. To treat neurogenic DO, the lesion must be 
made on both sides from S2 to S3, or even S4. The 
results from the first series concerned 38 patients 
treated for incapacitating lower limb spasticity, 
treated by extended DREZotomy from L2 to S1. 58% 
of these patients were permanently catheterized. At 
six months, DO had disappeared in 82%, with 63% 
having significantly improved bladder capacity. At 18 
months post-surgery, leakage had disappeared in 
89% of cases. Since 2003, no publications on 
DREZotomy for neurogenic LUT disorders were 
found, although the technique is still applied to allevi-
ate pain.  

Percutaneous sacral root block  
Sacral root block is an old technique, since Dogliotti 
[12] proposed it as early as 1931 to relieve vertebral 
cancer pain by chemically sectioning several dorsal 
roots. An injection of alcohol causes denervation due 
to the fragmentation of myelin in the endoneurium. In 
the 1950s, Bors [13] applied the technique to the 
bladder, standardized the procedure and described 
preliminary results. Later authors reported on a few 
series (LOE3) [14, 15], but always with the same re-
sult; the benefit disappeared after a few months. Phe-
nol, considered to be "selective" for C fibers was then 
tried but the results were no better [16-18]. Chemical 
destruction of the sacral nerve roots has proved inef-
fective and is accompanied by a high rate of minor 
complications (pain), resulting in significant discom-
fort and prolonged hospitalization (LOE3) [14, 15]. 
Mulcahy et al. [19] proposed sacral rhizotomy by per-
cutaneous radiofrequency for neurogenic bladder 
(LOE4). A recent study was published by Ferreire et 
al. [20]. In 8 SCI patients they performed a bilateral 
block of S3 with bupivacaine. These 8 responders 
had an increased bladder capacity and for 3 out of 4 
patients autonomic dysreflexia (AD) improved.  

Rhizotomy of posterior sacral roots and stimulation of 
the anterior sacral roots 

Electrostimulation to improve micturition in patients 
with spinal cord injury has been extensively re-
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searched since 1954. Direct stimulation of the detru-
sor, the spinal cone, the splanchnic and sacral nerves 
have not produced reliable results. Since 1969, Giles 
Brindley  developed a set of electrodes for stimulating 
the spinal roots in the cauda equina. The technique, 
first tested in baboons, led to the development of an 
implanted stimulator to induce micturition in paraple-
gic patients. Sacral rhizotomy performed during im-
plant surgery makes it possible to control bladder hy-
peractivity and ensure continence. The energy 
source and the electronics  for adjusting the stimula-
tion parameters are not implanted. The transmitter 
transforms the electric current from the energy source 
into electromagnetic waves, which are picked up by 
the implanted receptor and re-transformed into an 
electric current that circulates to the electrodes in 
contact with the nerve. Depending on the surgeon’s 
decision, the implant is placed within the membranes 
(intradurally) of the dura mater or outside them (ex-
tradurally), so as to stimulate the sacral roots from S2 
to S4. At the same time, it is essential to perform pos-
terior rhizotomy from S2 to S4 to remove any detrusor 
overactivity, though this is difficult to perform, espe-
cially extradurally [21] (LOE4). This technique can 
only be performed in those with spinal damage who 
are para- or tetraplegic. The sacral reflex arc must be 
preserved. 

Micturition is not continuous: the detrusor cannot be 
stimulated without also stimulating the sphincter. The 
parasympathetic fibers and the fibers destined for 
striated muscles are stimulated together. The re-
sponse of detrusor smooth muscle fibers causes a 
gradual increase in pressure, which continues after 
stimulation has ceased. The "on-off" response to 
stimulation of striated muscle fibers is different. When 
stimulation stops, the striated sphincter immediately 
relaxes, whilst the detrusor continues to contract. A 
new wave of stimulation increases and maintains suf-
ficient detrusor pressure to cause micturition after 
stimulation stops. The careful selection of stimulation 
and stopping times results in a discontinuous, but sat-
isfactory, micturition. Sphincter fatigue due to electri-
cal stimulations, blocking of pudendal nerve motor fi-
bers [22] (LOE4) or use of specific detrusor stimula-
tion by performing an anodal block [23] (LOE 4) have 
been reported, together with poor efficacy. 

Stimulation can also help defecation and erection and 
it resolves to some extent autonomic dysreflexia and 
also spasm of the lower part of the body, but it should 
be remembered that the principal object of sacral 
nerve stimulation combined with posterior rhizotomy 
is to achieve urine continence and bladder voiding. 
Induced erection is a secondary benefit but not an in-
dication for the procedure, and men should be 
warned that they would lose reflex erection after pos-
terior rhizotomy. 

The results of the intervention are summarized in Ta-
ble 5. Briefly, the outcome with regard to continence 
and bladder voiding are good (LOE 2-3). Failures re-
sult from incomplete rhizotomy, where bladder hyper-
activity persists, or from sphincter insufficiency which 

may be treated by additional placement of an artificial 
sphincter [7, 8] (LOE3). Incomplete rhizotomy can be 
surgically completed [7, 8, 24] (LOE 2-3). In all re-
ported series, mean bladder capacity increased sig-
nificantly (LOE 2-3). Micturition was obtained by elec-
trostimulation with a post-voiding residue (PVR) of ≤ 
50 ml in 69 to 100% of patients. All series reported 
decreased incidence of urinary infection, but the de-
fining criteria were too varied to allow conclusions to 
be drawn. Posterior sacral rhizotomy probably pro-
tects the upper urinary tract from detrusor overactiv-
ity. It can resolve the problem of pre-operative reflux 
[24, 25] (LOE4). However, posterior sacral rhizotomy 
should be complete. Indeed, in a series of 500 pa-
tients, Brindley [24] (LOE3) reported twelve cases of 
upper urinary tract impairment, ranging from grade I 
reflux to upper urinary tract dilation.  

Martens et al. looked at patients in the Netherlands 
who underwent a Finetech-Brindley procedure [26]. 
They investigated the effects on quality of life in a 
group of 46 patients that still used the implant. They 
also looked at the presumed beneficial effects of the 
rhizotomy only, comparing with a group of 70 
matched controlled patients that had optimised stand-
ard care. The patients had a significant better Specific 
Impact of Urinary Problems score, general QoL index 
(Qualiveen), and continence rate, and less urinary 
tract infections compared to the Control Group. If the 
stimulator was not used anymore, patients still bene-
fited from the rhizotomy with regard to QoL and con-
tinence rate. The subscales of the SF-36 had better 
scores for the patients who used their stimulator as 
compared to those who did not use the stimulator and 
compared to the Control Group. The conclusion was 
that the active group had a better QoL than the rhi-
zotomy group, and both groups had advantages over 
optimized standard care. Schurch [27] focused on the 
specific problem of dysreflexia and recorded its per-
sistence during stimulation in all patients who had suf-
fered prior to surgery, but with marked improvement 
in symptoms. 

Krasmik reported on the outcome of 137 retrospec-
tive analysed patients. After a mean follow-up time of 
14.8 years elevated detrusor pressure was reduced 
from 65/137 to 2/137 patients, wheras low detrusor 
compliance changed from 62/137 to 13/137 patients. 
Mean bladder capacity significantly (P<0.001) im-
proved from 272.4 ± 143.0 to 475.0 ± 82.7ml. The 
mean number of symptomatic UTI also decreased 
significantly (P<0.001) from 6.2±4.5 to 2.5±2.6 per 
year. The number of patients suffering from inconti-
nence had significantly (P<0.001) decreased from 
70/137 to 44/137. At the last follow-up visit, 107 
(78.1%) patients were still using the stimulator. A total 
of 84 complications requiring surgical revision were 
observed. Defects of the stimulator cables or the re-
ceiver plate were the most common events (n=38) 
[28]. 

Castano-Botero et al reported on a retrospective 
analysis of 104 SCI patients who underwent an extra-
dural implant procedure. Incontinence resolved  in 
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86%  of caseswhereas UTI’s went down from  91% to 
16% [29]. 

Moreover the effect on bowel emptying can also be 
very rewarding as was published by Rasmussen et 
al. They reported that 73% of the 586 respnding pa-
tients used the device for defecation and were very 
happy with it [30]. 
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Table 5: Results of series on Sacral anterior root stimulation technique + Sacral deafferentation 

 Patient 
numbers 

Sex 
ratio 
(M/F) 

LOE Mean 
follow-up 
(extremes) 

Pre-op. 
continence 
(%) 

Post-op. 
Continence 
(%) 

Pre-op. 
bladder 
capacity 
(ml) 

Post-op. 
bladder 
capacity 
(ml) 

% complete 
micturition 
(PVR < 50 
ml) 

Pre-op. 
dysreflexia  
(%) 

Post-op.  
dysreflexia 
(%) 

Pre-op. 
UTIs 
(%) 

Post-op. 
UTIs (%) 

Brindley et al. 
(1994) [24]  

500 271/229 3 4 years - - - - 82 - - -  

Barat et al. 
(1992) [32] 

40 26/14 3 2 ½ years 2,5 90 210 
(50-500) 

463 
(200-600) 

82 - - 100 30 
 

Van 
Kerrebroeck et 
al. ( 1996) [31]  

52 29/23 3 3.5 years  81 285 
 

592 
 

87 14 4 4.2/year 1.4/year 

Schurch et al. 
(1997) [27]  

10 3/7 3 3.4 years 0 80 160 
 

> 500 ml 100 60 60  80 30 

Egon et al. 
(1998) [7]  

96 68/28 3 5.5 years 
(0.5-14) 

1 88 200 
(40-600) 

565 
(300-600) 

89 22 0 100 32 

Van der Aa et 
al. (1999) [25]  

37 33/4 3  
(0.4-12) 

- 84 75% 
< 400 ml 

95% 
> 400 ml 

91 - - - - 

Creasey et al. 
(2001) [733]  

23 16/7 3 > 1 year 65 87 243 
(30-450) 

> 400 ml 69 35 7 82 
 

78 
 

Bauchet et al. 
(2001) [6]  

20 6/14 3 4.5 years 
(1-8.5) 

0 90 190 
(40-600) 

460 
(350-800) 

90 15 0 100 - 

Vignes et al. 
(2001) [34]  

32 - 3 8 years 
(4-11) 

0 90 220 
(50-600) 

550 
(350-600) 

80 18 2 100 30 

Kutzenberger 
(2005) [8]  

464 244/220 2 6.6 
(6-17) 

- 83 173 470 81 - - 6.3/yr 1.2/yr 

Martens 
(2011) [26] 

46 36/10 3 13(1-19) - 52 - - - - - - 50 (>1 
yr) 

Krasmik 
(2014) [28] 

137 81/56 3 15(0-25) 51 32 272 475 - 61 2 88 51 

Castano-
Botero (2015) 
[29] 

104 95/9 3 - 0 86 - 263 (SD 
108) 

91 66 6 91 16 
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Conclusion  

• Bladder denervation is mainly reserved for those 
suffering complete spinal cord injuries. 

Recommendations 

• No peripheral bladder denervation technique has 
passed the test of time (D) 

• Injections of neurolytic products to treat detrusor 
overactivity should be abandoned, since they are 
ineffective in the medium and long term and ex-
pose patients to morbidity (A) 

• Sacral dorsal rhizotomies need to be quite exten-
sive to treat successfully neurogenic DO. So they 
may be performed only in patients with lower limb 
neurological impairment (B) 

• In certain situations, dorsal rhizotomies can be 
undertaken in association with ventral root stim-
ulators (Brindley’s technique) or even with conti-
nent cystostomy (B) 

• Electrostimulation of the anterior sacral roots is a 
valid option for managing neurogenic bladder in 
patients with spinal lesion, with long-term follow-
up (B) 

• It must be combined with destruction of all or part 
of the posterior sacral nerves, and cannot there-
fore be performed in patients with conserved 
lower limb motility(B) 

• The reflex arc must be intact(B) 

• Posterior rhizotomy exposes men to loss of re-
flex erection and women to a loss in reflex vagi-
nal lubrication(B) 

• It is vital to assess the patient carefully before im-
plantation so as to determine whether he/she will 
be able to mount a toilet or grasp a urinal handrail 
(B) 

 Surgery for Incontinence associated 
with poor bladder emptying 

Incontinence in neurological patients can be aggra-
vated by deficient bladder emptying and retention. 
Two mechanisms can be involved: detrusor sphincter 
dyssynergia (DSD) or detrusor underactivity.  

 Surgical treatment of detrusor external 
sphincter dyssynergia (DSD) 

DSD is a characteristic feature of suprasacral and in-
frapontine lesions and can be treated with sphincter-
otomy. The aim of sphincterotomy is to produce reflex 
micturition into a condom catheter which acts as a 
pressure relieve valve, thus protecting the upper uri-
nary tract. For the last thirty years, endoscopic 
sphincterotomy has been the technique of choice for 
patients who cannot or do not want to do IC. It is in-
vasive, irreversible and the patient has no adaptation 

period [35, 36] (LOE3). Prosthetic sphincterotomy us-
ing a urethral endoprosthesis (or stent) is an alterna-
tive. 

Sphincterotomy recommendation supposes a diag-
nosis of a neurological cause of DSD that is compli-
cated by hydronephrosis, vesicoureteral reflux, auto-
nomic dysreflexia or repeated urinary infections sec-
ondary to poor bladder voiding. Patients should have 
failed or refused IC. Main contra-indications are [37, 
38]: 

• Impossibility to retain a condom catheter. All 
sphincterotomy techniques, including stenting, 
are contra-indicated for men who cannot retain a 
condom catheter (hence also for women). A 
semi-rigid penile prosthesis can be placed to 
help retain the condom catheter [39] (LOE3). 
However, patients must be informed that there is 
a 20% to 30% risk of erosion and infection of the 
penile prosthesis for those with SCI, as opposed 
to only 2.7% in the general population [40, 41] 
(LOE3).  

• Detrusor acontractility or hypocontractility. Pa-
tients with spinal cord injury and no reflex detru-
sor contraction during urodynamic tests are poor 
candidates for the various techniques of sphinc-
terotomy. 

• Patients who wish to father children and are can-
didates for vibro/electro-ejaculation and an artifi-
cial insemination program. 

Endoscopic sphincterotomy 
Emmett [42] first described endoscopic sphincterot-
omy in 1948. He performed cervico-prostatic inci-
sions in patients with SCI, but later realized that the 
problem lay in the striated sphincter. External sphinc-
terotomy was performed in 1958 by Ross et al. [43]. 
They carried out cold-blade surgery and placed a 
catheter (Ch 22-26) for tamponade, since nearly all 
patients required transfusion (one of the ten patients 
in the series died after surgery). A few attempts at 
surgical sphincterotomy via the perineal and subpu-
bic myotomy routes were tried later. Complexity and 
frequent serious complications explains why these 
approaches were abandoned [44, 45]. Sphincterot-
omy with electrocoagulation was finally found to be 
the best technique. 

Endoscopic sphincterotomy morbidity includes hema-
turia, which can be abundant and sometimes difficult 
to control, requiring transfusion in 2-13% of patients 
(LOE2-3). Incision at the twelve o’ clock position 
seems to offer the lowest risk of hemorrhage, with 
three and nine o’ clock sphincterotomies entailing the 
highest risk [46] (LOE4). 

Post-operative impotence is also a common compli-
cation. Rates of up to 56% were reported in early se-
ries [47-50] (LOE3). More recent series (Table 6, LOE 
2-3), most using a median, or slightly deviated inci-
sion, have not affected sexual function. However, it 
should be noted that the population concerned may 
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have many other reasons (neurological, psychologi-
cal, etc.) for suffering from erectile dysfunction. When 
sphincterotomy is accompanied by complete inconti-
nence there are obvious reasons for psychological 
difficulties during intercourse. This issue must be dis-
cussed with the patient before surgery. The fear of 
this sequel sometimes causes the patient to decide 
against surgery; use of an incontinent prosthesis as 
first-line therapy can enable the patient to gain insight 
into this potential consequence of endoscopic sphinc-
terotomy. 

If striated sphincter section fails, the possibility of 
bladder neck stenosis should be investigated. This is 
seen in from 2 to 21% of patients (LOE 2-3). Section 
of the bladder neck may then improve voiding, but will 
result in permanent incontinence. Before surgery, the 
surgeon must make sure that the patient accepts this 
situation and can use a condom catheter. 

Results of endoscopic sphincterotomy are summa-
rized in 6 (LOE2-3). Any analysis is made difficult by 
the absence of unequivocal criteria of success. Some 
patients are improved by sphincterotomy, even with a 
200 ml residue. Most authors use indirect urodynamic 
criteria to evaluate success (decrease in bladder 
pressure during micturition, decrease in PVR). The 
most obvious result is the improvement in autonomic 
dysreflexia observed in tetraplegic patients. It also 
appears that the intervention reduces the rate of 
symptomatic UTIs. However, chronic bacteriuria is 
not improved [51]. The reported results concerning 
resolution of hydronephrosis and vesicorenal reflux 
differ, and in each series, there are very few patients. 
Another essential point, well known in practice but 
rarely reported, is the recurrence of neurogenic DSD 
in many patients [36, 52, 53] (LOE3). Riccotone et al. 
(LOE3) [53] reported 82% recurrence of symptoms 
after ten years of follow-up. Juma et al. [36] (LOE3) 
report similar results after eleven years, with patients 
undergoing an average of 1.7 sphincterotomies. Pan 
et al. reported a mean duration of benefit of almost 
seven years, which could be sustained with a repeat 
procedure [54]. A single study has tried to address 
predictive factors for a successful sphincterotomy. In 
this retrospective study, although detrusor leak point 
pressure and retrograde perfusion pressure were 
found to be superior to residual urine volume in pre-
dicting sphincterotomy success, results were not sta-
tistically significant [55]. 30-68% of patients eventu-
ally develop some impairment of the upper urinary 
tract [36, 54]. Patients who have undergone this sur-
gery must therefore be regularly monitored to detect 
any distension of their upper urinary tract.  

The group from Ginsberg published their long term 
data on 97 patients who underwent bladder neck in-
cision with external sphincterotomy (BNI/ES) over a 
period of 40 years. During the period reviewed, a sol-
itary redo BNI/ES was done in 46 patients, a second 
redo BNI/ES was done in 23 patients, and a third redo 
BNI/ES was done in 7 patients with success rates of 
50%, 68.2%, and 85.7%, respectively.  All patients 
had a normal serum creatinine level at the end of the 

follow-up. Mean elapsed follow-up after the last redo 
BNI/ES was 119 months (range, 6-408 months) for all 
patients evaluated. Mean durability of successful 
redo BNI/ES was 109.1 months. [56] 



 

 
 

1148 

Table 6: Results of endoscopic sphincterotomy  

 Number patients LOE Mean Follow-up (months) Success criteria 
Chancellor et al. 1999 [51] 26 2 24 - PVR decrease 

- Hydronephrosis, VR reflux decrease (100%, 100%)  
- Improved micturition comfort (80%) 
- Improved autonomous hyperreflexia (100%) 

Catz et al. 1997 [90] 32 3 NP - Significant decrease in PVR 
- Decrease in infections (74%) 
- Decrease in hydronephrosis, reflux (66%, 40%) 
- Improved autonomous hyperreflexia (100%) 

Perkash et al. 1998 [95] 37 2 9 NK 
Fontaine et al. 1996 [91] 92 2 20.6 - Decrease in hydronephrosis, reflux (100%, 90%)  

- Significant decrease in PVR, micturition pressure 
- Decrease in infections (74%) 
- Improved micturition comfort (73%) 
- Improved autonomous hyperreflexia (93%) 

Noll et al. (1995) [35] 105 3 59 No statistical study, but: 
- Improved autonomous hyperreflexia (42 to 17%) 
- Decrease in mean PVR (180 to 70 ml) 
- Decrease in micturition pressure (from 97 to 37 cm H2O) 
- Decrease in frequency of symptomatic urinary infections (8.1 to 3.6 per year) 

Rivas et al. 1995 [96] 22 2 12 - Improved autonomous hyperreflexia (44%) 
- Significant decrease in PVR, micturition pressure 
- Decrease in hydronephrosis (40%) 

Juma et al. 1995 [77] 63 3 132 - Renal function (creatinine): normal in 97% of patients 
- on X-ray, 30% of patients showed upper urinary tract impairment. 
- 2/3 patients had more than one sphincterotomy 

Vapnek et al. 1994 [52] 16 3 39 - 31% required repeated sphincterotomy 
- 50% failure rate (sub-pubic catheter placed) 

Namiki 1984 [92] 9 4 3 - PVR < 50 (100%) 
Ruutu et al. 1982 [93] 11 4 NS - Subjective improvement in micturition comfort (56%) 

- Improved autonomous hyperreflexia (100%) 
Carrion et al. 1979 [94] 60 3 12 - Reflux disappeared (86%) 

- Significant decrease in reflux: 75% 

LOE: Level of evidence; NK: Not known; PVR: Post-Void Residue 
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Prosthetic sphincterotomy 
In 1990, Shaw et al. proposed using a wire mesh 
stent (Urolume) to treat patients with spinal injury pre-
senting with DSD [58] (LOE3). Since then, various 
stents have been used. 

7 lists the types of stent used for DSD, according to 
classification criteria [59, 60]. They can be placed in 
various sections of the urinary tract: prostatic urethra, 
through the striated sphincter or more distal in the 
sub-sphincteric urethra. Our review is limited to 
placement through the striated sphincter. 

Table 7: Urethral stents used in neurogenic DSD 

Temporary stents 

Stent  Expansion method Size Material  Maximal duration (months) 

Caliber (F) Length (mm) 

Not specific to the striated sphincter 
First-generation 

Urospiral [97] Non expandable 21 40-80 Stainless steel <12 

IUC [98] Non expandable 16-18 25-80 Polyurethane <6 

Second-generation 

Memokath [99] Heat  22/34 30-70 Nitinol <36 

Specific to the striated sphincter 

Diabolo [61] Self-expansion 18 38  Medical steel >12 

Permanent stents 

Stent Expansion method Size  Material 

Caliber (F)   Length (mm) 

Urolume Wallstent [100] Self-expansion 42 20-40 Steel alloy 

Titan [101] Balloon 43 19-58 Titanium 

Memotherm [102] Heat  42 20-80 Nitinol 

Ultraflex [103] Self-expansion 42 20-50 Nitinol 
 

Temporary prosthetic sphincterotomy 
Temporary stents make it possible to carry out a ther-
apeutic test to check the feasibility of condom cathe-
ter use, check that placing a foreign body in the ure-
thra does not induce autonomic dysreflexia and en-
sure the patient accepts the mode of micturition. 
Moreover, during this trial period, it is possible to 
study how the bladder empties in the seated position, 
and assess the necessity of additional treatment for 
smooth muscle sphincter dyssynergia at the level of 
the bladder neck. As this treatment is simple and re-
versible, it is possible to propose it very early to the 
patients, rendering the patient autonomous with re-
gard to carer-assisted catheterization, if this were the 
prior mode of micturition and leaving the possibility to 
discuss any fertility and sexual issues, and consider-
ing the possibilities of preserving sperm. For patients 
with SCI, early temporary stent placement (within six 
months of trauma) theoretically has the added ad-
vantage of waiting for recovery of upper limb motility 
to enable IC After using a temporary stent, the patient 
may choose his mode of micturition; i.e. return to his 

former state, change to another temporary stent, re-
place it by a permanent stent, or choose surgical 
sphincterotomy. 

By definition, temporary stents should be self-retain-
ing, easy to remove and must not epithelialize. Only 
the temporary stent Diabolo [61] is specific for the ex-
ternal urethral sphincter. The results of two types of 
temporary stenting (test) for incontinence have been 
published in the same series [62] (LOE3). In a retro-
spective study of 147 patients, the authors demon-
strated a significant effect on incontinence throughout 
the mean ten month test period, with very low morbid-
ity (15%). The temporary stents were removed easily 
from all patients without sequelae. After this period, 
62.6% of patients chose permanent sphincterotomy, 
usually by means of a permanent stent. Memokath is 
another device that has been studied in neurological 
patients [63-68] (LOE3-4). Several authors report 
complications (32-100%) using this stent, which 
seems to induce a lot of bladder stones and to be 
quite difficult to remove, especially if it is left longer 
than 18 months. When used as second-line treatment 
following failed sphincterotomy, Memokath success-
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fully reduced post-void residuals, but failed to im-
prove urodynamic parameters including bladder ca-
pacity, detrusor leak point pressure, bladder compli-
ance, and maximum detrusor pressure [63].  

Permanent prosthetic sphincterotomy 
Permanent stents are designed to integrate with the 
urethral wall [69]. They resist the striated sphincter 
and prevent its closing during reflex contraction. They 
can be removed if necessary, or at the patient’s re-
quest, with recovery of striated sphincter contraction 
[70, 71]. Permanent stents are made of biocompatible 
materials such as nitinol (a nickel and titanium alloy) 
and titanium. They usually consist of a mesh compris-
ing a single thread (e.g. Urolume) or several threads 
(e.g. Ultraflex). None of the stents are specifically 
adapted for the urethral striated sphincter. Three 
have been reported for treating neurological patients 
with DSD: Urolume, Memotherm and Ultraflex. All 
can be placed under local anesthesia. Table 8 sum-
marizes the principal series published on these de-
vices. Only Urolume was studied according to strict 
prospective criteria [51] (LOE1-2). Using stringent 
clinical and statistical methods, they classified the 
stent as LOE 1 for effectiveness and morbidity in DSD 
with a 5-year follow-up. 160 patients with SCI (mean 
age 36.3 years) in 15 North American centres, were 
treated prospectively with Urolume for DSD. Urody-
namic parameters for micturition pressure, PVR and 
functional bladder capacity were measured before 
treatment and then annually up to 5 years afterwards. 
Mean micturition pressure, the primary criterion, was 
significantly lower 5 years after stenting. PVR de-
creased significantly and was maintained after 5 
years. Mean bladder capacity remained constant. Hy-
dronephrosis, suffered by 28 patients before surgery, 
disappeared in 22 (78.6%) and was improved in the 
others. Autonomic dysreflexia resolved in 70% of 
cases. The indwelling catheters of 63 of the 86 
(84.9%) patients catheterized before surgery could 
be removed. The percentage of positive urine cul-
tures remained unchanged after stenting. No cases 
of peri- or post-operative bleeding, soft tissue erosion 
or bladder lithiasis were observed during the study. 
One case of prosthetic encrustation occurred during 
the first year; three during the second year; three dur-
ing the third year; two during the fourth year and five 
in the fifth year. Urothelial reaction was reported in 
44.4% of cases, but 93.3% of these were mild and 
none required treatment. No erectile dysfunction was 
reported. Stents had to be removed from 24 patients 
(15%), four of whom received new implants. 80% of 
the patients considered their situation improved by 
stenting, and 84% of physicians considered the treat-
ment effective. 47 patients required supplementary 
treatment on the bladder neck (endoscopic section in 
20 cases). In the mid-term, prosthetic sphincterotomy 
using a Urolume stent appears to be satisfactory. 
However, the situation is not so clear over the longer-
term. It is not always easy to remove the stent, espe-
cially from patients who have not been monitored reg-
ularly. Some teams report highly complex surgery for 
stent removal, especially in the event of associated 

urethral stenosis [72-75] (LOE3). A small study 
(n=12) following patients up to twenty years after in-
sertion, suggests a high rate of complications, as 5/6 
patients who completed the 20-year follow-up devel-
oped bladder neck dyssynergia requiring incision, 2 
patients developed obstructive encrustations within 
the first year of insertion and another patient devel-
oped bladder cancer [76]. However, in those patients 
who completed the 20-year follow-up, sustained sig-
nificant improvements in maximum detrusor pressure 
and duration of detrusor contraction were recorded.  
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Table 8: Results of the main series on sphincterotomy using urethral stents 

  Stent Year LOE n Efficacy (%) Mean follow-up 
(Months) 

Migration 
(%) 

Complications 

Pannek et al. 2011 [63] Memokath 2011 3 22 78 10 18 32 

Mehta et al. [66] Memokath 2006 3 29 89 21 23 42 

Hamid [104] Memokath 2003 3 25 89 20 28 48 

Vaidyanathan et al. 2002 [68] Memokath 2002 4 10 90 20 10 100 

Low et al. 1998 [65] Memokath 1998 3 24 54 16 33 38 

Shah et al. 1997 [195] Memokath 1997 3 14 78 24 NA NA 

Game et al. 2007 [62] Nissenkorn/Diabolo 2007 3 147 NR 10 29 30 

Denys et al. 2004 [103] Ultraflex 2004 3 47 81 19 22 15 

Juan Garcia et al. 1999 [102] Memotherm 1999 3 24 100 15 16 17 

Rivas et al. 1994 [78] Urolume/ 
vs sphincterotomy 

1994 2 46 79 16 15 0 

Chancellor et al. 1999 [51] Urolume 1999 2 160 84 60 28 20 

Chancellor et al. 1999 [80] Urolume/ 
vs sphincterotomy 

1999 1 54 81 24 9 0 

Hamid et al. 2003 [64] Urolume 2003 3 12 77 144 NR 16 

Abdul-Rahman et al. 2010 [76] Urolume 2010 3 12 80 144 0 80 
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Whether patients should be offered prosthetic or en-
doscopic sphincterotomy is not yet agreed. Endo-
scopic sphincterotomy is the preferred standard treat-
ment for DSD, where IC cannot be performed. Two 
prospective studies carried out in the US in 1994 in-
dicated that prosthetic sphincterotomy was at least as 
effective as standard sphincterotomy in patients with 
SCI, and offered advantages in terms of morbidity, 
duration of hospitalization and cost [77. 78]. The two 
studies were not randomized. Follow-up was short 
(mean 15 months), with a potential risk of bias, since 
the conclusion that external sphincter balloon dilata-
tion is as effective as endoscopic and prosthetic 
sphincterotomy is not borne out by long-term out-
comes [79]. 

A prospective, multicenter, randomized study com-
paring endoscopic sphincterotomy with prosthetic 
sphincterotomy was published in 1999 by Chancellor 
and Rivas, using the Urolume stent [80]. Fifty-seven 
patients in three specialist spinal cord injury centers 
were included. The study concluded that prosthetic 
sphincterotomy was as effective as endoscopic 
sphincterotomy and required shorter hospitalization. 
Polguer et al published their experience with the Ul-
traflex (n=11) and Memotherm (n=11) during 56 
months in patients with DSD. Complementary proce-
dures after stenting included: five stent prolongation 
or displacement (mean interval 7.6 months), six blad-
der neck incisions (12.2 months), three urethrotomy 
(42 months), ten obstruction treated by laser (47.3 
months). Eight patients had a change of their urinary 
pattern: four underwent ileal conduit diversion, one 
had a continent urinary diversion, one chose self in-
termittent catheterization, two were under indwelling 
catheterization waiting for another treatment. Stent 
retrieval was either harmful or impossible for four of 
them. Three patients were free of complementary 
procedures. They conclude that nitinol urethral stent 
was an effective treatment initially. However after 
years urethral stenosis and hypertrophic growth of 
the urethral mucosa usually require extra  endoscopic 
procedures (0.31 per patient per year). They recom-
mend yearly endoscopic follow-up.  [81] 

 Bladder neck incision (BNI) for 
detrusor-bladder neck dyssynergia 
(DBND) 

The rationale to use BNI was that sympathetic over-
activity might inhibit detrusor contraction and tran-
surethral incision of bladder neck might interrupt the 
inhibitory reflex arc and result in restoration of detru-
sor contractility. In a single retrospective study BNI 
was performed in 22 patients with high-level SCI and 
DBND demonstrated upon video-urodynamics, who 
were previously managed by either IC or indwelling 
catheter [82]. Voiding symptoms were complicated by 
autonomic dysreflexia in 17/22 patients. Deep inci-
sions were carried out at the 5 and 7 o’clock positions, 
sparing the external urethral sphincter. A satisfactory 
surgical outcome was recorded in 86.4% of the pa-
tients 3 months post-op (LOE3). While all patients ad-
ditionally suffered from DSD preoperatively, an open 

urethral sphincter during voiding was reported in 
86.4% of them following BNI, and autonomic dysre-
flexia became less severe or resolved in 88.2% of suf-
ferers. The authors hypothesized the presence of a 
urethra-to-bladder neck reflex pathway to explain ad-
ditional improvements in DSD 

Recommendations 

• Where clean intermittent catheterization is not 
possible, the use of a urethral stent is possible 
(B). 

• Whatever type of sphincterotomy is chosen (sur-
gical or prosthetic): 

• Patients must think carefully about the different 
modes of micturition possible for them (A).  

• The few studies reporting long-term results of 
sphincterotomy demonstrate the vital importance 
of regular patient monitoring for the recurrence of 
DSD or blockage (B). 

• This mode of micturition is contraindicated in 
women, and in men with difficulty in maintaining 
a condom catheter (B). 

• Men who wish to have children should be warned 
of the risk of ejaculatory duct obstruction (B). 

• For patients who have chosen surgical sphincter-
otomy: 

• The reference technique involves an elective 11, 
12 or 1 o’clock incision of the urethral sphincter 
(B). 

• Although surgical sphincterotomy is the ac-
cepted reference treatment for neurogenic DSD, 
analysis of the literature highlights the lack of re-
liable efficacy and reproducibility criteria for the 
technique (B). 

• For patients who have chosen prosthetic sphinc-
terotomy: 

• Different types of stent are used, depending on 
whether sphincterotomy is temporary or perma-
nent. Stents are complementary, and different 
designs can be used for different situations (B). 

• Surgical complications depend as much on the 
surgeon’s competence as on the material and 
may be reduced by experience (C). 

• Clinical studies have demonstrated that neuro-
genic patients prefer prosthetic sphincterotomy 
because it is reversible, even when permanent 
stents are placed (C). 

• Careful follow-up, using yearly cystourethros-
copy is mandatory when leaving a permanent 
urethral stent (B). 

• Published data is inadequate to support a recom-
mendation on the use of bladder neck incision in 
patients with inadequate bladder emptying due 
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to detrusor-bladder neck dyssynergia, either as 
a first-line procedure or as a complementary ap-
proach to DBND recognised following permanent 
urethral stenting. Further studies are needed.  

 

 Surgery to increase detrusor strength 
For some patients, the cause of detrusor underactiv-
ity lies in the bladder wall. In this case, the control cir-
cuit functions but the bladder muscle is too weak. At 
present there is no medical treatment for this situa-
tion. The general objective is to reduce peripheral re-
sistances as much as possible and where this fails, to 
propose IC. However, some teams have suggested 
placing rolled strips of muscle around the bladder. 
Some authors have also suggested a strip of rectus 
abdominis muscle. This is easier to perform and may 
be used essentially for reconstructive surgery, such 
as in bladder exstrophy [83-85] (LOE4). The only 
team to have published results on detrusor underac-
tivity in man is that of Ninkovic et al. [86] (LOE2). They 
reported interesting results from 20 patients suffering 
from neurogenic detrusor underactivity and requiring 
self-catheterization. They reported a technique that 
they had designed in animal experiments [87,88] 
(LOE4) and which consisted of transferring a free 
strip of latissimus dorsi muscle, which was anasto-
mosed to the epigastric vessels and the lowest 
branch of the intercostal nerve. Out of 20 patients, 
with a mean follow-up of 44 months, 60% no longer 
required IC, with PVR below 100 ml. After comple-
mentary surgery on the bladder neck, there was a 
90% success rate that was stable over time. The au-
thors reported no heavy morbidity, particularly with 
regard to the donor site. These promising results 
were largely confirmed in a multicentre trial involving 
24 patients with a median follow-up time of 46 months 
[89]. Complete spontaneous voiding (mean PVR 
25ml) was restored in 71% of the patients, while fre-
quency of CIC was reduced in another 13%. Recur-
rent UTIs ceased in 91% of patients. A critical in-
crease in bladder contractility index may be required 
to achieve complete bladder emptying, but the num-
ber of patients was too small for safe conclusions. Fu-
ture development could use tissue-engineering tech-
niques to construct vascularized and contractile strips 
implanted around the bladder with the same proce-
dure.   

Recommendations: 

• Latissimus dorsi myoplasty on the bladder is a 
promising technique that needs to be validated 
further (C). 

 Stress urinary incontinence (SUI) due to 
sphincteric incompetence 

Some patients with neurogenic lower urinary tract 
dysfunction will suffer from incontinence due to 
sphincter weakness. In general, patients with lesions 
affecting the brain or suprasacral spinal cord will not 

suffer from this problem, as the sacral sphincter 
guarding reflexes will be intact. However, patients 
with lesions of the conus medullaris, the cauda 
equina or peripheral sacral nerves are at risk of de-
veloping neurogenic stress incontinence. Patients 
with neurological disease may also suffer from stress 
incontinence due to direct sphincter injury from ure-
thral catheter trauma or as a result of previous inter-
ventions such as sphincterotomy or dorsal rhizotomy. 
In women, SUI may be present for non-neurogenic 
reasons such as urethral hypermobility due to previ-
ous pregnancy and childbirth. 

People with neurogenic lower urinary tract dysfunc-
tion and SUI may also have impaired bladder storage 
function. If this is the case, a surgical procedure that 
treats the stress incontinence in isolation might put 
the patient at risk of upper urinary tract deterioration 
(as the upper tracts become exposed to the full force 
of the bladder dysfunction, having lost the “safety 
valve” effect of a weak sphincter) or of persisting in-
continence. Pre-operative urodynamic evaluation of 
bladder function is therefore mandatory before under-
taking surgery for neurogenic SUI. 

The question as to when it is safe to treat neurogenic 
SUI while leaving bladder dysfunction uncorrected 
has been studied most intensively in the paediatric 
age group. Most series relate to children with spinal 
dysraphism/myelomeningocoele and, typically, au-
thors report the necessity to proceed to bladder aug-
mentation in at least a third of patients. Even with a 
thorough urodynamic and radiologic preoperative 
evaluation, some patients will have late bladder com-
pliance deterioration [106-123]. However, the issue 
continues to generate debate and studies have not 
reached total consensus; for example, Snodgrass et 
al. [124] (LOE3) published a retrospective analysis of 
30 children (mean age: 8.6 years) who had a bladder 
neck sling procedure and appendico-vesicostomy 
without augmentation. At 22 month of mean follow-
up, only one patient had had to undergo a bladder 
augmentation. In a subset of 16 patients who had uro-
dynamics at 24 months, 13/16 had an increase of 
their maximum bladder capacity. However, 67% of 
the patients required anticholinergic therapy. In con-
trast, Dave et al. [125] (LOE3) strongly advocate the 
case for simultaneous bladder augmentation. The au-
thors report a series of 15 children followed for at 
least five years after an isolated bladder outlet proce-
dure (5 Pippi-Salle, 5 slings and 5 artificial urinary 
sphincter). At a mean follow-up of 11.25 years, all the 
patients underwent surgery to increase bladder ca-
pacity, either for recurrent incontinence or for upper 
urinary tract deterioration. At present, no definitive 
conclusions can be drawn as to advisability of routine 
prophylactic bladder augmentation, but many authors 
recommend a concomitant bladder augmentation 
when performing a bladder outlet procedure [126] 
(LOE4). The option of using detrusor injections of bot-
ulinum toxin in children offers a further therapeutic ap-
proach in circumstances where there is uncertainty. 
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A further important consideration when contemplating 
neurogenic SUI surgery is the means of bladder emp-
tying following treatment of the sphincter weakness. 
In particular, patients who are emptying their bladders 
using an element of straining will not be able to empty 
in this way post-operatively. Patients will therefore 
need to consider how they will empty their bladder 
once continence is achieved. The options available to 
patients will include: IC (either via the urethra or a 
continent catheterisable abdominal conduit) or the 
use of a suprapubic catheter (either on free drainage 
or with a catheter valve). There will be some patients, 
who have only limited neurological damage, who will 
continue to be able to empty their bladder using vol-
untary voiding post-operatively but, even in this 
group, it is necessary to warn patients of the possible 
need for post-operative IC and to make sure that they 
are capable of using the technique before embarking 
on treatment. 

Farag et al performed a systematic review on the 
treatment of stress urinary incontinence in neuro-
genic patients published from 1992 to 2013. Thirty 
studies were identified with Level 3 evidence. The 
quality of reporting was 43-81%, with significantly 
higher quality noted in studies published after 2002. 
None of the studies followed a randomized controlled 
trial (RCT) design. Three primary surgical procedures 
were used in 29 of 30 studies: artificial urinary sphinc-
ter (AUS), urethral slings, and urethral bulking 
agents. One study used a ProACT device. AUS was 
considered more successful than urethral bulking 
agents (77 ± 15% vs. 27 ± 20%, P = 0.002). Urethral 
bulking agents reported higher failures than urethral 
sling procedures (49 ± 16% vs. 21 ± 19%, P = 0.016) 
and AUS (21 ± 19% vs. 10 ± 11%, P < 0.002).They 
concluded that the quality of evidence obtained from 
non-RCTs is modest. Surgeries for NSUI have rela-
tively high success rates but also high complication 
rates. [127] 

 Bulking agents 
There have been some studies reporting on the use 
of bulking agents in neuropathic patients (Table 9). 
Most of the published series relate to the use of peri-
urethral injections in children. Various agents have 
been used. Polytetrafluoroethylen (TEFLON) was 
one of the first [128, 129]. It was once popular for 
treating vesico-ureteric reflux, but it has been aban-
doned after several authors reported possible particle 
migration and granulomatous reaction to this product 
[130, 131] (LOE2). Collagen has also been used, but 
is no longer available. Collagen lysis was found to 
lead to the loss of the bulking effect over time [129, 
132-139]. Other synthetic products that have been 
used include polymethylsiloxane 
(MACROPLASTIQUE) and dextranomer hyaluronic 
acid copolymer (ZUIDEX) [128, 140-146]. Henly et al. 
[188] demonstrated that distant migration of particu-
late silicone was observed in animals after periure-
thral injection with polymethylsiloxane (LOE4). One of 
the main advantages of periurethral injections of bulk-
ing agents is that they are minimally invasive and can 

even be carried out as an outpatient procedure. The 
product is usually injected in the region of the bladder 
neck using a retrograde endoscopic approach. The 
bulking agent is injected at up to four sites with the 
aim of achieving urethral coaptation. Dean et al. [146] 
have suggested using an antegrade approach 
whereby the bladder neck is accessed using a percu-
taneous puncture into the bladder. 
The results of periurethral injection surgery are sum-
marized in Table 9. There are difficulties in comparing 
results from different series, because patient popula-
tions and definitions of treatment success differ. In 
particular, the criteria for defining “improvement” and 
“social continence” vary. Therefore, it seems appro-
priate to consider the proportion of “dry patients” as 
defining clear-cut success (even if some authors add 
to this result a notion of “dryness for some hours” be-
tween voiding or catheterization). Using this defini-
tion, 0 to 36% of the patients are considered to be 
cured using bulking agents (LOE2-3). 
Most results are observed after a mean follow up that 
rarely exceeds 2 years (LOE2-3), although one series 
has reported long-term improvement up to 7 years af-
ter the last injection [148]. 
There are other important considerations to be made 
when interpreting the results of periurethral bulking 
agents. The first is that the studies in children gener-
ally contain patients with two types of problems: con-
genital urinary tract malformations (epispadias, blad-
der exstrophy) and neurogenic lower urinary tract 
dysfunction (mainly myelomeningocoele). This is of 
importance because there is some indication that, in 
children, bulking agents work slightly better in pa-
tients with malformations than in those with neurolog-
ical problems [128, 135, 143, 148]. The global results 
of the series are therefore probably more optimistic 
than the results that might be observed in a popula-
tion of only neurological patients. A second point is 
that these children have frequently already under-
gone various surgical procedures, which could modify 
the results of the injection procedure. Although a high 
proportion of the patients in these studies use IC, 
some have satisfactory outcomes while continuing to 
void spontaneously. 
Although the use of bulking agents does not appear 
to cause any severe complications, there is the sug-
gestion that the presence of deposits of inert material 
might lead to greater difficulty in performing future 
bladder neck surgery [143, 148]. It is also important 
to acknowledge that the failure to correct inconti-
nence is in itself a complication of the operation [126]. 
Gender and previous bladder/sphincter surgery do 
not seem to be reliable prognostic factors regarding 
the success of the injections  
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Table 9: Results of bulking agent injection in patients with neurological bladder dysfunction 

 n LOE Neurogenic 
bladder number 
of patients 

Bulking 
agent 

Age (years) Male/ 
female 

Follow up (years) Dry (%)  Improved (%) 

Leonard et al. [137] 18 3 10/18 Collagen 10.5 12/6 1.3 36 28 

Perez et al. [136] 32 3 25/32 Collagen 9 23/9 0.9 20 28 

Bomalaski et al. [135] 40 2 25/40 Collagen 12.1 28/12 2.1 22 54 

Caione et al. [144] 16 2 3/16 DHAC 10.1 9/7 1 18.7 56.3 

Sundaram et al. [133] 20 3 12/20 Collagen 9.5 12/8 1.3 5 25 

Kassouf et al. [139] 20 3 20/20 Collagen 13.3 15/5 4.2 5 15 

Chernoff et al. [138] 11 3 8/11 Collagen 10.6 6/5 1.2 36 18 

Block et al. [134] 25 3 25/25 Collagen 11.7-21.9 15/10 2.9-4.7 4 44 

Hamid et al. [421] 14 3 14/14 PDS 41 14/0 2.9 36 21 

Godbole et al. [129] 15 3 14/15 PTFE, 
collagen, PDS 

10.2 10/5 2.33 20 53 

Halachmi et al. [140] 28 3 10/28 PDS 12.5 22/6 1 0 42 

Misseri et al. [145] 16 3 12/16 DHAC 4 to 18 6/10 0.8 19 31 

Lottmann et al. [148] 61 2 27/61 DHAC 10.3 41/20 3 26 26 

Guys et al. [143] 49 3 49/49 PDS 14 21/28 6.1 33 14 

Dean et al. [146] 34 3 28/34 DHAC 11.7 18/16 0.3 NS 71 

Dyer et al. [128] 34 3 12/34 PTFE, DHAC 2.7 
(PTFE)/14 
(DHAC) 

NS NS 6 12 

DeVocht et al. [] 89 3 27/27 DHAC, 
PDS 

Children 14/13 8 7 17 

Renard et al 2016 5 3 5/5 PDMS 
elastomer 

48 3/2 1 40 80 

DHAC (Dextranomer Hyaluronic Acid Copolymer) PDS (polydimethylsiloxane), PTFE (Polytetrafluoroethylene), NS (Not stated), LOE (Level of evidence)
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 Autologous Sling Procedures 
In women with neurogenic lower urinary tract dys-
function, the use of an autologous fascial sling to sup-
port the urethra (usually close to the bladder neck) 
has been widely used to treat stress incontinence. A 
sling can either be used in isolation or in conjunction 
with other procedures such as bladder augmentation. 
Table 10 summarises the results of published case 
series. Complete continence is observed in 83 to 89% 
of the patients (LOE3). Once again it should be em-
phasised that many patients will be dependent on 
bladder emptying using IC or an SPC, because the 
patient’s neurological dysfunction may preclude vol-
untary voiding and because the sling may have to be 
inserted under tension in order to provide sufficient 
outflow resistance in the face of neurogenic intrinsic 
sphincter deficiency. All of the series report a low 
morbidity rate from the procedure. In particular, the 
risk of urethral erosion is very low when fascial slings 
are used. Synthetic sling materials have generally not 
been advocated when significant sling tension is re-
quired because of the risk of secondary urethral ero-
sion [129,] (LOE3). However, there is a lack of studies 
that compare the use of autologous tissue and syn-
thetic material. Bladder neck slings appear to be ca-
pable of providing good results in children. Some se-
ries suggest that girls have better outcomes 
[124,149-151].  

The group from McGuire published retrospectively 
about 33 women with neurogenic SUI treated with an 
autologous fascial sling. The mean follow-up time 
was 52 months, while the mean age of the patients 
was 37 years. Causes of neuropathic bladder were 
myelomeningocele in 21 and spinal cord injury in 12 
patients. A total of 30 patients were successfully 
treated and satisfied with the outcome of the opera-
tion (91%). Twenty-five patients (76%) were totally 
dry, while 5 patients (15%) had markedly improved 
but still required one pad per day. The complication 
rate was 15 %. [152] 
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Table 10: Results of bladder neck sling procedures in patients with neurological bladder dysfunction  

 n LOE Neurogenic bladder 
number of patients 

Age (years) Male/ female Bladder 
augment. surgery 
(%) 

Follow up 
(years) 

Continence rate 
(%) 

Snodgrass et al, 2007 
[124] 

30 3 30/30 8.6  0 1.9 57 

Karsenty et al, 2007 [149] 11 3 11/11 42 0/11 100 3.6 72 

Albouy et al, 2007 [151] 14 2 14/14 14 7/7 100 5 79 

Castellan et al, 2005 [150] 58 3 58/58 11.4 15/43 100 4.2 88 

Austin et al, 2001 [196] 18 3 18/18 14 8/10 33 1.8 87 

Barthold et al, 1999 [197] 27 3 26/27 NP 7/20 81 2,1/3,6 28(sling)/50(wrap) 

Gosalbez et al, 1998 [108] 30 3 28/30 10 6/24 97 3,1 93 

Kakizaki et al, 1995 [109] 13 3 11/13 13 10/3 69 3 76 

Gormley et al, 1994 [177] 15 3 15/15 NS 0/15 13 NK (0.5-8.5) 85 

Elder et al, 1990 [178] 14 3 14/14 12.6 4/10 7 1 86 

Athanasopoulos et al 2012 
[152] 

33 3 33 37 33/0 NS 4.3 91 

(LOE: level of evidence, NS not stated) 
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 Suburethral tapes 
Midurethral tape operations, such as the tension-free 
vaginal tape procedure, have taken a major role in the 
management of stress incontinence in the non-neu-
ropathic population but have not been adopted for the 
treatment of neurogenic stress incontinence; con-
cerns about the risk of urethral erosion have been dis-
cussed already. Furthermore, intrinsic sphincter defi-
ciency represents the usual pathophysiology in neu-
rogenic SUI, contrasting with urethral hypermobility in 
non-neuropathic women.  
There is very little published data available on the ef-
ficacy of midurethral tension-free tape operations in 
adult women with neurogenic LUTD. In a retrospec-
tive series of 12 women treated by TVT [153] with a 
mean follow up of 10 years, 9 patients were available 
for assessment of which 7 were dry and 2 were im-
proved. The authors did not report any urethral ero-
sions on follow up. 
For male patients with post-prostatectomy inconti-
nence, the use of synthetic tapes is increasing but, 
there is very little data for patients with a neurological 
cause to their incontinence, other than case reports. 
The use of this type of device in patients with under-
lying neurological illness should clearly be very cau-
tious until further data emerges from clinical trials 
(LOE4).  

 Artificial urinary sphincter (AUS) 
The AUS is recognized as one of the most effective 
treatments for urinary incontinence. It has the inher-
ent advantage that it provides an adequate urethral 
closure pressure during the urine storage phase of 
the micturition cycle but then allows voiding to take 
place in the face of a low bladder outlet resistance. In 
patients with SUI, it is able to deliver either complete 
or “social” continence in 75 to 87% with satisfaction 
rates ranging between 85 and 95%. These rates are 
provided by published case series that contain a ma-
jority of patients with post-prostatectomy stress in-
continence (PPI), along with some neuropathic pa-
tients. However, outcomes are probably similar for 
patients with neuropathic stress incontinence and a 
low-pressure bladder reservoir (LOE4) [154]. It 
should be noted that most of the published data on 
the use of the AUS in neurogenic SUI relates to men, 
although the device is also used in female patients 
with neurological disease as was published by Phe et 
al [155]. 
Before using the AUS in neurogenic SUI, several fac-
tors must be considered: 
• Firstly, the risk of implant infection and erosion is 

probably higher than in the PPI population. It is 
generally recommended that patients undergo 
pre-operative urine culture and sterilisation of the 
urine before surgery [156] (LOE4). 

• Manual dexterity must be sufficient to allow the 
patient to use the AUS pump- either to open the 
cuff to urinate, or to allow IC [154]. They must 
also accept the need for IC should the bladder 

have reduced contractility. However, some stud-
ies seem to indicate that the cycling activation of 
the pump could be avoided in patients perform-
ing IC (LOE3) [157, 158]. Bersch et al. [157] have 
described a modified technique. 

• The cuff implantation site in adult patients with a 
neurologic bladder dysfunction is debated. The 
cuff can be implanted via a retropubic approach 
at the level of the bladder neck or around the 
prostatic apex. Alternatively the cuff can be im-
planted around the bulbar urethra using a peri-
neal incision. Proponents of the retropubic ap-
proach argue that perineal incisions may cause 
cicatrisation problems for patients in wheel-
chairs. Moreover, traumatic catheterization is a 
well-known risk factor of urethral erosion in the 
non-neurological population undergoing an AUS 
[118] (1 to 5.5% in contemporary series) and, alt-
hough it is recognized that IC is possible in AUS 
implanted patients [159], the risk of traumatic 
catheterization and subsequent cuff erosion 
might be higher when the bulbar urethral site is 
used. On the other hand, inserting an AUS cuff 
around the bladder neck is technically more diffi-
cult in adults in comparison with peri-bulbar im-
plantation (LOE4). Some investigators are now 
exploring the possibility of using a laparoscopic 
technique for sphincter implantation [160]. 

• It is necessary to know the ejaculatory status of 
males in order to discuss the possible impact of 
the device on ejaculatory function. Cuff implanta-
tion around the bladder neck may allow patients 
to achieve antegrade ejaculation [161] (LOE4).  

As previously stated, a thorough urodynamic evalua-
tion of the bladder is mandatory in order to evaluate 
the potential impact of bladder compliance following 
AUS implantation. This has been reported in several 
retrospective series (LOE3) [108-123]. The reasons 
for this change in bladder behaviour are not known, 
and it has been observed particularly in populations 
of patients with myelomeningocoele [115, 117, 119, 
120, 122]. In the event of any doubt about the quality 
of the bladder reservoir, bladder augmentation should 
be performed. The main results of published series 
are summarized in table 11. The continence rate is 
high, especially when a bladder augmentation has 
been performed (59 to 100% of the patients). The 
older series include some patients with the previous 
version of the AMS 800 (AMS 792). Therefore, it is 
possible that the long-term outcomes for patients be-
ing implanted today may be better than those seen in 
the past as a result of technical modifications of the 
device. Device infection, cuff erosion into the urethra 
and loss of fluid from the implant are the main causes 
of loss of an AUS. Infection and erosion typically oc-
cur in the early months after implant but late erosions 
are seen [114] (LOE3). The majority of the authors 
consider AUS to be the “gold standard” procedure to 
treat neurogenic sphincter deficiency in men. 
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Table 11: Results of artificial urinary sphincter in patients with neurological bladder dysfunction  

 n LOE Neurogenic 
bladder number of 
patients 

Age (years) Male/ 
female 

Bladder 
augmentsur
gery (%) 

Follow up 
(years) 

Continence rate 
(%) 

Cuff Implantation 
Site 

Complication/revi
sion rate (%) 

Phe et al 2016  
[155] 

26 3 26 49.2 0/26 0 7.5 58 Bladder neck 9/35 

Bersh et al. 
2009 [111] 

51 3 51/51 38.7 37/14 19.6 (sacral 
root surgery) 

8 70.6% (total) 
/90.2% (social 
continence) 

Bladder neck 7.8/35.3 

Lai et al. [118] 218 3 11/218 46.3 215/3 NP 2.4 69 Peri-bulbar 18.2/36.4 

Lopez Pereira 
et al. [120] 

35 3 35/35 14.4 22/13 20/35 5.5 91.4 Bladder neck 11.4/20 

Patki et al. 
[121] 

9 4 9/9 38.2 9/0 NP 5,9 77 Peri-bulbar 22/43 

Murphy et al. 
[179] 

30 3 13/30 54 29/1 NP NP 23 Peri-bulbar 33/70 

Herndon et al. 
[116] 

134 3 107/134 10 94/41 85/134 7.5 86% Bladder neck (122), 
peri-bulbar (12) 

16/41 

Castera et al. 
[112] 

49 3 38/49 14 39/10 9/49 7.5 67 Bladder neck (37), 
peri-bulbar (12) 

20/12 

Shankar et al. 
[180] 

45 4 NP 11 45/0 NP 7 89 Bladder neck 4.4/6.7 

Kryger et al. 
[117]** 

32 3 28/32 6.7/14.5 25/7 9/32 15.4 100/ Bladderneck 41/95 

Elliott et al. 
[113] 

323 3 10/323 Global: 60.4 313/10 NP 5.7 NP  Bladder neck/peri 
bulbar 

Global: 26.2/28.6 

Fulford et al. 
[114] 

61 3 34/61 26 43/18 7/34 10 to 15 88 Bladder neck 
(female)/peri-bulbar 
(male) 

29.4/91.2 

Levesque et al. 
[119] 

54 3 49/54 10/12 34/20 23/54 NS (>10) 59.3 Bladder neck 24/67 

Singh et al. 
[123] 

90 3 90/90 26 75/15  4 92 Bladder neck/peri-
bulbar 

16.7/28 
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 n LOE Neurogenic 
bladder number of 
patients 

Age (years) Male/ 
female 

Bladder 
augmentsur
gery (%) 

Follow up 
(years) 

Continence rate 
(%) 

Cuff Implantation 
Site 

Complication/revi
sion rate (%) 

Simeoni et al. 
[122] 

107 3 107/107 13.7 74/33 22/107 5 76.6 Bladder 
neck(98)/peri-
bulbar(9) 

22.3/19.6 

Gonzales et al. 
[115] 

19 3 19/19 8.4 19/0 7/19 8 84.2 Bladder neck 5/100 

Belloli et al. 
[110] 

37 3 37/37 13-19 35/2 2/37 4.5 59 Bladder 
neck(33)/peri-
bulbar(4) 

10.8/38 

           

* AUS modified**AUS modified and two groups of patients depending of their age at AUS implantation 
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 Surgery of the bladder neck 
Three main procedures have been described. Histor-
ically, the technique of Young [162], later modified by 
Dees [163] and Leadbetter [164] came into use, es-
sentially for reconstruction in cases of exstrophy and 
epispadias. The principle was to mobilise the trigone 
(after ureteric reimplantation) in order to resect blad-
der neck tissue, so as to reconstruct the trigone 
around a small catheter. Although some authors [165, 
166] described its use in neurogenic patients, the pro-
cedure has rarely been used in this patient group. The 
Kropp procedure [167] involves the use of a tubular-
ised flap of the anterior bladder wall, which is used to 
extend the bladder neck and create an intravesical 
conduit. The tube is secured to the posterior bladder 
wall between the ureteric orifices. In the initial tech-
nique, the tube was tunnelled submucosally, but this 
manoeuvre was thought to increase the risk of tube 
stenosis [168, 169] (LOE3). 

A third technique is that described by Pippi-Salle 
[170]. It is considered to be a variant of the Kropp pro-
cedure (also called a Kropp-onlay), with an anterior 
bladder wall flap that is not tubularised. Initial descrip-
tions involved routine ureteric reimplantation but this 
was abandoned in later patients as long as there was 
an absence of reflux [171, 172] (LOE3). In a system-
atic review, Kryger et al. [126] (LOE4) stated that only 
data on 83 patients for the Kropp technique and 25 
with the Pippi-Salle procedure have been published. 
Since that review there has been a lack of further sig-
nificant data concerning the outcomes of these pro-
cedures. The continence results are good (50-69% 
for the Pippi-Salle procedure, 78-81% for the Kropp 
procedure) [168, 169]. However, several problems 
exist with the two techniques. Firstly, the techniques 
do not allow easy endoscopic access to the bladder. 
This is a major problem because it prevents or limits 
future endoscopic procedures (especially ureter-
oscopy, botulinum toxin injections and litholopaxy). 
Secondly, 28-45% of patients (especially male) report 
catheterisation difficulties following a Kropp proce-
dure. For the Pippi-Salle procedure, continence rates 
are lower than for the Kropp procedure, but fewer 
cases of catheterisation difficulty have been reported 
[126]. However, a revision procedure is necessary in 
significant numbers, and it has rarely been used in 
male patients. 

 Complete bladder neck or urethral 
closure 

Closure of the bladder outlet may be required if alter-
native approaches to managing stress incontinence 
are inappropriate or have failed. In women, closure 
can be achieved either via a vaginal or an abdominal 
approach while in men, either the bladder neck or the 
bulbar urethra can be the site of closure. Bladder 
drainage is maintained using a continent catheterisa-
ble abdominal conduit (e.g. using the Mitrofanoff prin-
ciple), an SPC or (rarely) an ileo-vesicostomy.  

Colli published a single surgeon experience in 35 pa-
tients with 4-13 years follow-up. BNC was paired with 

suprapubic catheter diversion. Indications for BNC in-
cluded severe urethral erosion in 80%, decubitus ul-
cer exacerbated by urinaryincontinence in 34%, ure-
throcutaneous fistula in 11%, and other indications in 
9%. The overall complication rate was 17%. All but 
two patients were continent at follow-up. [173] 

Bladder neck or urethral closure can be technically 
difficult and a secondary operation to close a persis-
tent fistula may be needed in some cases [174]. In-
terposing vascularised tissue between the bladder 
neck suture line and the urethral or vaginal closure is 
a well-described aid to the avoidance of closure fail-
ure; a flap of rectus abdominis can be used for this 
purpose. Bladder neck closure has also been used in 
children where other means of correcting SUI have 
failed or are felt to have a limited chance of success. 
The published series of cases provided some reas-
surance that children with closed bladder necks do 
not suffer from excessive complications in the form of 
renal deterioration, bladder rupture or stone for-
mation.  

As a general principle, urethral closure should not be 
undertaken in cases where it is possible to maintain 
urethral patency using alternative approaches to treat 
SUI. For example, patients with neurogenic lower uri-
nary tract dysfunction are at high risk of stone for-
mation in the bladder or upper tracts and it is desira-
ble to maintain easy endoscopic access to the blad-
der in order to allow potential endoscopic treatment. 
Finally, preserving the natural urethra may constitute 
a safety measure if high bladder storage pressures 
are present or in the event of any complication with 
bladder access via a continent catheterisable ab-
dominal conduit or suprapubic catheter [175].  

Recommendations: 

• Patients with stress incontinence in association 
with neurogenic lower urinary tract dysfunction 
require careful assessment in order to plan ap-
propriate management. Video-urodynamic study 
must be used to evaluate both bladder and 
sphincter function (C). 

• The clinical assessment must also evaluate the 
degree of patient handicap in order to determine 
whether they can perform self-catheterization, or 
whether an alternative means of emptying the 
bladder will be required. (D). 

• Patients require careful preoperative counselling 
with respect to the benefits and risks of different 
operative approaches 

• Autologous slings can be used to treat neuro-
genic stress incontinence. (B).  

• Due to the limited evidence base, possible 
sphincter deficiency, perceived risk of complica-
tions and potential consequences on future man-
agement options, the Committee is unable to 
recommend routine use of synthetic slings and 
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tapes to treat stress urinary incontinence in neu-
rogenic patients (D). Synthetic tapes could be 
recommended in older women with stable neuro-
logical conditions and SUI due to urethral hyper-
mobility (C) as opposed to younger patients (e.g. 
meylomeningocele) with neurogenic ISD (nega-
tive recommendation).  

• Artificial urinary sphincter can be used to treat 
neurogenic stress incontinence (A).  

• Bladder neck reconstruction can be used to treat 
neurogenic stress incontinence (D).  

• Bulking agents can be used to treat neurogenic 
stress incontinence when there is a demand for 
a minimally invasive treatment (D). The patient 
should be aware that the technique has a low 
success rate. 

• Bladder neck closure should be offered to pa-
tients who have persistent neurogenic stress in-
continence where alternative treatments have ei-
ther failed or are likely to fail (B). 

 

 Surgical alternatives excluding 
denervation procedures to treat reflex 
incontinence due to neurogenic 
detrusor overactivity 

Keywords; neurogenic bladder; spinal cord injury; 
spina bifida; myelomeningocele; multiple sclerosis; 
bladder augmentation; enterocystoplasty; gastrocys-
toplasty; sigmoidocystoplasty; colocystoplasty; 
ureterocystoplasty; autoaugmentation; detrusorec-
tomy 

 Bladder augmentation using intestinal 
segments 

The aim of bladder augmentation is to provide long-
term protection to the upper urinary tract by reducing 
the risk of impairment due to high bladder pressure, 
as well as to improve storage function [181]. First per-
formed in man by Von Mickulicz [182] who used a 
segment of small intestine, the technique has re-
gained popularity since the 1970s after the introduc-
tion of IC [183]. Unlike complete bladder replace-
ment, enterocystoplasty preserves the integrity of the 
trigone of the bladder with the urethra and ureters, 
and reimplantation is not necessary. A segment of the 
gastrointestinal tract is taken out of continuity from the 
rest of the gut, and sutured onto the bladder. Various 
augmentation techniques using different segments of 
the gastrointestinal tract (caecum, colon, and ileum) 
have been described. Bladder augmentation is indi-
cated wherever bladder capacity and compliance is 
reduced, or in the event of detrusor overactivity, when 
all conservative treatments (medical treatments, de-
trusor injections of botulinum toxin and/or neuromod-
ulation of the posterior sacral roots) have failed [181, 
184]. 

Before performing bladder augmentation, it is essen-
tial to ensure that: 

• There is no malignant disease or lithiasis in the 
bladder. 

• Renal function is normal and the upper urinary 
tract is unimpaired (screen particularly for lithia-
sis). 

• There is no gastrointestinal tract disease 
(Crohn’s disease, hemorrhagic rectocolitis, short 
gut syndrome, etc.). 

• The patient is willing and capable of self-cathe-
terization. This can be combined with continent 
cystostomy. 

Technical principles: 

There are two stages to the surgical procedure: first 
bladder preparation and then augmentation. Usually 
open surgery is performed, but recently laparoscopy 
has been reported [185, 186] (LOE3). At present, ex-
cept for technical articles on laparoscopy, there are 
no publications comparing this technique with open 
surgery. 

The bladder can be prepared either by clam cysto-
plasty or by supratrigonal cystectomy. The preferred 
preparation depends on the quality of the detrusor, 
and more particularly on whether the bladder has re-
tained its visco-elastic properties. Where the detrusor 
is very fibrous and thick, supratrigonal cystectomy 
should be envisaged, since otherwise exclusion of 
the ileal patch may occur.  

Clam cystoplasty 
Clam cystoplasty involves freeing the anterior/ poste-
rior surfaces and dome of the bladder. The bladder 
can be opened either in the transverse plane or sag-
ittal plane, the incision starting and ending about 2 cm 
above the bladder neck. If the lateral surfaces are not 
mobilised, the vesical arteries can be preserved to 
maintain vascularization of the bladder dome. Robot-
assisted laparoscopic augmentation cystoplasty has 
been recently introduced. Preliminary results have 
been reported in children with spina bifida [187]. 

Supratrigonal cystectomy 
Supratrigonal cystectomy involves resection of the 
body of the bladder, but retaining the trigone. The 
bladder is freed under the peritoneum and the supe-
rior vesical arteries ligated and sectioned. The blad-
der pedicles are ligated and sectioned laterally up to 
the trigone, which is preserved. The body of the blad-
der is excised 1-2 above the trigone. During the blad-
der dissection, care must be taken to spare the ure-
teric vascularization.  

Ureteric reimplantation 
Ureteric reimplantation must be carefully discussed in 
the event of vesicoureteric reflux (VUR). Several au-
thors have reported that improved bladder compli-
ance precludes the need for reimplantation (LOE 3) 
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[188-191]. They have reported a resolution rate of 
about 85% for VUR, classified below grade IV. For 
grade V reflux, improvement was observed in 2/3 of 
patients. Except for the work of Simforoosh [188], 
these results were obtained in small heterogeneous 
series of children (neurogenic bladders and congeni-
tal anomalies), and after relatively short mean follow-
up times (1 to 5 years). 

Hayashi et al. [192] reported on 22 patients treated 
by ureteric reimplantation during bladder augmenta-
tion (LOE 3). Their work was original in that it gave 
detailed account of renal function after long-term fol-
low-up (mean 12 years). Ureteric reimplantation dur-
ing bladder augmentation did not result in greater 
morbidity and 97% of patients recovered. Renal func-
tion was preserved and satisfactory. The case for ure-
teric reimplantation during augmentation cystoplasty 
was supported by a small non-randomised study 
(LOE2-3), where Wang et al. demonstrated that lack 
of ureteric reimplantation during cystoplasty in chil-
dren with neurogenic bladder was a risk factor for re-
sidual high-grade reflux, which, in turn, was a risk fac-
tor for febrile UTIs [193]. A larger non-comparative 
non-randomised study (LOE3-4) reported equal suc-
cess rates for the two methods, but ureteric reimplan-
tation had been mostly reserved for the higher grade 
reflux cases [194]. These results were presented as 
part of a literature review which was inconclusive as 
to the superiority of the results of either method [194]. 
Accordingly, the need for ureteral reimplantation dur-
ing bladder augmentation should still be considered, 
especially for cases of grade V reflux. However, im-
proved bladder compliance will reduce some VUR.  

Intestinal segments 
The choice of intestinal segment depends on pa-
tient’s history and the local conditions. All segments 
of the gastrointestinal tract may be used, except the 
jejunum because of the risk of water-electrolyte dis-
orders. The most frequently used segment in adults 
is the ileum, because it is easy to remove, is close to 
the bladder and may be shaped easily into a reser-
voir. Colon segments are used more often in children. 
The removed intestinal segment must always be de-
tubularized to reduce peristalsis to a minimum and to 
obtain a reservoir with low pressure. The segment is 
then placed and sutured onto the bladder in the form 
of a patch. For supratrigonal cystectomy, the intesti-
nal segment needs to be longer and fashioned into a 
neo-bladder [184]. 

Technical variations aim to reduce mucus secretion 
and reduce the reabsorption of urine by the intestinal 
mucosa that leads to metabolic acidosis. A number of 
variant techniques have been proposed but not de-
veloped extensively. Seromuscular colocystoplasty 
lined with urothelium involves removing the detrusor, 
leaving the bladder mucosa intact, and then covering 
it with a demucosalized sigmoid patch [195]. Sero-
muscular enterocystoplasty necessitates removing 

the mucosal membrane of the intestinal segment sur-
gically, or destroying it by argon beam [196], before 
placing it onto the prepared bladder [197]. 

A third technique uses an appendicular-based cecal 
flap, aiming for a less invasive form of augmentation 
cystoplasty [198]. The technique involves isolation of 
a 10-12 x 3 to 5-cm cecal flap on the base of the ap-
pendicular pedicle, by which the bladder was aug-
mented and the appendix was brought out through 
the abdominal wall for catheterization. Without any 
bowel anastomosis, the cecal anterior wall was re-
paired. 

An experimental technique tested only pre-clinically 
is the reversed seromuscular ileocystoplasty, where 
the seromuscular layer of the ileal loop from its an-
timesenteric aspect was sutured to the bladder mu-
cosa of the previously bivalved bladder. Complete ep-
ithelialization of the ileum’s serosal surface with tran-
sitional epithelium was confirmed 4 weeks post-oper-
atively [199].  

Results of enterocystoplasty 
The main published series for patients undergoing 
surgery for neurogenic bladder are summarized in 
Table 12. Peri-operative mortality is estimated be-
tween 0 and 3.2% (LOE 2-3). The most frequently re-
ported early morbidity (LOE 2-3) is prolonged post-
operative ileus in up to 11.7% [200-203]. A nasogas-
tric catheter is no more justified in neurological pa-
tients than in the general population (LOE3) [204]. 
Other common complications include episodes of fe-
brile UTI (4.8-9%), urinary fistula (0.4-4%), that usu-
ally resolve, and thrombo-embolic complications (1-
3%). When the pelvis has been irradiated, the patient 
must be warned of the increased risk of entero- or 
colovesical fistula. Stoma revisions (up to 50% in a 
small series) and wound infections have also been 
reported [203].  

Chronic bacteriuria always occurs with IC and should 
not be considered a complication [203] (LOE4). 
Cases of late urosepsis have, however, been re-
ported [255]. The risk of calculus in the enlarged res-
ervoir ranges from 10-50% [205-209] (LOE 2-3). 
There may be a higher risk of developing upper uri-
nary tract lithiasis than in the general population [210-
212] (LOE3). 

After bladder augmentation, intestinal transit disor-
ders are frequent and probably underestimated (0- 
30% [213-215]). Several explanations have been pro-
posed (ileocecal valve not preserved, biliary salt mal-
absorption, etc.). Somani et al. conducted a cohort 
study (LOE2) focusing on this particular problem 
[266]. They report a high rate of intestinal transit dis-
orders, affecting almost 50% of patients treated for 
neurogenic bladder. These complications distressed 
patients and nearly 10% regretted having undergone 
surgery. Although transit disorders cannot be at-
tributed to surgery alone (patients with neurogenic 
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bladder may have intestinal transit disorders unre-
lated to surgery), patients should be informed of this 
risk.  

Since the gastrointestinal tract mucosa resorbs urine, 
water-electrolyte disorders may occur. Hyperchlo-
remic acidosis is reported in up to 15% of cases (LOE 
2-3). These water-electrolyte disorders may be ac-
companied by anomalies of calcium metabolism that 
do not appear to have any significant long-term effect, 
for example on growth in childhood, but the subject is 
still under debate (LOE 3) [217-220]. However, care 
must be taken when treating patients with a marked 
decrease in creatinine clearance, since metabolic ac-
idosis is no longer compensated [184] (LOE4). 

In theory, diversions performed using the ileocaecal 
junction and the end segment of the ileum would ex-
pose patients to a risk of vitamin B12 deficiency (with 
possible onset of megaloblastic anemia). The fact 
that the intestinal segments measure less than 50 cm 
would explain why few patients suffer clinically overt 
vitamin B12 deficiency. 

The risk of cancer development of the newly formed 
reservoir is particularly important, since neuro-urolog-
ical surgery is often indicated in patients with long life 
expectancy, many being children. The general con-
sensus today is that patients with a bladder reservoir 
are at higher risk of developing a tumour than are the 
general population, but this risk has not as yet been 
clearly defined. The rates for the risk of tumour devel-
opment range from 1 to 4.6% [221-224] (LOE 3-4). 
Most of the published cases concern adenocarci-
noma at the junction of the intestinal mucosa with the 
urothelium. These usually developed long after the in-
itial surgery (over 10 years in most cases). Some pa-
tients developed urothelial tumours with the typical 
risk factors. Two facts should be emphasised with re-
gard to neurogenic bladder (augmented or not): 

• The sensitivity and specificity of the routine blad-
der tumour diagnostic and monitoring tools (uri-
nary cytology, BTA test, simple cystoscopy, etc.) 
may be reduced. Patient monitoring can only be 
envisaged by regular cystoscopy with biopsy of 
suspect areas. 

• Monitoring is essential, since many patients de-
velop tumours without symptoms and may not be 
diagnosed until late. 

Monitoring frequency needs further investigation. A 
review of a series of cystoplasties performed in pa-
tients with congenital abnormalities including neuro-
genic bladder found comparable risk of bladder can-
cer, compared to control patients managed only by IC 
(4.6% vs 2.6%, p=0.54) [224]. In addition, a projected 
cost-analysis based on post-augmentation malig-
nancy and cost estimates from published reports or 
US government sources concludes that annual 
screening with cytology and cystoscopy of children 
with spina bifida subjected to augmentation cysto-
plasty is unlikely to be cost effective at commonly ac-
cepted willingness-to-pay thresholds, but would be 

justified if the annual rate of cancer development 
were more than 0.26% (12.8% lifetime risk) or there 
were a greater than 50% increase in screening effec-
tiveness and cancer risk after augmentation [225].  

The most serious and possibly life-threatening com-
plication is cystoplasty perforation (LOE3). This can 
happen whichever gastrointestinal segment is used, 
but occurs more often after ileocystoplasty [226] 
(LOE3). It is estimated to occur in 5-13% of cases 
[230] (LOE3). Perforation usually occurs on the graft 
or at the junction of the bladder with the enterocysto-
plasty, and often results from high pressure within the 
enterocystoplasty, or more rarely from traumatic cath-
eterization or urodynamic investigations [227] 
(LOE4). 

Functional outcome 
The functional outcome of bladder augmentation by 
enterocystoplasty is given in Table 12. Only series of 
patients undergoing bladder augmentation for neuro-
genic bladder were retained in our analysis. Given the 
wide range of indications, surgical techniques and en-
teric segments used, and retrospective nature of 
studies, it is difficult to draw any clear conclusions. 
Nonetheless, all authors reported an improvement in 
bladder capacity and compliance (LOE2-3). More 
than 90% of patients achieved nocturnal continence, 
and 91-100% achieved diurnal continence (LOE2-3). 

Two quality-of-life studies (LOE2) reported improve-
ment rates exceeding 90% [202, 231]. A 92% satis-
faction rate was reported by a long-term follow-up 
study (mean 14.7 years) and patients would recom-
mend the treatment to a friend [205]. However, a po-
tential bias might arise due to the heterogeneous 
population analysed in some of these studies, includ-
ing a mixture of patients with neurogenic and idio-
pathic DO.  

If the bladder compliance defect persists, exclusion 
or ischemia of the intestinal patch must be investi-
gated [222, 230]. Sometimes urinary leakage is re-
lated to sphincter deficiency and may be treated by 
an AUS [233] or other means of urethral pressure re-
inforcement [222, 232]. However, most authors con-
sider that this type of adjunctive treatment should not 
be performed routinely since most patients have a 
good functional outcome after bladder augmentation, 
and only those with marked sphincter deficiency prior 
to surgery require these measures. 

Possible alternatives to enterocystoplasty 

Gastrocystoplasty and ureterocystoplasty 
The use of a pedicled segment of stomach (gastro-
cystoplasty) or ureter (ureterocystoplasty) as an alter-
native to enterocystoplasty has been reported mainly 
for children with a neurogenic bladder. In theory, its 
advantage lies in the absence of metabolic acidosis, 
but in adults this is very theoretical. Moreover, both 
these intestinal segments secrete less mucus than 
the small and large intestines [234-238]. Abdel-Azim 
et al. [236] reported gastrocystoplasty in adults 
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(LOE3). In the light of their experience with children, 
they decided to use this technique in a set of young 
adults (mean age: 23 years, range: 4-32 years). Their 
paper records that the short-term results (3 years 
mean follow-up) of gastrocystoplasty were satisfac-
tory, with increased functional bladder capacity and 
no impairment of the upper urinary tract (LOE3). How-
ever, two disadvantages are reported. First, a hema-
turia-dysuria syndrome requiring occasional use of 
antacids sometimes accompanied gastrocystoplasty. 
Second, the maximum bladder capacity was lower 
than that observed with enterocystoplasty. This may 
have a benefit for easier bladder voiding, but if the 
bladder were to lose some capacity, further surgery 
would potentially be required. The outcome in the 
very long-term for patients who have undergone this 
procedure remains unknown. 
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Table 12: Gastro-intestinal bladder augmentation in neurological patients with bladder dysfunction  

Authors LOE Total 
number of 
patients 
(neurological 
patients) 

Type of bladder 
augmentation 

Max 
BC 
pre-
op 

Max 
BC 
post-
op 

DP 
pre-
op 

DP 
post-
op 

Mean 
Follow-
up 
(months) 

Increased 
compliance (% 
patients) 

Post-op continence status Results for 
quality of life 

Gurung et al. 
[205] 

3 19 Ileum TBC TBC TBC TBC 176.4 NP 92% 92% satisfied 

Gundeti et al 
[187] 

3 6 Ileum  TBC 250-
450 

NP NP 18 NP 100% NP 

Chen et al. [282] 3 40 (34) ileum 115 513 NP NP 93.6 NP 90% NP 

Shakeri et al. 
[198] 

3 10 Cecum  171.4 263.7 62.2 13 23.8 100 90%  

Blaivas et al. 
[232] 

3 76 (41) Ileum, cecum 166 572 53 14 108 NP Cured 70%/ Improved: 18%  NP 

Mor et al. [233] 3 11(11) Ileum  NP NP NP NP 115 NP Cured/improved: 82% NP 

Quek et al. [283] 3 26(26) Ileum 201 615 81 20 96 92 Cured: 69%/Improved: 27% NP 

De Foor et al 
[226, 237] 

3 105 (47) Stomach, ileum, 
colon 

NP NP NP NP 88,8 NP Cured/improved: 92% NP 

Medel et al. 
[284] 

3 26(26) Stomach, ileum, 
colon 

NA NA NA NA 45.6 100 Cured: 84.6% 
Improved: 5.4% 

NP 

Nomura et al. 
[285] 

3 21(21) Ileum 149 396 >60 NP 66 100 Cured/improved: 95% NP 

Shekarriz et al. 
[200] 

3 133(100) Ileum, sigmoid, 
autoaugmentation 

NP NP NP NP 64 NP Cured/improved: 95% NP 

Arikan et al. 
[286] 

3 18(18) Sigmoid  86 370 NP NP 40 NP Cured/improved: 95% NP 

Chartier-Kastler 
et al. [201] 

2 17 Ileum 174.1 508 65.5 18.3 75.6 100 Cured/improved: 88.5% NP 

Venn et al. [287] 3 267 (152) Ileum NP NP NP NP 36 NP Cured/improved: 86.6% NP 

Herschorn et al. 
[231] 

2 59(59) Ileum, cecum, 
sigmoid 

220 531 48.9 15.8 72.6 100 Cured: 67% 
Improved: 28.8% 

Excellent: 
69.5% 
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Authors LOE Total 
number of 
patients 
(neurological 
patients) 

Type of bladder 
augmentation 

Max 
BC 
pre-
op 

Max 
BC 
post-
op 

DP 
pre-
op 

DP 
post-
op 

Mean 
Follow-
up 
(months) 

Increased 
compliance (% 
patients) 

Post-op continence status Results for 
quality of life 

Good: 20.3% 

Flood et al. [228] 2 122 (59) Ileum, sigmoid NP NP NP NP 37 95 Cured: 75% 
Improved: 20% 

NP 

Hasan et al. 
[202] 

2 48 (13) Ileum 307 588 NP NP 38 69 Cured/improved: 92% Good: 83% 
Moderate: 
15% 

Mast et al. [288] 3 28(24) Ileum 235 511 72 46 30 95 Cured/improved: 95% NP 

McInerney et al. 
[230] 

3 100(50) Ileum 196 867 NP NP 24 92 NA NP 

Singh & Thomas 
[229] 

3 78 Ileum, cecum, 
sigmoid 

NP NP NP NP 100 NP Cured/improved: 93.6% NP 

Khoury et al. 
[289] 

3 100 Ileum, cecum, 
sigmoid 

NP NP NP NP 37 NP Cured/improved: 91.7% NP 

Luangkhot et al. 
[290] 

3 21(21) Ileum, cecum 185 595 53 16 37 100 Cured/improved: 95% NP 

Nasrallah et al. 
[166] 

3 14(14) Sigmoid 101 383 61 NP 25 NP Cured/improved: 86% NP 

Robertson et al. 
[291] 

3 25(19) Ileum, cecum 122 659 23 7 14  Cured/improved: 40% 
 

NP 

Hendren et al. 
[292] 

3 129 Ileum, stomach, 
sigmoid 

NP NP NP NP NP NP Cured/improved: 94% NP 

Sidi et al. [293] 3 12(12) Cecum, sigmoid 134 562 NP <30 1.3 NP Cured/improved: 100% NP 

Lockhart et al. 
[294] 

3 15(15) Ileum, cecum, 
sigmoid 

<150 330-
480 

>40 18-38 NP NP Cured/improved: 86% NP 

(Max BC: Maximal Bladder capacity, DP: Detrusor pressure at the maximal bladder capacity) 
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Kidney transplantation and augmentation cys-
toplasty 
The general notion is that augmentation cystoplasty 
should be beneficial in patients with chronic renal fail-
ure and performed prior to transplantation, as a low-
pressure reservoir might delay the native kidney’s 
death and optimize graft survival rates. However, 
published studies suggest otherwise. In a small se-
ries (n=11) of neurogenic bladder patients, augmen-
tation cystoplasty did not affect progression to end-
stage renal disease (LOE2-3) [239]. More strikingly, 
prior cystoplasty was found to be associated with 
higher risk of graft rejection compared to non-cysto-
plasty transplants, up to 7 years post-operatively 
(LOE2-3). Although the authors suggest this may be 
due to higher rates of febrile UTIs and chronic rejec-
tion, it might also be due to a more severe underlying 
pathophysiology which resulted in the necessity of a 
cystoplasty in those children [240]. The same group 
of authors conclude that the timing of augmentation 
cystoplasty in relation to the transplant surgery (be-
fore or after) has no significant effect on the outcome 
of the transplantation, with respect to graft acute re-
jection, graft survival (up to 7 years) and incidence of 
febrile UTIs (LOE2-3) [241]. In terms of serious com-
plications, patients with augmented bladders and a 
history of renal transplant on chronic immunosup-
pression were found to have a significantly higher in-
cidence of bladder cancer compared to patients who 
were not immunosuppressed (15% vs 2.8%) [224] 
(LOE3).  

Autoaugmentation by detrusor myotomy 
Bladder autoaugmentation without any associated 
gastrointestinal tract surgery as an alternative to en-
terocystoplasty was proposed as early as 1972 by 
Mahony and Laferte [242] who performed detruso-
rotomies (detrusor incision without resection) to in-
crease bladder capacity and reduce incontinence. 
With Cartwright and Snow [243], the technique then 
evolved to detrusorectomy (myectomy). This involves 
excising a thick segment of muscle from the dome of 
the bladder, leaving only the mucosal membrane in 
place. Bladder pressure gradually dilates the "demus-
cularized" area resulting in bladder augmentation. 
The intervention, initially described by extra-perito-
neal laparotomy, can be performed by video-assisted 
surgery [244, 245] or by robot-assisted surgery [246] 
(LOE4). The detrusor can be dissected by laser [247] 
(LOE3). The area around the detrusorectomy can be 
protected using the omentum [248] or a striated mus-
cle [249] (rectus abdominis muscle) to prevent perfo-
ration and retraction (LOE4).  

Techniques using free-graft or pedicled de-epitheli-
alized gastric patches [250, 251] require gastrointes-
tinal tract surgery and were therefore not included in 
the present work. Furthermore, most of the previously 
published studies concerned children. All the studies 
are retrospective and with few patients. For children, 
most authors [248, 253-256] report poor results after 
surgery, both symptomatic and urodynamic, together 

with a risk of upper urinary tract impairment (LOE4). 
Two authors recently reported better results with cer-
tain technical adjustments, namely an extensive de-
trusorectomy [257] (LOE4) and rectus muscle hitch 
and backing [249] (LOE4). The last technique sup-
poses a large dissection of the rectus muscle. Urothe-
lium is then sutured to this muscle in the theoretical 
objective to prevent its retraction and shrinkage. 

Only three retrospective series are available for 
adults. The first, published by Stöhrer et al. in 1997 
[205] (LOE3), reports interesting results for efficacy, 
with increased functional bladder capacity. However, 
the authors did not report mean follow-up and de-
scribed a mixed population with 39 patients with neu-
rogenic bladder and 11 patients without. The two 
other published series concerning adults [252, 253] 
did not confirm these findings but did confirm the 
marked superiority of enterocystoplasty with respect 
to both urinary symptoms and upper urinary tract im-
pairment (LOE3). Detrusor myectomy achieves better 
results for idiopathic DO; nearly all patients (5 of 6) 
with neurogenic DO were not improved, with a mean 
follow-up of 79 months [252] (LOE3). 

There is little information on specific complications, 
but detrusorectomy is simpler and seems to present 
less risk than enterocystoplasty. A comparative retro-
spective study (LOE4) reported 20% complications 
for enterocystoplasty (infectious, digestive and parie-
tal complications) against only 3% for detrusorectomy 
[253]. The rate of secondary rupture and/or perfora-
tion is poorly documented. An experimental animal 
study concluded that the bladder rupture pressure 
was slightly lower after detrusorectomy than after en-
terocystoplasty, thus potentially exposing the patient 
to an increased risk of rupture [259] (LOE4). 

Bladder augmentation using biomaterials 
Research interest in the role of tissue engineering in 
bladder reconstruction is growing. This research ap-
pears to evolve along three axes [260]:  

a. use of acellular natural or synthetic biomaterials: 
an acellular biomaterial graft is used as a tissue 
implant which becomes incorporated through the 
ingrowth of cells of the native host bladder 

b. use of biomaterial scaffolds which have been 
pre-incubated with autologous cultured human 
urothelial and smooth muscle cells 

c. composite cystoplasty, which combines the use 
of autologous cultured urothelial cells with a host 
pedicled and de-epitheliased smooth muscle 
segment. 

Most publications concern preclinical studies [261-
265] (LOE4). Several biomaterials have been used 
which can be grouped in 3 categories: (a) decellular-
ized natural matrices produced from a variety of tis-
sues; (b) matrices produced from natural extracted 
polymers (e.g., collagen, alginate, chitosan and hya-
luronan); and (c) synthetic polymers including poly-
glycolic acid (PGA) and poly-caprolactone (PCL) (see 
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reviews [260, 266]). These biomaterials can only be 
used after performing clam cystotomy since the area 
to be colonized should not be too large. It also ap-
pears that the use of biomaterials is associated with 
higher incidence of bladder lithiasis. The best studied 
natural materials are porcine intestinal submucosa 
(SIS, Cook) and bladder-derived acellular matrix 
[267, 277-282]. 

Results from only two pilot human studies have been 
fully published to-date [280, 281].The former reported 
on neurological patients, the latter on non-neurogenic 
OAB patients. In a small prospective study of 7 young 
myelomeningocele patients (LOE 2-3), Atala [281] 
describes his technique, which consists of seeding 
patient’s urothelial and muscle cells on a biodegrada-
ble scaffold. After 7 weeks, this engineered artificial 
bladder could be implanted in patients. Although the 
small number of patients doesn’t allow definitive con-
clusions, a trend towards an improved bladder capac-
ity and compliance was observed. It was also implied 
that patients who received cell-seeded collagen-
coated PGA scaffolds wrapped in omentum as a vas-
cular bed had the best outcomes. Encouraging re-
sults were also reported in 12 women with intractable 
non-neurogenic OAB who were submitted to bladder 
augmentation using an acellular matrix of porcine 
dermal collagen and elastin fibres (Pelvicol, Bard) 
[280] (LOE4). Significantly improved or cured inconti-
nence was achieved in 67% of them at a 12-month 
follow-up. Finally, a recent review article [276] claims 
results in short report form from two small Phase II 
trials on patients with neurogenic bladders due to ei-
ther spina bifida (paediatric patients) or SCI (adults). 
Success rates of 60% and 67% are reported for up to 
2-year follow-ups, depicting patients with preopera-
tive ‘normal bladder cycles’ as the best candidates for 
bladder augmentation with a tissue-engineered scaf-
fold. Further studies, including larger trials are neces-
sary to evaluate routine use of biomaterials.  

Recommendations 

• Any segment of the gastrointestinal tract may be 
used for bladder augmentation, but the ileum 
seems to give the best results in terms of ease of 
use, risk of complications and efficacy (B). Few 
data are available concerning gastrocystoplasty 
and ureterocystoplasty in adults (D) 

• When the bladder suffers a significant compli-
ance defect, supratrigonal cystectomy and re-
construction is preferable to clam cystoplasty 
(B). 

• Bladder augmentation may solve low-grade 
vesicoureteric reflux. In the event of grade IV or 
V reflux, ureteric reimplantation may be neces-
sary ( C). 

• Patients should be informed that the most fre-
quent and serious complications are bladder cal-
culi and perforation at the bladder/bowel junc-
tion, usually caused by over-pressure (B). 

• Bladder augmentation may have sequelae such 
as intestinal transit disorder, and patients should 
be informed of this before surgery (C). 

• The body of evidence concerning detrusor myo-
mectomy in neurological patients is controver-
sial. Therefore, detrusor myomectomy should 
not be recommended in these patients with im-
paired bladder function (D) 

• Bladder augmentation using biomaterials or tis-
sue engineering is promising, but the preliminary 
results need to be confirmed by larger studies (D) 

• Due to risk of complications, regular follow up is 
needed (B) 

Cutaneous continent urinary diversion 
Keywords; Continent urinary diversion; vesicostomy; 
cystostomy; neurogenic bladder; spinal cord injury; 
spina bifida; myelomeningocele; multiple sclerosis 

For certain patients, urethral catheterization can be or 
become, unacceptable or even impossible. The fol-
lowing list is not exhaustive, but describes the more 
frequent reasons: 

• Functional limitations of the upper limbs (tetra-
plegia [295] unilateral or bilateral plexus prob-
lems, musculoskeletal trauma problems) 

• Cognitive disorders (forgetfulness, lack of com-
prehension, refusal) 

• Difficulties in terms of mobility and/or undressing 
(spasticity, upper SCI resulting in difficulty in 
maintaining the equilibrium of the trunk and or 
limited control of the upper limbs, obesity). 

• Failure to reach the urethra independently (more 
common in women, compounded by the tilted 
pelvis and all other factors that cause mobility dif-
ficulties.) 

• Urethral injuries (stenosis, fistulas, hyperesthe-
sia), urethral pain.  

In these situations, management requires careful 
consideration; in some, a continent cystostomy may 
be an option. The general principle is to permit the 
emptying of a full bladder, independently and easily, 
by IC through an efferent tube attached to the wall of 
the lower half of the abdomen. The absence of any 
leakage from the cystostomy is controlled by its own 
watertight system, associated with the return process 
of a capacitive and compliant reservoir. This will re-
quire careful selection of patient candidates, espe-
cially when there is any function impairment of the up-
per limbs (trauma to the spinal cord) [296-298] 
(LOE3).  

Assessment is essential, and must include the moti-
vation of the patient, capabilities for dressing and un-
dressing, capability of catheterization in the planned 
stomal area, and tolerance for the time and potential 
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discomfort involved. In the case of cognitive difficul-
ties that are too significant, if a severe upper limb dys-
function exists [295], or if compliance of the patient 
remains an impossible obstacle, continent diversion 
is not indicated. Impaired renal function can also be a 
contraindication [299]. 

In neuro-urology, techniques for heterotopic continent 
neo-reservoir (e.g. Koch pouch, Benchekroun, Mainz, 
Miami pouches) are seldom used initially. They can 
be offered to patients with VUR, with incontinence 
through the native urethra despite bladder enlarge-
ment, or when closure of the bladder neck will be 
needed (e.g. uretero-vaginal fistula). 

Results of the different types of cystostomy: 
The series are mainly retrospective (LOE 3) and fre-
quently combine several techniques. This makes the 
analysis of the results difficult, but some major facts 
can be gleaned from them. The catheterizable tube 
must be able to penetrate the intact or enlarged blad-
der and it must be able to reach the abdominal wall 
through a direct pathway with easy access for the pa-
tient that has already been predetermined by pre-op-
erative research. The pathway of the tube must be 
direct in order to facilitate self-catheterization. Tech-
niques can be grouped in two major categories: sim-
ple tubes implanted with an anti-reflux system and in-
testinal loop invaginations. 

a) Simple tubes: virtually any anatomical structure 
that is tubular or that can be tubularized and that is 
vascularized can be used to make a continent cathe-
terizable tube [299] (LOE4). The two structures that 
are the simplest to use are:  

• The appendix: Trans-appendicular cystostomy 
according to Mitrofanoff’s procedure [300] has 
long been the most used technique (LOE3). Dif-
ferent modifications have been proposed, espe-
cially to gain more length by removing a cecal 
cuff.  

• A short, remodeled intestinal segment (small in-
testine, less frequently the sigmoid or right co-
lon). Yang and Monti simple [301] (LOE3) or dou-
ble technique and the Yang-Monti technique 
modified according to Casale in order to gain 
length by avoiding a double tube [302] (LOE3).  

Other structures have been used in a more anecdotal 
manner, primarily in children: cecum and appendix 
monobloc [303] (LOE4), bladder [304] (LOE4), stom-
ach [305] (LOE4), distal ureter [306] (LOE4), Meckel's 
diverticulum [296, 307] (LOE4), or the preputial or clit-
oral skin [308] (LOE4). 

For most authors, continence of the tube was 
achieved by implantation in the native bladder or in 
the augmentation via a submucosal path similar to 
that used in ureteral reimplantation for VUR. (LOE4). 
The submucosal path length must be at least 2cm, 
and is adapted to the bore of the tube (two to three 
times the diameter) [298] (LOE4). A posterior or pos-

terolateral bladder flap (kept in case of a supratrigo-
nal cystectomy) should allow a more solid implanta-
tion of the tube in the bladder [309] (LOE2). Direct 
implantation into the cystoplasty has also been re-
ported. The cutaneous anastomosis is made in the 
lower half of the abdomen, at the umbilicus, or in the 
right or left iliac fossa. It seems essential that the site 
of the stoma would be determined preoperatively in 
patients with functional limitations of the upper limbs. 
The site is chosen based on the patient’s capabilities 
and the position during self-catheterization (seated in 
a chair, supine, other). The surgical technique used 
in this particular case must allow access to any point 
on the lower half of the abdominal wall [310-312]. 
Most authors recommend the interposition of a skin 
flap in the distal end of the tube in order to minimise 
stenosis of the circular orifice scars. Several tech-
niques have been proposed: flap in V, VQZ [313] 
(LOE3), and VR [314] (LOE3). However, at present, 
the results published do not confirm that the risk of 
stenosis is avoided by any of the techniques. 

Table 13 summarizes the results in terms of stoma 
continence and complications, specifically pertaining 
to the continent stoma. The necessity of reservoir 
augmentation (80% of published cases) and tech-
niques allowing reinforcement of ureteral continence 
are addressed elsewhere. Continent stomas are ob-
tained overall in 75 to 100% of cases (LOE3). Seven 
studies indicate significant improvement in quality of 
life after the procedure related to improved autonomy 
in bladder evacuation, to continence, and to improved 
sex life [297, 309, 311, 312, 315-317] (LOE2-3).  
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Table 13: Results for continent reconstructive surgery 

Team Year LOE n 
(neuroge
nic 
bladder) 

Mean follow-
up (months) 

Technique Functional continent 
cystostomy (%) 

Stoma 
complication 
(%) 

New procedure 
on the stoma 

Wille et al. [332] 2011 3 ? 11 20 (median) Mitrofanoff (robot-assisted) 100 (initial 91) 27 3 

Spahn et al. [331] 2010 3 6 (out of 
17) 

68 Mitrofanoff 8 
Ileal intussusception valve 9 

100 (initial 82) 23 7 

Nguyen et al. [251] 2009 4 ? out of 10 14.2 (median) Mitrofanoff (9 robot-assisted) 100 (initial 70)  30 2 

Vian et al. [333] 2009 3 32 21.6 Mitrofanoff 17 86 33 11 

Welk  et al. [334] 2008 3 67 (?) 28 Mitrofanoff 54 
Ileovesicostomy 13 

94 26 13 

Mhiri  et al. [335] 2007 3 20(28) 53 Mitrofanoff 100 13 3 

Karsenty  et al. [309] 2007 2 13(13) 44 Mitrofanoff 7 
Yang-Monti 6 

100 0 0 

Touma  et al. [317] 2007 3 12(12) 33 Casale 100 17 0 

Franc-Guimond  et al. [314] 2006 3 12(12) 18 Mitrofanoff 100 8 8 

Thomas  et al. [318] 2006 3 78 (62) 28,4 Mitrofanoff:33 
Yang-Monti: 30 
Bladder: 16 

98 23 8 

Castellan  et al. [307] 2005 3 135 (100) 38 Mitrofanoff 74 
Yang-Monti 45 
Gastric tube 8 
Bladder tube 2 
Meckel tube 1 

NP 
 
 

23,5 
 

8 

Blaivas  et al. [326] 2005 3 98(15) 108 NP 87 42 16 

Chulamorkodt  et al. [336] 2004 3 54 (48) 30 Mitrofanoff 47 
Yang-Monti 7 

95 16 NP 

Barqawi  et al. [337] 2004 3 109 (60) 
 

46 Mitrofanoff 114 
Yang-Monti ileac 21 
Ureter 11 
Others 5 

92 36 NP 
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Team Year LOE n 
(neuroge
nic 
bladder) 

Mean follow-
up (months) 

Technique Functional continent 
cystostomy (%) 

Stoma 
complication 
(%) 

New procedure 
on the stoma 

Lemelle  et al. [338] 2004 3 46(32) 64 Mitrofanoff 23 
Yang-Monti 18 

96 46 NP 

Walsh  et al. [311] 
 

2004 4 6(6) 44 Mitrofanoff 3 
Hemi Kock 2 

NP  NP 

Zommick  et al. [297] 2003 3 21(21)  59 Mitrofanoff 7 
Hemi Kock 2 
Kock 6 
Indiana 2 

70  11 NP 

De Ganck  et al. [321] 2002 3 53(45)  32 Mitrofanoff 45 
Yang-Monti 8 

90 36 NP 

Cain  et al. [304] 2002 3 31 (15) 41 Bladder 100 45 NP 

Tekant  et al. [315] 
 

2001 4 46(11) 28 Mitrofanoff 38 
Yang Monti 6 

86 19,5 NP 

Kochakarn  et al. [339] 2001 4 12(12) 12 Mitrofanoff 10 
Yang Monti 2 

100 NP NP 

Narayanaswamy  et al. [320] 2001 4 92 (21) 30 Mitrofanoff 69 
Yang Monti 25 (17 double, 8 
simple) 

NP Appendix 26 
Yang Monti 60 

NP 

Liard  et al. [319] 
 

2001 4 23(22) 240 Mitrofanoff 20 
Bladder flap 2 
Ureter 1 

75 39 65 

Harris  et al. [340] 2000 4 31/50 51 Mitrofanoff 96 16 16 

Cain et al. [341] 
 

1999 4 69/100 48 Mitrofanoff 57 
Yang Monti 22 
Bladder tube 21 

98 20 Appendix 21 
Yang Monti 10 
Bladder tube 29 

Mollard  et al. [296] 1997 4 56(46) 120 Mitrofanoff 48 
Distal ureter 8 

92 16 NP 

Sylora  et al. [310] 
 

1997 4 7(7) NP Mitrofanoff 5 
Yang-Monti Ileac 2 

86 14 NP 
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The rate of stoma complications (16-60%) is domi-
nated by the risk of stenosis, which is most often 
treatable by a simple dilation [318] (LOE3). Many au-
thors emphasize the fact that this complication occurs 
most often in the year following surgery. However, Li-
ard et al. [319] (LOE3) reported an elevated (65%) 
intervention rate at 20 years of monitoring. For most 
authors the rate of complications related to the tube 
continence was lower when the segment used was 
the appendix or intestines remodeled according to 
Yang-Monti (LOE3). However, these two plasties 
seem to have equivalent complication rates. Only Na-
rayanaswamy et al. [320] (LOE3) reported higher 
rates for catheterization difficulty and reintervention 
with the Yang-Monti tube in comparison to the appen-
dix. The Monti tubes in this study were double tubes 
in 68% (17/25) of cases, and the majority of the com-
plications were related to the junction area for the two 
hemi-tubes and not to stoma stenosis. Therefore it 
seems that this lengthening method should be used 
with caution. If there is a problem with tube length, the 
method proposed by Casale [302] (LOE4) has the 
theoretical advantage of avoiding an anastomosis on 
the tube or a bent pathway at the junction of the two 
tubes.  

The umbilical anastomosis site for the stoma may be 
related to an increased frequency of stoma stenosis 
[304, 321] (LOE3). The poorer vascularization of the 
umbilicus has been proposed as an explanation 
[321]. However, results on this point are contradictory 
with more recent studies [309]. 

b) Other types of continent urinary stoma:  

Techniques are extremely varied. Two technical ap-
proaches can be broadly outlined here: 

• Invaginated valves (Koch pocket, Benchekroun, 
Mainz), in which the continence mechanism is 
tied to the flattening of the invaginated valve by 
urine accumulated in the neo-reservoir; 

• Ileal-caecal reservoirs, in which a portion of the 
ileum and the ileal-caecal valve are used as a 
continence mechanism (Indiana pouch, Charles-
ton pouch, Miami pouch). 

• A new technique using a pedicled cutaneous flap 
which is surgically elevated from a hairless area 
on the abdomen, tubularized and passed 
through the anterior abdominal wall directly into 
the bladder (The Daoud technique) [322]. 

Data in the literature do not allow a determination to 
be made as to the superiority of one type of stoma 
over the others. However, the catheterization difficul-
ties seem to be lower with stomas that use the appen-
dix, and the risk of lithiasis seems to be higher with 
the stomas constructed using metal staples [323] 
(LOE4). Several authors have also specifically re-
ported results in neurological patients [312, 322, 324-
329] (LOE3). Continence rates for the stoma vary be-
tween 63 and 100%. Complication rates for the stoma 
are between 10 and 23%.  

Bladder outlet management; although prospective 
studies are missing, evidence from retrospective 
analyses (LOE2-3) suggest that continent diversion 
combined with bladder neck closure is superior in 
terms of functional outcomes to continent diversion 
with an open bladder neck, whilst having similar mor-
bidity [330]. Another series reports primary conti-
nence rate following bladder neck closure and conti-
nent vesicostomy of 82% [331]. Both series report 
however on a mixed patient population.  

Recommendations: 

• Indication for cystostomy presumes a multidisci-
plinary evaluation involving the urologist and a 
neurologist or a reeducation doctor, as well as 
stomatherapy nurses or occupational therapists 
for estimating patient catheterization capabilities 
(A) 

• Use of the appendix to carry out continent cys-
tostomy is the standard method in children, but 
few long term data are available in adults (C). 
The appendix may have a short mesentery, so a 
reconfigured ileal segment is often needed.  

• If the patient has undergone an appendicectomy, 
the use of a segment of the small intestine can 
be proposed, with slightly poorer short term re-
sults (C) 

• Long term follow up of after continent cystostomy 
is needed to have a better idea of the long term 
results of the various procedures (C). 

 Non-continent cutaneous urinary 
diversion  

Keywords; neurogenic bladder; spinal cord injury; 
spina bifida; myelomeningocele; multiple sclerosis; 
urinary diversion; ileovesicostomy; Bricker; ureteros-
tomy; vesicostomy; ileal conduit 

Non-continent cutaneous diversion refers to all meth-
ods used to divert urine, and where incontinence re-
mains or where a system of extra-physiological conti-
nence is created, i.e. urine flow is continuous and re-
quires a means of collecting urine attached to the 
skin. In the context of neurogenic bladder, these di-
versions make it possible to obtain low bladder pres-
sure and to preserve the upper urinary tract. This type 
of surgery is a last resort for the many complications 
related to neurogenic bladder (and congenital anom-
alies of the lower urinary tract), in patients for whom 
other therapies have failed to help. Urinary diversion 
techniques, however, have been largely replaced by 
augmentation cystoplasty in the treatment of refrac-
tory neurogenic bladder, at least in some groups of 
neurological patients. The analysis of the US national 
database of patients with spina bifida between 1998-
2005 demonstrated that 3,403 patients were submit-
ted to augmentation cystoplasty as opposed to 772 
treated with urinary diversion. Moreover, patients un-
dergoing urinary diversion required more healthcare 
resources, with significantly longer hospital stays, 
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higher total charges and more use of home health 
care after discharge home [342]. 

Four techniques are described for non-continent uri-
nary diversions for patients with neurological vesico-
sphincter disorders. In order of frequency these are: 
ileal conduit urinary diversion, ileovesicostomy, cys-
tostomy and cutaneous ureterostomy. 

Ileal conduit urinary diversion 
Ileal conduit urinary diversion is the type of diversion 
most frequently performed on neurological patients 
with bladder dysfunction. Pre-operative location of 
the intended stoma site is crucial and must be 
adapted to the patient’s main position (wheelchair or 
bed); the stoma site must be easy to access for man-
agement. The ileal segment must be as short as pos-
sible to prevent stasis [343] (LOE3). There is a variant 
to this technique whereby a segment of jejunal loop 
is removed and a stoma made on the left hemi-abdo-
men. This technique can be proposed after irradiation 
of the pelvis minor, if the ileum has been impaired and 
a short loop must be used (about 10 cm) to avoid met-
abolic disorder (jejunal conduit syndrome: hyper-
kalaemia, hyponatraemia, hypochloraemia, acidosis) 
[344] (LOE3). 

In neurological patients, ileal conduit urinary diversion 
by laparoscopy and by robot-assisted laparoscopy 
has been described [345-349] (LOE4). Patients seem 
to benefit from the procedure, though this remains to 
be confirmed in the medium and long-term [350] (LOE 
2). Uretero-ureterostomy on conduit diversion has 
also been described in neurological transplant recipi-
ents in whom the donor ureter is too short to achieve 
a tension-free ureteroileal anastomosis [351]. Graft 
survival rates at mean 5.3 years follow-up was 83%. 

Some series of neurological patients were evaluated 
to determine the onset of early and late complications 
[350, 352-357] (LOE2-3). The first study to use the 
recently introduced Clavien system reported on a se-
ries of multiple sclerosis patients (n-53), of whom 
43% developed minor complications (Clavien grades 
I-II) and 11% major complications (Grades III-IV) 
[358]. Early series of children can be evaluated to de-
termine the morphology of the upper urinary tract and 
renal function after urinary diversion over a long pe-
riod (up to 20 years) [359-364] (LOE3). Despite com-
plications, significant improvements in patients’ qual-
ity of life were recorded, in both retrospective [359] 
and prospective studies [350]. The latter, however, 
noted that only aspects of QOL associated with the 
limitations and constraints induced by urinary prob-
lems were improved, not the overall QOL.  

Mortality is estimated between 0 and 3.4% (LOE2-3). 
The commonest early complication is intestinal ob-
struction (4 to 12.6%), usually reversible after pro-
longed intestinal drainage [350, 352, 353, 355-357] 
(LOE2-3). The risk of gastrointestinal fistula should 
also be taken into account (0 to 3.3%). As for entero-

cystoplasty, the current trend is to try to reduce naso-
gastric tube drainage time to a few hours [365] 
(LOE3). The most frequent medical complications en-
countered (3 to 8%) are febrile urinary infections and 
thrombo-embolism (2 to 3%; LOE2-3). Other major 
complications include: urinary fistula in 0.3 to 3.4% of 
patients which may be prevented by placing a ureteric 
catheter for about ten days (LOE3). This complication 
could be a risk factor for later uretero-ileal anastomo-
sis stricture (LOE4). 

The risk of long-term intestinal obstruction ranges be-
tween 5% and 7% (LOE3). Even when a short intes-
tinal segment is used, some patients can experiment 
transient constipation or diarrhoea, which could ad-
versely affect their quality of life [366] (LOE2). 

Complications affecting the bladder left in situ. For the 
particular indication of neurological patients with blad-
der dysfunction, several authors have proposed not 
carrying out cystectomy so as to avoid potentially 
morbid surgery. At present, this is debatable for sev-
eral reasons: 

• There is a risk of pyocystis formation in the un-
used bladder (21-50%) [352, 353, 357, 367] 
(LOE3). Even where conservative treatments 
have been attempted (combining vesicular irriga-
tion with antibiotherapy) [368] (LOE3), second-
ary cystectomy is then necessary in a high pro-
portion [353, 359, 361]. For women, a surgical 
alternative is vaginovesicostomy, which appears 
to be effective [354, 361] (LOE4). 

• The unused bladder frequently becomes infected 
and may become an "irritative thorn", especially 
in patients with spinal injury or multiple sclerosis 
(LOE 4) [353, 369]. 

• The risk of bladder neoplasia is higher in neuro-
genic patients, the principal risk factors being 
long-term indwelling catheterization (more than 8 
years), bladder calculi and smoking [370-372] 
(LOE3). Moreover, screening by cystoscopy-bi-
opsy is not effective [373, 374] (LOE3).  

• Improvement of the cystectomy technique (no-
ticeably laparoscopic cystectomy) has consider-
ably reduced related morbidity [350, 375] (LOE2-
3). Supratrigonal cystectomy can be performed 
in men, preserving the prostate and preventing 
any genital and sexual sequelae. 

Upper urinary tract complications. Stenosis of the 
uretero-ileal anastomosis may occur in the medium 
and long term. This is very damaging to the upper uri-
nary tract and requires regular monitoring. In contem-
porary series, it occurs in 2 to 7.8% of cases within 
10 years [352-357] (LOE3). For cases followed for 
more than 10 years, the finding of 16.5 to 50% steno-
sis is essentially that of early paediatric series [359-
364] (LOE3). Impairment of the upper urinary tract 
and renal function seems to be correlated mainly with 
stenosis of the uretero-ileal anastomosis, but also 
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with a long ileal graft and stomal stenosis leading to 
poor voiding and pyelonephritis [360] (LOE4). In the 
event of poor functioning of the uretero-ileal anasto-
mosis, some authors suggest endoscopic dilation be-
fore further surgical repair of the anastomosis (LOE3) 
[356, 376-378]. Surgery however remains the refer-
ence treatment [378] (LOE3). 

The risk of upper urinary tract lithiasis (3 to 31%) is 
always present in these patients (even without steno-
sis of the uretero-ileal anastomosis) [352, 353, 356, 
357] (LOE3). Patient monitoring should include regu-
lar screening of the upper urinary tract to detect any 
lithiasis and to implement timely treatment (LOE 4). 
Chronic bacteriuria is frequent but should not be 
treated if asymptomatic. Both patients and attending 
physicians must be informed so as to avoid the ad-
ministration of unnecessary antibiotics. However, the 
risk of febrile infection persists over the long term and 
may be predisposed by uretero-ileal stenosis (12 to 
34%) [352, 353, 356, 357]. 

Stoma complications. These are relatively frequent 
(18.6 to 30%) and varied [353, 356, 357]. The risk of 
peristomal herniation is the most frequently reported 
(between 7.7 and 10%). Stomal stenosis may also oc-
cur. Stoma complications appear to occur more often 
in obese patients (LOE3) [379]. 

Some patients, usually adults who underwent surgery 
as children and who subsequently to recover a conti-
nent system, or who have had complications with 
their non-continent urinary diversion could ask for un-
diversion [380-384] (LOE3-4). 

Ileovesicostomy  
This technique was first described by Cordonnier in 
1957 for treatment of three children suffering from 
myelomeningocele [385, 386](LOE4). Its theoretical 
advantages are relative simplicity, the absence of dis-
section and suture of the ureter, thus preventing ure-
teral complications and the potential of restoring the 
integrity of the bladder (only one case described) 
[387] (LOE4). The surgery consists in removing a 10 
cm ileal segment from about 15 to 20 cm above the 
ileocecal valve. One side of the segment is anasto-
mosed to the dome of the bladder and the other to the 
skin halfway between the iliac spine and the umbili-
cus. A partial cystectomy is performed to reduce res-
ervoir volume and possible urine stagnation. Surgical 
variants have been described with simple partial de-
tubularization of the ileum before vesico-ileal suture 
[388], or the creation of a modified Boari flap on the 
bladder associated with partial detubularization of the 
ileum [387, 390-393] (LOE3). These improve drain-
age by reducing the ileal segment. Laparoscopic ile-
ovesicostomy seems to be feasible [389, 394] 
(LOE4), and robotic ileovesicostomy has been de-
scribed. A small, retrospective comparative study 
(LOE3) reported similar results in terms of continence 
and complications with the open surgery group, alt-
hough a trend for less blood loss and shorter hospital 
stays was noted in the robotic group [395, 396].  

One of the problems with ileovesicostomy, particu-
larly in women, is the need for further surgery to pre-
vent residual urinary leakage. All authors agree that 
this significantly prolongs surgery time. This further 
surgery may consist in closing the bladder neck or 
placing a suburethral tape [436, 438,443, 448, 449] 
(LOE3). Some authors propose performing this sur-
gery later, where necessary [388] (LOE3). 

Early complications are related to the underlying con-
dition of these patients, which is often poor. No case 
of post-operative mortality has been reported in the 
published series [385, 387, 388, 390-393, 395-400] 
(LOE3). Other early complications were related to 
poor results of the surgery performed to render pa-
tients continent (4). Patients with this type of problem 
are the most likely to resort to cystectomy with ileal 
diversion (3 to 6%) [387, 397] (LOE3). 

Late complications are summarized in Table 14 

Only one series to date has more than five years of 
follow-up [400]. It should be noted that, despite reduc-
tion in complication rates, particularly those related to 
chronic upper tract infections and stone formation, 
none of the patients in this series remained complica-
tion-free [399]. The largest series to-date also report 
high complication rates (up to 74%), albeit reduced in 
comparison with preoperative rates [397].The most 
frequent new adverse events appear to be poor emp-
tying related to stenosis of the stoma or the ileovesi-
cal anastomosis. Only one group of authors specifi-
cally mention problems related to stoma equipment 
that occur in about 38% of patients [397] (LOE3). The 
incidence of renal or vesicular lithiasis can be as high 
as 25% in some series, and several authors report 
that affected patients had a history of lithiasis [399]. 

Renal function appears to be preserved with this pro-
cedure at least with a mean follow-up of five years 
(LOE 3) [387, 388, 390-393, 397, 398, 401]. No case 
of impaired renal function, or even post-operative 
uretero-hydronephrosis was reported. Two patients in 
a series with long-term follow-up developed a bladder 
tumour [393] (LOE4). 
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Table 14: results for contemporary series of ileovesicostomy  

 LOE n Mean follow-
up (months) 

Re operation 
following primary 
surgery (%) 

Stomal 
problems (%) 

Kidney 
lithiasis 
(%) 

Bladder 
lithiasis 
(%) 

Continent 
(%) 

Post-op 
hydronephrosis (%) 

Symptomatic urinary 
infection (%) 

Zimmerman et al., 
2011 [400] 

4 7 26 40 0 0 0 60 0 16 

Hellenthal, 2009 
[399] 

3 12 66 42 17 17 25 92 0 67 

Tan et al., 2008 
[397] 

3 50 26,3 54 38 2 6 72 0 10 

Gauthier & 
Winters, 2003 
[398] 

4 7 37,4 NP 14 14 0 NP 0/7 1/7 

Atan et al., 1999 
[390] 

3 15 23,2 NP 16 33 20 67 0 20 

Gudziak et al., 
1999 [392] 

3 13 23 23 8 8 0 92 0 8 

Leng et al., 1999 
[393] 

3 38 52 NP 13 10 5 NP 3 3 

Mutchnik et al., 
1997 [388] 

4 6 12 1/6 1/6 0 0 6/6 0/6 0 

Rivas et al., 1995 
[391] 

3 11 24 NP NP NP NP 100 0 0 

Schwartz et al., 
1994 [387] 

3 23 45 NP 21 0 0 NP 0 NP 
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Vesicostomy  
Vesicostomy was described by Blocksom in 1957 
[402] and detailed subsequently by Lapides [403, 
404]. The technique consists in constructing a blad-
der tube anastomosed to the skin by making a trans-
verse suprapubic incision to reach the space of 
Retzius. The stoma is located half way between the 
umbilicus and the incision. The principal benefits sim-
plicity and reversibility, particularly in children [405-
411], making it possible to envisage temporary sur-
gery to treat an acute urological problem. In pediatric 
series, an improvement in the symptoms of infection 
was reported, with 6 to 20% of patients suffering blad-
der calculi and 6 to 18% stomal stenosis. Hydro-
nephrosis improved or stabilized in most cases. The 
rate of end-stage renal failure varied between 6 and 
18% for mean follow-ups of 6-7 years. 

Nowadays, it is rare to conserve a vesicostomy long 
term. The long-term results of Lapides [404] (LOE3) 
are therefore all the more interesting. At two years of 
follow-up, there was no urinary infection, 16% poor 
drainage, 12% calculi, and renal function was pre-
served. At 10 years, however, end-stage renal failure, 
mainly due to calculi and repeated infection of the up-
per urinary tract, and mortality were reported [404, 
412] (LOE3). Follow up at intervals ranging up to 20 
years, showed the rate of chronic renal failure is 
around 16.6% [402-413] (LOE3). 

Recently, percutaneous button vesicostomy place-
ment under endoscopic control was proposed as a 
temporary continent alternative to Mitrofanoff in a se-
ries of 10 children with neurogenic bladders. The au-
thors only discuss the feasibility of the procedure, not 
its efficacy [414]. 

Cutaneous ureterostomy  
Cutaneous ureterostomy was first performed in the 
1960s, to treat children with spina bifida and severe 
upper urinary tract impairment [415, 416]. The tech-
nique was also developed to treat malformative urop-
athies (exstrophy of the bladder and the posterior ure-
thral valves) [416-419]. During this procedure, the 
ureters are anastomosed direct to the skin without us-
ing intervening gastrointestinal tract tissue. It is only 
feasible in the context of significant ureteric dilatation, 
and even then chronic stenting is often needed. The 
absence of gastrointestinal resection/ anastomosis 
avoids a major source of morbidity and mortality, but 
successfully achieving urine containment with appli-
ances can cause considerable problems. In the ab-
sence of cystectomy, two short lateral incisions are 
made in the iliac fossa, at approximately 3-4 cm from 
the anterosuperior iliac spine. Direct retroperitoneal 
access is made and the two ureters located on the 
internal border of the psoas muscle or above the iliac 
vessels. It is important that the peri-ureteral region be 
spared and the ureter sectioned as low as possible. 
The ureter is then catheterized and raised to the skin. 
The stoma is formed by attaching the ureter to the 
skin, or by spatulating the sutured ureter on a V-
shaped cutaneous incision (separate sutures with 

fine resorbable thread). Variants are described so as 
to obtain only one stoma: Y-transuretero-ureteros-
tomy, implantation of both ureters in a single stoma, 
and implantation of a single ureter (ureter of the less 
functional kidney ligated, or even nephrectomy). The 
use of cutaneous plasties may remove the need for 
ureteral catheterization [420]. 

The main inconveniences are: cutaneous stenosis if 
the stoma is left unstented, upper urinary tract infec-
tions, and calcification around catheters. Moreover, it 
is frequently necessary to construct a double stoma. 
It is used in adults, usually in the context of palliative 
urinary diversion for those with obstructive pelvic can-
cer (bladder, uterus, rectum), and rarely in neurologi-
cal patients [416-421]. Long-term results with a mean 
follow-up of 8 years are given hereafter: rates of ste-
nosis between 8.7 to 11%, infections from 6.6 to 10% 
and calculi from 10 to 15.5%) [419, 421] (LOE3). Re-
nal function was preserved for short follow-up times, 
but fatal end-stage renal failure occurred in up to 
26.6% of children during long-term follow-up [418] 
(LOE3). 

This technique is almost never used for neurological 
patients with bladder dysfunction anymore because 
conservative treatments (intermittent catheterization, 
urological endoscopy) have improved and the num-
ber of children suffering from spina bifida or present-
ing with complex malformation of the lower urinary 
tract has gradually lowered. Moreover, new urinary 
diversion techniques have been developed.  

Recommendations: 

• Non-continent urinary diversion is the last resort 
for patients with neurogenic bladder (A). 

• Bladder should be removed during the procedure 
because of the risk of later complications at this 
site (B) 

• It may be indicated for urological dysfunction or 
in the event of a motor handicap that prevents 
other modes of micturition ( C). 

• Ileal conduit urinary diversion has the best long-
term results for non-continent diversion, if the fol-
lowing pre- and peri-operative precautions are 
taken (B): 

• Pre-operative identification of optimal location for 
the stoma site, with wheelchair test, if necessary. 

• Utilization of a short intestinal segment (10 cm 
maximum). 

• Minimal dissection of the ureters. 

• There are several reports of good results for ile-
ovesicostomy, but the medium-term results need 
to be confirmed in the long term. Quality-of-life 
studies should also be performed (C) 

• Vesicostomy may be a useful temporary solu-
tion, particularly for children (D) 
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• Cutaneous ureterostomy shouldn’t be used for 
non continent urinary diversion in adult patients 
because of the rate of long term complications 
(B). 

 

 NEUROLOGICAL FAECAL 
INCONTINENCE 

 EPIDEMIOLOGY 

Central nervous system (CNS) disorders are com-
mon, and patients with these disorders frequently ex-
perience bowel symptoms.[1][2] In those individuals, 
bowel symptoms are associated with significant im-
pairment of quality of life. [2][3] Chronic constipation 
is the commonest symptom of bowel dysfunction 
seen in the majority of individuals in spinal cord injury, 
and over one-third of patients with Parkinson’s dis-
ease (PD) and multiple sclerosis (MS).  

 PATHOPHYSIOLOGY 

The digestive and excretory functions of the gastroin-
testinal tract are dependent on the interrelated physi-
ological phenomena of gut transit and rectal evacua-
tion. [4] Transit is under the complex regulatory inter-
play of the enteric nervous system and extrinsic auto-
nomic innervation, whilst rectal evacuation depends 
on an interplay between conscious perception of rec-
tal sensori-motor function and the internal and exter-
nal anal sphincters. Excessively rapid transit and/or 
failure of the anorectal control mechanism can result 
in faecal incontinence, and it is easy to see how CNS 
disorders can result in bowel symptoms.  

The level and extent of injury are the most important 
factors in determining bowel symptoms in both SCI 
and MS.  Supraconal lesions (above the conus me-
dullaris, where inhibitory input is lost) - slow whole gut 
transit and there is hypertonia (with consequent re-
duced rectal compliance) and hyperreflexia of the 
hindgut (i.e. distal to the splenic flexure).[5] The latter 
two abnormalities predispose to reflex defaecation 
and incontinence. By contrast, lesions within the co-
nus or in the cauda equina (where excitatory sacral 
parasympathetic supply is lost) have rectal hypotonia 
and hyporeflexia predisposing to rectal impaction and 
overflow incontinence. [6] 

In terms of extent of injury, since the striated external 
anal sphincter is under voluntary control from Onuf´s 
nucleus in the ventral horn of the sacral spinal cord, 
complete SCI results in loss of voluntary control of the 
anal sphincter is lost. Complete SCI has been shown 
to result in the most severe degree of bowel dysfunc-
tion. [5] 

The pathophysiology of bowel dysfunction in patients 
with Parkinson´s disease is quite different. Dystonia 
of the striated muscles of the pelvic floor and external 
anal sphincter explains the defecatory dysfunction [6] 
which is associated with delayed colonic transit time 
secondary to central and peripheral neurodegenera-
tion. [7] 

 ASSESSMENT 

Current bowel symptomatology is assessed, regard-
ing bowel frequency, stool consistency, faecal incon-
tinence and manoeuvres needed to achieve bowel 
management. This information is usually gathered 
from standard patient and carer history. Use of diaries 
is especially valuable to reflect the chronic burden of 
these symptoms. [8] This can be supplemented by 
questionnaires, whether generic (Cleveland Consti-
pation score, St Mark’s incontinence score or condi-
tion specific score has been developed for neurologic 
patients, the Neurogenic Bowel Dysfunction (NBD) 
Score.[9] 

Digital rectal examination allows assessment of rectal 
filling, resting anal tone, ability to generate a voluntary 
contraction and also gives a crude assessment of 
anal sensitivity. The place of more interventional 
physiological or radiological transit investigations is 
not established, but may be appropriate if there is any 
co-morbidity (prior anal surgery, obstetric history, pel-
vic organ prolapse). Plainly, patients with alarm 
symptoms should have necessary colonic imaging 
performed. Alarm symptoms in this patient group are 
more difficult to recognise, but any worsening of es-
tablished bowel dysfunction, weight or blood loss 
warrants investigation. 

 CONSERVATIVE TREATMENT 

The primary aims of bowel care are twofold: firstly to 
achieve bowel evacuation without excessive toileting 
time and secondly to avoid fecal incontinence. The 
first step requires optimizing stool consistency with 
adequate fluid and fibre intake, and stimulating evac-
uation of stool on a regularly scheduled basis with 
digital rectal stimulation. A range of other non-inva-
sive interventions may supplement this: Valsalva or 
manually-generated external pressure, oral medica-
tions – stool softeners, stimulant laxatives and proki-
netic agents; diet modification; biofeedback – a re-ed-
ucation strategy to inform change in bowel function; 
electrical stimulation and functional magnetic stimu-
lations. The key to successful bowel management is 
intensive patient education and training. If conserva-
tive bowel management fails, surgical management 
may be necessary. 

 Bowel program/bowel care [9] 
Initial management for all subjects is medication re-
view (especially bladder drugs such as antimusca-
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rinics, baclofen, ditropan, codeine analgesia, non-ste-
roidal anti-inflammatory drugs (NSAIDs) and antibiot-
ics) and addressing any unusual dietary habits. In 
general, scheduled defecation should be attempted 
once a day or on alternate days. However, knowledge 
of bowel frequency prior to injury is important in de-
ciding on the bowel program.  

 Specific techniques 
Establishing a regular diet to optimize bowel motility 
is important and in general reducing fibre intake is 
helpful in improving the bloating and flatulence 
caused by slow whole-gut transit. Conversely, a 
higher fibre diet helps improve stool consistency and 
therefore prevent fecal soiling. Excessive quantities 
of caffeine, alcohol and foodstuffs containing the 
sweetener sorbitol can cause the stools to become 
looser and hence more difficult to manage.  

Promoting a sense of privacy and comfort while ex-
ploiting gravity to achieve a successful bowel regime, 
is advised. Digital rectal stimulation (DRS) can be 
used to invoke a reflex contraction of the colon and 
rectum, and hence a bowel action, although caution 
is advised as it may cause local trauma and induce 
autonomic dysreflexia (AD) in SCI individuals. Finally, 
manual extraction of stool can be used and combined 
with a Valsalva maneuver to improve effectiveness. 
[8] 

Chemical stimulants such as suppositories and ene-
mas may supplement the above by causing a reflex 
contraction of the rectum. Implicitly, there is little point 
in using these agents when the rectum is empty on 
digital checking. Stimulants range in potency, from 
glycerine suppositories, through micro-enemas, to 
larger volume stimulant enemas.  

 Assistive techniques for defecation [10] 
Abdominal massage with the heel of the palm, in a 
circular motion from right to left may help increase 
bowel transit and movement of content towards the 
rectum. In small controlled trials, positive effects were 
seen in patients with multiple sclerosis and with spinal 
cord injury. Anal stimulation with pulsed water irriga-
tion to break up stool impactions and to stimulate per-
istalsis is a safe and effective method for individuals 
with SCI who develop impactions, or do not have an 
effective bowel routine. 

Several studies have been published on transanal ir-
rigation (TAI), with efficacy demonstrated in a variety 
of neurological diseases. [11] Long-term efficacy has 
been demonstrated, with associated health economic 
benefit. [12] Amongst factors correlating with positive 
outcome were neurogenic bowel, low rectal volume 
at urge to defecate, low maximal rectal capacity, and 
low anal squeeze pressure increment. A perforation 
rate of 1 in 500,000 has been suggested in long-term 
safety studies.[13] 

 Appliance/assistive techniques for 
faecal incontinence 

Anal plugs are one option although previous studies 
have yielded conflicting results. Whilst anal plugs 
may provide a benefit to the majority of patients, it 
does not suit all eligible patients, with in situ plug re-
tention being a problem for some. 

Neuromodulation, electrostimulation or magnetic 
stimulation are techniques that offer an alternative in-
tervention option for neurogenic bowel dysfunction in 
children and adults.  

 SURGICAL TREATMENT 

The mainstay of current treatment in neurogenic fae-
cal incontinence is adopting a conservative approach 
towards reversing the systemic effects and optimizing 
the mechanics of defecation through the use of laxa-
tives and irrigation approaches. Surgery should be 
normally reserved for patients who have failed con-
servative therapy. This section focuses on specific 
aspects of faecal incontinence surgery in neurogenic 
patients. Options for surgical treatment of neurogenic 
bowel dysfunction are limited consisting of; 1) sacral 
nerve stimulation, 2) antegrade continent enema pro-
cedure, 3) dynamic graciloplasty, 4) artificial anal 
sphincter, 5) elective colostomy, 6) postanal repair.  

Outcomes with these techniques are limited to uncon-
trolled studies. [14] Sacral nerve stimulation has been 
reported to restore continence in patients with intact 
muscle structure. The overview of the studies shows 
that electrical nerve stimulation is effective in partial 
spinal cord injury, however,there are no reports for 
complete spinal cord lesions. A 17-year experience 
with sacral deafferentation (SDAF) and implantation 
of sacral anterior root stimulator (SARS) showed im-
proved continence in over 80% of individuals. [15] 

The original antegrade continent enema procedure 
was developed by Malone et al. who reported suc-
cessful results in five children with intractable faecal 
incontinence. [16] This procedure has been applied 
mainly to the paediatric population with neuropathic 
bowel dysfunction and anorectal anomaly, and suc-
cessful outcome was achieved in 70-100 %. Modifi-
cations have been reported including application 
among adult neurogenic patients with faecal inconti-
nence, and similar success rates (83-100 %) were re-
ported. [17] 

There are other more intrusive surgical procedures 
that have been applied to small numbers of patients 
with neurogenic faecal incontinence – defunct ones 
(such as dynamic graciloplasty) or extant ones like 
artificial anal sphincter. Definitive studies are not 
available in this population, and given the nature of 
referral practice are unlikely to ever be performed. 

Retrospectively reported series on the effect of colos-
tomy or ileostomy formation in SCI patients have 
shown significant improvements in average time 
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spent on bowel care per week and quality of life. 
[18]The early and long-term complication rates are 
seen in the minority of patients, most frequently re-
lated to mucus discharge per rectum and diversion 
colitis, respectively. The decision about type of sur-
gery depends on a multitude of factors related to 
manual dexterity, co-morbidity, carer availability and 
toilet set-up: as such careful patient counselling in in-
dividuals who have failed conservative therapies is 
the key to success. [17] 

Conclusions 

• In reflex bowel, digital rectal stimulation relaxes 
the external anal sphincter and increases peri-
staltic contractions by facilitating an excitatory 
anorectal (ano-colonic) reflex, and enhances 
bowel movement and evacuation  

• Abdominal massage has beneficial effects on 
neurogenic bowel dysfunction, including defeca-
tion function and fecal incontinence  

• Transanal irrigation is a safe method to improve 
constipation and faecal incontinence in individu-
als with neurogenic bowel dysfunction  

• An anal plug can help control fecal incontinence 
in selected neurological patients  

• Different forms of electrical stimulation seem 
promising for fecal incontinence and defecation 
management in neurologic patients  

• To increase adherence rate with bowel care pro-
gram/clinical practice guideline, implementation 
strategies should be addressed to care providers  

• SNS is a minimally invasive procedure, and 
seems to be an option for faecal incontinence 
and constipation due to functional deficit of the 
anal sphincter without structural defect in incom-
plete neurogenic lesions  

• Antegrade continence enema stomas are effec-
tive for controlling faecal incontinence and con-
stipation associated with neurogenic bowel dys-
function especially in neuropathic children  

• Elective stoma formation is an option for some 
SCI patients with medically refractory symptoms. 

Recommendations  

• Multi-faceted programs are the first approach to 
neurogenic bowel management and are sup-
ported by lower levels of evidence. They may 
consist of toileting, rectal stimulation (digital or 
with water stream), manual feces extraction, 
transanal irrigation and other assistive tech-
niques 

• Diet can help but multi fibre is not necessarily in-
dicated in patients with upper motor neuron le-
sion 

• Autonomic dysreflexia when using mechanical 
stimulation and assistive techniques can occur in 
neurologic patients with a high spinal cord lesion  

• Studies on larger series with long term follow-up 
are needed to determine the role of SNS in the 
treatment of faecal incontinence associated with 
neurological lesions  and identify those patients 
most likely to benefit 

 

 SPECIFIC NEUROLOGICAL 
DISEASES 

 DEMENTIAS 

Methods. Using MEDLINE we identified English-lan-
guage journal articles and reviews up to the date of 
the current Consultation, which were added to litera-
ture obtained for previous Consultations, looking for 
the keywords Alzheimer’s disease, vascular demen-
tia, dementia with Lewy bodies, frontotemporal de-
mentia, urinary incontinence, bladder dysfunction, 
management. 

The dementias can be categorized according to clini-
cal presentation, neuropathology and/or aetiology 
into four major dementia groupings, (I) the Alz-
heimer’s group (Alzheimer’s disease, AD); (II) the 
vascular group (including large and small vessel dis-
ease, particularly white matter disease); (III) the Par-
kinson’s group (including Parkinson’s disease de-
mentia complex (PDD, being regarded as identical to 
DLB), and dementia with Lewy bodies (DLB), both be-
ing connoted as Lewy Body diseases); (IV) the fron-
totemporal group (including Pick’s disease and Se-
mantic dementia) [1]. Normal pressure hydrocepha-
lus (NPH) is a less common pathology, but nonethe-
less important. 

 Alzheimer’s disease 

Epidemiology and prevalence  
Alzheimer’s disease (AD) is the most common type of 
dementia in clinical and autopsy surveys. AD affects 
mostly elderly people. The symptoms include wors-
ening of the memory, impairment of language and 
other cognitive functions (analytical thinking, abstract 
reasoning). Ultimately, there is loss of self-hygiene, 
eating, dressing and ambulatory abilities, inconti-
nence and motor dysfunction. The onset of inconti-
nence usually correlates with the disease progression 
(LOE 3) [2]. In other words, urinary incontinence in-
evitably occurs in the advanced stage of disease, 
while urinary incontinence is not common in the early 
stage of AD. This is in contrast with early occurrence 
of urinary urgency and incontinence in vascular de-
mentia and dementia with Lewy bodies. The preva-
lence of incontinence in AD is between 23 % and 48 
% (LOE 3) [3, 4]. However, most previous studies did 
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not mention the type of dementia concerning ‘fre-
quency of urinary incontinence in dementia’. The 
prevalence of incontinence in dementia ranges from 
10% (of out-patients) to more than 90% (of advanced, 
institutionalized individuals) (LOE 3) [5].  

Pathology and disease-specific urinary tract 
problems  
AD at the outset was identified by its unique pathol-
ogy, the amyloid plaques and neurofibrillary tangles 
containing phosphorylated tau that Alzheimer re-
ferred to as “a clotting of fibrils…. in addition an ex-
traordinary number of peculiar patches disseminated 
throughout the entire cortex.” Amyloid and tau can 
now be measured in vivo by positron emission tomog-
raphy and/or examination of the cerebrospinal fluid 
(CSF). There is a familial occurrence of AD [3]. In 
such cases, mutations in the genes encoding amyloid 
precursor protein (APP); presenilin 1 (PSEN1), or 
presenilin 2 (PSEN2) are reported.  

The clinical hallmark of AD is memory impairment. A 
sense of memory failure, detected by the patient or a 
close relative, is usually the presenting symptom. Mo-
tor and sensory symptoms are absent until late in the 
course of the disease. However, other cognitive do-
mains, such as language, praxis and recognition 
skills, are affected even early in the presentation. AD 
has a gradual and progressive course, and duration 
is typically 10 years from diagnosis to death. The ad-
vent of central cholinesterase inhibitors and gluta-
mate receptor antagonists has had a positive effect 
on the memory symptoms of AD [6-8].  

In early stages of AD the prevalence of urgency in-
continence is lower than in dementia with Lewy bod-
ies [9, 10]. During stage III (advanced) AD, urinary 
and faecal incontinence occur due to loss of sphincter 
control [10]. In a study by Del Ser et al. (LOE 3) uri-
nary incontinence was associated with severe cogni-
tive decline in pure AD but usually preceded severe 
mental failure in patients with dementia due to diffuse 
Lewy body disease [10]. Nobili et al. (LOE 3) per-
formed quantitative EEG in AD patients, finding that 
incontinence was predicted by alpha power in the 
right side [11]. In another study by Nobili et al. (LOE 
3) the value of regional cerebral blood flow from a 
posterior temporal-inferior parietal area in each hem-
isphere predicted development of incontinence [12]. 
A brain computer tomography study done by 
Sugiyama et al. (LOE 3) in AD patients showed that 
the degree of brain atrophy was more severe in those 
with detrusor overactivity (DO) than those without it 
[13]. DO was found in 40-61 % of their patients [13] 
(LOE 3). The incidence of DO in AD patients is low as 
compared with vascular dementia and dementia with 
Lewy bodies [9]. Haddad et al. (LOE 3) described two 
patients with vesicoureteral reflux, one of them show-
ing buccosalivary, gastroesophageal, vesicoureteral, 
urethroprostatic and urethrovesical reflux as a conse-
quence of the neurologic dysfunction [14]. In a study 
of 144 patients with AD reporting urinary inconti-
nence, the most common type of urinary incontinence 

was urgency urinary incontinence. Clinical Dementia 
Rating and Barthel's Activities of Daily Living pre-
dicted the severity of detrusor overactivity in urody-
namics [15].  

Diagnosis and treatment  
Franssen et al. (LOE 2) examined the occurrence of 
the following developmental reflexes: the tactile suck 
reflex, the palmar and plantar grasp reflexes, and the 
plantar extensor reflex in healthy elderly, cognitively 
and functionally mildly impaired patients, and patients 
with AD [16]. Prevalence of all five reflexes was more 
than 6 times higher for those categories that com-
prised doubly incontinent patients compared to conti-
nent individuals. The frequency of developmental re-
flexes rose sharply with the onset of progressive in-
continence, suggesting its cortical origin. As demon-
strated above, the development of incontinence in AD 
patients is associated with cognitive impairment and 
brain degeneration, suggesting its CNS origin. There-
fore behavioural therapy, toilet training and prompted 
voiding would be appropriate treatment modalities for 
this type of incontinence. 

Hutchinson et al. (LOE 3) suggested that caregivers 
of patients with AD should study the toileting behav-
iours. This would permit them to provide physical and 
cognitive assistance while attempting to avoid acci-
dents and “catastrophic events” [6]. Tariot (LOE 4) 
stressed the necessity for taking into account differ-
ent factors (like mobility, cognitive functions, general 
medical conditions), when planning treatment (also 
for incontinence) in AD patients [7]. Lancioni et al. re-
ported three AD patients who could learn to use urine 
alarms [17] (LOE 4). Again the general guidelines 
should apply for choosing the best management of 
incontinence in AD patients. The treatment should be 
tailored to individual patient needs and disease sta-
tus. There is insufficient evidence to support non-
pharmacological and non-surgical conservative inter-
ventions, for the prevention or management of incon-
tinence in community dwelling people with dementia 
[18] (LOE 1). 

There is still some controversy that the central 
acethylcholinesterase (AChE)- inhibitors given by the 
neurologist might exacerbate urinary incontinence in 
those patients. Donepezil hydrochloride is a selective 
central AChE inhibitor, which decreases degradation 
of acetylcholine in the brain, then increasing the con-
centration of acetylcholine in the synaptic cleft [19]. 
This drug is widely used to ameliorate cognitive de-
cline in patients with AD [20, 21] which is thought to 
be due to a decrease in cholinergic innervation of the 
cerebral cortex and the basal forebrain [22]. Since the 
bladder is innervated by the parasympathetic cholin-
ergic nerves, neurogenic lower urinary tract (LUT) 
dysfunction occurs in a subset of patients with AD [5, 
13].  

Although donepezil may facilitate cholinergic neuro-
transmission in the CNS, common adverse effects of 
donepezil, such as nausea and abdominal discom-
fort, have been attributed to effects on the peripheral 
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nervous system (PNS) [20]. This peripheral influence 
may contribute to altered bladder function. However, 
according to Sakakibara et al. (2005) the patients with 
AD showed a slight increase in the bladder capacity, 
which cannot be explained by the PNS effects alone 
[23] (LOE 3). Although it is unknown to what extent 
central cholinergic circuits may participate in the reg-
ulation of micturition, recent experimental studies 
showed that lesions in the nucleus basalis Meynert in 
the basal forebrain (central cholinergic nucleus pro-
jecting fibres to the frontoparietal cortex) give rise to 
decreased bladder capacity) [24]. In addition, im-
proved cognitive status and alertness may well lead 
to proper initiative to hold urine. Central AChE inhibi-
tors including donepezil hydrochloride, therefore, 
may have complex effects on the LUT function. It 
seems possible that donepezil could ameliorate cog-
nitive function without serious adverse effects on the 
LUT function in patients with AD. This should be true 
also for other selective central AChE inhibitors. A 
large crossover cohort study used the Dutch 
PHARMO Record Linkage System, with 10 years of 
data on drug dispensing for over two million people. 
It suggested no firm association between AChE inhib-
itor treatment and risk of UI could be shown, except 
possibly during the first month of treatment [25] 
(LOE2].  

Many elderly patients and their caregivers seek medical 
care for dementia and overactive bladder (OAB) to-
gether. In order to answer this, recent clinical trials of 
a combination therapy of central AChE inhibitors and 
peripheral anti-cholinergics for ameliorating both cog-
nition and incontinence are available. In 26 older in-
dividuals who had both cognitive problems and over-
active bladder (AD in 8, vascular dementia in 5, a 
combination of AD and multiple cerebral infarction in 
8, and others), Sakakibara et al. reported that addi-
tion of 20 mg/day propiverine, an anticholinergic 
agent, to 5 mg/day donepezil improved OAB without 
any cognitive change [26] (LOE 3). Sink and col-
leagues retrospectively studied 3536 nursing home 
residents who were taking central AChE inhibitors, in 
whom 10.6% were prescribed anticholinergics to-
gether [27]. They found no differences in cognitive 
function between groups of AChE inhibitors alone and 
AChE inhibitors with anticholinergics (LOE 3). Isik et 
al. demonstrated that patients with advanced Alz-
heimer’s Disease tolerated Trospium chloride without 
significant changes in MMSE (Mini-Mental Status Ex-
amination) scores [28] (LOE 3). The combined use 
of a ‘central’ AChE inhibitor and a ‘peripheral’ musca-
rinic receptor antagonist remains a matter of contro-
versy and the Dementia Working group of the Inter-
national Continence Society has put forward a recom-
mendation that antimuscarinics that do not easily 
cross the blood brain barrier or are more selective for 
the M2/M3 receptors should only be used in patients 
with dementia reporting incontinence [29] (LOE 3). 
There is a study indicating that this combination 
would be pharmacologically sound as a site-directed 
therapy [30].  

Guidance for further research 
There is still no cure for AD, which is progressive and 
a type of dementia-associated disease. We are still 
lacking studies evaluating LUT disorders in AD. No 
systematic review has been performed regarding the 
possibilities of medical management (both pharmaco-
logical and behavioural) of incontinence. An open is-
sue also remains the question of aggressive surgery 
for LUT problems in these patients. Whether we 
should offer surgical therapy for incontinence in pa-
tients with stress incontinence and progressive AD is 
so far unanswered. 

Conclusions 

• Detrusor overactivity seems to be the most com-
mon cause of incontinence in Alzheimer’s dis-
ease (AD) patients (LOE 3), while the incidence 
is low as compared with vascular dementia and 
dementia with Lewy bodies  

• The degree of functional incontinence is associ-
ated with cognitive impairment and brain degen-
eration (LOE 3) 

• EEG studies, occurrence of developmental re-
flexes and regional blood flow studies can predict 
the development of incontinence in AD patients 
(LOE 3) 

• Selective central AChE inhibitors ameliorate cog-
nitive function without serious adverse effects on 
LUT functions in patients with AD (LOE 3) 

• A combination therapy of central AChE inhibitors 
and peripheral anticholinergics for ameliorating 
both cognition and incontinence awaits further 
studies (LOE 3)  

Recommendations 

• The extensive and aggressive therapy of inconti-
nence in AD patients should be reserved for 
those with good general status and ambulation 
(C)  

• In the case of ambulatory patients, prompted 
voiding, behavioural therapy and oral anticholin-
ergics seem to be the treatment of choice (C)  

 Vascular dementia 

Epidemiology and prevalence  
Vascular dementia is the second most common form 
of dementia after Alzheimer’s disease (AD) among 
the elderly. Pooled prevalence from eight European 
countries was 1.6% for vascular dementia in subjects 
older than 65, compared to a prevalence of 4.4% for 
AD (LOE 3) [31]. A meta-analysis of the European 
studies on the incidence of dementia showed vascu-
lar dementia constituted 17.6% of all incident demen-
tia (LOE 3) [32].  



 

 
SPECIFIC NEUROLOGICAL DISEASES  1183 

 

Population-based MRI studies suggest that moderate 
white matter disease (WMD, a major cause of vascu-
lar dementia) affects around 10% (7.6–24%) of the 
general population of persons over 55 years of age 
[33], comparable to type 2 diabetes. WMD develops 
into three different geriatric syndromes; 1) vascular 
dementia (usually mild in the Mini-Mental State Exam-
ination and other general cognitive function), 2) vascu-
lar parkinsonism, and 3) so-called vascular inconti-
nence, i.e. urinary frequency/ urgency with or without 
incontinence [34]. Among these three syndromes, uri-
nary and gait disorders are more prominent than de-
mentia, and usually precede dementia. Comorbidity of 
Alzheimer’s disease (a degenerative disease) and 
WMD (a vascular disease) is not uncommon.  

Vascular dementia may be the result of a single stra-
tegic infarct, particularly involving the thalamus and 
left angular gyrus, or multiple cortical or subcortical 
infarcts that produce WMD. There is an elevated risk 
for subsequent dementia in patients who have had a 
stroke in comparison to controls without any evidence 
of a stroke (LOE 2) [35]. Diabetes and hypertension 
are stronger risk factors for vascular dementia than 
for Alzheimer’s disease (LOE 3) [36]. The apolipopro-
tein e4 genotype is a risk factor for vascular dementia 
as well as AD (LOE 3) [37].  

Pathology and disease-specific urinary tract 
problems  
In patients with WMD, diffuse abnormalities are seen 
in the small deep perforating vessels of the hemi-
spheric white matter, basal ganglia and brain stem. 
Pathological changes range from lipohyalinosis to fi-
brinoid necrosis and disintegration of small vessels. 
Disruption of the blood brain barrier is likely to precip-
itate or worsen progression of WMD [38] (LOE 3). 
Positron emission tomography imaging with 18F-flu-
oromisonidazole showed higher susceptibility to is-
chemia of white matter than gray matter in stroke 
cases [39]. Cortical WMD in MRI looks diffuse. How-
ever, within the brain, detailed pathology studies con-
firmed that the frontal lobe is most severely affected 
[40]. This is in line with documented frontal lobe atro-
phy on MRI volumetry, where glucose metabolism 
was also most severely reduced [41] (LOE 3). Corre-
sponding to this, brain perfusion is most reduced in 
the frontal lobe of subjects with WMD [42] (LOE 3), a 
finding that remains to be fully explained. In patients 
with WMD reporting incontinence (“vascular inconti-
nence”), performance on the frontal assessment bat-
tery suggests that performance on an inhibitory con-
trol task is decreased in patients with detrusor over-
activity [43] (LOE 3). 

The frontal cortex is an important higher center for 
micturition: damage to the prefrontal cortex, medial 
superior/middle frontal gyri, anterior cingulate cortex, 
supplemental motor area and insula result in marked 
lower urinary tract dysfunction in humans [44] (LOE 
3), corroborated by functional neuroimaging [45, 46] 
(LOE 3). Altered spinobulbospinal micturition reflex 

control may contribute to DO emergence in brain le-
sions [47] (LOE 3). Functional neuroimaging studies 
showed that the prefrontal cortex was deactivated in 
elderly subjects with urinary frequency/ urgency [48] 
(LOE 3). Jirovec et al. (LOE 3) found that cognitive 
ability and mobility differ significantly between conti-
nent and incontinent patients [49]. When the varia-
bles were examined together, mobility emerged as 
the best predictor of the patient’s urine control, fol-
lowed by cognitive impairment.  

The prevalence of DO in WMD cases is reported as 
70-91% of patients. In Sakakibara’s study, urody-
namic studies in 33 subjects found DO more com-
monly in grade 1-4 white-matter lesions (82%) than 
grade 0 white-matter lesions (9%). Yoshimura et al. 
(LOE 3) found a 47% prevalence of DO which corre-
lated with the presence of dementia [50].  

Disease specific diagnosis and treatment 
No specific diagnostic tests to evaluate dementia-re-
lated incontinence have been described. Since pa-
tients with dementia and incontinence usually have 
one or more concomitant diseases, the evaluation of 
the LUT functions should follow standard principles, 
bearing in mind that this is a population of frail elderly 
people. The treatment should start with modification 
of behaviour, and general rehabilitation targeted at 
making the patient more ambulatory. No other spe-
cific treatment in dementia has been described, how-
ever certain issues like prompted voiding, anticholin-
ergic drugs and intermittent catheterization have 
been studied. 

In a review of trials where prompted voiding was im-
plemented, Eustice et al. (LOE 1) found that prompt-
ing increased self-initiated voiding and decreased in-
continence episodes in the short-term [51]. A single 
small trial suggested that adding oxybutinin, reduced 
the number of incontinent episodes in the short-term. 
Suzuki et al. (LOE 3) found best results with the use 
of a portable chamber pot and induced urination in 
ambulatory patients; no improvement was seen in 
bedridden patients treated with anticholinergics [52]. 
Sugiyama et al. (LOE 3) studied the effects of anti-
cholinergic therapy in patients aged 65 years or older, 
with and without dementia [53]. Urodynamic studies 
demonstrated significant increase of maximum blad-
der capacity in the dementia group and the non-de-
mentia group. There was no significant difference in 
rate of objective improvement between both groups. 
On the other hand, rate of subjective improvement 
was significantly higher in the non-dementia group 
(40%) than in the dementia group (15%). Improve-
ment of functional bladder parameters was not asso-
ciated with better subjective symptoms in the demen-
tia patients.  

In voiding failure, intermittent catheterization (IC) is 
often feasible. Lieu et al. (LOE 3) found that carer-
assisted clean IC is an effective and safe treatment 
option for persistent urinary retention in elderly fe-
male patients with cognitive impairment and other 
disabilities [31]. 54% of the patients were able to void 
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spontaneously and were continent after a median pe-
riod of 6 weeks with a range of 1 to 40 weeks. 27% 
had significant improvement in the symptoms of uri-
nary incontinence and the residual urine volumes be-
came progressively smaller. 19% failed this treatment 
modality. The recovery of spontaneous voiding was 
influenced by the age of the patient, the carer per-
forming the IC and the development of catheter-re-
lated UTI. 25% developed symptomatic UTI, leading 
to delay in the recovery of spontaneous voiding. UTI 
development was associated with the presence of 
pre-existing diabetes mellitus and predisposing com-
mon medical conditions, the person doing the cathe-
terization, and the presence of dementia.  

Ayonou et al. (LOE 3) studied a group of 13 patients 
with dementia who underwent transurethral resection 
of the prostate (TURP) [54]. Six patients reported 
good urination, 3 reported some improvement in uri-
nation but requiring IC, and 1 developed inconti-
nence. No specific study addressing the issue of in-
continence surgery in woman with dementia has 
been reported. However, it seems that incontinence 
surgery in patients with dementia should be reserved 
only for the cases with good ambulation and without 
concomitant functional disorders of micturition (over-
active bladder, hypocontractile detrusor). 

Recommendations for further research  
Since dementia is not a homogeneous disease, a 
population study specifically reviewing disorders of 
lower urinary tract function is needed. A study evalu-
ating different treatment modalities in patients with 
dementia (especially anticholinergic treatment for 
overactive bladder and surgical treatment for stress 
incontinence) is lacking. 

Conclusions 

• Incontinence occurs in 30-100 % of patients with 
dementia (LOE 3). 

• The degree of incontinence is strongly associ-
ated with the patient’s general status and ambu-
lation (LOE 3) 

• There is no one major cause for incontinence in 
these patients; however overactive bladder is re-
sponsible for a significant proportion of inconti-
nence (LOE 3) 

Recommendations 

• Interventional therapy of incontinence in demen-
tia should be reserved for patients with good gen-
eral status and ambulation (C) 

• In case of ambulatory patients, prompted void-
ing, rehabilitation and oral anticholinergics can 
be employed (C) 

• Where there is a significant post-void residual, 
intermittent catheterization is the treatment of 
choice (B)  

 Dementia with Lewy bodies 

Epidemiology and prevalence  
Dementia with Lewy bodies (DLB) is thought to be the 
third most common type of dementia in the elderly, 
accounting for 10 – 15% of cases at autopsy. In pop-
ulation-based studies of subjects aged 65 and older, 
the prevalence of DLB was found to be 0.7% [55]. The 
epidemiology of DLB is sparse; age and gender dis-
tribution, and potential risk factors have yet to be de-
fined. 

Pathology and disease-specific urinary tract 
problems  
DLB primarily affects the basal ganglia (as in Parkin-
son’s disease) and the cerebral cortex. Lewy bodies 
and Lewy neuritis are pathologic aggregations of al-
pha-synuclein (SNCA), a ubiquitously-expressed 
synaptic protein that has been implicated in vesicle 
production [56]. Lewy bodies also contain chaperone 
proteins and elements of the ubiquitin-proteasome 
system. Immunohistochemical staining for alpha-
synuclein is the most sensitive and specific method 
for detecting Lewy bodies and can be used in a sem-
iquantitative grading of severity of Lewy-related pa-
thology [57]. Alpha-synuclein can now be measured 
in vivo by positron emission tomography and/or in the 
cerebrospinal fluid.  

Many patients with DLB also have Alzheimer’s dis-
ease pathology, which alters the clinical presentation. 
DLB patients who also have numerous neurofibrillary 
tangles display more core clinical features of AD [58]. 
Conversely, Lewy bodies also occur in more than half 
of patients with sporadic and early-onset AD [59]. The 
essential feature for a diagnosis of DLB is progressive 
cognitive decline of sufficient magnitude to interfere 
with normal social or occupational function. Fluctua-
tions (waxing and waning of cognition, functional abil-
ities and arousal, from almost normal to markedly 
confused or hypersomnolent) are a core feature of 
dementia with Lewy bodies. In DLB, autonomic dys-
functions occur and are included as a supportive fea-
ture for clinical diagnosis [60].  

Horimoto et al. (LOE 3) found 97% incidence of uri-
nary incontinence amongst patients with DLB. From 
the urological point of view, patients with DLB tend to 
develop urgency and urgency incontinence more of-
ten than do patients with Parkinson’s disease (PD) or 
AD. Similar bladder capacity, detrusor pressure at 
maximum voiding, maximum urine flow, mean voided 
volume and post-void residual volume were found in 
each disease; DO was more prevalent in DLB than in 
PD and in AD [9]. Urinary symptoms were recorded 
in 35 % of patients with DLB, compared to 70 % in 
MSA and 25 % in PD patients. No detrusor-sphincter-
dyssynergia was observed. DLB patients with DO 
had significantly higher Hoehn and Yahr scores than 
did those without. Since the prevalence of frequency, 
urgency, urge incontinence and DO is markedly lower 
in AD than in DLB, LUTS may contribute to the differ-
ential diagnosis of these two entities. 
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Disease specific diagnosis and treatment  
Since patients with Lewy Body disease and inconti-
nence usually have one or more concomitant dis-
eases, the evaluation of the LUT functions should fol-
low the general rules, bearing in mind that this is most 
often a population of frail elderly people.  

 Frontotemporal dementia (FTD) 

Epidemiology and prevalence  
Prevalence studies of FTD give ranges of 3.6-15.0 
per 100,000 [61]. There is a high familial occurrence 
of FTD [62]. In such cases, a combination with par-
kinsonism, and rarely amyotrophic lateral sclerosis, 
also occurs. The distribution of FTD is equal between 
men and women. The mean duration of illness from 
onset to death is 4-6 years, with a range of 2-20 
years.  

Pathology and disease-specific urinary tract 
problems  
Frontotemporal dementia (FTD), also known as 
Pick’s disease, encompasses a diverse group of clin-
ical and pathological disorders. There are several dis-
tinct clinical presentations, most commonly behav-
ioral changes, but a language disorder, usually in the 
form of a progressive non-fluent aphasia, can be the 
main presenting sign. The most common clinical 
presentation of FTD is characterized by profound 
changes in personality and social conduct, including 
a decline in manners and social skills that are incon-
gruent with the patient’s premorbid behaviour. Af-
fected patients lack emotional warmth, empathy and 
sympathy and are indifferent to others. 

MRI of patients with FTD often shows atrophy in the 
frontal and temporal lobes (LOE 2), which may be 
asymmetric [63]. At autopsy, markedly gross atrophy 
of the frontal and temporal lobes is seen in FTD. On 
histologic examination the salient features include 
neuronal loss, micro-vacuolization and astrocytes 
gliosis centred on cortical layer II. Molecular pathol-
ogy of FTD has identified four subtypes:  

• classical Pick’s disease (Pick body with accumu-
lation of 3-repeat tau);  

• mutations in the MAPT (microtubule-associated 
protein tau) gene;  

• accumulation of TDP-43 (TAR DNA binding pro-
tein-43) with mutations in the PGRN (progranu-
lin) gene; and,  

• accumulation of FUS (fused in sarcoma) protein  

There are no published data on LUTS in patients with 
FTD, but due to the cognitive state these patients 
have incontinence, either because they forget to take 
down clothes when they go into the toilet, or they 
have difficulty finding the toilet, or they may urinate in 
inappropriate places. Moreover, they may be affected 
by constipation, diarrhoea or faecal incontinence. 

Diagnosis and treatment 
There are no studies which show the significance of 
LUTS in fronto-temporal dementia. The importance of 
cortical regulation for social control of urinary habits 
needs evaluation.  

Conclusions 

• There are no studies available which show the 
significance of LUTS in patients with fronto-tem-
poral dementia 

• Since the underlying pathology is gross atrophy 
of frontal and temporal lobes, autonomic dys-
function including LUTS can be anticipated, but 
further research is needed 

Recommendations 

• The recommendations do not differ from those 
for other types of dementia 

 

 CONSTIPATION AND FAECAL 
INCONTINENCE IN DEMENTIA 

Only one paper was retrieved related to the influence 
of dementia on the prevalence of faecal incontinence 
[64]. This evaluated a random sample (n= 485) of the 
population of 85-year-olds from Gothenburg, Swe-
den. Prevalence of urinary and faecal incontinence 
and dementia were 38%, 17% and 29% respectively. 
Dementia-affected men (50%) and women (60%) 
were more often incontinent than non-affected men 
(18%) and women (36%). Faecal incontinence was 
more prevalent in dementia (34/ 8% versus 6/ 7%): 
both urinary and faecal incontinence were more prev-
alent in demented women (43% and 20% respec-
tively) than in men (27% and 11%). The prevalence 
of urinary and faecal incontinence and dementia were 
higher in residents of a nursing home or hospital 
(74%, 51% and 92% respectively) than subjects living 
at home (32%, 9% and 18%): of the dementia resi-
dents in an institution, 78% were incontinent com-
pared with 37% living at home. 

No specific paper was found on the management of 
faecal incontinence in people with dementia. Patients 
may benefit from a bowel habit training programme, 
which also includes management of constipation with 
non-pharmacologic (such as exercise and fibre) and 
pharmacologic measures. 

Conclusions 

• Although faecal incontinence is prevalent in peo-
ple with dementia, no paper was found dealing 
with the disease-specific management of faecal 
incontinence (LOE3). 



 

 
1186  COMMITTEE 10. NEUROLOGIC URINARY AND FAECAL INCONTINENCE 
 

Recommendations 

• Studies should be undertaken to ascertain man-
agement strategies for constipation and faecal 
incontinence in dementia 

 

 NORMAL PRESSURE 
HYDROCEPHALUS 

Normal-pressure hydrocephalus (NPH) is character-
ized by a clinical presentation of gait disturbance, 
memory deficit, and urinary incontinence, combined 
with dilated cerebral ventricles and normal cerebro-
spinal fluid (CSF) pressure [65]. The clinical triad of 
this disorder is very much akin to those of vascular 
dementia or white matter disease (WMD), and should 
be considered before performing brain imaging in rel-
evant patients. The syndrome was first described by 
Hakim and Adams in 1965 [66]. The effectiveness of 
the diversion of CSF flow by shunt operation in treat-
ing this syndrome is well documented [65] (LOE 2). 
Population-based MRI studies suggest that the inci-
dence of NPH, or asymptomatic ventriculomegaly 
with features of idiopathic normal pressure hydro-
cephalus on MRI (AVIM), is around 1% (0.51-2.9%) 
in the general population of persons over 65 years of 
age [67], being estimated as one-tenth of WMD (LOE 
3).  

 Pathology and disease-specific urinary 
tract problems  

LUTS in NPH include urinary urgency and frequency 
(OAB). Sakakibara et al. found urinary symptoms in 
93% of 42 idiopathic NPH patients [68] (LOE 3). 
These symptoms included storage symptoms in 93% 
of patients (Nocturia 64%; urinary urgency, 64%; ur-
gency urinary incontinence, 57%; increased daytime 
frequency, 36%) and voiding/ post micturition symp-
toms in 71% (hesitancy 50%; prolongation /poor flow, 
50%; sensation of post-void residual, 29%; straining, 
21%; intermittency, 14%). In some patients urinary 
urgency /frequency preceded urinary incontinence. 
Among the clinical triad of NPH, urinary incontinence 
was regarded a late symptom, but gait disturbance 
and OAB can be the early manifestation of NPH.  

Urodynamic findings of 42 NPH patients included low 
Qmax (<10 cm/s) in 40%; increased post-void residual 
(>30 ml) in 43% (average PVR volume 42.1 ml); low 
volume at first sensation (< 100 ml) in 33%; de-
creased bladder capacity (< 200 ml) in 57%; and DO 
in 95% of patients [68] (LOE 3). Although case series 
are often small (4-12 cases), DO is common (63-
100%) [69] [70] (LOE 4). The high prevalence of DO 
suggests altered brain autonomic control in NPH [71].  

 Diagnosis  
Diagnosis of NPH may comprise:  

• Possible features; gait, cognitive and urinary dis-
orders with typical ventricular dilatation in brain 
imaging 

• Probable features; improved clinical symptoms 
by 30 ml withdrawal of the cerebrospinal fluid by 
a lumbar tap (the Tap test) 

• Definite; improved clinical symptoms by ventric-
uloperitoneal shunt surgery, etc.  

Functional neuroimaging in normal volunteers has 
shown that the anterior cingulate, prefrontal cortex 
and insula are activated in response to bladder filling 
as compared to an empty bladder [47]. Although NPH 
is a diffuse brain disease with dilated ventricles, hy-
poperfusion in the frontal lobe has been documented 
in NPH patients using PET [72], single-photon emis-
sion computed tomography (SPECT) [73] , and per-
fusion-weighted MRI [74] (LOE 3). Therefore, the 
frontal lobe is thought to be the anatomical substrate 
for urinary urgency and incontinence in NPH. Accord-
ing to the study by Sakakibara et al, using 97 NPH 
patients and [123I]-iodoamphetamine (IMP)-SPECT 
statistical mapping, there was a significant decrease 
in tracer activity in the right-side-dominant bilateral 
frontal cortex and the left inferior temporal gyrus in 
the severe urinary dysfunction group (p<0.05) [75]. 
The findings indicate that there is a link between right 
frontal hypoperfusion and urinary dysfunction in NPH. 
Importantly, bladder dysfunction and frontal lobe hy-
poperfusion in NPH can improve after shunt surgery. 
Recovery rate of OAB and urinary incontinence in 
NPH ranges from 20-80% [65] (LOE 4). After shunt 
surgery, bladder recovery is related to an increase in 
mid-cingulate perfusion [76] (LOE 3).  
Since there is a surgical shunt therapy for NPH, early 
diagnosis of NPH in patients with OAB is important. 
In addition to OAB with/without urinary incontinence, 
patients with NPH commonly have gait disorder (par-
kinsonian and wide-based gait) and dementia that is 
milder than Alzheimer’s disease. Differential diagno-
sis should include vascular dementia or white matter 
disease. If the shunt surgery failed, or was not applied 
to individuals with particular reasons (such as demen-
tia), medical management (pharmacological and be-
havioural) of incontinence is put in place. However, 
no systematic review has been performed regarding 
the medical management of urinary incontinence in 
NPH.  

Conclusions 

• Clinical manifestations in NPH mimic those of 
vascular dementia or white matter disease (LOE 
3) 

• Urinary urgency and increased urinary frequency 
may precede urinary incontinence in NPH (LOE 
3). 

• Detrusor overactivity seems to be the most com-
mon cause of incontinence in NPH patients (LOE 
3).  
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• Shunt surgery ameliorates urinary incontinence 
in NPH but the degree of improvement varies sig-
nificantly (20-80%) (LOE 4). 

Recommendations 

• Typical gait, cognitive and urinary disorders with 
ventricular dilatation in brain imaging favours the 
diagnosis of NPH; a Tap test and shunt surgery 
may then be indicated (B). 

• A systematic literature review is needed regard-
ing the medical management of urinary inconti-
nence in NPH, if shunt surgery is not successful 
or not undertaken (C). 

 

 MULTIPLE SYSTEM ATROPHY 

Multiple system atrophy (MSA) is an uncommon 
but well-recognized disease entity that both neurolo-
gists and urologists may encounter. The term MSA 
was introduced by Graham and Oppenheimer in 1969 
to describe a disorder of unknown cause affecting 
extrapyramidal, cerebellar, and autonomic pathways 
[77]. MSA includes the disorders previously called 
striatonigral degeneration (SND), sporadic 
olivopontocerebellar atrophy (OPCA), and Shy–
Drager syndrome. The discovery in 1989 of glial cy-
toplasmic inclusions in the brains of patients with 
MSA provided a pathological marker for the disorder 
(akin to Lewy bodies in idiopathic Parkinson’s dis-
ease (IPD)) and confirmed that SND, OPCA, and 
Shy–Drager syndrome are the same disease with dif-
fering clinical presentations. Immunocytochemistry 
showed that the glial cytoplasmic inclusions of MSA 
are ubiquitin-, tau-, and alpha- synuclein (SNCA)- 
positive, possibly representing a cytoskeletal altera-
tion in glial cells that results in neuronal degeneration. 
SNCA is a presynaptic neuronal protein encoded by 
the SNCA gene located on chromosome 4. This pro-
tein appears to play a role in dopamine and other neu-
rotransmitter metabolism, vesicle trafficking, modifi-
cation of synaptic transmission, and regulation of 
membrane permeability. In contrast, pathologically in-
creased expression and abnormal conformation of 
SNCA are reported to reduce neurotransmitter re-
lease by inhibiting synaptic vesicle reclustering after 
endocytosis. Familial occurrence is estimated to ac-
count for 1.6% of all cases, and data on such cases 
are being accumulated to identify candidate genes for 
this disorder, including SNCA, MAPT (microtubule-
associated protein tau), etc.  

Autonomic failure (postural hypotension and urinary 
dysfunction) is fundamental to the diagnosis of MSA: 
it is diagnosed when the criteria of either postural hy-
potension (systolic blood pressure fall > 30 mmHg or 
diastolic > 15 mmHg) or urinary dysfunction (persis-
tent, involuntary urinary incontinence/incomplete 
bladder emptying) or both are fulfilled, along with 

poorly levodopa-responsive parkinsonism or cerebel-
lar dysfunction [78]. Based on the major motor defi-
cits, MSA can be classified as MSA-P (parkinsonism-
predominant) or MSA-C (cerebellar-predominant) 
[77]. Clinical differential diagnosis between MSA-P, 
the most common clinical form, and IPD is difficult 
even for specialists. However, the lack of one-side 
dominance and resting tremor, poor response to levo-
dopa, and rapid progression are all red flags indicating 
MSA. MSA-C can mostly be distinguished from he-
reditary spinocerebellar ataxias, although some indi-
viduals with such disorders do not have apparent he-
redity. Autonomic failure (AF) is almost invariably pre-
sent and can be an initial manifestation (AF-MSA) 
[79]. Autonomic failure occurs in other neuro-
degenerative diseases, for example in a subset of 
patients with IPD (AF-PD), as well as in pure auto-
nomic failure (PAF), both of which are considered 
Lewy body diseases.  

This section reviews the current concepts of urinary 
dysfunction in MSA, with particular reference to uri-
nary symptoms, (video-)urodynamic assessment and 
sphincter electromyography (EMG), and patient man-
agement. 

 Pathology and disease-specific LUT 
problems  

Both overactive bladder and large post-void residuals 
occur in MSA. The second consensus statement on 
the diagnosis of MSA recognizes that the disease fre-
quently begins with bladder dysfunction (although 
erectile dysfunction usually precedes that complaint). 
Patients may present with urinary incontinence, uri-
nary retention, or a combination of incontinence and 
incomplete bladder emptying [78]. It is important that 
other common causes of poor bladder control are ex-
cluded by a urologist or uro-gynaecologist before the 
disorder is attributed to the neurological condition 
[80]. The prevalence of troublesome urinary symp-
toms in 256 patients with MSA compared with 158 
aged matched control subjects [81] showed that MSA 
patients had significantly higher increased daytime 
frequency (45% of women, 43% of men), night time 
frequency (65%, 69%), urinary urgency (64% of 
men), and urgency incontinence (75%, 66%) than did 
the controls. They also had more hesitancy of micturi-
tion (62%, 73%), prolonged poor stream (71%, 81%), 
or intermittent stream (61%, 47%), or the need to 
strain to void (48%, 55%). Of particular importance is 
that the quality of life (QOL) index in the MSA group 
was significantly higher (i.e. worse) in MSA patients 
for bladder dysfunction (70%, 76%) than that in con-
trols. Many of them show large post-void residual 
urine volume > 100 ml. Therefore both overactive 
bladder and large post-void residuals are common in 
MSA.  

In MSA, urinary dysfunction precedes postural hypo-
tension. Of various symptoms of autonomic failure 
(erectile dysfunction, urinary dysfunction, postural 
hypotension, respiratory stridor) in patients with 
MSA, urinary dysfunction has attracted less attention 
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than postural hypotension, although urinary dys-
function may result in recurrent urinary tract infection 
and cause morbidity. In addition, urinary incontinence 
results in impaired self-esteem, stress on the care-
giver, and considerable financial cost. Postural hypo-
tension was pointed out first in AF-MSA, which 
turned out to be a marker of autonomic involvement 
in this disorder. Both of the original two patients dis-
cussed by Shy and Drager had urinary frequency, in-
continence, and urinary retention [82]. Other variants 
(MSA-P and MSA-C) rarely develop postural hypoten-
sion in their early stage. However, in the original re-
ports, three of four patients with MSA-P showed void-
ing difficulty, retention, and urinary incontinence 
[83].  

Thus, what are the most common and earliest auto-
nomic features of MSA? In a study of 121 patients 
with MSA [84], urinary symptoms (96%) were more 
common than orthostatic symptoms (43%). The most 
frequent urinary symptom was difficulty voiding in 
79% of the patients, followed by nocturnal urinary fre-
quency in 74%. Other symptoms included urgency in 
63%, urgency incontinence in 63%, diurnal urinary 
frequency in 45%, nocturnal enuresis in 19%, and uri-
nary retention in 8%. The most frequent orthostatic 
symptom was postural faintness in 43%, followed by 
blurred vision in 38% and syncope in 19%. These fig-
ures are similar to findings reported by other centres 
[85, 86], and indicate that urinary dysfunction is a 
more common and often earlier manifestation than 
postural hypotension in MSA. Many factors might be 
involved in this phenomenon. Reports of focal lesions 
have shown that postural hypotension occurs in le-
sions below the medulla, whereas urinary dysfunction 
occurs in lesions at many sites in the neuraxis. MSA 
lesions involve the pons, the hypothalamus, and the 
basal ganglia, all of which might affect LUT function, 
as described below.  

Urinary dysfunction also precedes motor disorder. Ap-
proximately 60% of patients with MSA develop uri-
nary symptoms either prior to or at the time of 
presentation with the motor disorder [84]. This indi-
cates that many of these patients seek urological ad-
vice early in the course of their disease. Since the se-
verity of urinary symptoms is severe enough for surgi-
cal intervention, male patients with MSA may un-
dergo urological surgery for prostatic outflow ob-
struction before the correct diagnosis has been 
made. The results of such surgery are often tran-
sient or unfavourable because of the progressive na-
ture of this disease. Male erectile dysfunction is often 
the first presentation [84, 87], possibly preceding the 
occurrence of urinary dysfunction in MSA. The urolo-
gist confronted with a patient showing these fea-
tures should be cautious about embarking on an op-
erative approach. The neurologist encountering a 
patient with marked urinary symptoms might consider 
future investigation by brain magnetic resonance imag-
ing (MRI) and sphincter EMG. Since motor disorders 
in MSA mostly mimic those in IPD, the urogenital 
distinction between these two diseases is worth con-
sidering, although a number of earlier studies on 

‘Parkinson’s disease and the bladder’ might inad-
vertently have included patients with MSA. The prev-
alence rate of urinary dysfunction and urgency in-
continence in MSA is higher than that reported in 
IPD. In addition, urinary dysfunction is never the initial 
presentation in IPD. 

 Disease specific diagnosis 
Since MSA is a neurodegenerative disease that af-
fects multiple brain regions, patients may have a 
wide range of urodynamic abnormalities that 
change with progression of the illness. Videourody-
namics and sphincter EMG enable assessment of 
lumbosacral cord functions, which help distinguish 
MSA from other parkinsonian disorders.  

Filling phase abnormalities include overactivity in 33–
100% and uninhibited external sphincter relaxation in 
33% of MSA [88-90]. Detrusor overactivity seems to be 
the major cause of urgency incontinence in patients 
with MSA, and may be associated with uninhibited 
sphincter relaxation.  
Cerebral diseases can lead to a loss of the brain’s in-
hibitory influence on the spino-bulbo-spinal micturi-
tion reflex. The information that arises from the 
lower urinary tract reaches the periaqueductal 
gray matter (PAG), then goes down to the pontine 
micturition center (PMC), an area identical to, or just 
adjacent to, the locus ceruleus, which then acti-
vates the descending pathway to the sacral pregan-
glionic neurons innervating the bladder. The basal 
ganglia are thought to be one of the higher centers for 
micturition, since lesions of this area lead to bladder 
overactivity. Positron emission tomography (PET) 
studies have shown that the hypothalamus, PAG, 
midline pons, and cingulate cortex are activated dur-
ing urinary filling. The central pathology of MSA in-
cludes neuronal loss of neuromelanin-containing 
cells in the locus ceruleus [91] and the nigrostriatal do-
paminergic system (‘putaminal slit sign’) [92] and cer-
ebellum, and to a lesser extent in the ponto-medullary 
raphe (‘pontine cross sign’) [92, 93] and the frontal cor-
tex [94, 95]. Experimental studies have suggested that the 
raphe modulates micturition function [96], and also that 
the cerebellum controls micturition function [97]. A single 
photon emission computed tomography (SPECT) study 
has shown that in the urinary storage and micturition 
phases, but not in the resting phase, activation of the cer-
ebellar vermis was significantly lower in MSA patients than 
in control subjects [98]. These areas seem to be relevant 
for the occurrence of bladder overactivity and uninhib-
ited sphincter relaxation in MSA patients.  

Incomplete bladder emptying is a significant feature 
in MSA. In fact, 47% of patients with MSA had post-
void residuals (PVR) > 100 ml, whereas no patients 
with IPD had such levels [88]. The mean PVR volume 
was 71 ml in the first year, 129 ml in the second year 
(which exceeded the threshold volume for the start of 
clean intermittent catheterization (CIC)), and 170 ml 
in the fifth year from the onset of illness [99]. Pres-
sure-flow analysis showed that bladder underactivity 
(a weak detrusor contraction) during voiding is more 
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common in MSA (71% in women and 63% in men) 
than in IPD (66% in women and 40% in men) [88]. The 
mean bladder outlet obstruction index (Abrams Griffiths 
number) are smaller in patients with MSA (12 in 
women and 28 in men) than in those with IPD (40 in 
women and 43) [88]. Detrusor-external sphincter 
dyssynergia is present in 47% of MSA patients [88]. A 
subset of patients with MSA has bladder overactivity 
during storage and underactivity during voiding (de-
trusor hyperactivity with impaired contractile function, 
DHIC) [100]. The exact mechanism of this phenom-
enon has yet to be ascertained. However, it has 
been recognized that the central mechanisms un-
derlying bladder filling and voiding are distinct from 
each other; i.e. the area promoting micturition is lo-
cated in the PMC and the frontal cortex, whereas 
that promoting urinary storage is in the pontine stor-
age center, basal ganglia, raphe, and frontal cortex. 
Lesions in these areas may cause various combina-
tions of urinary filling and voiding disorders, such as 
DHIC.  
The role of the sympathetic nervous system may be 
important, and a key feature could be an open blad-
der neck, which can suggest sympathetic denerva-
tion. The bladder neck, also known as the internal 
(smooth) urethral sphincter, is a component in the 
maintenance of continence that is innervated by the 
sympathetic hypogastric nerve. Videourodynamic 
study is an established method for evaluating bladder 
neck function. In normal subjects, the bladder neck is 
closed throughout filling so as to avoid leaking. How-
ever, an open bladder neck is found in 46–100% of 
MSA patients and in 23–31% of PD patients, and an 
open bladder neck at the start of bladder filling, even 
without the accompaniment of bladder overactivity, 
was noted in no PD patients but in 53% of MSA pa-
tients (p< 0.01) [88]. Because open bladder neck is 
common in patients with myelodysplasia or a lower 
thoracic cord lesion at T12-L2 (where the sympa-
thetic thoracolumbar intermediolateral [IML] nuclei 
are located) and is reproduced by systemic or intrau-
rethral application of alpha1-adrenergic blockers 
[101], it is likely that an open bladder neck reflects the 
loss of sympathetic innervation.  

Neurogenic changes in the sphincter EMG may sug-
gest somatic denervation. A distinguishing pathology 
in MSA is neuronal cell loss in the Onuf nucleus, a 
group of anterior horn cells in the sacral spinal cord 
[92]. External anal sphincter (EAS)-electromyography 
(EMG) results for over 600 MSA patients have been 
reported, with abnormality rates of more than 70% in 
many studies [102, 103]. Abnormalities have also 
been recorded in the bulbocavernosus muscles in 
MSA [104]. A particular importance is not to miss the 
late components [105].  
In a study of 84 probable MSA cases, 62% exhibited 
neurogenic change [106]. The prevalence was rela-
tively low, presumably because up to 25% of patients 
had a disease duration of 1 year or less. In such early 
cases, the diagnosis of MSA should be made with ex-

treme caution. In addition to the clinical diagnostic cri-
teria, we usually add an imaging study and we per-
form gene analysis to the extent possible. The preva-
lence of neurogenic change was 52% in the first year 
after disease onset, which increased to 83% by the 
fifth year. Therefore, as expected, it is apparent that 
the involvement of Onuf’s nucleus in MSA is time-de-
pendent; and EAS-MUP abnormalities can distin-
guish MSA from idiopathic PD and other diseases in 
the first 5 years after disease onset. Receiver-operat-
ing characteristic analysis of sphincter EMG showed 
high diagnostic power in terms of the duration of mo-
tor unit potential (MUP) analysis [103]. 

In the early stages of illness, the prevalence of neu-
rogenic change in MSA does not seem to be high. It 
is possible that some MSA patients never develop 
neurogenic change during the course of their illness. 
Wenning et al. (1994) reported 3 patients with normal 
EAS-EMG and a postmortem confirmation of MSA 
[85]. Therefore, a negative result does exclude a di-
agnosis of MSA. Paviour et al. (2005) reported that 
among 30 sets of clinical data and postmortem con-
firmation in MSA cases with a duration of more than 
5 years, 24 (80%) had abnormal EAS-EMG, 5 (17%) 
had a borderline result, and only 1 had a normal EMG 
[107]. Neurogenic change does not correlate directly 
with a clinically obvious functional deficit, although 
urinary incontinence is more severe in the patients 
with neurogenic change than in those without it.  

Prevalence of neurogenic change increases with the 
severity of gait disturbance (wheel chair bound) [106]. 
However, neurogenic change was not related to pos-
tural hypotension (reflecting adrenergic nerve dys-
function); erectile dysfunction in men (presumably re-
flecting cholinergic and nitrergic nerve dysfunction); 
detrusor overactivity (reflecting the central type of de-
trusor dysfunction); constipation (presumably reflect-
ing both peripheral and central types of autonomic 
and somatic dysfunction); or gender [106]. The neu-
rogenic change in EAS-MUP was slightly more com-
mon in those with detrusor-sphincter dyssynergia 
(DSD). It has also been suggested that not only su-
prasacral pathology, but also sacral/peripheral le-
sions can produce DSD [108]. Although denervation 
can be found in the other skeletal muscles in MSA, it 
occurs much earlier in the external sphincter muscles 
[109]. This is in contrast to amyotrophic lateral sclero-
sis, where denervation occurs in most advanced cases 
(respirator bound). 

The neural sites responsible for cardiovascular auto-
nomic failure in MSA are mostly central, in contrast to 
the peripheral lesions in PAF [80]. However, 31–45% 
of patients with MSA also have low-compliance detru-
sor, defined as a maximum bladder capacity/tonic 
detrusor pressure increase <20 ml/cmH2O [84]. Low-
compliance detrusor is known to occur in patients 
with spina bifida or in animals with experimental 
cauda equina lesions, most probably reflecting neu-
ronal loss of bladder preganglionic neurons in the 
sacral IML nucleus and their fibers (pelvic nerve). Re-
peated urodynamic studies in MSA patients show 
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that the cystometrogram changes from bladder 
overactivity to low-compliance or atonic detrusor, 
and from negative to positive bethanechol super-
sensitivity [84]. Nineteen percent of MSA patients 
show denervation supersensitivity of the detrusor, indi-
cating peripheral changes [84]. As the disease pro-
gresses, symptoms may change from urinary ur-
gency and frequency to those due to incomplete blad-
der emptying. These findings suggest that the respon-
sible sites of the bladder cholinergic disorder may 
change from the ‘center’ (supra-nuclear) to the ‘pe-
riphery’ (nuclear sacral IML and/or infra-nuclear) 
during the course of the illness. Since MSA primarily 
affects the preganglionic neurons in the autonomic 
nervous system [80], bladder findings that suggest 
postganglionic lesions might reflect trans-synaptic 
degeneration of the cholinergic fibers.  

Besides bladder disorders, patients with MSA may 
have nocturnal polyuria, which results in nocturnal 
urinary frequency and morning hypotension. A post-
mortem study revealed the degeneration of AVP 
neurons in the suprachiasmatic nucleus in MSA 
[104], leading to impairment of the circadian rhythm 
of the plasma AVP concentration in MSA [110, 111]. 
In addition, daytime postural hypotension may cause 
nocturnal polyuria in patients with MSA [112]. This is 
probably due to a combination of factors that include 
compensatory supine hypertension at night, leading 
to increased glomerular filtration.  

 Disease specific management  
More than half of patients with MSA have urinary 
dysfunction either prior to or at the time of presenta-
tion with motor disorder. Since many of these patients 
develop incomplete bladder emptying, they may be 
misdiagnosed as having prostatic hypertrophy. In 
fact, the results of urological surgery are rarely favour-
able, since bladder underactivity contributes more to 
voiding difficulty than does outflow obstruction. 
Therefore, it is important to avoid inappropriate 
urological surgery in patients with MSA [80]. A 
conservative approach with medical measures to 
manage urinary problems can be effective.  

Estimation of the PVR volume is a simple and useful 
test in patients with MSA; even if their urinary com-
plaints are solely urinary urgency/frequency, they 
may be unaware that their bladders do not empty 
completely. If the patient has a significant PVR and is 
symptomatic, this aspect of the problem should be 
managed using CIC performed by either the pa-
tient or the caregiver. However, in patients with ad-
vanced disease and severe neurological disability, a 
permanent indwelling catheter, either transurethral 
or suprapubic, or urosheath drainage may be re-
quired.  

If OAB/ DO is present, anticholinergic medication such 
as tolterodine, oxybutynin, propiverine, or pro-
pantheline may be indicated. However, anticholinergic 
side-effects, particularly dry mouth (probably mediated 
by M3 receptors) and constipation (M2/3 receptors), may 

limit their use in a proportion of the patients. A subset of 
patients with MSA may develop mild cognitive decline 
at an advanced stage of the disease. Since the use of an-
ticholinergic drugs carries a risk of cognitive impairment (M1 
receptors) [113], caution is needed. Anticholinergic drugs 
ameliorate urgency and frequency, but conceivably 
could reduce bladder contractility during voiding. There-
fore, PVR should be measured and the medication 
should be withdrawn or CIC should be added if there is 
significant residual. If night-time urinary urgency/fre-
quency is the problem, overnight bladder drainage may 
be considered [99].  

Interactions can arise between drugs to treat blad-
der, postural hypotension, and motor disorders. 
Since incomplete bladder emptying in patients with 
MSA is due mostly to bladder underactivity, drugs act-
ing on outflow obstruction are unlikely to benefit all 
patients. However, in some patients, alpha-adren-
ergic blockers may be effective in lessening PVR vol-
umes, due probably to detrusor-sphincter dyssynergia 
[114]. Uro-selective blockers such as tamsulosin and 
naftopidil may be chosen, in the hope they have 
fewer side-effects such as postural hypotension. 
Importantly, the drugs most commonly used to treat 
postural hypotension in MSA are adrenergic ago-
nists. Administration of amezinium, an adrenergic 
drug, may increase PVR volume and the risk of re-
tention [115]. Amezinium most probably stimulates 
the alpha receptors, both in the vascular wall (alpha1B 
receptors, particularly in the elderly [116]) and the 
proximal urethra (alpha1A/D-adrenergic receptors).  

Pyridostigmine, an acetylcholinesterase inhibitor, can 
be effective in lessening PVR volumes [117]. Pyri-
dostigmine also lessens postural hypotension, pre-
sumably by enhancing nicotinic acetylcholine recep-
tor transmission in the sympathetic ganglia [118, 
119].  

Dopaminergic receptors: whether central ly act ing 
drugs, such as pergolide (a dopaminergic D1/2-re-
ceptor agonist) for parkinsonism, might ameliorate 
urinary dysfunction in MSA has not been fully studied. 
Early untreated IPD patients with mild urgency and fre-
quency tend to benefit from levodopa (D1/2) treatment. 
However, levodopa may augment bladder overactivity in 
IPD patients. Since D1 selective stimulation inhibits the 
micturition reflex whereas D2 selective stimulation facil-
itates it, the balance of these stimulations may explain 
the various effects of the drugs. Levodopa (D1/2) and 
its metabolites, such as norepinephrine (noradren-
aline), may also contract the bladder neck by stimulating 
alpha1 adrenergic receptors [115]. 

Desmopressin is a potent analogue of AVP used in 
the treatment of diabetes insipidus due to a loss of 
posterior pituitary AVP secretion. Mathias et al. [111] 
used 2–4μg of intramuscular desmopressin in pa-
tients with autonomic failure including MSA. 5μg of 
intranasal desmopressin once a night in MSA pa-
tients with impaired circadian rhythm of AVP and noc-
turnal polyuria also appears to be beneficial [120]. 
This small dose of desmopressin is unlikely to 
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cause adverse effects, but hyponatremia and signs 
of cardiac failure should be checked for regularly. 
Desmopressin could also ameliorate morning hypo-
tension resulting from the abnormal loss of body 
fluid at night [111]. 

Micturition syncope: Well-known triggers for syncope 
in MSA include: 1) standing (postural syncope), 2) eating 
(post-prandial syncope), and 3) exercise (post-exertional 
syncope) [80]. In addition, syncope in patients with MSA 
may also be triggered by 4) voiding (micturition syncope) 
[121]. The detailed link between the bladder and the car-
diovascular system is still uncertain in this condition. 
However, particularly in patients who use abdominal 
straining when voiding, CIC could lessen micturition syn-
cope.  

Recent studies suggest that bladder management may 
directly, or indirectly, affect survival of MSA [122, 123]. 
Coon et al. suggested that while the initial onset with 
autonomic symptoms was not associated with short-
ened overall survival, early autonomic symptoms in 
disease course, particularly bladder symptoms and 
severe urinary symptoms (requiring urinary catheter-
ization), negatively affected survival [122]. Since 
MSA is a progressive disease that leads to urinary re-
tention, early differential diagnosis from Parkinson’s 
disease is necessary in terms of catheterization [124].  

Conclusions: 

• Urinary dysfunction is a prominent autonomic 
feature in patients with MSA, and it is more com-
mon (above 90%) and occurs earlier than pos-
tural hypotension in this disorder (LOE3).  

• In contrast to idiopathic Parkinson’s disease, 
MSA patients have more marked urinary dys-
function, which consists of both urgency inconti-
nence and post-void residuals >100 ml (LOE1,2).  

• Videourodynamic and sphincter EMG analyses 
are important tools for understanding the extent 
of these dysfunctions and for determining both 
the diagnosis and management of the disorders 
(LOE3).  

• The common finding is detrusor overactivity, 
which accounts for urinary urgency and in-
creased frequency (LOE3).  

• Detrusor-sphincter dyssynergia, open bladder 
neck at the start of bladder filling (internal 
sphincter denervation), and neurogenic sphinc-
ter EMG (external sphincter denervation) are all 
characteristics of MSA (LOE2).  

• These features may reflect pathological lesions in 
the basal ganglia, pontine tegmentum, raphe, 
intermediolateral cell column, and sacral Onuf’s 
nuclei (LOE4).  

• During the course of the disease, the pathophys-
iological balance shifts from central to periph-
eral, with bladder emptying disorder coming to 
predominate (LOE3).  

Recommendations:  
• Clinical features of MSA may mimic those of IPD, 

and the potential impact on treatment outcomes 
should be considered if there is any doubt about 
the underlying diagnosis (A).  

• MSA is a progressive disorder and impaired detru-
sor contractility is common. Therefore it is im-
portant to avoid inappropriate urological surgery 
in patients with MSA (B/C).  

• A conservative approach with medical measures 
in MSA patients includes anticholinergics for uri-
nary urgency and frequency, desmopressin for 
nocturnal polyuria, uro-selective alpha-blockers 
and cholinergic stimulants for voiding difficulty, 
and CIC (clean, intermittent catheterization) for 
large PVR (post-void residual) (B). 

 Faecal incontinence 
Lower gastrointestinal tract (LGIT) dysfunction is also 
common in patients with MSA. Sakakibara et al. [125] 
(LOE2) performed a bowel questionnaire in 15 pa-
tients with MSA and in 10 age-matched healthy con-
trol subjects. The MSA group showed decreased 
bowel frequency (< 3 times a week) in 9, difficulty in 
expulsion in 11, and faecal incontinence in 3; the con-
trol group showed decreased bowel frequency in only 
2, mild difficulty in expulsion in 2, faecal incontinence 
in none. Therefore, constipation is the major bowel 
dysfunction in this disorder, although in advanced 
stages faecal incontinence is not uncommon. 

Studies on the mechanism of bowel problems in this 
disorder are scarce. Stocchi et al. [126] (LOE2) per-
formed anorectal manometry in 16 patients with MSA; 
13 patients showed paradoxical anal sphincter con-
traction on fictive straining. Bardoux et al. [127] 
(LOE3-4) reported a case of a faecally incontinent pa-
tient due to MSA, who showed inability of anal 
squeezing. Sakakibara et al. [125] (LOE2) performed 
colonic transit time, sphincter electromyography 
(EMG) and rectoanal videomanometry in 15 patients 
with MSA and 10 age-matched healthy control sub-
jects. Compared with the control subjects, MSA pa-
tients had significantly prolonged colonic transit time 
in the rectosigmoid segment and total colon. Sphinc-
ter EMG showed neurogenic motor unit potentials in 
none of control subjects but in 93% of MSA. In the 
resting state, MSA patients showed a lower anal 
squeeze pressure (external sphincter weakness) and 
a smaller increase in abdominal pressure on cough-
ing. During rectal filling, MSA patients showed 
smaller amplitude in phasic rectal contraction, which 
was accompanied by an increase in anal pressure 
that normally decreased, together with leaking in 3 
patients. During defecation, most MSA patients could 
not defecate completely, with larger post-defecation 
residuals. MSA patients had weak abdominal strain-
ing, smaller rectal contraction on defecation and 
larger anal contraction on defecation (paradoxical 
sphincter contraction on defecation, or anismus), 
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though these differences were not statistically signifi-
cant.  

Constipation in MSA most probably results from slow 
colonic transit, decreased phasic rectal contraction 
and weak abdominal straining, whereas faecal incon-
tinence results from weak anal sphincter due to de-
nervation. The responsible sites for these dysfunc-
tions are still not known. However, as described in id-
iopathic Parkinson’s disease, they most probably re-
flect lesions of both central and peripheral nervous 
systems that regulate the LGIT.  

LGIT functional disturbance is often preceded by LUT 
dysfunction in MSA patients. Abnormalities in colonic 
transit time and rectoanal videomanometry in MSA 
were mostly similar to those in idiopathic Parkinson’s 
disease, except for the sphincter denervation and re-
sultant faecal incontinence in MSA.  

When treatment of the bowel disorder in MSA is 
planned, use of objective parameters is recom-
mended in order to clarify the action of drugs. A few 
such studies are available: Eichhorn and Oertel [128] 
(LOE3) gave polyethylene glycol 3350, an osmotic 
agent with high water binding capacity, in 2 patients 
with MSA, and found an improvement in stool fre-
quency and difficult defecation in both patients. Simi-
larly, Sakakibara et al. [129] (LOE2) measured co-
lonic transit time in 4 patients with MSA. After admin-
istration of calcium polycarbophil, an osmotic and 
highly bulking agent, colonic transit time of total and 
the right segment shortened significantly. Liu et al. 
[130] (LOE2) performed colonic transit time and rec-
toanal videomanometry in 7 patients with MSA. After 
administration of mosapride citrate, a novel selective 
5-HT4 receptor agonist, the patients showed a short-
ened total and rectosigmoid segment colonic transit 
time, lessened first sensation and an augmented am-
plitude in phasic rectal contraction. During defecation, 
mosapride augmented the amplitude in rectal con-
traction and lessened the volume of post-defecation 
residuals significantly. Similar results were obtained 
in a study by Sakakibara et al. [131] (LOE2), in which 
dietary herb extract Dai-Kenchu-To, one active com-
ponent of which is hydroxy-beta-sanshool (5-HT3 re-
ceptor agonistic action), was prescribed.  

MSA is a slowly progressive disease currently without 
cure. More research is needed to evaluate the patho-
physiology of LGIT dysfunction, and to evaluate the 
effects of different drug treatment modalities.  

Conclusions 

• Patients with multiple system atrophy have often 
abnormal bowel function (LOE2). 

• The most common bowel disturbances are slow 
colonic transit, decreased phasic rectal contrac-
tion and weak abdominal straining; faecal incon-
tinence results from weak anal sphincter, due to 
denervation (LOE2).  

• Bowel dysfunction, such as constipation, is com-
mon and has significant impact on quality of life 
of patients with multiple system atrophy (LOE3). 

Recommendation 

• More studies on neurologic bowel dysfunction 
and management in patients with multiple sys-
tem atrophy are needed. 

 

 PARKINSON’S DISEASE  

 Urinary incontinence 
Parkinson's disease (PD) is a movement disorder due 
to degeneration of dopaminergic neurons in the sub-
stantia nigra and a loss of dopamine-containing nerve 
terminals in the basal ganglia. Degeneration of the ni-
grostriatal pathway is accompanied by decreases in 
corresponding biochemical markers, including dopa-
mine, tyrosine hydroxylase, dopamine metabolites, 
and dopamine transporter. These central nervous 
system changes also have influence on autonomic 
function; the most common problems are gastrointes-
tinal (constipation), perspiratory (hypohidrosis) and 
urinary system. 

LUT dysfunction in PD was estimated to occur in 37-
71% in uncontrolled studies. Among these, in a study 
of Hattori et al. [132] (LOE3), 60% of PD patients had 
urinary symptoms, which could be divided in the fol-
lowing categories: storage LUTS in 28%, voiding in 
11%, and both types in 21%. The prevalence of uri-
nary symptoms correlated with severity of the dis-
ease, but not with the duration of illness. Gray et al. 
[133] (LOE3) reported that LUT functional disturb-
ances in PD are not disease-specific and only corre-
lated with age. In control-based studies [134-137] 
(LOE2) the prevalence of LUT symptoms (LUTS) was 
found to be 27-64%, and significantly higher than 
healthy controls. The majority of patients had onset of 
the bladder dysfunction after the appearance of motor 
disorder. Even patients with low disability may report 
LUTS, though this may not cause impairment of qual-
ity of life [138]. In one study, urinary incontinence in 
PD frequently occurred in conjunction with faecal in-
continence, whereas no significant relation was ob-
served between bladder and sexual dysfunction. 
Bladder dysfunction substantially affects the quality of 
life in patients with PD. Bladder dysfunction in PD cor-
relates with neurological disability, and stage of dis-
ease, both suggesting a relationship between dopa-
minergic degeneration and LUTS. LUTS was more 
common in a group of PD patients with older age, as 
in healthy populations. Among LUTS, nocturia (night-
time urinary frequency) is the most prevalent symp-
tom (>60%) [136, 137] (LOE2). Patients also com-
plain of urinary urgency (33-54%), daytime frequency 
(16-36%), and urinary incontinence in 26% of males 
and 28% of females. These figures are almost the 
same in untreated, early PD patients [138]. Although 
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less common than storage symptoms, PD patients 
also report voiding symptoms. In the study by Sa-
kakibara et al. [139] (LOE2), PD patients had signifi-
cantly higher rates of delay in initiating urination (44% 
of men), prolongation/poor stream (70% of men), and 
straining (28% of women) compared with the control 
group. However, despite the voiding symptoms, PD 
patients have low post-void residuals. Impaired detru-
sor contractility is reported in urodynamic studies in 
PD and is related to the degree of motor impairment 
[140]. 

Pathology and disease-specific urinary tract 
problems 
The net effect of the basal ganglia on micturition is 
thought to be inhibitory [141]; in PD, the bladder be-
comes overactive. Functional neuroimaging during 
bladder filling resulted in activation in the globus pal-
lidus of normal volunteers and in the putamen in PD 
patients with detrusor overactivity. In contrast, dopa-
mine transporter imaging (indicating brain dopamine 
neurons) was decreased in PD patients with urinary 
dysfunction than in those without it [142]. The mictu-
rition reflex is under the influences of nigrostriatal do-
pamine (both inhibitory in D1 and facilitatory in D2) 
and GABA (inhibitory). Deep brain stimulation in the 
subthalamic nucleus results in amelioration of motor 
disorder as well as increased bladder capacity and 
decreased post-void residuals [143] (LOE2). There-
fore, urinary dysfunction in PD could reflect degener-
ation of the nigrostriatal dopaminergic cells associ-
ated with specific motor disorders. In addition to the 
nigrostriatal dopaminergic projection, the ventral teg-
mental area (VTA, the A10 cell group)-limbic cortex 
and the hypothalamic (the A11 cell group)-spinal cord 
dopaminergic projections are presumably involved in 
urinary dysfunction in PD.  

In a study of PD and multiple system atrophy (MSA) 
patients, Sakakibara et al. [88] (LOE2) found urinary 
symptoms in 72% of PD patients. They were mostly 
attributed to DO (81%) and external sphincter relaxa-
tion problems (33%). During micturition, PD patients 
did not demonstrate DSD, but impaired detrusor con-
tractility was observed in 66% of women and 40% of 
men. In addition, patients with PD had partial bladder 
outlet obstruction, e.g. mean bladder outlet obstruc-
tion index was 43 in men. Nevertheless, average vol-
ume of post-void residuals in PD was only 18 ml. Sim-
ilar observations were reported by Defreitas et al. 
[144] (LOE2).  

Specific diagnosis and treatment 
In the differential diagnosis of PD and parkinsonian-
type MSA, large post-void residuals, open bladder 
neck, and neurogenic change in sphincter motor unit 
potentials are common in MSA [80, 88] (LOE2), 
whereas they are rarely seen in clinically typical PD 
[145]. However, PD with dementia, or dementia with 
Lewy bodies, may have large post-void residuals and 
neurogenic change in the sphincter motor unit poten-
tials [146], thereby mimicking MSA (LOE3). Bladder 

dysfunction in PD parallels other autonomic dysfunc-
tions [147], cardiac denervation [148], and falls [149] 
(LOE3). Nocturnal polyuria is an important cause for 
nocturia and therefore patients reporting nocturia 
should fill in a bladder diary.  

Guidelines now exist for the management of bladder 
dysfunction in PD [124]. Levodopa and other antipar-
kinson medication may affect bladder function in PD. 
To date the results are not consistent and the re-
sponses are not straightforward. Some reports have 
shown storage-facilitating effects of dopaminergic 
drugs. Kuno et al. [150] (LOE3) showed that change 
of bromocriptine to pergolide (D1<2 agonist) brought 
lessening of nocturia. Others have shown voiding-fa-
cilitating effects. In early PD [151] (LOE2) and ad-
vanced PD with the on-off phenomenon [152] 
(LOE2), a single-dose of levodopa exacerbates DO in 
the filling phase, but also improves bladder emptying 
through increased detrusor contractility. We still do 
not know the reasons for the discrepancy between 
different studies.  

There are several factors underlying the complex 
bladder behaviour in PD. Post-synaptic dopamine D1 
(excitatory) and D2 (inhibitory) receptors have a milli-
molar affinity to dopamine, whereas dendritic D2 (in-
hibitory) autoreceptors have a picomolar affinity to 
dopamine. Therefore, when levodopa is administered 
externally, it may first stimulate dendritic D2 autore-
ceptors, which might suppress the nigral cells and fa-
cilitate the micturition reflex. In cases of PD under 
long-term treatment with levodopa, dopamine recep-
tors are down-regulated. Bladder overactivity might 
also involve an activation of D2 receptors in the spinal 
cord [153] (LOE2). In addition, in experimental ani-
mals, single doses of apomorphine showed a bipha-
sic effect [154] (LOE2).  

Deep brain stimulation (DBS) is a treatment option in 
advanced PD. The subthalamic nucleus (STN) is re-
garded as the key area in the indirect pathway, which 
is dominant in the parkinsonian state. DBS inhibits 
many cells within the STN, probably due to depolari-
zation block and release of GABA from activation of 
inhibitory afferent terminals. In the STN, neuronal fir-
ings related to the micturition cycle have been ob-
served in cats [155] (LOE2). DBS increased bladder 
capacity, facilitated bladder afferent pathways, and 
augmented activity of the prefrontal cortex in the brain 
of PD patients [156] (LOE2). In a cohort of 107 pa-
tients with advanced PD, patients treated with STN 
DBS reported the same degree of LUT symptoms 
compared to patients treated with either conventional 
oral medication therapy or an apomorphine pump, 
however had significantly less nocturia [157]. Acute 
urinary retention has been reported in two patients af-
ter subthalamic nucleus DBS [158] and detrusor over-
activity has been reported following pedunculopon-
tine nucleus DBS [159] (LOE3). 

A double-blind, randomized, placebo-controlled 
study evaluated solifenacin 5-10 mg /day in 23 pa-
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tients with PD and LUT symptoms. A significant im-
provement in the number of micturitions per 24 h pe-
riod was observed in the solifenacin group compared 
to placebo at a mean dose of 6 mg/day. In the open 
label phase, the mean number of urinary inconti-
nence episodes per 24 h period, as well as the num-
ber of nocturia episodes, decreased [160] (LOE2). A 
prospective evaluation of 33 men with PD reporting 
LUT symptoms taking doxazosin demonstrated a sig-
nificant improvement in LUT symptoms, LUT-related 
quality of life and flow rates, though the response to 
treatment was dependent on the severity of neurolog-
ical disability [161] (LOE 3). 

A systematic review of anticholinergic use (centrally 
acting) to treat PD was done by Katzenschlager et al. 
[162] (LOE l). Cognitive adverse events of anticholin-
ergics are a concern, particularly in elderly PD pa-
tients. This was first described in 1997 by Donnellan 
et al. in PD patients with overactive bladder [113] 
(LOE 3). They gave oxybutynin in four patients, who 
subsequently developed dementia, which reversed 
after discontinuation of oxybutynin. Factors underly-
ing the cognitive effects of these medications include: 
1) central muscarinic receptor affinity, e.g. high M1-
receptor selectivity; and 2) easy penetration of the 
blood-brain barrier (BBB), e.g. high lipid solubility; a 
neutral charge or low degree of ionization; and a less 
bulky (number of rotatable bonds<5) and smaller mo-
lecular size (<450Da) [163] (LOE 2). Regarding BBB 
penetration, most anticholinergics have a molecular 
size between 300-400Da. Oxybutynin can readily 
penetrate the CNS, since it has high lipophilicity and 
neutrality, while anticholinergics have less marked 
lipophilicity or neutrality. Trospium, a quaternary 
amine, has a particularly high polarity.  

Intradetrusor injections of onabotulinumtoxinA is a 
promising treatment for managing intractable DO in 
patients with PD and small case series have demon-
strated improvement in clinical and urodynamic pa-
rameters [164-166] (LOE3). However the concern is 
urinary retention that may arise following treatment 
and the potential need to require catheterisation. This 
seems to be related to the dosage used and reports 
of incomplete bladder emptying and catheterisation is 
reported more when using 200 units compared to 100 
units [164, 165].  

Tibial nerve stimulation (TNS) has been shown to be 
effective in short term management of OAB symp-
toms in patients with PD. Acute percutaneous TNS 
(PTNS) has been reported to increase functional 
bladder capacity in PD, and following chronic stimu-
lation urinary frequency and urgency urinary inconti-
nence reduced [167]. However, long term outcomes 
in PD are lacking. Transcutaneous tibial nerve stimu-
lation (TTNS) was found effective in the treatment of 
LUTS in 13 patients with PD, with benefits in urinary 
urgency and nocturia episodes, as well as urody-
namic parameters [168]. The number of patients re-
ported having Sacral nerve modulation is insufficient 
to draw any conclusions [169].  

As in MSA, a very important issue in PD affected pa-
tients is the indication for pelvic surgery. Myers et al. 
[170] (LOE2) found that women with PD and LUT 
complaints have a lower maximum cystometric ca-
pacity and a higher rate of DO at lower bladder vol-
umes in comparison with non-neurologic controls. 
Therefore surgery for stress incontinence in women 
with PD should be performed only when no significant 
DO is present, since this type of surgery can evoke or 
aggravate DO and subsequent urgency incontinence. 
Roth et al. reported outcomes of 23 patients with PD 
undergoing transurethral prostate resection for be-
nign prostatic obstruction, emphasizing the im-
portance of careful evaluation before any decision on 
intervention [171].  
Conclusions 

• In Parkinson’s disease, LUT symptoms are as-
sociated with degeneration of dopaminergic neu-
rotransmission (LOE2). 

• The most common LUT disturbances are detru-
sor overactivity during storage, and impaired de-
trusor contractility during voiding (LOE2). 

• The effect of levodopa on LUTS in PD patients 
remains to be fully elucidated (LOE3). 

Recommendations 

• Detrusor overactivity in PD patients can be 
treated with antimuscarinic drugs (B). 

• For voiding failure with significant post void re-
sidual, the treatment of choice is intermittent 
catheterization (B). 

• OnabotulinumtoxinA is a promising treatment for 
managing intractable DO in PD, which is associ-
ated with a risk for urinary retention and the need 
for catheterisation. (C ) 

• LUT surgery for patients with Parkinson's symp-
toms is an option where MSA is excluded, pro-
vided evaluation is detailed (C).  

• Stress incontinence surgery should not be of-
fered to patients with significant detrusor overac-
tivity (C). 

 Constipation and faecal incontinence 
Lower gastrointestinal tract (LGIT) dysfunction is 
common in Parkinson’s disease (PD). In control-
based studies, the incidence of decreased stool fre-
quency (< 3 times a week) in PD patients ranges from 
20% to 81%, difficulty in stool expulsion 57-67%, and 
diarrhoea 21% [172, 173] (LOE2). All of these values 
are significantly higher than in the normal population 
(range, decreased stool frequency, 0-33%; difficulty 
in stool expulsion, 26-28%; diarrhoea, 10%). Faecal 
incontinence affects 10-24% in PD [172, 174] (LOE2). 
Therefore, constipation is the most prominent LGIT 
symptom in patients with PD. Indeed, PD is a risk fac-
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tor for elderly nursing home residents to have consti-
pation. Bowel dysfunction affects the quality of life in 
patients with PD. The rate of dissatisfaction for bowel 
dysfunction (59%) is significantly higher than for uri-
nary (28%) or sexual dysfunction (29%), although the 
prevalence rate of all three dysfunctions is almost the 
same (more than 60%). The rate of dissatisfaction for 
the bowel dysfunction in PD is also significantly 
higher than in healthy controls (16%) [174] (LOE2).  

Difficulty in expulsion and diarrhoea are more com-
mon in the higher grade of Hoehn and Yahr staging, 
suggesting a relationship between dopaminergic de-
generation and LGIT symptoms. Faecal incontinence 
in PD occurs commonly with urinary incontinence, 
whereas no significant relation has been seen be-
tween bowel and sexual dysfunction. Constipation in 
PD is often associated with a low coefficient of varia-
tion in electrocardiographic R to R intervals [175] 
(LOE3). The findings indicate that parasympathetic 
dysfunction might underlie these abnormalities. 

Intestinal pseudo-obstruction (IPO), also called para-
lytic ileus, is the most severe presentation of consti-
pation in patients with PD and constitutes a medical 
emergency. Occurrence of IPO/ volvulus is reported 
as a potential complication [176] (LOE3). Although 
rare, emergency IPO needs hospitalization and may 
lead to a poor outcome. Therefore, preventative treat-
ment of constipation, including consideration of proki-
netic drugs is necessary, particularly in elderly PD pa-
tients. 

There seems to be an association between the fre-
quency of bowel movements and the future risk of de-
veloping PD [177, 178] (LOE1). This observation is in 
line with the pathological staging of PD by Braak et 
al. [179] (LOE1), in which disease process in the cen-
tral nervous system starts earlier in the dorsal motor 
vagal nucleus than in the substantia nigra in PD. 
From a clinical perspective, it is of particular rele-
vance that patients may see gastroenterologists or 
physicians first because of their bowel dysfunction, 
prior to a correct diagnosis of PD being made. There-
fore, constipation as the initial presentation of PD is 
akin to urinary dysfunction as the initial presentation 
of multiple system atrophy. 

Pathology and disease-specific problems 
The enteric nervous system generates the peristalsis 
responsible for bowel content transit. The compo-
nents of peristalsis are contraction on the oral side of 
the bolus, and relaxation on the caudal side. Cholin-
ergic receptors have a major role in the contraction 
proximally. The strength of cholinergic transmission 
is regulated by opposing receptors; serotonin 5-HT4 
receptor-mediating excitation and dopamine D2 re-
ceptor-mediating inhibition. Post-mortem studies of 
bowel in PD have shown decrease in dopaminergic 
myenteric neurons and the appearance of Lewy bod-
ies along the proximal-distal axis, being most fre-
quent in the lower oesophagus, but scarce in the rec-
tum [180-182] (LOE2). Thus PD affects not only the 

central, but also the peripheral (enteric) nervous sys-
tem.  

LGIT function primarily consists of [1] colonic 
transport of the bowel content to the anorectum, [2] 
transient storage in the anorectum, and [3] defeca-
tion. In PD, constipation results primarily from de-
creased transport and/or disturbed anorectal evacua-
tion. Faecal incontinence may result from disturbed 
anorectal reservoir function, or overflow secondary to 
constipation. Previous reports have shown that total 
colonic transit time (CTT) is increased beyond the 
normal threshold in 80% of PD patients, which trans-
lates into an increased average CTT ranging from 44 
hours to 130 hours [172, 174][139, 141, 151] (LOE2), 
and 89 hours in de novo PD patients [48] (LOE2), all 
of which are significantly longer than the CTT in con-
trols (range, 20-39 hours). Prolonged CTT has also 
been documented in PD patients without subjective 
constipation. Slow colonic transit is the major cause 
of decreased stool frequency. The slow colonic transit 
is likely to reflect a decrease in slow waves and spike 
activities of the colon [147].  

In resting anal manometry, the anal pressure of PD 
patients is low or normal [172, 174, 183] (LOE2). The 
resting anal pressure may reflect sympathetic inner-
vation in the internal anal sphincter, since lesions or 
anaesthetic blocks at T12-L3 (where the sympathetic 
preganglionic neurons are located) substantially 
lessen the anal pressure. Similarly, most PD patients 
have normal anal pressure increase on squeezing. 
This finding corresponds to a lack of neurogenic 
changes in the external sphincter EMG. Neverthe-
less, latent anal sphincter dysfunction may explain 
the faecal incontinence that occurs in most advanced 
cases. In slow-filling rectoanal videomanometry, PD 
patients had the same rectal volume at first sensation 
and a maximum desire to defecate, and the same rec-
tal compliance as control subjects [90, 174] (LOE2). 
In contrast to the bladder, the normal rectum shows 
spontaneous phasic contraction. However, the ampli-
tude of the spontaneous phasic rectal contraction in 
PD patients is significantly less than that in control 
subjects. The decreased spontaneous phasic rectal 
contraction may share the same aetiology with the al-
tered CTT.  

During defecation, healthy subjects utilize the final 
wave of spontaneous phasic rectal contractions. 
However, rectal contraction on defecation in PD pa-
tients is smaller than that in controls [174] (LOE2). In 
addition, abdominal straining is weaker in PD pa-
tients. Paradoxical anal sphincter contraction on def-
ecation (PSCD), or anismus, is observed in studies 
using sphincter EMG, radiography, and anal pressure 
measurement. The mechanism of the impaired strain-
ing in PD may include rigidity and reduced contractil-
ity of the axial muscles, and a failure of coordinated 
glottis closure. However, neuronal degeneration in 
the brain of PD patients relevant to straining is yet to 
be clarified. Mathers et al. [184] consider PSCD a fo-
cal dystonia. Dysfunction in the suprasacral descend-
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ing pathway to the external sphincter may be a con-
tributing factor. Apomorphine was shown to lessen 
PSCD [184] (LOE2). This effect was not antagonized 
by domperidone, which does not penetrate the BBB, 
suggesting that CNS pathology may contribute to 
PSCD. 

Disease-specific diagnosis and treatment 
Insoluble dietary fibers produced an improvement in 
stool consistency and an increase in stool frequency 
in PD, which paralleled an improvement in levodopa 
absorption [185] (LOE3). Dietary fibers such as psyl-
lium [186] (LOE2) and polyethylene glycol 3350 [128] 
(LOE2), or bulking and highly hydrophilic agent poly-
carbophil [129] (LOE2), improve constipation in neu-
rodegenerative disorders, including PD. Although 
psyllium does not alter CTT or anorectal parameters 
in PD patients, polycarbophil shortens the total CTT, 
particularly in the proximal bowel segments.  

It is possible that levodopa and other antiparkinson 
medication may affect bowel function in PD. Endoge-
nous dopamine is thought to inhibit intestinal motility 
via D2 receptors. Tateno and Sakakibara performed 
the quantitative lower-gastrointestinal autonomic test 
(QL-GAT, a combination of colonic transit and ma-
nometry) in 19 early, untreated PD patients before 
and after administration of 200 mg/day of levodopa 
[187]. Levodopa augmented rectal contraction, less-
ened paradoxical anal sphincter contraction on defe-
cation (PSCD, anismus), and thereby ameliorated an-
orectal constipation, without apparent adverse ef-
fects. This might be brought about by both peripheral 
and central dopaminergic stimulation.  

Since levodopa is absorbed from the small intestine, 
bowel dysfunction in PD may interfere with levodopa 
absorption, worsen the motor disorder, or even lead 
to malignant syndrome [173, 188] (LOE3/4). Domper-
idone, a peripheral D2 receptor antagonist that does 
not cross the blood-brain barrier, causes a mean 12% 
increase in peak plasma levodopa concentrations 
that occurs a mean of 10 min earlier than when levo-
dopa is given alone [189] (LOE3).  

The selective 5-HT 4 receptor agonist cisapride [190], 
though no longer licensed, and newer agents such as 
mosapride [130] (LOE2) and tegaserod [191] signifi-
cantly reduce CTT and ameliorate constipation in PD. 
Mosapride shortened total CTT (particularly the cau-
dal segment), and augmented the amplitude in rectal 
contraction during defecation in patients with PD 
[130]. Notably, improvement of parkinsonism is more 
significant with pergolide-mosapride than with per-
golide-domperidone, presumably reflecting better 
levodopa absorption. Similar results were obtained in 
PD by dietary herb extract Dai-Kenchu-To, one active 
component of which is hydroxy-beta-sanshool (5-HT3 
receptor agonistic action) [131] (LOE2). A series has 
shown a role for Botulinum toxin A injections into the 
puborectalis muscle [192] (LOE3).  

Conclusions  

• Patients with PD often have abnormal anorectal 
function (LOE2). 

• The most common bowel disturbances in PD are 
slow colonic transit, decreased phasic rectal con-
traction, weak abdominal straining, and paradox-
ical sphincter contraction on defecation (anis-
mus) (LOE2).  

• Bowel dysfunction such as constipation is com-
mon and has significant impact on quality of life 
of PD patients (LOE2). 

Recommendations 

• More studies on management of neurologic 
bowel dysfunction in PD are needed.  

 

 CEREBRAL LESIONS AND 
CEREBROVASCULAR ACCIDENTS 

Lower urinary tract dysfunction (LUTD) may be an in-
tegrated part of the neurological syndrome (i.e. a neu-
rogenic LUT dysfunction, most often urinary inconti-
nence (UI)). LUTD may also be a consequence of as-
sociated deficits; particularly motor and cognitive dys-
function may lead to UI, which in this case is called 
“functional”. Both neurogenic and functional UI may 
be combined. Patients themselves, however, rarely 
link the LUT symptoms to the neurological disorder. 
Correlation between specific LUT symptom (LUTS) 
and the lesion site caused by stroke has initially been 
studied by post mortem or surgical specimens. But 
with improving modalities of imaging, it becomes pos-
sible to correlate symptoms with smaller, more dis-
crete abnormalities. As a rather new insight, slow, dif-
fuse brain ischemia (white matter lesion) recently 
emerged as a significant factor to produce overactive 
bladder (OAB) in the elderly. Finally, management of 
LUTD in stroke is reviewed.  

 Stroke 
LUTD in stroke may be a consequence of direct in-
volvement of neural structures which are part of the 
brain neural control of LUT. The consequence is, as 
will be discussed later, in most events the overactive 
bladder syndrome (OAB; i.e. urgency and frequency 
of micturition, and urge UI). Furthermore, there often 
is a functional component (immobility and loss of ini-
tiative/cognition) [193].  

Stroke, a major form of cerebrovascular disease 
(CVD), is a common brain disease that preferentially 
affects the elderly. LUTD significantly affects quality 
of life in post-stroke patients [194]. Reports of the 
prevalence of LUTS in patients with stroke, except for 
UI, have been scarce. Sakakibara et al. [195] re-
ported on the bladder symptoms of 72 patients who 
had been admitted with an acute hemispheric stroke 
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in a neurology department. When assessed at 3 
months, 53% were found to have significant LUTS. 
The commonest problem was nocturnal urinary fre-
quency (36%), then urgency UI (29%) and difficulty in 
voiding (25%);. urinary retention was seen in 6%. Brit-
tain et al. [196] reported an incidence of post-stroke 
LUTS as 64% (in 423 subjects) that was higher than 
in a control normal population (32%). The major uri-
nary symptoms were: nocturia (49%), UI (33%), ur-
gency (19%), frequency (15%), straining (3.5%) and 
pain (2.5%). In 1248 stroke patients, Williams et al. 
[197] found that 83.6% of survivors reported one or 
more abnormal LUTS at 3 months, nocturia being the 
most frequent (79.1%), followed by UI (43.5%; ur-
gency type 37.0%, stress type 20.6%) and urinary fre-
quency (17.5%).  

Thomas et al. [198] reported UI in 40-60% of patients 
admitted to hospital after a stroke, with 25% still hav-
ing problems on hospital discharge, and around 15% 
remaining incontinent at one year. Amelioration of UI 
in 25-45% of the patients may reflect amelioration of 
both functional component (mobility, initiative and 
cognition) as well as OAB component in this com-
monest brain disease. Kuptniratsaikul et al. [199] 
noted bladder/bowel dysfunction in 31.5% among 
327 post stroke patients who started rehabilitation.  

Studies reporting on stroke localization and LUTD 
stress the importance of the frontal lobe, and there 
are no clear reports of bladder dysfunction as a con-
sequence of a single/focal deficit in the parietal, tem-
poral or occipital lobe. Lesions of the anteromedial 
frontal lobe, its descending pathways and the basal 
ganglia may be important for bladder dysfunction in 
stroke patients. Khan et al. [200, 201] reported on 
post-stroke patients with LUTS, and the majority of 
patients had frontal cortex and/or internal capsular le-
sions. Bogousslavsky and Regli noted UI in 22% (6 of 
23 cases) of anterior cerebral artery infarction that af-
fects the frontal lobe [202]. Sakakibara and col-
leagues [195], analysing 72 post-stroke patients irre-
spective of the presence of LUTS, found a significant 
correlation between the occurrence of a urinary dis-
turbance and hemiparesis and a negative correlation 
with hemianopia, brain imaging techniques confirm-
ing a more anterior location of brain lesions in the for-
mer group. Woessner et al. reported a urinary-incon-
tinent patient whose stroke was localized in the corti-
cal motor area of the bladder/sphincter [203]. 

Considering LUT neural control one expects LUTD 
also in brainstem infarcts. An analysis of LUTS of 39 
patients who had had brainstem strokes showed that 
it was dorsally situated lesions that resulted in disturb-
ance of micturition [204]. Forty-nine percent of all the 
patients had LUTS; nocturnal urinary frequency and 
voiding difficulty in 28%, urinary retention in 21% and 
UI in 8%. The problems were more common in those 
following haemorrhage, possibly because the dam-
age was usually bilateral. MR scanning showed that 
the responsible lesions were in the pontine reticular 
nucleus and the reticular formation, adjacent to the 
medial parabrachial nucleus and the locus coeruleus. 

A correlation was found between LUTS and sensory 
disturbance, abnormal eye movement and inco-ordi-
nation. Lateral medullary infarction (Wallenberg syn-
drome) has been reported to produce voiding diffi-
culty and DSD [205]. In another case, the lesion 
seemed to extend to basal medulla that produced 
hemiparesis [206]. Brain stem stroke cases sug-
gested the region is located in the dorsolateral pons 
including the pontine reticular nucleus and the reticu-
lar formation, adjacent to the medial parabrachial nu-
cleus and the locus ceruleus [207]. Yum et al. [208] 
analysed 30 brainstem infarction cases. They found 
LUTS in 70% of patients, comprising 46.7% storage 
disorder and 23.3% emptying disorder. In their series 
of patients, emptying disorder was more common in 
medullary lesion (55.6%) than pontine lesion (9.5%). 
Storage disorder was found only in pontine lesion 
(61.9%).  

There are few reports on LUTD related to other brain 
areas. Cerebellar stroke has been reported to cause 
LUTD (detrusor overactivity) [209]. UI is seen in 13% 
(2/16) of right and 33% (10/30) of left anterior cerebral 
artery infarctions [210]. Sakakibara et al., however, 
did not see a clear relationship between stroke later-
ality and LUTS [195]. Similar findings were reported 
by others [211]. In contrast, Ersoz et al. [212] divided 
their post stroke patients with LUTD into infarction 
and haemorrhage. The infarction group had larger 
bladder capacity (250.3 ml) and larger post-void re-
sidual urine volume (136.1 ml) than haemorrhage 
group (194.9 ml, 29.5 ml, respectively), indicating a 
more severe bladder dysfunction. Han et al. [213] 
found that the infarction group had more detrusor 
overactivity but less detrusor underactivity (70.7%, 
29.3% respectively) than the haemorrhage group 
(34.65, 65.4% respectively).  

Khan et al. [200, 201] demonstrated detrusor overac-
tivity (DO) in 79% of 33 post stroke patients with LUT 
symptoms. None of them had detrusor-sphincter dys-
synergia (DSD) on voiding. The mechanism of DO 
seems not to be uniform; certainly DO has been de-
scribed in patients with different locations of lesions 
in CNS, but is also seen in patients without (obvious) 
neurological involvement. It is postulated that the mic-
turition reflex is under tonic (mainly inhibitory) influ-
ences [214, 215] by the central cholinergic pathway 
[216] and the fronto-nigro-striatal, dopamine D1-GA-
BAergic direct pathway [139]. Furthermore, it is pos-
tulated that in patients with brain lesions DO is an ex-
aggerated spino-bulbo-spinal micturition reflex; PMC 
normally promotes micturition, and without inhibition, 
DO develops [141, 214, 215]. The exaggerated mic-
turition reflex is abolished after chemical lesioning of 
the PMC in stroke rats.  

Consequent urodynamic studies showed a more var-
ied picture: in19 poststroke UI patients Gelber et al. 
[217] reported DO in 37%, underactive detrusor in 
21%, and detrusor-sphincter dyssynergia in 5%. In an 
urodynamic study of 27 symptomatic stroke patients 
[218] DO was seen in 40.7% and detrusor areflexia in 
3.7%. Similarly, a study of 38 symptomatic stroke 
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men by Nitti et al. [219] showed DO in 82% and outlet 
obstruction in 63%. In 57 poststroke patients, 
Natsume [220] also found detrusor underactivity in 
35% men and 43% women; and most of them had so-
called detrusor hyperactivity with impaired contrac-
tion (DHIC). In contrast to the pathophysiology of DO, 
little is known about the pathophysiology of ‘brain 
shock’ and DHIC [100]. Within the brain, it is known 
that there are both micturition-inhibiting and micturi-
tion-promoting areas. The latter includes A10 ventral 
tegmental area (VTA)-mesolimbic dopaminergic 
pathway, D2-subthalamic indirect pathway, and the 
glutamatergic pontine micturition center (PMC) adja-
cent to the locus ceruleus and sacral cholinergic pre-
ganglionic cells [139]. These pathways might also be 
involved in many brain diseases affecting the frontal 
lobe. Gupta et al. [221] found DO in 90% and DSD in 
27.5% in their 40 patients with post-stroke UI. Urody-
namics in 11 symptomatic patients with brainstem le-
sions showed DO in 8 (73%), low compliance detru-
sor in 1 (9%), acontractile detrusor in 3 (27%), non- 
relaxing sphincter on voiding in 5 (45%) and uninhib-
ited sphincter relaxation in 3 (27%). No statistically 
significant correlation could be demonstrated be-
tween any particular lesion site and urodynamic find-
ings [222]. 

Early UI following a stroke is a specific indicator of 
poor prognosis. Wade and Langton-Hewer analysed 
the symptoms of 532 patients seen within seven days 
of their stroke and found that the presence of UI ap-
peared to be a more powerful prognostic indicator for 
poor survival and eventual functional dependence 
than was a depressed level of consciousness [223]. 
Others have also reported that the outcome was bet-
ter in those who remained or became dry [224, 225]. 
Rotar et al. [226] demonstrated post-stroke UI is a 
predictor of greater mortality not only at the end of the 
first week, but also at 6 months and 12 months after 
stroke.  

Gelber et al. [217] found that post-stroke UI was as-
sociated with large infarcts, aphasia, cognitive impair-
ment, and functional disability. Nyberg and Gustafson 
[227] noted a strong link between easy fall and UI. 
van Kuijk et al. [228] reported that among 143 post-
stroke patients, activity of daily living (modified 
Barthel index) and discharge rate to their own home 
are negatively related with UI. Landi et al. [229] re-
ported that among 355 poststroke patients, functional 
(mobility and activity of daily living) decline is related 
with UI. Pettersen and Wyller [230, 231], among 355 
poststroke patients, noted a relation between UI and 
poor mobility. Paolucci et al. [232] and Daviet et al. 
[233] reported that, not only immobility and dementia, 
but also unilateral spatial neglect (mostly due to right 
hemispheric lesion) strongly correlates with UI after 
stroke. It seems likely that UI is a strong predicting 
factor for poor prognosis of stroke for a number of 
reasons: the same lesion might cause neurogenic 
bladder dysfunction (neurogenic UI), motor or cogni-
tive impairment (functional UI), or both; falls, gait dif-
ficulty and cognitive decline are all marked in severe, 
bilateral brain lesions; finally UI may secondarily 

cause psychological depression and also generally 
interfere with rehabilitation and quality of life.  

 White matter lesions and urinary 
incontinence in the elderly 

Urinary incontinence (UI) is a major concern in ger-
iatric populations, which have grown rapidly in recent 
decades. In addition, the incidence of urinary fre-
quency/urgency (OAB), with or without UI, is high in 
the general population over 40 years old and it in-
creases significantly with age. It is widely acknowl-
edged that urinary frequency and poor bladder con-
trol have a negative impact on the quality of life, that 
LUTD in elderly persons adds to their caregivers’ bur-
den, and that LUTD is an important factor leading to 
institutionalization. The mechanisms underlying OAB 
and UI in the frail elderly are multi-factorial; the factors 
may include age-related changes in the bladder itself 
or central nervous system changes innervating the 
bladder.  

Atherosclerosis and subsequent ischemia of the blad-
der occurs in patients with pelvic peripheral vascular 
disease. Atherosclerosis is a systemic condition 
which also affects cerebral arteries supplying the 
brain. Cerebral white matter disease (WMD) is a com-
mon chronic bilateral ischemic brain disease in the el-
derly. WMD progresses insidiously, and the likelihood 
of WMD increases significantly with age, It has been 
proposed that WMD is the pathoanatomical substrate 
in the brain aetiology of OAB. Thus, it is proposed that 
WMD leads to three different geriatric syndromes; 
vascular dementia, vascular parkinsonism, and ‘vas-
cular incontinence’ [234].  

In relation to the cerebral vascular component in vas-
cular incontinence, Sakakibara and colleagues [235] in-
vestigated 63 subjects (mean age 73 years) with var-
ying degrees of cerebral WMD or leukoaraiosis. Mag-
netic resonance imaging (MRI)-defined WMD was 
graded on a scale of 0 to 4. The prevalence of night-
time urinary frequency in cases of grade 1 WMD was 
60%; grade 2, 58%; grade 3, 93%; and grade 4, 91%, 
respectively, giving an overall prevalence of night-
time urinary frequency of around 75%, which was a 
more common and earlier feature than UI (40%). Of 
particular importance was the fact that OAB was not al-
ways accompanied by gait disorder or dementia 
(Grade 1 of WMD), so that it appeared that OAB might 
be the first clinical manifestation of the observed 
WMD [235]. Detrusor overactivity (DO) is the major 
underlying urodynamic observation of vascular incon-
tinence. The incidence of DO in WMD cases is re-
ported as 70%–91% of patients. In Sakakibara’s 
study [235], urodynamic studies were performed in 33 
of the subjects. They found that subjects with grade 
1–4 WMD had DO significantly more commonly 
(82%) than those with grade 0 WMD (9%). Post-mic-
turition residuals, low compliance, DSD and uninhib-
ited sphincter relaxation were also more common in 
grade 1–4 WMD than in grade 0 WMD, though not 
significantly so. 
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Population-based MRI studies suggest that the inci-
dence of moderate WMD (periventricular WMD grade 
>4/9 and subcortical white matter volume >1.5 mL) is 
approx. 10% (7.6%–24%) in the general population of 
individuals over 55 years of age. WMD can develop 
into three different geriatric syndromes: [1] vascular 
dementia; [2] vascular parkinsonism; and [3] ‘vascular 
incontinence’ [235, 236]. These three syndromes can 
present in any combination, but clinically, urinary and 
gait disorders are more prominent than dementia, and 
usually precede dementia. 

Two studies have shown significant relationship be-
tween OAB/UI with WMD [236, 237]. Tadic and Grif-
fiths [236] studied 25 older women (age 71.5 + −7.5 
years) with urgency UI, and they reported that brain 
responses to bladder filling during self-reported ‘ur-
gency’ were most prominent in the frontal regions. 
Regional activations became more prominent with in-
creased global WMD. Looking at the fiber tracts, the 
main effect activations and deactivations were super-
imposed with anterior thalamic radiation and superior 
longitudinal fasciculus. These results indicated that 
WMD, particularly the anterior portion, is clearly re-
lated to OAB in cognitively intact, elderly persons. 

A survey was carried out to look at relationship be-
tween DO and higher brain function in 40 WMD pa-
tients with OAB (age 60–89 years) [43]. DO was in-
dependent of general cognitive status (the mean 
MMSE score or any of its subdomains). In contrast, 
the presence of DO was significantly associated with 
the inhibitory control subdomain in the FAB test. This 
finding is in agreement with the fact that brain perfu-
sion is most severely reduced in the frontal lobe of 
subjects with WMD [238]. What exactly this finding 
means is a matter of debate. One explanation might 
be that the bladder is under general inhibitory control 
concerning decision-making [239] and emotion [240] 
by the prefrontal cortex. In patients with WMD, this 
neural network might be impaired, leading to both 
frontal cortex-related behaviour changes and DO. 

Both age-related WMD (also called vascular demen-
tia) and Alzheimer’s disease (AD) are common 
causes of elderly dementia, and are known to be in-
dependent risks for OAB/UI. A survey was carried out 
among 49 mild/moderate dementia patients irrespec-
tive of OAB (mean age, 76 years), including AD alone 
in 9, AD+WMD in 15, and WMD alone in 25 [241]. 
OAB was most common in WMD alone. Therefore, 
WMD is a more significant contributor to OAB and UI 
than AD in elderly dementia patients. It should be 
mentioned that in WMD, LUTD occurs independently 
from dementia. The pathological mechanisms for 
LUTD in AD and WMD remain obscure. However, a 
single-photon emission computed tomography 
(SPECT) study showed that frontal hypoperfusion is 
common in WMD, whereas parietal-temporal hy-
poperfusion is common in AD [238]. This is in accord-
ance with the finding that in AD, dementia is the pre-
dominating symptom, and early UI is extremely rare 
[242].  

 Management of LUTD in stroke patients 
An approach for the care of patients with LUTD in 
brain diseases is applied as a general LUTD treat-
ment regimen, which should depend on the patho-
physiology and be individualized. As discussed 
above, UI in brain diseases can be divided into two 
types: neurogenic UI (OAB wet) and functional UI (im-
mobility and loss of initiative/cognition). These two 
types of UI may occur together. However, manage-
ment of two types of UI differs significantly. Manage-
ment of neurogenic UI includes anticholinergic drugs 
to treat bladder directly, and management of func-
tional UI includes behavioural therapy 
(timed/prompted voiding with physical assistance; 
bladder/pelvic floor training) and drugs to treat gait 
(Parkinson’s disease drugs) as well as cognition (Alz-
heimer’s disease drugs) that further facilitate conti-
nence.  

In 2005, Thomas et al. [198] undertook meta-analysis 
of interventions aimed at reducing the occurrence of 
post-stroke UI. Seven trials with a total of 399 partici-
pants were included. Four trials tested an intervention 
against usual care, including acupuncture, timed 
voiding, and two types of specialist professional inter-
vention. One cross-over trial tested an intervention 
(oestrogen) against placebo. One trial tested a com-
bined intervention (sensory-motor biofeedback plus 
timed voiding) against a single component interven-
tion (timed voiding alone). One trial tested a specific 
intervention (oxybutynin) against another intervention 
(timed voiding). The interpretation was that there was 
insufficient data. A review of behavioural therapies for 
post-stroke UI was done by Dumoulin et al. [243]. Ti-
baek et al. [244] reported on effectiveness of pelvic 
muscle training in 24 women with post-stroke UI (irre-
spective of type of UI) with a randomized, controlled 
and blinded study.  

In contrast to the intervention of functional UI (due to 
immobility and loss of initiative/cognition), drug trials 
for OAB wet in patients with brain diseases are 
scarce. Propiverine, an anticholinergic, has been 
used to treat idiopathic as well as neurogenic DO in-
cluding brain diseases [245]. Sakakibara et al. [246] 
used an anticholinergic drug imidafenacin in 62 OAB 
patients following brain diseases, including 29 with 
WMD. They found an improvement of OAB after 0.2 
mg/day imidafenacin, without cognitive decline. An-
other study used tolterodine in 13 OAB patients fol-
lowing brain diseases, including five with WMD, 
showing an improvement of OAB with 4mg/ day tolter-
odine [247]. The addition of propiverine (a periph-
eral anticholinergic) to donepezil (a central acetyl-
cholinesterase inhibitor) ameliorates OAB without 
worsening cognitive function in elderly OAB pa-
tients with dementia [248]. Mirabegron, a novel 
selective adrenergic beta-3 receptor agonist, 
seems to be promising for lessening DO, with 
fewer central side effects [249].  

For ameliorating post-stroke UI, alternative/ comple-
mentary therapies have also been studied. Electro-
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acupuncture showed an improvement together with a 
bladder capacity increase in post-stroke patients 
[250]. Electro-acupuncture is also used to treat in-
complete bladder emptying after stroke [251].  

Newer modalities such as botulinum toxin have been 
applied to post stroke UI. Kuo [252] applied 200U 
suburothelial injection of botulinum-A toxin in 24 pa-
tients with DO due to stroke in 12 and suprasacral 
spinal cord diseases in 12. He found 91.6% achieve-
ment of continence in spinal cord diseases but 50% 
achievement in stroke.  

Transcranial magnetic stimulation at the motor area 
or the prefrontal cortex was able to lessen DO in mul-
tiple sclerosis [253] and Parkinson’s disease [254]. In 
stroke, no similar studies are available.  

Conclusions 

• Incidence of lower urinary tract dysfunction 
(LUTD) in stroke patients ranges from 14-53%, 
principally due to overactive bladder (OAB), be-
ing higher when involving the frontal cortex 
(LOE3).  

• White matter disease (WMD) is a chronic, bilat-
eral form of cerebrovascular disease, leading to 
the high prevalence of OAB (LOE3). 

• Since WMD is common particularly in elderly, 
WMD might be one of anatomical substrates for 
elderly OAB. (LOE4) 

• Neuroimaging studies have shown relationship 
between LUTD and the frontal cortex in stroke 
and WMD that regulate the micturition reflex.  

• Data on other brain diseases, particularly affect-
ing deep brain structures, are limited. A small in-
farct affecting the brainstem leads to either OAB 
or urinary retention. (LOE4) 

• Neuroimaging studies have shown relationship 
between LUTD and the periaqueductal gray and 
the pontine micturition center that directly relay 
and modulate the micturition reflex.  

• Urinary incontinence (UI) in stroke/WMD can be 
divided into two types: neurogenic UI (OAB wet) 
and functional UI (immobility and loss of initia-
tive/cognition). These two types of UI may occur 
together, but management differs substantially. 
(LOE3). 

• Management of neurogenic UI/OAB includes an-
ticholinergic drugs that do not penetrate the 
blood-brain barrier easily or beta 3 adrenergic 
agonists (LOE3). 

• Management of functional UI includes behav-
ioural therapy (timed/prompted voiding with 
physical assistance; bladder/pelvic floor training) 
and drugs to treat gait as well as cognition that 
facilitate continence (LOE4), in order to maxim-
ize the quality of life in stroke patients. 

Recommendations  
• Urinary incontinence (UI) in stroke/WMD should 

be divided into two types: neurogenic UI (OAB 
wet) and functional UI (immobility and loss of in-
itiative/cognition) (A).  

• Neurogenic UI/OAB needs anticholinergic drugs 
that do not penetrate the blood-brain barrier eas-
ily. (B). 

• Functional UI needs behavioural therapy (A). 

 

 MENINGITIS-RETENTION 
SYNDROME  

Meningitis retention syndrome (MRS) is one of the 
diseases that could cause a relatively uncommon uri-
nary retention in childhood, young adults, and in 
women [255]. Spina bifida occulta/ tethered cord syn-
drome is one such disorder known to lead to urinary 
retention without marked neurological abnormalities, 
except for saddle anaesthesia. Fowler’s syndrome is 
another disorder that causes urinary retention, partic-
ularly in neurologically-intact young women, and iso-
lated urethral sphincter hypertonicity underlies this 
condition. Benign inflammatory nervous diseases 
also cause acute urinary retention, in which patients 
lack apparent urethral outlet obstruction, but exhibit 
only minor neurological as well as cerebrospinal fluid 
(CSF) abnormalities. Based on the mechanism of uri-
nary retention, these disorders can be divided into 
two subgroups: disorder of the peripheral nervous 
system (PNS) (e.g. sacral herpes, with unilateral sa-
cral pain, sensory signs and often skin rashes in the 
same area); and disorder of the central nervous sys-
tem (CNS) (e.g. meningitis-retention syndrome), with 
fever, headache, stiff neck, and minor pyramidal 
signs). Previously the latter condition has been only 
occasionally reported, but now it is recognized as a 
specific category [256, 257], which is considered to 
be a very mild form of acute disseminated encepha-
lomyelopathy (ADEM). True prevalence of MRS has 
not been fully investigated due to the rarity of the con-
dition. 

It is postulated that ADEM appears after vaccination 
or after exanthematous infections, and serological 
and pathological studies have suggested that ADEM 
is of parainfectious/ autoimmune origin [258]. Ante-
cedent/ comorbid infections are diverse, e.g. human 
herpes virus 6 [259]. A combination of signs of en-
cephalitis (e.g. disturbance of consciousness, epi-
lepsy, and hemiparesis), signs of myelitis (e.g., sen-
sory disturbance below the level of the lesion, spastic 
paraplegia, whereby flaccid parapalegia may occur in 
the initial shock stage), and lower urinary tract (LUT) 
/ bowel dysfunction typically occur in patients with 
ADEM. Lesions observed in brain MRI are usually 
confined to the white matter. Lesions in the spinal 
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cord involving the conus are also seen. CSF pleocy-
tosis, increased protein, mildly decreased glucose 
content, increased myelin basic protein 
(MBP)/oligoclonal bands, and a lack of increased viral 
titres, are all features of this disease.  

Patients with ADEM commonly exhibit LUT dysfunc-
tion [260, 261], which varies from urinary retention to 
urgency incontinence. LUT dysfunction appears to be 
related to pyramidal tract involvement, and most 
probably reflects the severity of the spinal cord lesion. 
Urodynamic findings have included detrusor overac-
tivity in the storage phase, brisk bulbocavernosus re-
flex, and DSD (reflective of a suprasacral spinal cord 
lesion); detrusor areflexia in the voiding phase (reflec-
tive of either acute spinal shock or conus lesion); and 
neurogenic sphincter EMG in one of four patients 
studied (reflective of a conus lesion). The responsible 
lesion sites in cases of LUT dysfunction have ap-
peared to be the cervico-thoracic spinal cord, and, to 
a lesser extent, the conus [262] and possibly the spi-
nal nerve roots in patients with ADEM. In addition, 
cases of ADEM presented with LUT dysfunction as 
the only remaining consequence of the disease, thus 
suggesting that LUT innervation was selectively vul-
nerable in these cases. It is also reported that cases 
of ADEM/ parainfectious myelitis initially presented 
with urinary retention [263] or leaves urinary retention 
as the sole sequel [264].  

Although aseptic meningitis is a common neurologi-
cal disorder, a combination of aseptic meningitis and 
acute urinary retention (MRS) has not been previ-
ously well recognized. The clinical manifestations of 
Sakakibara’s three cases [256] are mostly the same 
as those of the six reported cases in the literature (in-
cluding cases written in Japanese). The clinical man-
ifestations of MRS cases differ markedly from those 
of ADEM, because, other than presenting with asep-
tic meningitis, MRS cases lack the following: appar-
ent encephalitic signs such as disturbance of con-
sciousness, epilepsy or aphasia; and myelitic signs 
such as gait abnormalities, or sensory-level abnor-
malities. Whereas brain and spinal cord lesions typi-
cally appear in ADEM, such change is not observed 
in MRS. However, a reversible splenial lesion was 
noted in the brain MRI of a patient with MRS [265].  

 Disease specific diagnosis 
Cerebrospinal Fluid (CSF) examination showed a 
mononuclear pleocytosis of 38-370 /mm3, normal to 
increased protein content (up to 260 mg/dl), and nor-
mal to mildly decreased glucose content (up to 33% 
of that in the serum). All viral titres studied in the CSF 
and the serum of such cases were negative. Never-
theless, it appears likely that the urinary retention in 
such patients is of neurologic aetiology, since none of 
the patients appear to exhibit urologic abnormalities 
such as prostatic hyperplasia, and also because a 
strong chronological association is observed between 
the onset of urinary retention with, or just after, the 
occurrence of the aseptic meningitis. As it is observed 

in ADEM, antecedent/ comorbid infections or condi-
tions with MRS include angiostrongylus cantonensis 
[266], Epstein Barr virus [267], and herbal medicine 
use [268], whereas such antecedent influences are 
not apparent in the remaining cases [269]. 

Urodynamic study results have shown that all pa-
tients examined had detrusor areflexia, which results 
in an inability to contract the bladder on voiding, and 
some patients had an unrelaxing sphincter. Detrusor 
areflexia originates from various lesion sites along the 
neural axis; most commonly, peripheral lesions are 
observed. However, CNS lesions that affect the spi-
nal cord or the brain can also cause detrusor are-
flexia, which is particularly seen in the acute shock 
phase of patients with transverse myelitis (often im-
mune-mediated) or ADEM. A case report described 
repeated urodynamic studies in one patient, in which 
an initially areflexic detrusor became overactive after 
a 4-month period, suggesting an upper motor neuron 
bladder dysfunction [270]. As described above, en-
cephalitic features are absent in patients with MRS. 
However, three MRS patients (including Sakakibara’s 
cases 1 and 3) showed the brisk lower extremity re-
flexes suggestive of mild myelitis. In one of Sa-
kakibara’s cases, MBP was increased, which is sug-
gestive of CNS demyelination. Therefore, it appears 
possible that MRS is a very mild variant of ADEM, 
which selectively affects LUT innervation.  

Arriving at a diagnosis is easy when a combination of 
aseptic meningitis and acute urinary retention is con-
firmed, although such a diagnosis should be made 
both urologically and neurologically, in order to ex-
clude sacral herpes, a benign variant of Guillain-
Barre syndrome (inflammatory radiculitis), typical 
ADEM, myelitis with leg weakness [271], herpetic 
brainstem encephalitis, chemical meningitis, focal 
subarachnoid bleeding, and other common causes of 
neurogenic urinary retention (e.g. diabetic neuropa-
thy, lumbar spondylosis, etc.). For the differential di-
agnosis, detailed history, brain/spinal MRI and nerve 
conduction study are necessary.  

The term “Elsberg syndrome” has been occasionally 
used, which is rather vaguely assigned to sacral 
myeloradiculitis of undetermined aetiology, sacral 
herpes, sacral vasculitic neuropathy, possible MRS, 
possible ADEM, or conus infarction. However, in con-
trast to the majority of “Elsberg syndrome” cases, 
Kennedy, Elsberg, and Lambert (1913) reported five 
cases of pathology-demonstrated cauda equina 
radiculitis. Clinical pictures of these cases were char-
acterized by rare CSF abnormalities (only one of the 
four cases described showed an increased cell count 
as well as increased protein levels); no clinical men-
ingitis; subacute/chronic course (in one case the 
course of disease was subacute: 3 months, but in the 
remaining four cases, the course of disease was 
chronic: 4.5-36 months); the patients presented with 
typical cauda equina motor-sensory-autonomic syn-
drome (in particular, four of the patients had apparent 
muscle atrophy/weakness in the lumbosacral seg-
ment); Wallerian degeneration of the spinal afferent 
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tracts; and mild upper motor neuron signs. The au-
thors assumed that the aetiology of these cases was 
either inflammatory or toxic. The exact cause of these 
five cases remains uncertain, although clinical pic-
tures of these cases resemble, at least in part, those 
of paraneoplastic or autoimmune lumbosacral radicu-
loplexus neuropathy [272]. Clinical features of sacral 
herpes or MRS differ markedly from those of Ken-
nedy’s cases.  

 Disease specific management  
Since MRS has a benign and self-remitting course 
(i.e., a duration of 2-10 weeks), the effectiveness of 
immune treatments (e.g., steroid pulse therapy) re-
mains unclear, although such treatments may 
shorten the duration of the disease. Management of 
the acute urinary retention is necessary to avoid blad-
der injury due to overdistension (LOE4).  

Since MRS is rare, true prevalence has not been fully 
investigated and evaluation of this is warranted in fu-
ture research. Similarly, in order to shorten the urinary 
retention period, the effectiveness of immune treat-
ments (e.g. steroid pulse therapy) in MRS remains 
unclear, and future research is desirable. 

Conclusions 

• Meningitis-retention syndrome, with fever, head-
ache, stiff neck, and minor pyramidal signs, is 
thought to be a very mild form of acute dissemi-
nated encephalomyelopathy (ADEM) encoun-
tered by both urologists and neurologists (LOE 
2) 

• Initially the bladder is areflexic, but soon be-
comes normal or overactive during the course of 
the disorder. (LOE 2) 

Recommendation 

• Management of the acute urinary retention is 
necessary to avoid bladder injury due to over-
distension in patients with MRS (B) 

 

 ACUTE DISSEMINATED 
ENCEPHALOMYELITIS (ADEM) 

Acute disseminated encephalomyelitis (ADEM), also 
known as post-infectious encephalomyelitis, is a de-
myelinating central nervous system (CNS) disorder 
that usually follows infection, or more rarely vaccina-
tion [273]. ADEM can be confused for MS; indeed, the 
early symptoms of ADEM are similar to an acute re-
lapse of MS. Presence of constitutional symptoms 
such as fever and headache, and the simultaneous 
involvement of various parts of the CNS may help dif-
ferentiate this condition from MS. However, it can be 
difficult to distinguish the two, and the only sure way 
is follow up and the observation of any relapses over 
time.  

ADEM is a disease that is characterized by an inflam-
matory reaction and demyelination in the brain and 
spinal cord. In contrast to MS, there is a tendency for 
perivenous localization of pathological changes [274]. 
Bladder dysfunction is common in ADEM. In a con-
secutive series of sixty one patients with ADEM, 20 
(33%) had evidence of LUTD [261]. 

Lesions in the cerebral and spinal cord white matter 
result in LUTD. Both voiding and storage symptoms 
are reported in ADEM, however the pattern of bladder 
dysfunction depends upon the time point at which 
they are assessed. In the acute stage, Panicker et al. 
reported that voiding dysfunction is more common; in 
their series of 20 patients, 16 were in urinary retention 
[261]. Urodynamics demonstrated detrusor overactiv-
ity in four patients and underactivity in four patients. 
Incontinence was reported more often in patients with 
frontoparietal white matter changes in MR imaging 
(LOE 3/ 4). In the series of Sakakibara et al., patients 
were followed up for 3 to 38 months, and seven of 
nine patients with retention were able to pass urine 
once again, five had difficulty in voiding and four de-
veloped urinary frequency or urgency incontinence. 
Motor unit analysis of the external sphincter revealed 
polyphasic neurogenic changes in only one of four 
patients. They also observed that bladder disturb-
ances in ADEM seemed to be as common and severe 
as in MS [260] (LOE 3/ 4). LUTD is common espe-
cially in patients with lower limb pyramidal involve-
ment [261].  

Management of LUTS is essentially supportive. Pa-
tients complaining of LUTS should have their post-
void residual checked regularly during the progres-
sive phase of ADEM. If retaining urine, an indwelling 
catheter may be preferable during the acute phase. 
The need for catheterisation should be reviewed reg-
ularly as voiding dysfunction often recovers. If suita-
ble, IC could be considered. Patients with overactive 
bladder symptoms are likely to benefit from an anti-
muscarinic medication, once it is confirmed they are 
not retaining urine.  

For future research, there are currently only limited 
studies evaluating the natural history of LUTD in 
ADEM and patients should be followed up to assess 
lower and upper urinary tract changes with time. 
There is a dearth of information about the role of bot-
ulinum toxin or sacral neuromodulation in this condi-
tion. 

Conclusions 

• In the acute phase of ADEM, LUTS may be seen 
in a third of patients (LOE3/4). 

• Both voiding and storage dysfunction are ob-
served in ADEM (LOE3/4).  

• Recovery of LUT functions occurs, along with the 
recovery of motor weakness (LOE3/4).  
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Recommendations 

• Patients with ADEM and bladder symptoms 
should be managed according to their symp-
toms, and the findings on urodynamic tests, par-
ticularly post-void residual (C).  

• LUTS can change as the disease stabilises; re-
evaluation during follow-up is therefore recom-
mended (C). 

• Patients with overactive bladder symptoms are 
likely to benefit from antimuscarinic pharma-
cotherapy, once they are shown not to be retain-
ing urine. 

 

 SPINAL CANAL STENOSIS  

It is not uncommon to develop pelvic floor dysfunction 
including urinary symptoms in patients with spinal ca-
nal stenosis (SCS). It is thought about half of the pa-
tients with intractable leg pain in spinal canal stenosis 
will have urinary difficulty with high post-void residual 
(PVR) and reduced flow rate and/or incontinence in-
dicating effects on the cauda equina. Such symp-
toms, including urinary incontinence usually improve 
after surgical decompression.  

One third of patients with achondroplasia developed 
SCS [275], especially at the lumbar level, and 77% of 
these had urinary incontinence. According to 
Johnsson and Sass [276] in the County of South Jut-
land, Denmark during a 5-year period (1996-2000), 
the annual incidence of SCS was 272 per million in-
habitants. Of 340 cases diagnosed with SCS during 
that period, only one patient presented with acute 
cauda equina syndrome. This was a 74-year-old 
woman with SCS from L2 to L4, who presented with 
urinary retention and faecal incontinence (FI) for the 
preceding 24 hours; after urgent surgery she recov-
ered from her anal sphincter paresis within 5 days 
and from her bladder paresis within 5 weeks.  

Goh and colleagues [277] carried out a comprehen-
sive retrospective review of the clinical features, radi-
ological changes and outcome of 75 patients with ra-
diologically diagnosed lumbar SCS; imaging of the 
lumbar spine showed that moderate to severe central 
spinal stenosis correlated with complaints of weak-
ness and abnormal motor power on clinical examina-
tion. The commonest symptom was numbness or tin-
gling of the legs. According to the study of Inui[4] 
58.8% of the 34 patients were diagnosed with neuro-
pathic bladder; however there was no difference in 
the cross-sectional area of dural sac between those 
with and without neurogenic bladder dysfunction in 
patients with lumbar SCS. Nonetheless, the antero-
posterior diameter of the dura was shorter in those 
with bladder dysfunction, and a critical size for the du-
ral sac of patients was reported as 8 mm. 

Usually signs and symptoms of compressive neurop-
athy of multiple lumbar and sacral roots is an indica-
tion for surgical intervention, but relatively unknown 
as a post-operative complication [278]. Four years af-
ter diagnosis, 65% had undergone surgical decom-
pression; a third of patients felt that their symptoms 
had improved while a quarter felt that they had wors-
ened. Imran and Halim [279] reported a 63-year-old 
man who developed acute cauda equina syndrome 
due to fat graft compression after decompressive 
laminectomy, posterior instrumented fusion with ped-
icle screw fixation for spinal stenosis of L5 and S1 
vertebral levels and free fat grafting to cover the ex-
posed dura; three days postoperatively, gradual neu-
rological deficit started with sensory loss and weak-
ness of the affected dermatomes and myotomes fol-
lowed by FI on the 12th postoperative day; and im-
mediate removal of the fat graft resulted in recovery 
from cauda equina syndrome. Another case was re-
ported by Tubbs [280]; a Caucasian girl who had idi-
opathic growth hormone deficiency and Klippel-Feil 
and Duane's syndromes with symptomatic stenosis of 
the first cervical vertebrae presented with episodes of 
loss of tone with subsequent falling, facial cyanosis, 
UI, hand weakness, and difficulties with swallowing; 
following suboccipital craniectomy and the removal of 
the posterior arch of the atlas, her symptoms were re-
solved and UI improved.  

 Disease specific diagnosis 
To demonstrate narrowing of the lumbar canal with 
compression of the cauda equina, CT or MRI is often 
recommended, to reveal either bony or soft tissue 
compression [281]. Miyata and colleagues [282] stud-
ied the relationship between bladder function and 
roentgenographic changes in the spinal canals of os-
sification of posterior longitudinal ligament (OPLL) 
patients. CO2-filling cystometry, uroflowmetry and 
PVR were measured and the vertical extent of OPLL 
and the degree of SCS was estimated by X-ray films 
and CT. The occurrence of abnormal detrusor activity 
had no relationship to the degree of canal stenosis, 
while the occurrence of an areflexic or underactive 
detrusor correlated with the vertical extent of OPLL . 
Yamanishi et al. [283] found DO in 14 lumbar canal 
stenosis patients (29%) and most of them had voiding 
symptoms and had storage symptoms which seemed 
to be caused by the irritation of sacral roots.  

 Disease specific management  
Of 10 patients followed up after surgical decompres-
sion, DO disappeared in 5 patients, improved in 1 pa-
tient and remained unchanged in 4 patients [283]. 
Lee and colleagues [284] did an expansive cervical 
laminoplasty in patients with non-traumatic cervical 
spondylosis with myelopathy and found that age 
greater than 60 years at the time of presentation, du-
ration of symptoms more than 18 months prior to sur-
gery, preoperative bowel or bladder dysfunction, and 
lower-extremity dysfunction were associated with 
poorer surgical outcome. 
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Conclusions  

• Patients with spinal stenosis, especially at lum-
bar levels, may present with bladder and bowel 
involvement – urinary retention/ incontinence 
and faecal incontinence (LOE 3/4) 

• Lumbar canal stenosis may cause either detru-
sor underactivity/acontractility or overactivity 
(LOE 3) 

• Imaging helps diagnose spinal stenosis, while 
urodynamic study categorises neurogenic blad-
der dysfunction (LOE 3/4) 

• Acute symptoms of incontinence or urinary re-
tention may recover after decompression of spi-
nal stenosis (LOE 3/4) 

Recommendations 

• Surgical decompression is recommended in pa-
tients with spinal stenosis having acute symp-
toms of urinary retention/incontinence and faecal 
incontinence (A) 

 

 CAUDA EQUINA SYNDROME 

There can be some confusion related to this 
syndrome. An anatomical discrepency lies in the fact 
that the vertebrae and the nerve roots do not 
correspond all the way down to sacrum. The spinal 
cord terminates at the level of L1 vertebrae and there 
is thick column of nevres below this level resembling 
a horse tail, hence the term “cauda equina” has been 
coined to describe this arrangement. Damage to 
these nerve roots produces a characteristic pattern of 
symptoms called the cauda equina syndrome, which 
can entail pelvic floor dysfunction in all 3 
compartments (including bladder, bowel, sexual 
abnormalities). 

Central lumbar disc prolapse compresses sacral 
nerve fibers to and from the bladder, the large bowel, 
the anal and urethral sphincters, and the pelvic floor. 
Cauda equina syndrome due to central lumbar disc 
prolapse is relatively rare, the incidence being from 1 
to 5% of all prolapsed lumbar disc [285-287]. An an-
nual incidence of 3.4 per million and a prevalence of 
8.9 per 100,000 population has been reported. It has 
been suggested that damage to cauda equina is 
more common in middle aged men whilst in younger 
patients it was the conus lesion that was more preva-
lent [288].  

The common causes of cauda equina syndrome are 
summarised in Table 15 (below). It is thought that 
spinal fracture in young men, disc herniations in 
middle aged and spinal operations in elderly are the 
main factors leading to cauda equina syndrome 
(CES) [288]. 

Table 15. Causes for cauda equina syndrome 

Compressive Noncompressive 
Central prolapsed 
intervertebral disc* 
Trauma- vertebral 
fracture* 
Tumour- primary, 
metastatic 
Spinal canal stenosis 
Pott’s disease- 
tuberculosis 
Abscess 

Ischemia- spinal AV 
malformation causing steal 
syndrome 
Iatrogenic- spinal surgery* 
Following spinal 
anaesthesia- rare* 
Inflammation 
 

*Can present acutely 

 Pathology and disease specific LUT 
problems  

There can be a diverse presentation of CES. This in-
cludes low-back pain, bilateral sciatica, saddle an-
aesthesia, and urinary retention, loss of urethral sen-
sation as well as constipation and erectile dysfunction 
[286, 289]. Those patients with cauda equina syn-
drome usually have some sensory disturbance in the 
sacral dermatomes. A retrospective cohort study with 
prospective clinical follow-up showed that bowel dys-
function at presentation was associated with sexual 
problems at follow-up [290]. 

The most common urinary symptom associated with 
lumbar disc prolapse is acute urinary retention [291]. 
At the onset, acontractile detrusor with impaired blad-
der sensation is a typical urodynamic finding [291, 
292]. Severe denervation of pelvic floor [291] and ex-
ternal urethral sphincter is also frequently demon-
strated. Detrusor overactivity may occur [283, 291]. 
Urinary disorders usually follow or accompany more 
obvious neurologic symptoms, such as lumbar pain 
and perineal sensory disturbances that prompt the 
appropriate diagnosis. However, sometimes voiding 
disturbances may be the only or the first symptom of 
this condition, which makes it more difficult to diag-
nose. There can be associated bowel disturbances 
that might be either constipation or faecal inconti-
nence [288]. 

The presence of sexual dysfunction can be particu-
larly disabling. There is impairment of sexual sensa-
tions and this is associated with erectile dysfunction. 
However, a combination of these two leads to orgas-
mic dysfunction which becomes the most bothersome 
symptom in this group of patients [293].  

 Disease specific diagnosis 
There should be a high index of suspicion in patients 
who present with the features described above. The 
presentation can be either in an acute or chronic set-
ting. The acute symptoms manifest generally after 
disc herniation or post surgery. The classical presen-
tation includes severe sudden bilateral back pain ra-
diating down both lower limbs with numbness and tin-
gling in saddle region and loss of bladder function. 
However, only a fifth of patients present with these 
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classical symptoms [294], as in the majority low back 
pain, sacral sensory loss and some urinary symptoms 
are more prevalent. Similar to acute presentation, the 
symptoms are the same in chronic presentation, 
though the onset is more insidious.  

All patients should undergo a detailed neuro-urologic 
examination. This includes assessment of sensory, 
motor and reflexes of lower limbs and anal reflexes 
[288, 295]. There should be an assessment of post 
void residual. An urgent MRI assessment is recom-
mended in all patients who present with new onset 
urinary symptoms concomitantly with lumbar back 
pain or sciatica, because it is impossible in a signifi-
cant proportion of patients to exclude the diagnosis of 
prolapsed intervertebral disc in the context of referral 
with suspected cauda equina syndrome. 

In chronic setting the same investigations are re-
quired, though probably not with the same urgency. 
There might be a need to undertake electrophysiolog-
ical studies to confirm the diagnosis. Additionally uro-
dynamics and anal manometry might be required to 
establish the bladder and bowel dysfunction respec-
tively [296].  

 Disease specific management  
Emergency surgical decompression has been re-
ported to increase the chance of satisfactory neuro-
logical recovery in patients with cauda equina syn-
drome due to central lumbar disc prolapse [297-299]. 
In a meta-analysis of surgical outcomes, a significant 
improvement in sensory and motor deficits as well as 
urinary and rectal function occurred in patients who 
underwent the surgery within 48 hours, compared 
with those who had the surgery more than 48 hours 
after the onset of the cauda equina syndrome [299]. 
Although there is still a controversy [290], most other 
reports support the concept that decompression per-
formed within 48 hours of onset of this syndrome re-
sulted in improved functional outcomes [287, 300]. 
However, acontractile detrusor is usually irreversible, 
even after immediate decompression [301, 302], alt-
hough many patients can empty their bladder postop-
eratively, this may achieved only by straining or 
changing voiding postures [302]. In contrast to blad-
der dysfunction, urethral function shows a better re-
covery after surgery [303].  

The management of pelvic floor dysfunction in an es-
tablished CES patient requires careful support. The 
patient needs to start self-catheterization if there is 
significant residual urine. The patient should be en-
couraged to relax to pass urine and avoid straining. 
They need to be monitored with urodynamics owing 
to the unpredictable nature of recovery [304]. Similar 
to bladder, the bowel management needs to be opti-
mised according to the individual patient dysfunction. 
The constipation is relatively easier to control com-
pared to faecal incontinence [296]. The erectile dys-
function can be treated with oral medications but 
there is no specific treatment available for sensory im-
pairment.  

The patients could be put in touch with support 
groups like www.caudaequina.org  

 Research for Cauda Equina Syndrome 
For future research, good epidemiological studies on 
the occurrence of pelvic floor dysfunction are needed. 
This is increasingly relevant with the advent of new, 
minimally invasive treatment options for disc pro-
lapse. 

Conclusions 

• Cauda equina syndrome is a relatively rare com-
plication of lumbar disc prolapse (LOE 3) 

• Bladder and bowel manifestations of lumbar disc 
prolapse include: urinary retention, loss of sen-
sory functions, decreased sexual functions (LOE 
3) 

Recommendations 

• Emergency surgical decompression is the treat-
ment of choice: the optimum timing is considered 
to be within 48 hours (Grade B/C) 

• Full recovery of lower urinary tract functions, in-
cluding bladder contractility, is unreliable (Grade 
C)  

 

 TRANSVERSE MYELITIS 

This is a clinical syndrome characterized by an im-
mune mediated process leading to neural injury in the 
spinal cord. There can be a varied presentation with 
weakness, sensor alterations and autonomic dys-
function. It can also present as part of a multifocal dis-
ease of nervous system. Transverse Myelitis (TM) is 
reported to have an incidence of 1-4 new cases per 
million, with bimodal peaks between the ages of 10 
and 19 years and 30 and 39 years. There is no sex or 
familial predisposition. 

TM is commonly parainfectious. It can occur in con-
nective tissue diseases, infective myelitis, and idio-
pathic inflammatory demyelinating disorders includ-
ing MS. It is thought that only true spinal inflammatory 
processes should be designated myelitis. Myelitis 
may selectively affect different parts of the nervous 
system. The inflammatory distribution is termed poli-
omyelitis when it is confined to the gray matter and 
leukomyelitis if it affects the white matter. When the 
entire thickness of the spinal cord is involved, it is 
called TM. TM can clinically be divided into acute or 
subacute depending upon the speed of onset of 
symptoms and signs. These can affect any of the mo-
tor, sensory or autonomic nerves. As a general rule 
there is well defined upper border of sensory dysfunc-
tion. 
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Lumbar puncture and spinal MRI will usually show 
signs of acute inflammation. At the height of inflam-
matory condition about half of patients lose all move-
ments of their legs with almost all having bladder dys-
function. The bladder symptoms are generally a com-
bination of storage and voiding with urgency, difficulty 
to empty. Additionally, there can be associated bowel 
dysfunction. The Transverse Myelitis Consortium 
Working Group has proposed diagnostic criteria look-
ing at motor, sensory, and autonomic dysfunction 
[305]. The diagnostic criteria include presence of 
symptoms attributable to spinal cord inflammation, a 
defined sensory level, and presence of immunoglobu-
lin G with progression to nadir between 4 hours and 
21 days. They also proposed a set of exclusion crite-
ria including a history of previous radiation, and ab-
normal arterial flow patterns of imaging suggestive of 
another neurologic disease. 

TM can present with a diverse array of clinical neuro-
logical manifestations. Bladder dysfunction is com-
mon and may be the only consequence of TM. Gane-
san and Borzyskowski [306] described urinary tract 
dysfunction after TM in 10 children, with ages ranging 
from 8 months to 16 years. Nine of 10 children had 
voiding symptoms and all developed storage symp-
toms within a month of presentation. Videourodynam-
ics showed a combination of detrusor overactivity and 
detrusor sphincter dyssynergia (DSD) in most pa-
tients. With a median follow-up of 36 months, all had 
residual bladder dysfunction, with only four being 
asymptomatic. The degree of bladder recovery was 
not related to the motor recovery.  

In another study Cheng et al. [307] reviewed the long-
term urological outcome of 5 children with TM over 15 
years. The median length of follow-up was 5 years 
(2–10 years). Four children recovered completely 
from paresis; two had no urinary symptoms with nor-
mal voiding. However, follow-up urodynamics 3 years 
later revealed that four out of the five children, includ-
ing one without any urinary symptom, had residual 
bladder dysfunction.  

Leroy-Malherbe and colleagues [308] studied 21 chil-
dren at the mean age of 8 years. Bladder dysfunction 
was present in 85% at presentation. Complete re-
gressive course was noted in 38% of patients, minor 
sequelae in 39%, and major sequelae after 6 months 
in 23%. No upper tract deterioration was noted after 
3 years. Factors of favourable prognosis were early 
motor function recovery and early management of 
bladder dysfunction  

Kalita et al. [309] evaluated voiding abnormalities in 
TM and correlated these with evoked potentials, MRI, 
and urodynamic findings. Patients with TM had a neu-
rological examination and tibial somatosensory 
evoked potential (SSEP) and motor evoked potential 
studies in the lower limbs. Urodynamic studies 
showed an acontractile or hypocontractile bladder in 
10, detrusor overactivity with poor compliance in two, 
and DSD in three. Persistent abnormalities included 
detrusor overactivity, dyssynergia, and acontractile 

bladder. The urodynamic abnormalities correlated 
with muscle tone and reflex changes but not with sen-
sory or motor evoked potentials or MRI signal 
changes.  

Sakakibara et al. [310] reported 10 patients with TM. 
Seven patients had urinary retention and three pa-
tients had voiding difficulties within 1 month after the 
onset of the disease. At 40 months of mean follow-up 
9 still had mixed urinary symptoms.  

Berger et al. [311] found abnormal detrusor function 
in all six patients with TM. Computerized tomography 
scans and myelograms were inconclusive and CSF 
studies were normal. On recovery the functional out-
comes were uniformly good. Bladder abnormalities 
persisted despite motor recovery. Urodynamic stud-
ies revealed DSD in six patients with 2 revealing de-
trusor overactivity. Sexual dysfunction was reported 
by 3 men. The authors concluded that prolonged 
bladder and sexual dysfunction may persist despite a 
systemic neurological recovery. They recommend 
urodynamics for initial and follow-up management.  

The clinical manifestations of TM is described as a 
dysfunction of motor, sensory, and autonomic path-
ways [312]. At maximum deficit, 50% of patients had 
completely paraplegia with almost all having some 
degree of bladder dysfunction.  

 Treatment of bladder dysfunction in TM 
The management of bladder dysfunction is tailored to 
the abnormality present. The detrusor overactivity 
and DSD is treated with a combination of antimus-
curanics and self catheterization. Persistent overac-
tivity can be controlled with Botulinum toxin A. Moni-
toring should be undertaken with urodynamics and 
the management adjusted accordingly. 

In longitudinal case series, broadly one-third of pa-
tients recovered with little or no long-term sequelae, 
one-third are left with moderate degree of permanent 
disability, and one-third has severe disabilities. The 
predictor of poor outcome is thought to be rapid pro-
gression of symptoms, back pain and spinal shock. In 
a follow-up study Bourre [313, 314] reported on 85 
cases to evaluate the rate of conversion to MS as well 
as predictive factors of long-term disability during a 
mean follow-up of 8.7 years. They confirmed that 
presence of oligoclonal bands in the CSF and brain 
MRI abnormalities increases the risk for conversion 
to MS. Long-term follow-up of urological function is 
recommended for all patients with TM.  

Conclusions 

• Transverse myelitis is an immune mediated pro-
cess leading to neural injury in spinal cord  

• There can be a varied presentation, with weak-
ness, sensor alterations and autonomic dysfunc-
tion (LOE 2). It can also present as part of a mul-
tifocal disease of nervous system (LOE 2) 
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• Uniform diagnostic criteria looking at motor, sen-
sory, and autonomic dysfunction have been pro-
posed (LOE 4) 

• Presence of defined sensory level and immuno-
globulin G with progression to nadir between 4 
hours and 21 days is included in the diagnostic 
criteria (LOE 4) 

• Bladder dysfunction is common and may be the 
only consequence of TM (LOE 2) 

• At maximum deficit 50% of patients were com-
pletely paraplegic, with almost all having some 
degree of bladder dysfunction (LOE 3) 

• The management of bladder dysfunction is tai-
lored to the abnormality present (LOE 2) 

Recommendations 

• Uniform diagnostic criteria looking at motor, sen-
sory, and autonomic dysfunction should be used 
(GR 3) 

• The management of bladder dysfunction should 
be tailored to the abnormality present (GR 2) 

• Long-term follow-up of urological function is rec-
ommended for all patients with TM (GR 3) 

 

 NEUROPATHIES AND MUSCLE 
DISORDERS  

 Guillain Barre syndrome  
Since the eradication of poliomyelitis, Guillain-Barré 
syndrome (GBS) has become the most common 
cause for acute, flaccid paralytic disease in many 
parts of the world [315]. It presents as a rapidly pro-
gressing ascending areflexic motor paralysis, with or 
without sensory and autonomic dysfunction. Follow-
ing an initial acute progressive phase, which by defi-
nition reaches a nadir within four weeks, there is a 
plateau phase and finally a recovery phase. Symmet-
rical limb weakness is the common presentation, 
however there may be in addition cranial nerve and 
respiratory muscle weakness. The disorder affects 
children and adults of all ages and both sexes. GBS 
is amenable to treatment with intravenous immuno-
globulin or plasma exchange. However despite this, 
4% to 15% of patients die from this syndrome, most 
often due to cardiovascular autonomic disturbances, 
respiratory compromise or aspiration. Nearly 20% 
have persistent disability [316].  

Autonomic dysfunction is a frequently-overlooked 
complication. Cardiovascular autonomic dysfunction 
is recognized in up to 60% of GBS patients [317]. 
However, bladder and bowel dysfunction occurs 
much less often. Indeed, the presence of bladder or 

bowel symptoms at the onset of disease, or their per-
sistence, casts doubt on the diagnosis, so that other 
conditions, such as spinal cord disease, need to be 
excluded. During the acute phase, it is often difficult 
to assess LUTD specifically due to neurological dys-
function. Patients are often catheterized as part of 
their general nursing care to monitor water balance or 
maintain hygiene [316]. Furthermore, patients may be 
on medications such as opiates and tricyclic antide-
pressants, which in themselves can affect bladder 
and bowel functions. In the largest study to date, Sa-
kakibara et al. [318] studied 65 patients with definite 
GBS (meeting clinical and neurophysiological criteria) 
and LUTD was observed in 27.7% (LOE3/4). This fig-
ure is similar to that quoted by Guillain and others in 
the early papers [319]. The condition is characteristi-
cally a symmetrical radiculo-neuropathy predomi-
nantly due to demyelination (Acute Inflammatory De-
myelinating Polyradiculoneuropathy, AIDP), but also 
there are subtypes where axonal damage prevails 
(Acute Motor Axonal Neuropathy, AMAN). There is a 
dearth of systematic studies evaluating LUTD in 
GBS. In a few reports [320, 321], detrusor areflexia 
and disturbed bladder sensation were the common 
findings, and a non-relaxing urethral sphincter was 
also seen (LOE3/4). In the study by Sakakibara et al. 
[318], patients most commonly reported voiding 
symptoms in 24.6%, including urinary retention in 
9.2%. Storage symptoms were noted in 7.7%, urinary 
urgency in 7.7%. None of the patients in this study 
became incontinent. Urinary dysfunction was more 
common in AIDP (39%) than AMAN (19%), although 
the prevalence of urinary retention was almost the 
same (AIDP, 7%; AMAN, 11%). Factors that were 
associated with bladder symptoms included age, 
severity of motor weakness (Hughes motor grade) 
and concurrent bowel dysfunction. When patients 
were followed up, improvement in bladder symptoms 
paralleled improvement in motor weakness. 
Interestingly, there was no correlation between the 
presence of cardiovascular autonomic dysfunction 
and bladder dysfunction.  

Urodynamic studies performed within eight weeks of 
disease (n=9) showed variable results, 
demonstrating detrusor underactivity (n=2), DO 
(n=3), both DO and underactivity (n=5) and non 
relaxing urethral sphincter (n=2). Three patients had 
an elevated post void residual and one patient had 
reduced bladder sensations [318] (LOE3/4). Their re-
sults were similar to the urodynamic findings from 
Gabavac et al. [321](LOE3/4). 

Urinary dysfunction in patients with GBS tends to ap-
pear after the onset of motor weakness However, in 
two patients with axonal GBS, it was reported that 
voiding difficulty and motor weakness appeared al-
most simultaneously [322, 323] (LOE3/4). A close re-
lationship between severity of GBS and bladder dys-
function has been reported (LOE3/4). Lichtenfeld 
[324] (LOE3/4) has reported urinary retention in one-
third of patients requiring ventilator assistance. Even 
though up to 11% of GBS patients may develop uri-
nary retention at the peak of motor weakness, it will 
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most often improve along with other neurological 
signs after supportive patient management, with or 
without immunomodulation. However bladder dys-
function can persist, and it is reported that urinary re-
tention failed to recover for 10 months, even after a 
patient (with axonal GBS) regained the ability to walk 
[323] (LOE3/4).  

GBS primarily affects the large myelinated fibers, but 
pathological studies have demonstrated moderate to 
severe loss of small myelinated fibers and inflamma-
tory cell infiltration in the lumbosacral spinal roots, 
sympathetic chain, and spinal cord [315]. It has been 
postulated that LUTD in GBS may be arising from 
inflammatory or immunologically mediated damage of 
of the autonomic fibres of the lumbosacral nerves 
[315] (LOE3/4). Contrast magnetic resonance imag-
ing (MRI) has demonstrated enhancement of the 
nerve roots of the cauda equina in GBS [325] 
(LOE3/4). The possible mechanism for DO might be 
abnormal spontaneous depolarisations in 
demyelinated nerve fibres, and impairment of 
inhibitory spinal cord interneurons, both of which can 
result in lumbosacral autonomic hyperactivity [326] 
(LOE3/4).  

 Treatment of bladder dysfunction after 
GBS 

Management of LUTS is essentially supportive. Pa-
tients complaining of LUTS should have their post-
void residual checked regularly during the progres-
sive phase of the disease. If retaining urine, an in-
dwelling catheter may be preferable during the acute 
phase. The need for catheterisation should be re-
viewed regularly as voiding dysfunction can recover 
in parallel to recovery of motor weakness, but in some 
cases this might be delayed. If suitable, IC should be 
considered. Wosnitzer et al. reported a successful 
case of sacral neuromodulation for urinary retention 
that persisted 18 months after GBS [327] (LOE3/4). 
Patients with overactive bladder symptoms are likely 
to benefit from an antimuscarinic medication once it 
is shown they are not retaining urine. Of specific con-
sideration to GBS is the side effect of tachycardia, as 
many patients may have concomitant cardiovascular 
autonomic dysfunction.  

Follow-up and further research 

There are only limited studies evaluating the natural 
history of LUTD in GBS and long-term follow-up stud-
ies of patients are required. Studies evaluating the 
correlation between LUTD and other evidence for au-
tonomic dysfunction (such as cardiovascular auto-
nomic dysfunction) should be specifically evaluated.  

Conclusions 

• In the acute phase of GBS, about 25% of patients 
demonstrate LUT functional problems (LOE3/4). 

• Both voiding and storage dysfunction are ob-
served in GBS (LOE3/4).  

• Recovery of LUT function occurs along with the 
recovery of motor weakness. However, in rare 
cases it might take months (LOE3/4).  

Recommendations 

• Recovery of LUT functions is expected in GBS; 
supportive care, including an indwelling catheter 
or IC, is the treatment of choice for urinary reten-
tion (C).  

• Patients with overactive bladder symptoms are 
likely to benefit from an antimuscarinic, once 
they are shown not to be retaining urine.  

• A systematic evaluation of LUTD during the 
acute phase and recovery following GBS is re-
quired to optimize therapy (C).  

 Bowel Dysfunction in GBS 
Bowel dysfunction occurs less commonly in GBS, in 
up to 15% of patients [328] (LOE3/4). Adynamic ileus 
was noted in 17 out of 114 GBS patients. However, 
cardiovascular symptoms coincided with ileus in only 
5 patients, suggesting a different pathophysiology for 
these two manifestations of autonomic dysfunction. 
Indeed in 4 patients, mechanical ventilation and im-
mobilization was implicated. In 8 patients, pre-exist-
ing conditions such as prior abdominal surgery or in-
cremental doses of opiates could also be linked to il-
eus. However, case reports by Gazulla Abio et al. 
(LOE3/4) [329], Sawai et al. (LOE3/4) [322] and Nowe 
et al. (LOE3/4) [330] have also shown that paralytic 
ileus can be the initial presenting symptom in GBS.  

There is a lack of good systematic studies on bowel 
disorders in GBS during the acute and chronic phase 
of GBS. However, there are some reports suggesting 
an involvement of bowel autonomic fibres in GBS. 
Sawai et al. (LOE3/4) [322] performed a detailed 
bowel function test in a 47-old man with acute motor 
axonal neuropathy (AMAN) type of GBS who pre-
sented with ileus (also called intestinal pseudo-ob-
struction) by an abdominal X-ray. Sitzmarks showed 
prolonged total colonic transit time (86.4 hours; nor-
mal 16.0-48.0), suggesting slow transit constipation. 
Pathological studies of GBS have revealed moderate 
to severe loss of small myelinated fibers and inflam-
matory cell infiltration in the lumbosacral spinal roots, 
sympathetic chain, and spinal cord. Therefore, in-
volvement of bowel autonomic fibers might also occur 
in GBS.  

Adynamic ileus or intestinal pseudo-obstruction oc-
curs in up to 15% of patients during a course of GBS, 
particularly in those with severe motor dysfunction. 
Recovery of bowel function usually occurs along with 
the recovery of motor weakness in GBS, after an in-
tensive immune therapy including intravenous immu-
noglobulin. There is still a lack of a detailed functional 
evaluation of the bowel in GBS patients. Such studies 
are needed in order to optimize the therapy in the fu-
ture.  
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Conclusions 

• About 15% of patients demonstrate bowel func-
tional problems particularly in the acute phase, 
but they can also be presenting symptoms 
(LOE3/4). 

• Constipation and intestinal pseudo-obstruction 
are observed in GBS (LOE3/4).  

• Recovery of bowel function usually occurs, along 
with the recovery of motor weakness.  

Recommendation 

• Supportive care, including laxatives or enemas, 
is the treatment of choice (C).  

 

 FAMILIAL AMYLOID 
POLYNEUROPATHY 

Familial Amyloid Polyneuropathy (FAP) is a rare 
autosomal dominant neuropathy affecting 
predominanatly the peripheral autonomic nerves. 
Neuropathy starts insidiously in the lower limbs and 
is characterised by lancinating pains, numbness and 
impaired temperature sensations.  

Autonomic manifestations are common and may be 
the intial manifestation in nearly 25% of patients [331] 
(LOE3/4). These include erectile dysfunction, 
orthostatic hypotension, bladder dysfunction, distal 
anhydrosis and abnormal pupils. LUTS generally 
appear early on and are present in 50% of patients 
within the first three years of the disease. Patients 
most often present with voiding dysfunction and 
incontinence (LOE3/4). Often, however, bladder 
dysfunction may be asymptomatic and uncovered 
only during investigations. Urodynamic studies have 
demonstrated reduced bladder sensations, 
underactive detrusor, poor urinary flow and an open 
bladder neck. There may be failure of relaxation of 
the smooth and striated sphincters as well. 
Ultrasound scans of the bladder may show bladder 
wall thickening, a finding which becomes more 
prominent as the disease progresses, and may 
represent either amyloid deposition in the bladder 
wall or detrusor hypertrophy secondary to functional 
obstruction (LOE3/4). 10% of patients with FAP type 
I may proceed to end stage renal disease [332] and 
bladder diaries may demonstrate global polyuria. 
Bladder dysfunction is likely to be due to small nerve 
fibre damage and deposition of amyloid substance in 
the detrusor muscle. 

Treatment of bladder dysfunction in FAP requires that 
patients should be followed up regularly, as over-
distention is likely to contribute to bladder 
dysfunction. In the early stage of disease, post-void 
residual urine will often be less than 100 ml and 
bladder scheduling and double voiding is often 

sufficient. However when bladder emptying 
deteriorates, intermittent catheterization is required.  

Lower gastrointestinal dysfunction results in 
alternating constipation and diarrhea. This occurs 
concomitantly with other manifestations such as 
episodic nausea, vomiting, and malnutrition. 
Anorectal physiology studies have demonstrated 
prolonged colonic transit time, low anal pressure at 
rest and loss of spontaneous phasic rectal 
contractions during squeeze, suggesting an enteric 
neuropathy [333] (LOE3/4).  

Liver transplantation remains the only potentially 
curative treatment and gastrointestinal symptoms 
improve in about half of cases [331]. Studies suggest 
that bladder dysfunction does not improve following 
transplantation [334] (LOE3/4). Interestingly, the 
occurence of urinary incontinence pre-operatively 
appears to predict higher post-operative mortality 
[334].  

 FAMILIAL DYSAUTONOMIA 

Familial dysautonomia (FD) or Riley-Day syndrome is 
the best known of the hereditary sensory and 
autonomic neuropathies (HSAN). This autosomal 
recessive condition is characterised by autonomic 
and small fibre sensory dysfunction.  

LUTD occurs in this condition and patients most often 
present with incontinence, which is mainly stress 
incontinence, but also overactive bladder symptoms. 
The limitation of using antimuscarinics is that it can 
exacerbate an already dry mouth from the underlying 
autonomic neuropathy. Less often, patients may have 
voiding dysfunction manifesting with hesitancy for 
micturition and high post-void residual volumes, and 
may be predisposed to recurrent urinary tract 
infections [335] (LOE3/4). 

 CHARCOT-MARIE-TOOTH 
DISEASE 

In a questionnaire based study, bladder and bowel 
complaints were significantly higher in patients with 
Charcot-Marie-Tooth disease compared to healthy 
controls [336] (LOE3/4). Lower urinary tract 
dysfunction has been reported in a family with 
proximal lower limb weakness, where it manifested 
as loss of bladder sensations and urinary retention 
with detrusor underactivity demonstrated in 
urodynamics. A hypotonic bladder was reported in 
urodynamics in a patient with parasympathetic domi-
nant autonomic dysfunction in Charcot-Marie-Tooth 
Disease Type 2J with the MPZ Thr124Met Mutation 
[337]. 
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 AUTONOMIC NEUROPATHIES 

A number of autonomic conditions can lead to pelvic 
floor dysfunction in general and bladder dysfunction 
in particular. Some conditions are: 

1. Acute Idiopathic Autonomic Neuropathy. Bladder 
dysfunction is well recognized in acute idiopathic 
autonomic neuropathy (acute 
pandysautonomia). Acute onset autonomic 
dysfunction is the hallmark, and is thought to be 
due to lesions of the pre- and postganglionic 
sympathetic and parasympathetic fibres. Urinary 
retention and voiding difficulty are common and 
cystometry demonstrates detrusor areflexia. 
Bladder dysfunction tends to resolve earlier than 
other features of autonomic dysfunction, such as 
orthostatic hypotension. Constipation is common 
[338] (LOE3/4).  

2. Autoimmune Autonomic Ganglionopathy. 
Presentation is with rapid onset of severe 
autonomic failure: orthostatic hypotension, 
gastrointestinal dysmotility, anhidrosis, bladder 
dysfunction, erectile dysfunction and sicca 
symptoms. Impaired gastrointestinal motility 
manifesting as gastroparesis and severe consti-
pation is reported in nearly 70% of patients. 
Bladder dysfunction generally manifests with 
voiding difficulty and incomplete emptying. 
Severity and distribution of autonomic 
dysfunction appear to depend upon the level of 
antibody titers [339] (LOE3/4). Roughly 50–60% 
of patients with Autoimmune Autonomic Gan-
glionopathy have circulating antibodies to the α3 
subunit of the ganglionic acetylcholine receptor 
(AChR) in the acute or subacute stage. 

3. Pure Autonomic Failure. PAF is a degenerative 
postganglionic autonomic disorder. Nocturia and 
voiding dysfunction are common and bladder 
emptying is often affected. Bladder diaries may 
demonstrate nocturnal polyuria. Urodynamics 
may however demonstrate detrusor overactivity 
in some patients [340]. Bladder dysfunction in 
PAF appears to be as common as, but less 
severe than, MSA and this could possibly reflect 
slower progression of the disease [340] 
(LOE3/4). Constipation is common. 

 DISORDERS OF THE 
NEUROMUSCULAR JUNCTION 

Widespread autonomic dysfunction is a hallmark of 
Lambert-Eaton myasthenic syndrome (LEMS). This 
is associated with antibodies to voltage-gated 
calcium channel (VGCC) of the P/Q-type and patients 
can present with erectile dysfunction, constipation 
and bladder dysfunction [341].  

In the more common disorder of the neuromuscular 
junction, myasthenia gravis, LUTS are rare. This is 

presumably because the auto-antibodies are directed 
against the nicotinic acetylcholine receptors, rather 
than the muscarinic. However voiding difficulties have 
been reported and urodynamic studies have revealed 
detrusor underactivity in these patients. In fact, 
voiding dysfunction may herald a new diagnosis of 
myasthenia or an exacerbation of the disease 
process [342] (LOE3/4). The proposed mechanism is 
involvement of acetylcholine receptors in the detrusor 
muscle or pelvic ganglia. Ganglionic acetylcholine 
receptor antibodies may be present in some patients 
[343]. Urinary incontinence is a listed side effect of 
anticholinesterase medications which are used in 
treating myaesthenia gravis [British National 
Formulary (online)], though in clinical practice this is 
rarely observed. Intestinal pseudo-obstruction has 
been reported in patients of myasthenia gravis with 
subacute autonomic failure.  

 MUSCLE DISORDERS 

 Muscular Dystrophies 
Case series in boys with Duchenne Muscular 
Dystrophy (DMD) [344] have reported the occurence 
of overactive bladder symptoms, and DO has been 
demonstrated in urodynamics. Symptoms improve 
with antimuscarinic medications in Becker’s muscular 
dystrophy [345]. The exact mechanism for DO is 
uncertain, though it is likely to be due to a disturbance 
of neural control rather than myopathy of the detrusor 
or external sphincter. Patients may have severe 
scoliosis as a consequence of their muscle disorder 
and this, as well as spinal fusion surgery for 
correcting scoliosis, can contribute to LUTS because 
of spinal cord compression. The commonest genito-
urinary complaints reported in a population based 
study of males with Duchenne and Becker muscular 
dystrophy were urinary tract infections, voiding dys-
function (most commonly urinary retention) and renal 
calculi [346].  

Urological and gastrointestinal dysfunction are re-
ported by patients with dystroglycanopathies more 
commonly than household controls and can nega-
tively impact quality of life [347]. 

Myotonic dystrophy (MD) is an autosomal dominant 
disorder caused by unstable trinucleotide repeat 
expansions. Urinary and bowel complaints are 
commonly reported, more often in women [348]. The 
commonest bowel complaint is constipation, however 
most disabling is fecal incontinence. EMG has 
demonstrated myotonia and myopathic changes in 
the external anal sphincter. Bowel incontinence is 
often refractory to treatment and procainamide (300 
mg twice a day) has been proposed as a treatment 
option [349]. Constipation is usually treated with 
prokinetics, laxatives and enemas. Bladder 
dysfunction is variable and less often reported with 
detrusor overactivity or atonia being documented in 
urodynamics [350] (LOE3/4).  
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 Mitochondrial cytopathy 
Mitochondrial neurogastrointestinal 
encephalomyopathy (MNGIE) is a rare autosomal 
recessive disorder characterized by gastrointestinal, 
extraocular, peripheral nerve and cerebral white 
matter involvement. The gastrointestinal disease 
manifests with intermittent diarrhea and pseudo-
obstruction. Mitochondrial DNA abnormalities and/or 
thymidine phosphorylase mutations in the proper 
clinical setting are diagnostic [351]. Bowel dysmotility 
has also been reported in Wolfram syndrome 
(diabetes insipidus, diabetes mellitus, optic atrophy, 
and deafness, acronym DIDMOAD) [352]. LUTD has 
been described and may be associated with urinary 
retention and dilated upper urinary tracts [352] 
(LOE3/4).  

Conclusions 

• Lower urinary tract and bowel dysfunction can 
occur in a variety of neuromuscular disorders 
(LOE3/4). 

• Both voiding and storage dysfunction are ob-
served in these conditions (LOE3/4).  

Recommendations 

• Patients with neuromuscular disorders with blad-
der symptoms should be managed according to 
their symptoms and the findings of urodynamic 
tests (C).  

• LUT and bowel dysfunction can change as these 
diseases progress and therefore follow-up is rec-
ommended (C). 

 

 PERIPHERAL NEUROPATHY 
DUE TO IATROGENIC LESIONS 

(FOCAL NEUROPATHY) 

Surgical procedures in the abdomen and pelvis can 
lead to a variety of pelvic floor dysfunctions. This can 
occur from damage to the nerves innervating the pel-
vic organs, anywhere in the course of these nerves 
through the cauda equina, the spinal nerve roots, the 
sacral plexus, or to the various individual nerves that 
arise from the plexus. Most injuries to these nerves 
are iatrogenic. Extensive pelvic surgery, such as ab-
domino-perineal resection for rectal cancer, radical 
hysterectomy, and aorto-iliac surgery are all likely to 
damage the pelvic parasympathetic nerves to the 
bladder and genitalia. Of course this listing is not 
complete and almost any surgery in the pelvis could 
damage some nerves e.g. adenomectomy, radical 
prostatectomy, prolapse surgery. Additionally, pelvic 
irradiation, apart from directly affecting the irradiated 
tissue, could cause damage to the adjacent nerve fi-
bers, resulting in altered functions. A variety of types 
of voiding, erectile and fecal dysfunctions can result.  

 Hysterectomy (simple and radical) 
It is difficult to attribute certain dysfunctions to neu-
ronal damage alone, since hysterectomy directly af-
fects static and dynamic functions of the pelvic struc-
tures. Parys et al. [353] (LOE 3) studied 126 women 
after simple hysterectomy. The results show that 
47.0% had DO, 36.7% had urethral obstruction and 
24.8% stress incontinence. Sekido et al. [354] (LOE 
3) described 9 women treated with radical hysterec-
tomy more than 10 years before the study. Voiding 
symptoms and/or urinary incontinence were ob-
served in 7 patients. Cystometry revealed impaired 
bladder sensation, detrusor acontractility, straining on 
voiding, and impaired relaxation of the sphincter in all 
investigated patients. In addition, decreased bladder 
compliance was observed in 5 patients. Axelsen [355, 
356] (LOE 2) studied 100 women after radical hyster-
ectomy and found that those women who reported in-
continence had lower urethral pressure. In a prospec-
tive study of over 1000 women Jackson et al. found 
hysterectomy to be an independent risk factor of in-
continence [357] (LOE 2). Plotti et al. analysed litera-
ture between 1952 and 2010 and found that in studies 
with follow up longer than 12 months, 34% of patients 
demonstrated DO and lowered compliance [358] 
(LOE 2).  

The introduction of nerve sparing hysterectomy ap-
peared to reduce urinary and sexual dysfunctions in 
comparison with the standard radical hysterectomy. It 
was found that autonomic nerve preservation signifi-
cantly improved morbidity 6 months after treatment 
[359-362] (LOE 3). There is, however, significant lack 
of long term observations of patients after radical hys-
terectomy in terms of lower urinary tract neurogenic 
dysfunctions.  

 Abdominoperineal resection and total 
mesorectal excision  

Retrospective analysis of 52 patients after abdom-
inoperineal resection was performed by Eickenberg 
et al. [363] (LOE 3). Neurologic bladder dysfunction 
of various degrees was found in 50% but represented 
a long-term problem in only 10%. Baumgarner et al. 
[364], (LOE 3) studied 86 consecutive cases of ab-
dominoperineal resection and described 11 cases of 
various functional problems of micturition. These re-
ports lack specific tests of LUT functions and are not 
prospective. At 1 year follow up, dysuria incidence is 
higher after abdominoperineal resection than after 
anterior resection [364] (LOE 3).  

Curative total mesorectal excision with autonomic 
nerve preservation can be done with high rates of 
preservation of such function. Pocard et al. [365] 
(LOE 3) investigated 20 patients (13 men, 7 women) 
following curative total mesorectal excision with auto-
nomic nerve preservation for rectal cancer. There 
was no difference in preoperative and postoperative 
LUT function, International Prostate Symptom Score 
or urodynamic results, nor in the results of the quality 
of urinary function questionnaire. Sexual function and 
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potency were also unchanged in these men. The au-
thors conclude that autonomic nerve preservation is 
possible and does not impair urinary and sexual func-
tion. Kim et al. [366] (LOE 3) also showed relative 
safety in preserving sexual and voiding dysfunction in 
total mesorectal excision with pelvic autonomic nerve 
preservation. Evaluation was based on uroflowmetry, 
voided volumes and residual volume, while symp-
toms were evaluated with the IPSS. There were sig-
nificant differences in maximum urinary flow rate and 
voided volume, but no differences in residual volume 
before and after surgery. The IPPS increased after 
surgery from 6.2 +/- 5.8 to 9.8 +/- 5.9 (p < 0.05).  

Similar results were reported by Turaldo et al. [367] 
(LOE 3) evaluating incidence and pathogenesis of 
LUT dysfunction after surgical treatment of rectal can-
cer in a series of 219 patients with normal urinary 
function pre-operatively. In the immediate follow-up, 
only 17 patients with dysfunction were observed, 14 
stage II, 2 at stage III and 1 at stage IV according to 
Astler-Koller classification; six months later only 8 pa-
tients reported urinary dysfunction and 1 required 
catheterisation. However no urodynamic studies 
were performed. There was no correlation of LUT 
dysfunction with staging, radiotherapy, size of tu-
mour, or surgical technique. However, worse func-
tional results were observed in patients who under-
went abdomino-perineal resection.  

Lim et al. found that not only surgery but also pre-
operative intervention could cause lower urinary tract 
and anorectal dysfunctions [368]. The maximum rest-
ing anal pressures were unchanged after chemoradi-
ation, but the maximum squeeze anal pressures were 
reduced. They concluded that pre-operative chemo-
radiation for rectal cancer carries a significant risk of 
pudendal neuropathy, which might contribute to the 
incidence of fecal incontinence after restorative 
proctectomy for rectal cancer [368] (LOE 3). However 
Langer et al. found that the surgery mostly responsi-
ble, not the pre-operative radiotherapy [369] (LOE 3). 

Focal injury to peripheral innervation of the bladder 
and/or sphincter results in decentralization or dener-
vation of the above mentioned organs. Therefore de-
trusor hypocontractility (acontractility) and/or sphinc-
teric deficiency will be the result of such damage. This 
in turn will result in impaired bladder emptying and/or 
stress incontinence. No prospective studies referring 
specifically to the problem of functional disturbances 
of the LUT in focal iatrogenic neuronal injury in pa-
tients after hysterectomy or colorectal surgery have 
been performed. 

Iatrogenic faecal incontinence can be caused by 
sphincter damage caused by surgery for anorectal 
problems, trauma, fistulae and abscesses. Vaginal 
delivery can cause not only sphincteric, but also neu-
ronal damage to the innervation of the anal sphincter 
[370] (LOE 3). There is a significant paucity of epide-
miological data regarding fecal incontinence after pel-
vic surgery. 

Anorectal reflexes and anorectal manometry may 
predict recovery of function [371] (LOE 3). An experi-
mental test in this specific patient population was de-
scribed by Nordling et al. [372] (LOE 3). In patients 
after radical hysterectomy, those with significant de-
nervation of the bladder had a greater rise in maxi-
mum urethral pressure during noradrenaline infusion 
(>20 cm H2O) than normal subjects (1-15 cm H2O). 
They concluded that urethral supersensitivity to nora-
drenaline may signify damage of the sympathetic in-
nervation of the LUT.  

 Radical Prostatectomy 
In a study of the 875 patients 19% developed de novo 
OAB following RP [373]. After adjusting for age, BMI, 
smoking status, cancer stage and nerve-sparing sta-
tus, radiation therapy was associated with an in-
creased relative hazard of OAB. Among men classi-
fied with de novo OAB, only 41% received treatment. 
Post-radical prostatectomy urinary incontinence con-
tinues to be one of the most devastating complica-
tions, which affects 9-16% of patients. Sphincter in-
jury and bladder dysfunction are the most common 
causes of developing urinary incontinence. 

 Prevention and treatment of bladder 
dysfunction  

Reduction of risk requires detailed knowledge of pel-
vic neuroanatomy and meticulous preparation of the 
structures adjacent to nerves potentially at risk [374-
377] (LOE 3). Nerve sparing surgery seems to have 
favourable effect on bladder functions and continence 
in patients after radical hysterectomy [359, 376, 378] 
(LOE3). Thus it seems that it is the nerve function, 
rather than the biomechanics of the urethrovesical 
complex, which are responsible for incontinence. A 
method of intraoperative identification of the vesical 
branches of the pelvic nerves during radical hysterec-
tomy was described by Kuwabara et al. [379] (LOE 
3). Postoperative compliance of the detrusor in cases 
where this method was implemented demonstrated 
less decrement from pre-operative values than in 
cases with conventional approaches. These patients 
required significantly fewer days to achieve residual 
urine volumes less than 50 ml after surgery.  

Nerve sparing technique and intra-operative identifi-
cation of parasympathetic nerves seem also to play a 
role in rectal cancer surgery. Kneist and Junginger 
studied 62 patients undergoing mesorectal excision 
[380]. Pelvic autonomic nerve preservation was as-
sessed macroscopically and with the aid of intra-op-
erative electrical stimulation of pelvic autonomic 
nerves. In 46 patients, preservation of parasympa-
thetic nerves was confirmed and these patients re-
mained unchanged in early and long-term urinary 
function, contrasting with patients in whom preserva-
tion of the nerves was not confirmed [380] (LOE 3). 

Should injury to the nerves innervating the blad-
der/urethra complex occur, the treatment should be 
based on standard principles and on the results of 
functional examination of the LUT. Zanolla et al. [381] 
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(LOE 2) suggested that early implementation of reha-
bilitative treatment (prompted voiding) allows satis-
factory functional recovery of the bladder activity in 
91% of the symptomatic patients after radical hyster-
ectomy. Another interesting issue is the feasibility of 
the use of the artificial urinary sphincter to treat stress 
incontinence in patients with outlet denervation after 
colorectal surgery, hysterectomy and/ or radiother-
apy. Only one study on this subject was identified 
[382] (LOE 3), describing a series of patients after 
radical prostatectomy and amongst them a patient af-
ter abdominoperineal resection with adjuvant radia-
tion. The authors concluded that this method of incon-
tinence therapy should be the method of choice, how-
ever there is a significantly greater risk of revision 
(38% versus 22% in the literature for low risk groups). 
Bulking agents may be considered after radical hys-
terectomy, if no other treatment options are possible. 
If not resulting from sphincter damage, fecal inconti-
nence after colorectal surgery might be considered 
for sacral neuromodulation [383] (LOE 3). 

 Future research  
Future research priorities include good epidemiologi-
cal research, particularly prospective studies of the 
true incidence of peripheral injury-related functional 
disorders of micturition. Descriptive studies of diag-
nostic testing and therapy are needed. A registry da-
tabase of urinary and fecal incontinence after differ-
ent types of pelvic surgery would be a considerable 
benefit for insight into prevalence and preparation of 
guidelines on treatment/prophylaxis 

Conclusions 

• Injury to the bladder/sphincter innervation occurs 
in 30-50% of patients after extensive pelvic sur-
gery (LOE 3) 

• Pelvic irradiation could cause nerve damage af-
fecting bladder and/ or bowel functions (LOE 2).  

• Fecal incontinence due to iatrogenic innervation 
damage could occur after complicated labour, 
anorectal surgery and pelvic irradiation (LOE 3)  

• Focal injury results in impaired detrusor contrac-
tions and/ or external urethral sphincter defi-
ciency or detrusor sphincter dyssynergia (LOE 3-
4) 

• The key means to avoid these complications are 
nerve sparing techniques and intra-operative 
nerve identification (LOE 3) 

Recommendations 

• Patients after extensive pelvic surgery demon-
strating functional disorders of micturition should 
be properly evaluated due to the varied potential 
underlying mechanisms (C) 

• Early rehabilitation of the LUT and of the anal 
sphincter might improve function in a majority of 
patients (C) 

• Treatment of choice for acontractile bladder in 
this group remains intermittent catheterization 
(B) 

• Autonomic nerve preservation should be consid-
ered when performing surgery for rectal cancer. 
Targeted voiding history before and after surgery 
and post-operative post-void residual urine 
measurements are mandatory to minimise risk of 
secondary detrusor damage through chronic uri-
nary retention (B) 

 

 MULTIPLE SCLEROSIS  

 Epidemiology  
Multiple sclerosis (MS) is the commonest progressive 
neurological disorder in young people, with a mean 
age at onset of 30 years, and a prevalence of 40-220 
cases per 100,000 people in Europe [384-386], with 
similar rates in North America [387, 388]. The impact 
on the quality of life for patients with lower urinary 
tract dysfunction (LUTD) due to MS is significant. In a 
cross-sectional study, Nortvedt et al. [389] demon-
strated that patients with LUTD had distinctly lower 
quality of life scores on the SF36 scale in comparison 
with the population of MS patients that is asympto-
matic. The tools for evaluating quality of life taking 
into account LUTD in MS have been validated, so that 
variations in it over the course of the illness can be 
measured [390-392].  

LUTD is multifactorial, and typically appears within 
the first 6 to 10 years of the progression of the illness 
[393-398]. Once LUTD has started (for 10% of cases 
LUTD is a primary feature [384]), they will present an 
increased risk of developing severe urological prob-
lems [399]). 

The prevalence of LUTD in patients with MS is in the 
order of 30 to 96% [6-8, 10, 11, 13, 14, 16-32]. The 
range signifies the differences linked to the type of 
MS, to the duration of the illness, and to the degree 
of handicap, as well as to a probable under-evalua-
tion by certain practitioners of any urological prob-
lems that develop progressively and slowly.  

 Urinary tract dysfunction in MS  
Symptoms of the storage phase are most frequently 
reported: urinary frequency (38 to 99%), urgency (26 
to 82%), and urgency incontinence (27 to 66 %) [384, 
395, 397, 398, 400-402]. Stress urinary incontinence 
(SUI) has a prevalence of about 56% and patients of-
ten report mixed urinary incontinence [384, 403]. 
Symptoms of the voiding phase are less frequent with 
a prevalence of 6 to 49% [384, 395, 398, 401] and 
symptoms of both the storage and voiding phase co-
exist in about 50% of patients [384, 398]. 

Considering the very high frequency of LUTS, it is im-
portant that the most appropriate tools are used to 
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evaluate the urological problems, especially also tak-
ing into account that LUTD is often ignored by the 
doctors who take care of these patients at least par-
tially due to the fact that the patients under-report 
their symptoms. It is therefore crucial to identify the 
groups of patients that are at risk so that complex ex-
aminations that are seen as risky are not imposed 
upon the entire population of patients who are suffer-
ing from MS [384, 395]. Short evaluation of LUTD in 
MS patients by neurologists and appropriate referral 
to urologists could accelerate proper diagnosis and 
treatment [404]. Thus, the coordinating role of neurol-
ogists in LUTD management may considerably im-
prove quality of life in MS patients [404]. 

In a systematic review by de Sèze et al. [398], the 
duration of the progression of MS was one of the prin-
cipal factors that influenced the prevalence of LUTD. 
Another important factor associated with LUTD was 
the degree of the patient’s physical handicap as esti-
mated by the Expanded Disability Status Scale 
(EDSS) [398]. This is also a common sense observa-
tion in daily clinical practice, i.e. a patient who can 
compensate for the urgency by going to the toilet be-
forehand may see the appearance of urgency incon-
tinence following the appearance of a new motor or 
visual handicap. The appropriate management of this 
problem can allow the improvement of urinary disor-
ders without any specific action on the bladder or the 
sphincter. Similar to patients with spinal cord injury, 
the clinical examination does not always allow the dis-
covery of the specific neurological insults that are as-
sociated with LUTD. In addition, no correlation be-
tween radiological insults on the central nervous sys-
tem (localization and intensity) and LUTD has actu-
ally been found [398]. 

Other factors have been controversially discussed as 
associated with LUTD, such as the type of MS pro-
gression (progressive or by crisis), the age at which 
MS started, sex, age and geographical location 
where the patient lives [398]. Importantly, older pa-
tients with MS will have the same problems as the 
general population (prostatic enlargement in men and 
stress urinary incontinence in women), and those 
problems will of course often be more difficult to treat 
than in the general population.  

Lower urinary tract infections are reported in 13 to 
80% (30% in average) [398, 405]. The occurrence of 
febrile urinary tract infection (pyelonephritis, orchitis, 
or prostatitis) is estimated at between 2 and 23% (9% 
on average). In addition to the risk of mortality, an ag-
gravation of MS following an episode of urinary tract 
infection has been reported [389, 406, 407]. Neuro-
genic detrusor overactivity is probably a significant 
factor in the occurrence of upper urinary tract infec-
tions. Indeed, intradetrusor injections of onabotuli-
numtoxinA resulted in a relevant decrease of urinary 
tract infections [408].  

A few studies suggest that the risk for bladder cancer 
is greater in patients with MS than in the general pop-

ulation, especially in patients under chronic catheter-
ization and having been treated with immunosuppres-
sants (for instance cyclophosphamide) [398, 409]. 
The overall incidence of bladder cancer in the MS 
population was 0.29% higher than in the general pop-
ulation (0.018 in men, 0.004 in women) and close to 
that of patients with SCI (from 0.27 to 9.6%) [398]. 
The risk for bladder cancer appeared higher in pa-
tients with indwelling (transurethral, suprapubic) cath-
eters (incidence 0.7%) and in patients performing in-
termittent self-catheterisation (incidence 0.23%), with 
a maximum risk in the sub-population of patients un-
der chronic catheterization having been treated with 
immunosuppressants (incidence 5.7%) [398, 409]  

Complications of the upper urinary tract  
Renal calculi were found in 2-10% of the cases, hy-
dronephrosis in 1 to 16% and vesico-uretero-renal re-
flux in 2 to 15% of the cases [384, 398]. Contrary to 
patients with SCI and spina bifida, the risk of devel-
oping renal failure in patients with MS is generally low 
[410] and does not appear to be greater than within 
the general population [411]. However, in patients 
with MS progressed for more than 10 years, renal fail-
ure prevalence as high as 2 to 3% has been reported 
[384, 399, 412, 413].  

Risk factors for urological complications  
Although urological complications are less frequently 
reported in patients with MS compared to those with 
other neurological disorders such as SCI or spina bi-
fida, they are not rare [384]. Risk factors for urological 
complications include the MS duration, post void re-
sidual, presence of an indwelling catheter, older age, 
male sex and urodynamic parameters (such as detru-
sor overactivity, detrusor sphincter dyssynergia, ele-
vated intravesical pressure, low compliance bladder, 
vesico-uretero-renal reflux) [384, 398, 410, 414].  

The role of urodynamics in MS  
Urodynamic findings in patients with MS vary widely, 
and the following findings have reported: detrusor 
overactivity in 34-91%, detrusor underactivity in 
≤37%, low bladder compliance in 2-10%, detrusor 
sphincter dyssynergia in 5-60%, detrusor sphincter 
dyssynergia combined with either detrusor overactiv-
ity in 43-80% or with detrusor underactivity in 5-9% 
[384]. Importantly, urodynamic abnormalities can 
change during the course of disease, pathological 
findings may be identified in asymptomatic patients 
and symptomatic patients may have normal urody-
namics. 

The role of urodynamics in MS is a topic of ongoing 
debate [384, 410]. Guidelines published by the UK 
National Institute for Health and Care Excellence 
(NICE) [415], a UK consensus statement (Fowler et 
al., 2009) and a Turkish consensus statement [386] 
recommend not to offer urodynamics (i.e. cystometry 
and/or pressure-flow studies) routinely to MS pa-
tients, whereas the International Francophone Neuro-
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Urological Expert Study Group (GENULF) recom-
mends using urodynamics in the initial diagnosis 
[398]. Thus, the inclusion of urodynamics in the rou-
tine assessment of patients with MS is determined by 
the available local guidance [384]. However, urody-
namics are generally recommended in MS patients 
with risk factors predisposing to upper urinary tract 
damage, in those with concomitant stress urinary in-
continence, in those whose symptoms have failed to 
respond to first-line treatment or if surgical treatment 
is being considered [384, 416]. 

Conclusions 

• MS is the commonest progressive neurological 
disorder in young people (LOE 1) 

• The most common LUTS in MS are storage 
symptoms, followed by voiding symptoms and in 
many patients both storage and voiding symp-
toms coexist (LOE 1) 

• The risk of developing upper urinary tract dam-
age and renal failure is much lower in patients 
with MS than in those with SCI or spina bifida 
(LOE 3) 

• The role of urodynamics in MS is a topic of on-
going debate (LOE 2) 

Recommendations 

• Close collaboration between neurologist and 
urologist are mandatory and appropriate referral 
to the urologist is strongly recommended to im-
prove quality of life in the MS patient (B) 

• Urodynamics are generally recommended in MS 
patients with risk factors predisposing to upper 
urinary tract damage, in those with concomitant 
stress urinary incontinence, in those whose 
symptoms have failed to respond to first-line 
treatment or if surgical treatment is being consid-
ered (B) 

 Colorectal dysfunction in MS  

Epidemiology  
Digestive disorders are common in patients who have 
MS, and can have a significant impact on quality of 
life (LOE4) [389, 392, 417]. What is more, the patients 
tend to be ashamed of these problems and seldom 
report them. Clinicians have few tools at their disposal 
for evaluating this impairment. Consequently, diges-
tive disorders are often undetected (LOE3-4) [413, 
418].  

Taking into account the great diversity of definitions 
in the several studies that are concerned with this 
problem, one is obliged to regroup the digestive 
symptoms into two large groups: those symptoms 
that can be defined as "retentive", including ab-
dominal pain, flatulence, and constipation on the one 
hand, and those symptoms that can be defined as “ir-
ritant”, including false urges to defecate, diarrhea, 

and/or incontinence of stool and/or gas. Digestive dis-
orders of both types were found in 45 to 68% of the 
cases (LOE 4) [417-422]. The prevalence of the “re-
tentive” symptoms is higher, ranging from 31% to 
54%, compared with 6 to 20% for irritant symptoms 
[417]. The authors who had sought to flush out the 
more exceptional episodes of incontinence found a 
frequency of at least one episode of that type in the 
months that preceded the interview in 29 to 30% of 
the cases [418, 419]. The figures were clearly more 
significant than in the general population, where the 
"retentive" disorders are estimated to be around 2 to 
20% and the “irritant” disorders 2% [423].  

Risk factors for digestive disorders in MS have not 
been identified. The duration of the progress of MS 
does not appear to be a factor that influences the 
prevalence of digestive disorders. The factor that 
seems to be the most important is the estimated de-
gree of disability (LOE3c-4) [422, 424]. Thus, Munteis 
et al. [424] found in a case control study (LOE 3) a 
frequency of digestive disorders that exceeded 
21.2% if the patients had an EDSS between 0 and 1, 
compared with 78% if EDSS was greater than 4.5. 
Other risk factors were suggested (LOE4), such as 
female gender, the existence of related urinary disor-
ders, age, and taking anticholinergic treatments, but 
they seemed to have an influence that was less clear 
[417-422] [424].  

Pathophysiology of MS-related digestive dis-
orders  
Few studies have been carried out specifically in pa-
tients who have multiple sclerosis. One of the difficul-
ties is the frequent existence of related treatments 
that can themselves bring about the specific symp-
toms. The colonic transit times can be extended or 
shortened in those patients who present with diges-
tive disorders [425-427]. Several anorectal manom-
etry anomalies were in evidence: reduced tone and 
compliance, a reduced sensation of filling and incoor-
dination of the external anal sphincter during expul-
sion, with an onset of the phenomenon known as par-
adoxical anal sphincter contraction. In patients with 
faecal incontinence, a decrease in anal canal pres-
sures and hyper-reactivity of the rectal wall have been 
shown manometrically. In the most recent of these 
studies, Munteis et al [424] has found that the anom-
alies that are found the most often are those of maxi-
mal sphincter pressure, of anal inhibitory reflex 
(which occurred later than in the control population), 
and the presence of paradoxical contraction of the 
puborectal musculature during straining. These 
anomalies might be able to allow the proposal of bio-
feedback re-education in affected patients. However, 
at present the benefit of this approach has not yet 
been proven.  
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 SPINAL CORD LESIONS 

Spinal cord injury (SCI) can be a devastating conse-
quence of a variety of insults to the spinal column in-
cluding road traffic accidents, gunshot wounds, surgi-
cal injuries, disc lesions or as a result of sports. It can 
be accompanied by vertebral fractures. Unlike other 
neurologic diseases, once established the neurologic 
status generally remains stable.  

 Epidemiology and prevalence  
SCI epidemiology has evolved over the last three 
decades. The incidence in women has increased 
over time. The male/ female ratio is now is 4:1. The 
mean age at injury is 37.7+/-17.5 years in 2000-2003 
[428]. This comprises incomplete quadriplegics 
(28%), complete paraplegics (26%), complete quad-
riplegics (24%) and incomplete paraplegics (18%) 
[429].  

There has been a steady improvement in life expec-
tancy and quality of life after SCI. At present, the life 
expectancy of paraplegic patients is similar to the 
general population. This has been accomplished by 
development of multidisciplinary teams, introduction 
of clean intermittent self-catheterization (CSIC) and 
an improved and protocol driven follow-up plan. 

The SCI is classified using the American Spinal Injury 
Association (ASIA) impairment (Table 16) scale of 
motor and sensory function [430].  

Table 16: ASIA Impairment scale 
A = Complete: No motor or sensory function is 
preserved in the sacral segments S4–S5.  
B = Incomplete: Sensory but not motor function is 
preserved below the neurological level and includes 
the sacral segments S4–S5.  
C = Incomplete: Motor function is preserved below the 
neurological level, and more than half of key muscles 
below the neurological level have a muscle grade less 
than 3. 
D = Incomplete: Motor function is preserved below the 
neurological level, and at least half of key muscles 
below the neurological level have a muscle grade of 3 
of more.  
E = Normal: Motor and sensory function are normal. 

 

It separates into 5 clinical syndromes [4] as follows: 

• Central cord syndrome is most commonly due to 
hyperextension injury and results in haemorrhagic 
necrosis of the central gray matter and some of the 
medial white matter. Arm function is less at risk than 
legs because more caudal fibers of the corticospinal 
and spinothalamic tract are localized in the spine 
more laterally so are better protected. Bladder dys-
function is also less common.  

• Brown–Séquard syndrome is a unilateral cord 
condition. It presents as ipsilateral motor weakness 
and contralateral sensory impairment of pain and 
temperature. Bladder dysfunction in the pure condi-
tion is uncommon.  

• Anterior cord syndrome is characterized by injury 
to the anterior aspects of the cord. The posterior col-
umns and dorsal horns are preserved. There is a mo-
tor deficit and loss of pain and temperature sensation 
below the level of the injury.  

• Conus medullaris and cauda equina syndrome 
result from damage to the conus and spinal nerve 
roots, leading to flaccid paraplegia and sensory loss. 
Sacral reflexes can be partially or totally lost.  

It has been proposed to add an additional scale as-
sessing the autonomic function [431] as it is generally 
impaired in SCI but not assessed in any classification. 
This scale involves an assessment of general auto-
nomic function, lower urinary tract, bowel, sexual 
function and an urodynamic evaluation. The impact of 
SCI on the pelvic organ function constitutes a major 
part of this classification.  

 Bladder dysfunction after SCI 
SCI can be divided into two phases; spinal shock and 
a chronic phase, and can be categorised according to 
the level of injury. 

Spinal shock 
Spinal shock is the period just after the injury. It lasts 
on average three months. It is characterised by loss 
of muscle tone and segmental spinal reflexes caudal 
to the SCI. There is detrusor areflexia and the bladder 
is acontractile but the bladder neck and proximal ure-
thra remains closed. This areflexia cannot be re-
versed with bethanechol [432]. The only reflex activity 
that rapidly returns are the anal or bulbocavernosus 
reflexes. Spinal shock is initially managed with an in-
dwelling urinary catheter. The recovery of bladder 
function usually follows that of skeletal muscle re-
flexes. The removal of an indwelling urinary catheter 
and initiation of self catheterization should be insti-
tuted as soon as practical.  

Neurogenic Bladder Dysfunction in the chronic 
phase 

Suprasacral lesions  
The spinal shock phase is followed by the appear-
ance of a segmental spinal bladder reflex. This re-
lates to emergence of unmyelinated C-fibers afferent 
function [433]. As a result, some stimuli can come to 
influence bladder and sphincter activity that were 
seemingly irrelevant prior to injury [434, 435]. The sa-
cral micturition centre is disconnected from the con-
trol of higher centres and produces what is function-
ally an isolated spinal cord segment. This results in 
neurogenic detrusor overactivity (NDO) and detrusor 
sphincter dyssynergia (DSD). DSD is defined as in-
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termittent or complete failure of relaxation of the uri-
nary sphincter during a bladder contraction and void-
ing. It has been reported to occur in 96% of individu-
als with suprasacral lesions. In addition to DSD, inter-
nal sphincter dyssynergia also has been reported, of-
ten occurring at the same time as DSD. Patients pre-
sent with both storage and voiding dysfunction [436]. 
DSD can manifest with both complete and incomplete 
lesions. However, complete injuries are significantly 
more often associated with DSD. This leads to high 
voiding pressure, dis-coordinated voiding, residual 
urine and incontinence. If left untreated, this can lead 
to recurrent urinary infections, hydronephrosis and 
renal failure. Ambulatory patients with incomplete spi-
nal cord may have significantly less urinary tract dys-
function, but the urodynamic parameters may still be 
abnormal.  

Detrusor-(external) sphincter dyssynergia 
Schurch et al. [437] assessed types of DSD in 105 
chronic SCI males and evaluated the change in the 
DSD pattern over time. Results showed that those 
with an incomplete sensory and motor SCI presented 
with DSD type 1 whereas those with complete sen-
sory and motor SCI lesion had DSD type 2 to type 3. 
At medium to long-term follow-up, a significant 
change was found in the DSD type. Generally, pres-
ence of DSD was determined by increased wire nee-
dle EMG activity and/or by dilated bladder neck and 
proximal urethra during detrusor contraction, in the 
absence of valsalva or attempt to inhibit voiding. De 
et al. [438] did a comparative study to explore the di-
agnostic congruence for DSD between needle EMG 
and voiding cystourethrogram (VCUG) in the neuro-
genic population. They found 60% agreement and 
40% disagreement between EMG and VCUG for di-
agnosis of DSD. Binomial testing demonstrated sig-
nificant disagreement in observed proportions. By ret-
rospectively analyzing clinical data consisting of blad-
der and EAS EMG from 41 SCI individuals with NDO, 
Wenzel et al. [439] found that the onset of bladder 
contractions was detected within 1 sec of the start of 
the EAS contraction for both synergic and dyssyner-
gic human subjects. They concluded that this detec-
tion could be used as a control signal to deliver inhib-
itory electrical stimulation to arrest nascent bladder 
contractions.  

Autonomic dysreflexia 
Autonomic dysreflexia (AD) is a clinical emergency in 
patients who have a SCI, usually at level T6 or above. 
It is caused by a massive sympathetic discharge trig-
gered by either a noxious or non-noxious stimulus 
originating below the level of the SCI. The mechanism 
might be changes occurring within the spinal and pe-
ripheral autonomic circuits. There is a loss of inhibi-
tory and excitatory supraspinal input to the sympa-
thetic preganglionic neurons [440] secondary to the 
destruction of the descending vasomotor pathways.  

AD is characterized by severe hypertension and re-
flex bradycardia, though tachycardia also may occur. 
An increase in systolic blood pressure greater than 20 

to 30mmHg is considered a dysreflexic episode. The 
other symptoms could be severe headache, feeling of 
anxiety, profuse sweating, flushing and piloerection 
above the injury level with dry and pale skin below. It 
might also cause blurred vision, nasal congestion, 
cardiac arrhythmias and atrial fibrillation. It can vary 
in intensity from mild discomfort to life-threatening. 
Untreated episodes may cause intracranial haemor-
rhage, retinal detachment, seizures, and death.  

The severity of AD symptoms increases with com-
pleteness of injury and higher level of lesion (27% of 
patients with incomplete quadriplegia vs 91% of pa-
tients with complete tetraplegia) [441]. The common-
est trigger for AD is bladder or bowel distention. 

Immediate recognition and reversal of trigger factors 
is essential [442]. The treatment consists of non phar-
macologic interventions; removing the noxious stimu-
lus, emptying the bladder, sitting the patient up, as 
recommended by the Consortium for Spinal Cord 
Medicine. If they fail, and systolic blood pressure con-
tinues to be at or above 150mmHg in an adult and 
130mmHg in a child 6 to 12 years old, some type of 
pharmacologic agent should be used, usually Nifedi-
pine 10 mgs sublingual. 

Infrasacral lesions 
In patients with injury to the sacral pathways there is 
decentralization of parasympathetic pathways to the 
detrusor with the loss of somatic innervation to the 
external sphincter. This results in loss of conscious 
awareness of bladder filling. There is partial preser-
vation of pain sensation transmitted via hypogastric 
nerves in some people. Patients present with hesi-
tancy, slow and interrupted stream, feeling of incom-
plete emptying, and are often in retention. The blad-
der has little or no contractile ability. Nevertheless, 
because of loss of compliance of the bladder wall, the 
bladder may still be subject to high intravesical pres-
sure during filling, especially in individuals with conus 
medullaris lesions or with partial injuries. In the 
chronic state there is an increase in adrenergic inner-
vation to the detrusor, resulting in change of func-
tional role from beta- mediated adrenoreceptor relax-
ation to alpha-mediated contraction [443, 444]. The 
sympathetic nervous system supplies the main inner-
vation to the urethra. However, there may be a con-
tribution of the somatic innervation to external sphinc-
ter [445, 446]. The perineal floor electromyography 
shows denervation of the perineal floor and an under-
active urethral sphincter in infrasacral cord lesions.  

 Natural History of Neurogenic bladder 
after SCI 

SCI usually causes impairments of urinary functions 
such as urinary incontinence (UI) and/or difficulty in 
urination. The studies on prevalence of bladder man-
agement in chronic SCI [447-449] (see Table 17) 
demonstrate about 8%-11% of patients had normal 
voiding, not different from the time after initial rehabil-
itation; and more normal voiding in tetraplegics then 
paraplegics [449]. 



 

 
1218  COMMITTEE 10. NEUROLOGIC URINARY AND FAECAL INCONTINENCE 
 

According to the study from Denmark [449], at dis-
charge from the initial rehabilitation period of 233 
traumatic SCI patients, bladder-emptying methods 
were as follows: 12% normal voiding, 57% suprapu-
bic tapping, 19% abdominal pressure, 5% Crédé ma-
noeuvre, 11% CIC, 2% SIC, 8% urethral indwelling 
catheter (IDC), 0.4% suprapubic catheter (SPC), 
0.4% sacral-anterior-root-stimulation (SARS), and 
5% use of condom-catheter or diaper. When dividing 
the patients by timing of injury (before 1981 and after 
1980), there was a decreasing trend of using su-
prapubic tapping (drop from over 60% to 45%), ab-
dominal pressure (from over 20% to 15%) and Crédé 
manoeuvre (drop from over 12% to 1%) but there was 
an increasing trend of using CIC (rise from 0% to 
26%). Over time, 37.5% to 46% of SCI persons 
changed their bladder-emptying management; 28% 

found their bladder-emptying methods to be a prob-
lem; of these 58% were tetraplegic and the biggest 
bother in bladder management to the subjects was in 
the compression or straining group (over 50% of the 
subjects).  

There was a significant difference in the frequency of 
urinary tract infection (UTI) between the bladder man-
agement options [447]; the frequency of UTI was high 
(about 70%) in the mixed group (65% used CIC with 
other methods) and the CIC group and less (less than 
50%) in the groups with catheter free management. 
According to the study financed by Medicon Valley 
Academy and Coloplast A/S and done in Denmark, of 
those using CIC, 92% reported using hydrophilic-
coated catheters [449], but there was no report about 
frequency of UTI.  

 

Table 17. Studies reporting prevalence of specific bladder management methods in chronic SCI 

Study (year) Subjects Methods of bladder management 

Dahlberg et al. 
[447] 

129 traumatic SCI in 
Finland; mean time since 
injury 18 years (SD 13) 

Normal voiding: 11%  
Controlled voiding (assisted voiding or incontinence: 12%  
CIC: 12%; mixed (CIC with other methods):23%  
Suprapubic tapping 24%  
Compression or straining (usually with condom catheter): 12% 
Catheter or conduit: 5% 

Hansen et al. 
[449]  

233 SCI in Denmark (82% 
males, 47% tetraplegics, 
mean age at the time of 
follow-up of 50.5 years and 
mean time since injury of 
24.1 years) 

46% changed bladder-emptying method 
Normal voiding: from 12% to 8% 
CIC: from 11% to 36%  
SPC: from 0.4% to 6%  
Suprapubic tapping: from 57 to 31% 
Crede manoeuvre: from 5 to 19% 

Patki et al. 
[448] 

64 traumatic paediatric 
onset, ambulant SCI (mean 
follow-up 7 years; mean age 
46 years) 

Spontaneous voiding: initial 62.5%; 47.5% of them deteriorated 
CSIC: initial 31.2%; 25% of them improved  
SPC: initial 6.3%  
37.5% required a change in urological management  
68.7% had abnormal urodynamics at the last follow-up  

 

In a large prospective cohort study, Drake et al. [450] 
reported the changes in bladder management 
method with advancing time after SCI, finding that 
29% of patients with SCI for at least 20 years 
changed method over the 6 year period. Podnar et al. 
[296] studied 55 patients with chronic cauda equina 
or conus medullaris injury: 76% of the patients re-
ported LUT dysfunction, 70% had urinary inconti-
nence (56% of men and 71% of women); and a post 
void residual (>100 ml) was found in 40% of men and 
17% of women. Perianal sensation was abnormal in 
96%, electromyography (EMG) of the external anal 
sphincter (EAS) muscle in 88%, and sacral reflex in 
84% of patients; using multiple linear regression anal-
ysis, perianal sensory loss and female gender had a 
significant positive effect on urinary incontinence 
score.  

 Disease-specific LUT mechanisms 
Pontari et al. [451] analysed 7 bladder specimens 
from 6 cervical SCI patients and 1 L1 congenital my-
elomeningocele (MMC) and compared them with 
bladder specimens obtained from 8 organ transplant 
donors to determine whether the muscarinic receptor 
subtype mediating contraction alters, and found that 
whereas normal detrusor contractions are mediated 
by the M3 receptor subtype, in patients with neuro-
genic bladder dysfunction, contractions can be medi-
ated by the M2 muscarinic receptor subtype.  

Drake et al. found a marked reduction in the range of 
transmitters expressed in bladder nerves in SCI 
[452]. Haferkamp et al. [453] evaluated the role of 
neuropeptide Y in 31 patients with NDO and 7 pa-
tients with stress urinary incontinence (SUI) and con-
cluded that the reduction of neuropeptide Y-contain-
ing nerves, inhibiting the contractile response of the 
detrusor, may play a role in the development and per-
sistence of NDO in SCI patients. Oner-Iyidoğan et al. 
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[454] found that urine 8-iso PGF2alpha concentra-
tions were significantly increased in SCI, and the low-
est concentrations of urinary 8-iso PGF2alpha were 
observed in the areflexic group.  

According to the study of viscerosensory pathway of 
the lower urinary tract (LUT) by Schmid et al. [455], 
after electrical stimulation (ES) of the posterior ure-
thral mucosa (single square pulses of 0.2 ms, 2 to 3-
fold sensory threshold, 60 mA in complete SCI pa-
tients), evoked skin sympathetic responses (SSRs) of 
the hand could be recorded in 14 of 15 sensory in-
complete SCI patients with disturbed urethral sensa-
tion but not in 13 sensory complete SCI patients with 
loss of any urethral sensation. Electrically evoked 
urethral sensations resembled the subjective desire 
to void at full bladder reported by controls and pa-
tients.  

Schmid et al. [456] did a comparative study of motor 
evoked potentials (MEP) and evoked pressure curves 
(EPC) from the urethral compressive musculature 
(UCM) in 9 healthy persons and 33 patients with neu-
rogenic UI (15 SCL, 14 cauda equina lesion, and 4 
multiple sclerosis). In healthy subjects the central la-
tency was 19.0 msec, the peripheral latency was 4.25 
msec, and the ratio between central and peripheral 
latencies was 4.4. In patients with incomplete SCL, 
the central latency was significantly delayed (22.7 
msec), whereas the peripheral responses were nor-
mal, and the ratio (5.5) was increased. Those with a 
complete SCL showed no UCM reaction after tran-
scranial stimulation, whereas peripheral responses 
were normal. The increased ratio of 6.0 indicated a 
spinal cord lesion. Ten patients with incomplete 
cauda equina lesions and UI had normal central la-
tencies but prolonged peripheral latencies of 6.7 
msec; the ratio of 3.4 indicated a lesion of the sacral 
caudal roots.  

According to Dai and Xiao [457], the thresholds of 
stimulation on ventral roots were 0.02 ms duration, 
0.2-0.4 mA, (mean 0.3 mA+/-0.07 mA), compared 
with 0.2-0.4 ms duration, 1.5-3 mA (mean 2.3 mA+/-
0.5 mA) for dorsal root (P<0.01) to cause evoked po-
tentials and EMG. Continuous stimulation for about 3-
5 seconds on S2 or S3 ventral root (0.02 ms, 20 Hz, 
and 0.4 mA) could result in bladder detrusor contrac-
tion, but the strongest bladder contraction was usu-
ally caused by stimulation on the S3 ventral root in 7 
of the 10 patients.  

 Assessment/investigations 
A complete assessment is required for evaluation of 
bladder dysfunction [458-460], to screen for upper 
urinary tract damage, evaluate the risk factors and to 
adapt the management to the patient’s disability.  

The first detailed assessment is generally performed 
once the patient has recovered from spinal shock. It 
includes a complete clinical history, including prior 
surgery, medications, spinal cord injury date, spinal 
cord injury evolution, other past medical events, neu-

rologic symptoms, spasticity or autonomic dysre-
flexia, mental status and comprehension, mobility 
and hand function and socioeconomic situation. It has 
also to include a special focus on urinary symptoms, 
bowel and sexual functions and possible warning 
signs, such as pain, infection, haematuria, and fever. 
A 3-day bladder diary could be recorded. However, 
the spinal cord outcomes partnership endeavour con-
siders that diary-based measures of continence and 
voiding are not well standardized and have limited 
sensitivity, accuracy and reliability [461]. Quality of 
life should also be assessed, using validated ques-
tionnaire such as qualiveen, which has been specifi-
cally developed for assessing quality of life in relation 
to bladder function after spinal cord injury [462]. 

The recommended investigations are kidneys and 
bladder ultrasonography, creatinine clearance, video-
urodynamics (VCMG) or urodynamics and urethro-
cystogram. Other investigations could be performed, 
such as dimethlymercaptosuccinic acid (DMSA) re-
nography or mercaptoacetly-triglycine (MAG3) renog-
raphy, cystoscopy, abdominal CT scan, depending 
on the abnormalities detected on the initial investiga-
tions. 

The renal ultrasound looks for upper urinary tract di-
lation, stone, pyelonephritic scars and atrophy, with 
bladder scan detecting stone, bladder wall thickness 
and any large mucosal lesions. A post-void residual 
volume assessment would be performed if the patient 
can pass urine spontaneously. In parallel, renal func-
tion should be assessed. Currently, creatinine clear-
ance, rather than simply creatinine level, is recom-
mended due to loss of muscle mass in these patients. 
In case of kidney ultrasound or of renal function ab-
normality, a renography (DMSA or MAG3), is indi-
cated. Cystatine C has been proposed for assessing 
renal function in neurological patients [463]. 

In SCI patients, videocystometrogram (VCMG) is 
considered the gold standard for understanding blad-
der and urethral sphincter functioning and for as-
sessing the upper urinary tract damage risks.  

 Urodynamic studies  
Ockrim et al. [464] found that in men with SCI, cysto-
metric variables and detrusor overactivity (DO) re-
mained consistent over sequential studies while in 
those with LUT symptom of urgency, a significant de-
crease in the number and pressure of involuntary de-
trusor contractions (IDCs) in consecutive cystome-
tries resulted in a reduction of observed DO from 72% 
to 63% and 48%, in the three studies. Chou et al. 
[465] did a retrospective study on urodynamic studies 
to provide reference ranges for "normal" variability in 
urodynamic parameters that can be considered as 
"no real change" from one study to the next. Fifty con-
secutive individuals with SCI had 2 trials (trial 1 and 
trial 2) of urodynamic studies done 5 minutes apart, 
and the following data were collected: maximum cys-
tometric capacity, opening pressure, maximum detru-
sor pressure, volume voided, and postvoid residual 
(see Table 18).  
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Table 18. Variability in urodynamic parameters for 50 SCI individuals (adapted from Chou et al. [465]) 

 
Urodynamic 
parameters 

 Maximum 
5th to 95th percentile   

Maximum 
10th to 90 th percentile  

Maximum 
25 th to 75 th percentile 

Mean Increase Decrease Increase Decrease Increase Decrease 

Cystometric capacity 
(mL)   

234.63 +213.50 -158.05 +126.40 -74.60 +72.00 -27.00 

Opening pressure 
(cmH2O)   

54.56 +30 -18.00  +13.70   -12.00 +4.00 -9.50  

Maximum detrusor 
pressure (cmH2O) 

60.82 
  

+17.35 -27.80 +10.00 -20.00 +4.00 -10.00 

Volume voided (mL) 122.20 +177.25 -176.00 +105.60 -82.00 +50.00 -30.00 

Postvoid residual 
(mL) 

176.06 +197.25 -118.00 +131.00 -86.00 +50.00 -30.00 

Generao et al. [466] did a retrospective review of SCI 
cases with 1-year minimum follow up to determine the 
effect of SCI on the developing bladder and kidneys 
using video-urodynamics and sonograms. In 42 chil-
dren (average age at injury of 5.3 years and mean 
follow up of 5.5 years), 40 used CIC and 37 took an-
tispasmodics. No patient had reflux, hydronephrosis 
or renal scarring. Safe bladder capacity, the pressure 
specific volume at 40 cm water or less, was less than 
the expected capacity in 80%, 58% and 50% of cer-
vical, thoracic and lumbar injured patients but 100%, 
76% and 67% respectively of the groups undergoing 
multiple urodynamics had increasing capacity with 
time.  

Ersoz and Akyuz [467] investigated bladder-filling 
sensation in 73 consecutive traumatic SCI patients to 
examine the quality of the preserved sensation and to 
determine the potential for sensation-dependent 
bladder emptying. Bladder-filling sensation was pre-
sent to some degree in all incomplete SCI patients, in 
82.4% of the patients with complete lesions below 
T10, and 38.9% of the patients with complete lesions 
above T11. There were significant differences be-
tween three groups with respect to bladder sensation 
category. About 86% of the patients with incomplete 
lesions, 53% of the patients with complete lesions be-
low T10 and 22% of those with lesions above T11 had 
bladder-filling sensation before Pves reached 25 
cmH2O and simultaneous bladder capacity of more 
than 150 ml was present in 61.2, 41.2 and 22.2% of 
the patients in the groups, respectively. Bladder-filling 
sensation investigations were reliable in terms of 
bladder filling sensation category in 36 SCI patients 
who had a second cystometric examination.  

To measure bladder mucosal sensory function quan-
titatively, Ukimura et al. [468] used neuroselective 
Current Perception Threshold (CPT) tests in 8 
healthy volunteers and 38 patients with NBD. Stand-
ardized neuroselective CPT measures were obtained 
from the left index finger and the mucosa of the pos-
terior bladder wall. The CPT values in the bladder 
could be determined using the neuroselective 

measures in all patients but three who had no sensory 
response (absence of sensation) caused by complete 
SCI. In the 8 patients with NDO due to incomplete su-
pra-sacral SCI, the bladder CPT value (4.0+/-1.9) at 
5Hz was significantly lower than that in the controls 
(26.2+/-17.7). In the NBD determined to be underac-
tive (n=11, including post pelvic surgery, post infra-
sacral level SCI and diabetes patients), the higher 
CPT values of bladder mucosal sensory functions 
were found at 5Hz (p<0.05), 250Hz (p=0.07), and 
2000Hz compared to the controls. No fibre specificity 
has so far been found depending on frequency of cur-
rent used or current type. 

 Urinary Tract Complications in SCI 
patients 

Complications related to urethral indwelling 
catheterization (IDC) 
During 2004-2006, at least three papers reported uri-
nary complications related to prolonged urethral IDC: 
the catheter balloon of a Foley catheter inserted par-
tially and a long-term IDC caused urethral erosion 
and a severe degree of hypospadias [469]; con-
tracted bladder followed by autonomic dysreflexia 
(AD), gross haematuria and extravasation of contrast 
media due to improper technique of voiding cys-
tourethrography [470]; and continuous incontinence 
despite a catheter and low bladder compliance lead-
ing to a urinary diversion to achieve continence [471]. 
In chronic SCI, IDC was associated with higher mean 
levels of C-reactive protein (CRP) while intermittent 
catheterization was associated with lower levels of 
CRP when compared with other methods of bladder 
management [472].  

Vesicoureteral Reflux (VUR) 
VUR seems common among SCI patients with upper 
motor neuron (UMN) neurogenic bladder. According 
to the study of Linsenmeyer et al. [473], there was an 
association of posterior position of ureteral orifices 
and reflux but no differences were found with regard 
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to bladder capacity, bladder wall compliance, or void-
ing pressures between the reflux group and non-re-
flux group.  

Stone formation 
Linsenmeyer and Linsenmeyer [474] found that the 
majority of bladder stones were calcium phosphate 
(46.8%) or struvite (26.7%). According to the retro-
spective study in 32 patients with NBD, Matlaga et al. 
[475] found renal stones were infectious in aetiology 
in 37.5% (12 struvite/carbonate apatite) and meta-
bolic in 62.5%. All patients with struvite calculi were 
infected with urea-splitting bacteria. 

Stone formation is usually related to IDC. Ke et al. 
[476] found bladder calculi with a nidus of hair that 
could have been introduced into the bladder acci-
dentally during cystostomy catheter replacement. 
Over 17 years, 28% and 15% of 140 men were diag-
nosed with bladder and renal stones for a total of 59 
and 25 episodes, respectively; bladder stone was 
more common in patients injured when aged > or = 
24 years than in those injured when aged <24 years; 
patients with complete injury had a greater risk of re-
nal stone formation than those with incomplete injury; 
renal stone was more common for patients with ure-
thral catheterization than for those voiding spontane-
ously and for patients with bladder stone than for 
those without. According to the review by Ost and Lee 
[477], recurrent UTI, IDC, VUR, and immobilization 
hypercalcuria were major risk factors for the develop-
ment of urolithiasis.  

According to the retrospective study of Ozawa et al. 
[478], the incidence of bladder stone in urethral IDC 
was 1.11 times/100 months, cystostomy was 1.05, 
contemporary urethral IDC at night time only was 
0.96, CIC-wet was 0.61, and CIC-dry was 0.21; and 
the urethral IDC group had significantly higher inci-
dence of bladder stone than CIC-dry.  

Linsenmeyer and Linsenmeyer [479] did a prospec-
tive cohort study by examination of IDC for encrusta-
tion at the time of removal for cystoscopy and found 
that 35% of 49 SCI individuals had bladder stones. 
Catheter encrustation was noted in 13 patients and 
11 of them also had bladder stones i.e. a positive re-
sult for catheter encrustation had a positive result for 
bladder stones 85% of the time. Thirty-six individuals 
had no catheter encrustation; of these, 16% were 
found to have bladder stones.  

Bacteriuria 
In a retrospective study, Jayawardena and Midha 
[480] suggested that healthy asymptomatic SCI pa-
tients who came for annual evaluations should not 
have routine urine cultures if they are at low risk for 
UTIs; that is, <6 WBC/HPF in the urine and/or nitrite 
negative. Svensson et al. [481] studied the occur-
rence of bacteriuria in SCI patients with NBD who 
used CIC. Of 344 cultured samples, there were 285 
isolates: coagulase-negative Staphylococci (27%), 

Enterococci (25%), Klebsiella spp. (19%), and Esch-
erichia coli (12%); and bacteria grew at concentra-
tions of 105-108 cfu/L, but only a few at 104 cfu/L. Le-
vendoglu et al. [482] prospectively studied 27 SCI pa-
tients who applied CIC during the initial rehabilitation 
and 40 controls. E. coli was predominantly isolated 
from the urine and the urethral cultures of both female 
and male patients; there was concordance between 
urethra and urine cultures concerning the growth of 
E. coli; and Pseudomonas was colonized more in 
male patients. Waites et al. [483] found that among 
77.1% of men with bacteriuria, uropathogens were 
shown in the perineum in 57.4% and in the urethra in 
85.2%; differences in the occurrence of uropathogens 
in men with and without bacteriuria were statistically 
significant, and organisms were present in higher 
numbers in men with bacteriuria.  

Fournier’s gangrene is a recognised risk [484, 485]. 
Nambiar et al. [485] reported a C4 tetraplegia man 
presenting with a necrotic ulceration on the ventral 
aspect of the penis and scrotum of 2 days duration 
and diagnosed with fulminant Fournier gangrene. 
Vaidyanathan et al. [486] reported cases of a perire-
nal haematoma due to warfarin and a tumour like of 
necrotic slough and debris in the bladder.  

Bladder cancer  
The reported prevalence is between 0.1 and 10 %. 
The risk of bladder cancer is greater in SCI patients 
than in the general population [487, 488](58;59). The 
histological subtype is a squamous cell carcinoma in 
up to 80 % of the cases. Symptoms are often non-
specific, such as recurrent tract urinary infections or 
incontinence, and diagnosis is often delayed. The risk 
factors are indwelling catheter, stones and recurrent 
urinary tract infections. It is recommended that pa-
tients with long term catheters should undergo sur-
veillance cystoscopy and biopsies [489]. However, 
other groups have performed surveillance cystos-
copies and have failed to detect any cancers [490, 
491]. The cytology is often abnormal due to chronic 
inflammation.  

Quality of life (QoL) 
Oh et al. [492] conducted a prospective trial involving 
132 SCI patients and 150 controls matched to age 
and sex to determine the psychological and social 
status of patients using CIC. According to health-re-
lated quality of life (HRQOL), the Medical Outcomes 
Study 36-Item Short-Form General Health Survey 
(SF-36) scores did not reveal any significant differ-
ences between the men and women in the patient 
group. When patients and controls were divided into 
two groups according to sex and age, the SF-36 
scores of the patients were significantly lower than 
the controls across both sex and all age groups, other 
than the energy and vitality scale, the differences for 
which were not statistically significant in women and 
those younger than 50 years. Later Oh et al. [493] 
used the Beck Depression Inventory (BDI) with SCI 
patients on CIC and control group and found that the 
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average total BDI scores were 20.3+/-1.0 in the pa-
tient group and 11.4+/-0.5 in the control group, re-
spectively; 69.6% of 102 the patients reported severe 
depression; female patients had a 3.8-fold higher risk 
of depression than male patients; and those who 
were unable to perform catheterization independently 
had a 4.6-fold higher risk of depression than those 
who were able to perform self-catheterization.  

 Treatment of NLUTD post SCI 
The management is based on a multidisciplinary ap-
proach including urologists, rehabilitation physicians, 
physiotherapists, specialist nurses and often neuro-
surgeons and gastroenterologists. The goal of man-
agement of urinary tract in SCI patients is to preserve 
the upper urinary tract and renal function, to avoid 
urological complications and to improve patients’ 
quality of life. There are several guidelines for man-
agement of neuropathic bladder dysfunction after SCI 
related neurogenic bladder [458, 460].  

The treatment of bladder dysfunction following a SCI 
can be divided according to the level of injury (Table 
19). 

Table 19: Treatment of NLUTD associated with spinal 
cord injury  

Bladder dysfunction in suprasacral injuries  

To decrease neurogenic detrusor overactivity 

Pharmacotherapy 

Clean intermittent self-catheterization 

Neurotoxins (Vanilloid receptors inactivators) 

Botulinum toxin A 

Neuromodulation 

Sacral anterior root stimulator 

Clam cystoplasty 

Continent urinary diversion 

Ileal conduit 

 

To overcome external sphincter dyssynergia 

Pharmacotherapy 

Botulinum toxin A 

Sphincterotomy 

Urethral stents 

 

Bladder Dysfunction in sacral injuries  

To improve bladder emptying 

Pharmacotherapy   

Clean intermittent self-catheterization (clean & 
self) 

Valsalva or crede maneuver 

To improve sphincter function 

Pharmacotherapy  

Bulking agents 

Slings 

Artificial urinary sphincter 

Bladder neck closure (females) 

 

 Treatments to manage neurogenic 
detrusor overactivity 

Medications 
Antimuscuranics competitively inhibit acetylcholine at 
muscarinic receptors. This is associated with detrusor 
relaxation and lower intravesical pressures. Several 
antimuscarinics drugs are available, including oxy-
butynin, tolterodine, propiverine, trospium, solifen-
acin, darifenacin and fesoterodine. Only a few studies 
have assessed efficacy and safety of antimuscarinics 
in NDO [494]. They are broadly equally efficacious, 
with slightly different side effect profiles (dryness of 
the mouth, blurred vision for near objects, tachycar-
dia, constipation and drowsiness).  

Desmopressin, synthetic analogue of vasopressin, 
reduces the urine production and has been shown to 
be useful for the treatment of polyuria in spinal cord 
injury [495].  

Vardenafil has been reported to decrease maximum 
detrusor pressure and improve maximum cystometric 
capacity [496].  

Intermittent catheterisation (IC) 
IC is recommended as the safest method of bladder 
emptying for SCI persons with NBD, especially for 
those who have sufficient hand skills or a willing care-
giver to perform the catheterization. Mizuno et al. 
[497] reported a paraplegic woman using CIC for 27 
years who had no complications and absence of UI 
due to underactive and normal capacity bladder. 
However SCI men on CIC, according to the retro-
spective comparative study of patients on CIC had a 
7.0-fold higher risk of epididymo-orchitis. 

Previously, recommended bladder training with CIC 
was time-dependent, however, some experienced 
bladder over-distention, especially in those with poly-
uria, that made an IC programme unmanageable 
[498]. Polliack et al. [499] compared volume-depend-
ent IC (VDIC) following bladder volume measurement 
by a portable ultrasound device in SCI patients with 
time-dependent IC (TDIC). After 12-30 days follow-
up, the number of IC per patient per day, the time re-
quired to perform volume measurements and IC, and 
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their total cost, were approximately 44, 49, and 46% 
lower in the VDIC group than in the TDIC group. UTI 
was found in three patients in the TDIC group and in 
none in the VDIC group.  

In developed countries, there is a variety of urethral 
catheters available for SCI individuals. However, in 
reviewing all controlled trials comparing methods of 
using catheters in people with neurogenic bladder 
dysfunction, Jamison et al. [500] could not draw any 
conclusions regarding the use of different types of 
catheter. According to the multi-centre RCT of De 
Ridder et al. [501], 57 SCI male patients completed 
the 12-month study; 64% of those using the Speed-
iCath hydrophilic-coated catheter experienced 1 or 
more UTIs compared to 82% of those using the un-
coated polyvinyl chloride (PVC) catheter. Twice as 
many patients in the SpeediCath group were free of 
UTI. According to another multi-centre study of Bjerk-
lund Johansen et al. [502], of 378 patients (the mean 
duration of IC was 4.6 yr) who completed a 12-d trial 
of the novel hydrophilic catheter: LoFric Primo, 55.2% 
of the patients were happy to continue with the novel 
device, which was 74% of patients using standard 
PVC catheters and 36% of those using prelubricated 
PVC.  

Ozawa et al. [478] applied a contemporary (reusable) 
balloon catheter at night time only. After a mean fol-
low up of 41 months, the incidence of febrile episode 
was as follows: CIC-wet 3.36 times/100 months, IDC 
2.96, cystostomy 1.26, the contemporary catheter 
0.57, and CIC-dry 0.42. The incidence of febrile epi-
sode in CIC-wet and IDC were significantly higher 
than in CIC-dry. The incidence of bladder stone was 
as follows: IDC 1.11 times/100 months, cystostomy 
1.05, the contemporary catheter 0.96, CIC-wet 0.61, 
and CIC-dry 0.21.  

Botulinum toxin type A 
This has revolutionised the treatment of NDO since 
being popularised by Schurch and colleagues [503]. 
Botulinum toxin is a potent neurotoxin produced by 
the gram-positive anaerobic bacterium Clostridium 
botulinum. In the bladder, botulinum toxin has a direct 
effect on the presynaptic vesicular release of acetyl-
choline but also on sensory pathways [504]. It is as-
sociated with a significant improvement in urinary 
continence (40–80% of patients became completely 
dry), a decrease in mean maximum detrusor pressure 
(which became less than 40 cmH2O in most studies), 
an increase in maximum bladder capacity and an im-
provement of patients’ quality of life. Injections are 
performed under local or general anaesthesia using 
flexible or rigid cystoscopy. Median duration of effect 
ranges from 7 to 9 months. This treatment has to be 
considered for individuals with SCI suffering from 
NDO with urinary incontinence refractory to oral anti-
muscarinics. The majority of patients have to perform 
CIC before and after botulinum injections. As a result 
of pivotal studies [505] a dose of 200U is licensed. A 
long term study has shown consistent results with re-
peated injections [506, 507].  

Neuromodulation  
Electrical stimulation has been used to manage blad-
der dysfunction in SCI since 1950s. Sacral neuro-
modulation (SNM) can be used as a second line treat-
ment to control NDO in incomplete spinal cord injury. 
Sievert and colleagues [508] have demonstrated that 
use of SNM early in the injury recovery can prevent 
detrusor overactivity and maintain continence, in ad-
dition to preserving bladder capacity, reduced urinary 
infections and an improved bowel function. This was 
sustained for more than 2 years.  

Sacral Anterior Root Stimulation 
Sacral anterior root stimulation (SARS) with sacral 
deafferentation was first reported by Brindley in the 
1970s [509], and results of small case series have 
been published [510, 511]. Detrusor overactivity is 
abolished by deafferentation. The electrodes are 
placed on the sacral anterior roots (S2, S3 and S4) to 
stimulate detrusor contraction, leading to bladder 
emptying. This can be used only in patients with com-
plete lesions. The success rate is reported to be 
around 70%. In addition, this can be used to manage 
bowel dysfunction and achieve erections with sepa-
rate programs. Importantly, men have to be informed 
that posterior rhizotomy will interrupt reflex erections.  

Augmentation Cystoplasty 
A number of procedures have been proposed to de-
crease detrusor overactivity and increase bladder ca-
pacity including detrusorotomy to subtrigonal cystec-
tomy and ileal bladder substitution [512]. The one that 
has stood the test of time is clam cystoplasty, this 
technique involves bivalving the bladder and inserting 
a 20-30 centimetres of intestine segment in the de-
fect.  

The long term results indicate good control of overac-
tivity and incontinence [513]. Generally, this is offered 
to patients who have failed to respond to botulinum 
toxin A injections or those with very low compliance 
bladder and in patients at risk for upper tract damage. 
If the patient has difficulty performing CIC via the ure-
thra, a cutaneous diversion can be fashioned as well. 
Bladder augmentation is contraindicated in severe in-
flammatory bowel disease, significant pelvic irradia-
tion related bowel damage and in patients who refuse 
CIC. These patients require life-long follow up. They 
can get a variety of problems including mucus pro-
duction, persistent asymptomatic or symptomatic 
bacteriuria, stones, hyperchloremic metabolic acido-
sis, deterioration of renal function, bowel disturb-
ances and cancer [514]. 

Cutaneous continent diversion 
This is reserved for patients who cannot perform CIC 
via the native urethra because of congenital abnor-
malities, obesity, strictures and poor hand mobility. 
The principles are similar to bladder augmentation 
but a drainage channel is created between bladder 
and umbilicus or lower abdominal wall using either 
appendix (Mitrofanoff procedure) or ileum (Yang-
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Monti procedure). Usually, the bladder outlet is left 
accessible as a safety mechanism. If the native blad-
der cannot be preserved, a substitution cystoplasty 
using ileum or colon can be performed. The compli-
cations are the same as described above for cysto-
plasty, with the additional risk of perforation, which 
can prove fatal if not diagnosed early. 

Ileal conduit 
This is generally reserved as a fall back option. It is a 
non-continent procedure, undertaken when there is 
severe motor and/or cognitive disability or in case of 
severe complications, alteration of renal function, or 
urethrocutaneous fistula. A cystectomy is often per-
formed simultaneously as there is a risk of bladder 
cancer, pyocystis and spasticity. It can be performed 
laparoscopically [515]. The complications are mainly 
related to the uretero-ileal anastomosis, stomal her-
nia and pyelonephritis. 

 Treatments to overcome external 
sphincter dyssynergia 

Medications 
A number of medications have been proposed to 
overcome sphincter dyssynergia but the level of evi-
dence is low. Baclofen can be used orally and in-
trathecally. High dosages are required with a signifi-
cant risk of side-effects [516], including effects on 
erection and ejaculation [517]. The α-blockers that 
have been evaluated include indoramine, urapidil and 
tamsulosin. Alpha blockers have been reported to im-
prove flow rate, increase voided volume and improve 
quality of life with a decrease in maximum urethral 
pressure. Abrams and colleagues reported that with 
tamsulosin treatment (0.4 and 0.8 mg once daily), 
71% of patients reported an improvement of symp-
toms with good tolerance and decrease in dysreflexic 
symptoms [518]. Oral nitric oxide donors have been 
proposed to decrease urethral resistance in SCI pa-
tients [519]. 

Botulinum toxin A for sphincter 
Botulinum toxin type A was first used to control DSD 
in the 1980s. It can be injected directly in the urethral 
striated sphincter. It is associated with an improve-
ment in flow, with a decrease in postvoid residual vol-
ume and maximal urethral closure pressure. The ben-
efits are variable, between 53 and 100 %, and lasting 
for 1 - 9 months [520]. These results have not been 
universally reproducible. 

Sphincterotomy  
This is a destructive procedure. The aim is to relieve 
the bladder outlet obstruction by cutting into the ex-
ternal urethral sphincter. It can be performed only in 
men because patients become incontinent and a con-
dom has to be placed to collect urine. Endoscopic 
sphincterotomy was developed for the treatment of 
DSD in the 1950s. It has been demonstrated to be 
effective for both treatment of DSD and the preven-
tion of genitourinary complications. However, this 

technique is associated with a failure rate of 15–50%, 
erectile dysfunction in 4–40%, perioperative compli-
cations such as septicaemia and haemorrhage in 5% 
of cases, and is irreversible [521]. Balloon dilatation 
has also been explored but is not advocated due to 
high failure rate. 
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Urethral Stents 
These were popularized in the 1990s. There are 2 va-
rieties available: permanent and temporary stents. 
The temporary stents could be used as a test to en-
sure the acceptability of the voiding method, verify the 
efficacy on bladder emptying and give the patient 
time to think regarding a definite management strat-
egy. It can also be used as a reversible treatment in 
patients with a transient problem whilst awaiting for 
recovery or rehabilitation of the upper limbs. Follow-
ing temporary urethral sphincter stenting, 70 % of the 
patients choose a permanent one [522].  

The long-term complications with permanent stents 
(Urolume) are stent encrustation, migration, bladder 
neck obstruction and if required, difficult stent re-
moval [523]. The complications with temporary stents 
(Memokath) include a higher rate of stent migration, 
stent blockage with stone or calcification and recur-
rent urinary tract infections [524]. 

 Bladder emptying in sacral injuries 

Pharmacotherapy 
There are no established medications to facilitate 
bladder emptying. Bethanechol chloride has been 
used with only limited success, and bothersome side 
effects including flushing, headaches and diarrhoea.  

Clean intermittent self-catheterization 
This is the mainstay to facilitate effective bladder 
emptying in an underactive detrusor. It is not a difficult 
technique to master but requires support from 
healthcare professionals. Generally, a size 14F cath-
eter is used in males and a 12F in females. A variety 
of catheters are available and it is not uncommon for 

patients to try 2 or more types of catheter before find-
ing the most convenient one.  

Valsalva or crede maneuver 
This entails emptying the bladder by increasing the 
intra-abdominal pressure. This can be performed by 
either valsalva technique or bending forward and 
compressing the lower abdomen. This is not an ideal 
method but for some SCI patients works quite well, if 
there is no outflow obstruction. In the absence of re-
current UTI this can be an acceptable technique for 
bladder emptying in some patients.  

 Treatments to improve sphincter 
function 

Pharmacotherapy 
These are no longer used as there has been a very 
limited benefit with their use. The drugs used include 
pseudoephedrine and phenylpropanolamine. Duloxe-
tine has been shown to increase urethral resistance. 
Although some studies have shown improvement in 
continence rates this is generally limited to mild type 
with quite bothersome gastrointestinal side effects. It 
has not been specifically tried in neuropathic sphinc-
ter incontinence. 

Bulking agent injection 
This is a minimally invasive technique. It is performed 
endoscopically. Initially collagen based beads were 
implanted but they degraded over time. Currently, hy-
ropolymers or silicone based substances (Macro-
plastique-polydimethylsiloxane) are used. They are 
effective in 60%-80% of cases but the effects are 
short lasting and quite often multiple injections are re-
quired [526]. The main advantage of this therapy is 

 
Figure 5: Quadriplegia patients with a temporary urethral sphincter stent (A) and a permanent urethral sphinc-
ter stent (B) Adapted from (525) 
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being minimally invasive and it does not prevent fur-
ther treatment.   

Slings 
These are used in females. They can be either autol-
ogous or synthetic. They are placed vaginally in the 
mid urethra. At present the synthetic slings are gain-
ing popularity [527]. The reported efficacy is about 
70%. The complications include difficulty in self cath-
eterisation and development of de novo detrusor 
overactivity. Further research is needed to under-
stand outcomes and risks. 

Artificial urinary sphincter 
This is the most effective method of achieving conti-
nence both in males and females, although the suc-
cess rate is lower and complications higher than in 
non SCI patients. The complications include mechan-
ical failure, erosion of the cuff or infection requiring 
removal of the implant. 

Bladder neck closure 
This is generally the last resort when other methods 
have failed. Bladder neck closure is usually per-
formed when the urethra is almost destroyed- gener-
ally as a result of long-term catheterization. It is 
mainly employed in females, as sheath collection of 
urine cannot be employed, and can be performed ei-
ther vaginally or abdominally. The initial success rate 
is about 50%, as the tissues are scarred secondary 
to infections and trauma and another 25% can be sal-
vaged after a second procedure.  

 Prevention of UTI  
According to 2 double-blinded, placebo-controlled 
RCTs [528, 529] studying the effectiveness of cran-
berry supplement (400-mg cranberry 3 times a day 
for 4 weeks and 2 g per day for 6 months, at prevent-
ing UTIs in SCI individuals with NBD, bacterial count, 
white blood cell (WBC) count, bacterial counts in 
urine, urinary pH or episodes of symptomatic UTI did 
not differ between the placebo and cranberry groups. 
According to another RCT to determine the effective-
ness of methenamine hippurate (MH) (1 g twice-daily) 
and of cranberry (800 mg twice-daily), MH as well as 
cranberry did not have a significantly longer UTI-free 
period compared to placebo [530]. In addition, when 
taking phosphorus supplementation, there was no 
significant change in urine pH during the 2-week pe-
riod compared to when the patient was off supple-
mentation [531]. 

Antibiotic prophylaxis 
Some centres advocate antibiotic prophylaxis for re-
current UTI [532]. Salomon determined the safety 
and efficacy of a weekly oral cyclic antibiotic (WOCA) 
regimen consisting of the alternate administration of 
an antibiotic once per week over a period of at least 
2 years to prevent UTI in SCI adult patients; sympto-
matic UTI dropped from 9.4 to 1.8 per patient-year, 

no severe adverse events and no new cases of colo-
nization with multiple drug resistant bacteria were re-
ported [533].  

Bladder irrigation  
Waites and colleagues [534] conducted a random-
ized, double-blind comparison of twice daily bladder 
irrigation using 1 of 3 different solutions for 8 weeks 
with 30 mL of (a) sterile saline, (b) acetic acid, or (c) 
neomycin-polymyxin solution in community-residing 
persons with NBD who used IDC. Results showed 
that the 3 irrigants had no detectable effect on the de-
gree of bacteriuria or pyuria. There was no significant 
development of resistance to oral antimicrobials be-
yond what was observed at baseline, but all groups 
had a significant increase in urinary pH. 

Treatment of UTI 
Bycroft and colleagues [532] found few centres rou-
tinely treating asymptomatic UTI in SCI individuals 
using catheters; and the range of recommended du-
ration of treatment for symptomatic UTI was 3-14 
days (mean 6.3). 

Guidance for further research 
Most of the papers relating to epidemiology and pa-
thology of urinary incontinence in spinal cord lesion 
patients were case series; few papers were clinical 
trials or RCTs relating to pharmacological treatments. 
As UTI is a common complication among SCI individ-
uals, further RCT should be done to prove whether a 
weekly oral cyclic antibiotic for UTI prophylaxis is ef-
fective, as well as optimal dosage, effectiveness and 
safety of bladder relaxants. Regarding types of cath-
eter, RCT should be conducted to prove whether to 
re-use of catheters is safe. In addition, to make an 
automatic, event-driven electrical stimulation for the 
treatment of NDO suitable in a clinical setting further 
investigations are needed. 

 Urological follow-up practice 
According to cohort studies [304, 450, 535] there was 
evolution of bladder management by time, outcomes 
and complications in both paediatric onset and adult 
onset SCI; treatment was modified in a substantial 
proportion of patients over the observation periods. 
Regular urodynamic follow-up is warranted for pro-
tection of the upper urinary tract (UUT) and mainte-
nance of continence, however, urological follow-up 
practice varied: in Bochum, Germany, follow-up in-
cluded urodynamic evaluation, sonography of the 
UUT and LUT, urine examination, and evaluation of 
renal function and treatment modifications were 
based on the urodynamic findings [536]; in the Spinal 
Injuries Units of U.K., all units performed routine up-
per tract screening, ranging from annually to every 3 
years [532].  

According to the retrospective chart review of Sepah-
panah et al. [537], the 24-hour creatinine clearance 
(CCr) was highly variable from one evaluation to the 
next and the within-subject standard deviation (SD) 
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for CCr was 25.9mL/min; for all comparisons of re-
peatability, variability, and reliability, serum creatinine 
was superior to CCr, and renal ultrasound results and 
post-void residuals were the major factors in chang-
ing medical management with regard to renal function 
preservation. To determine the accuracy of bladder 
stone detection by abdominal x-rays of individuals 
with SCI, 13/62 (21%) of stones found during cystos-
copy were detected by the x-ray; the detection by x-
ray was 33% for stones 1.0 cm to 1.49 cm, 33% for 
stones 1.5 cm to 1.9 cm, and 54% for stones > or = 
2.0 cm; and 57% for volumes > or = 1.0 cm3 [474]. In 
addition, long-term SCI individual with aged 50 to 60 
or more should be screened for prostate and bladder 
cancer [538, 539]; however, PSA cannot be used in 
patients with IDC and diagnosis should be based on 
prostatic biopsies [539].  

Although SCI patients need lifelong follow-up, no 
studies have been done on the optimum frequency of 
follow-up to determine the frequency and the investi-
gations required to achieve this goal. There is an ur-
gent need to undertake prospective evaluation of SCI 
patients to draw evidence based conclusions for opti-
mal follow-up protocols.  

Conclusions  

• The profile of muscarinic receptors in the bladder 
may be altered in patients with neurological dis-
ease (LOE 3) 

• Skin sympathetic responses and motor evoked 
potentials may help assess autonomic and so-
matomotor pathways of the lower urinary tract. 
(LOE 3) 

• In patients with neurological disease, individuals 
often change their method of bladder manage-
ment, influenced by a range of factors including 
renal function. (LOE 2) 

• Long-term urethral indwelling catheterization 
leads to bladder and urethral complications (LOE 
3) 

• Encrustation of a catheter is predictive of bladder 
stones; abdominal x-ray is not an adequate 
method to detect bladder stones (LOE 3)  

• Volume-dependent intermittent catheterization 
may offer advantages compared with time-de-
pendent intermittent catheterization. (LOE 3)  

• Combined clean intermittent catheterization dur-
ing the day time with indwelling contemporary 
balloon catheter at night time showed less uri-
nary infection than clean intermittent catheteriza-
tion with incontinence and permanent urethral in-
dwelling catheterization. (LOE 3) 

• Increased dosage of Tolterodine or Trospium 
gave a better effect to control neurogenic detru-
sor overactivity with incontinence. (LOE 2)  

• Urethral flora may be a bacterial source for the 
development of urinary infection. (LOE 3) 

• Low bacterial concentrations in the urine 
(<105cfu/L) of patients on intermittent catheteri-
zation might be due to contamination. (LOE 3) 

• Cranberry extract, methenamine hippurate or 
phosphorus supplements were not found to be 
effective in acidifying urine or preventing urinary 
tract infection. (LOE 2) 

• A weekly oral cyclic antibiotic seemed efficacious 
in preventing UTI. (LOE 3)  

• Bladder irrigation was not effective in reducing 
bacteriuria in persons with neurogenic bladder 
using indwelling catheterization. (LOE 2) 

Recommendations 

• Regular urological monitoring, at least annually, 
is appropriate to early detect complications and 
to adjust bladder management in patients with 
neurogenic bladder dysfunction. (A/B) 

• Recommend urine culture only if there is high risk 
of current urinary tract infection. (C) 

• Routinely inspect catheters for encrustation, as 
an early indicator of risk of bladder stone for-
mation. (C) 

• Cystoscopy is necessary if bladder stones are 
suspected. (C) 

• Adjust urinary tract management according to re-
sults of urological evaluation and emergence of 
complications. (B) 

• Clear diagnosis of DSD requires VCUG facili-
tated by EMG. (C) 

• Clear instructions on catheter management can 
help to reduce risk of complications. (B)  

• Dosages of bladder relaxant drugs in excess of 
the licensed doses have been used in attempting 
to control neurogenic detrusor overactivity and 
incontinence; if side-effects cannot be tolerated, 
intravesical botulinum toxin injection are effec-
tive. (B) 

 Faecal incontinence in SCI 

Epidemiology and prevalence 
According to Dvorak and colleagues [540], in patients 
with central cord syndrome, bowel and bladder conti-
nence was reported by 81% in those with American 
Spinal Injury Association (ASIA) motor score im-
provement from a mean of 58.7 at injury to a mean of 
92.3 at follow-up. However, neurogenic bowel dys-
function (NBoD) is common among spinal cord injury 
(SCI) patients. From 2004 to 2007, there were multi-
ple studies reporting epidemiology of NBoD in chronic 
spinal cord injured (SCI), from various countries (see 
section below for details). Apart from SCI, there were 
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other spinal cord lesions (SCL) that cause NBoD, 
such as tumours (e.g. a conus medullaris ependy-
moma and filum terminale lipoma [541]; a clear cell 
meningioma along the thoracic and lumbar levels 
[542], neuroblastoma [543]; venous congestive mye-
lopathy, mostly at thoracolumbar and/or conus me-

dullaris levels [544]; and iatrogenic [545]. Tanaka re-
ported 77% of 22 transverse myelitis (average age at 
onset 8.8 years, mean follow-up 7.1 years) had NBoD 
[546].  

 
 

Table 20. Prevalence of neurogenic bowel dysfunctions reported in spinal cord injury patients 

Study 
(year) 

Countries Subjects Prevalence  

  Faecal 
incontinence 

Constipation Others 

Liem et al.  
(2004) [547] 

Canada 352 SCI (> 20 
years) 

41.8% (including 
diarrhea) 

47.9%  

Ng et al.  
(2005) [548] 

Australia 110 SCI (duration 
from injury, median 
17 years) 

41% 46% (including 
laxative use) 

Abdominal pain 
33% 
Abdominal bloating 
22%;  

Vallès et al. 
(2006) [549] 

Spain 54 motor complete 
SCI 
(mean duration 
from onset 6 years) 

85% 67%  

Vallès et al. 
(2007) [550] 

Spain 109 patients 
83% had spinal 
sacral reflexes 
(SSR) 

31%  27%  
more in tetra 
A,B,C 

 

Pagliacci et al. 
(2007) [551] 

Italy 403 SCI (duration 
from discharge to 
follow-up, mean 3 
years) 

2.7%  
(20.1% partial) 

  

 

 Pathology and disease specific lower 
gastrointestinal (LGIT) problems 

According to electromyography (EMG) of external 
anal sphincter (EAS), 18 and 22 of 64 patients with 
cauda equina or conus medullaris lesions had bilat-
eral and unilateral EMG abnormalities [552]. Using 
anorectal manometry, the maximum anal resting 
pressure of a 26-lumbosacral SCI patients group with 
mixed symptoms of constipation and/or FI was 
slightly lower than that of a 13-normal volunteers con-
trol group [553]. During defecation, 88.5% of the pa-
tients but 7.7% of the control group significantly 
showed pelvic floor dysfunction (PFD). Rectoanal in-
hibitory reflex (RAIR) was identified in both groups. 
The rectal volume for sustained relaxation of the anal 
sphincter tone in the lumbosacral SCI patient group 
was significantly higher than the control group. The 
mean rectal volume to generate the first sensation 
was significantly higher in SCI patients than in the 
control group. Regarding constipation, its association 
with level of injury was supported by many studies, 
i.e. upper motor neuron vs lower motor neuron NBoD. 
Decreased colonic pressure activity was found during 
sleep in SCI individuals and may contribute to de-
layed colon transit time after SCI [554].  

Furlan and Fehlings [555] examined the characteris-
tics of the top 100 most frequently cited articles (so-
called "citation classics") on traumatic SCI that were 
published between 1986 and 2003, and compared 
this selected professional literature with the consum-
ers' perspective on the key issues in SCI research. 
From the SCI consumers' perspective, the areas of 
greatest interest included motor function, bowel and 
bladder control, sexual function, and pain. Motor 
function was the leading topic in the matching list be-
tween professional literature and consumers' per-
spective. According to Anderson’s quality of life 
(QOL) survey of the SCI population [556], regaining 
arm and hand function was most important to quadri-
plegics, whereas regaining sexual function was the 
highest priority for paraplegics; and improving blad-
der and bowel function was of shared importance to 
both injury groups. Later, according to a web-based 
survey of 286 SCI patients aged 18 years or older, 
bladder and bowel concerns during sexual activity 
were not strong enough to deter the majority of the 
population from engaging in sexual activity; however, 
bladder and/or bowel incontinence during sexual ac-
tivity was a highly significant concern in women with 
SCI. In addition, the occurrence of autonomic dysre-
flexia (AD) during typical bladder or bowel care was a 
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significant variable predicting the occurrence and dis-
tress of AD during sexual activity [557].  

FI had 10 times more impact on QOL than those with 
no FI and NBoD had significant impact on their QOL 
[558]. They had significantly lower Gastrointestinal 
QOL score as compared with the normal persons. 
There were no statistically significant differences in 
satisfaction or QOL between those with colostomies 
and those with traditional bowel care programs; how-
ever, 55.7% of those with colostomies and 41.7% of 
those without colostomies were very unsatisfied with 
their bowel care program [559].  

Conservative bowel management 
According to the "Neurogenic Bowel Management in 
Adults with Spinal Cord Injury" Clinical Practice 
Guideline published by the Consortium for Spinal 
Cord Medicine, rectal stimulations help assist elimi-
nation of the stool: mechanical stimulations – digital 
rectal stimulation (DRS) and manual evacuation; and 
chemical stimulations – suppository and mini-enema 
(liquid suppository). Korsten et al. [560] used a man-
ometric catheter to assess colonic motility at base-
line, during DRS, and after DRS and evacuation of 
barium oatmeal paste in six subjects with SCI. Their 
results showed that manometric changes in response 
to DRS were accompanied by expulsion of barium 
oatmeal paste in every subject by the fifth DRS. In 
patients with cervical SCI, a significant increase in 
systolic blood pressure (BP) was induced by insertion 
of rectal medications and persisted during additional 
DRS, and AD induced by the manual removal of stool 
has been reported [561, 562]; however, systolic BP 
recovered to pre-program values within 5 min after 
defecation [561].  

Uchikawa and colleagues [563] reported a successful 
bowel movement in 75% of 20 SCI patients by using 
a modified washing toilet seat equipped with a cam-
era monitor and an electronic bidet to facilitate pre-
cise hitting of the anal area with water streams to 
stimulate bowel movement for a maximum of 30 
minutes. Regarding transanal irrigation, a random-
ised study showed improvement in constipation, FI 
and symptom-related QOL in SCI individuals [564]. 

Push up, abdominal massage and a forward-leaning 
position may aid evacuation by increasing abdominal 
pressure. Ayaş et al. [565] studied patients with SCI 
and showed that abdominal message gave positive 
effects – increase in frequency of defecation per 
week, decrease in total colonic transit time and lesser 
FI.  

Oral medications to enhance bowel movement have 
been used, but evidence of efficacy is lacking. Cis-
apride does not seem to have clinically useful effects 
in people with SCI [566]. Korsten et al. [567] did a 
randomized, blinded design, to test the efficacy of ne-
ostigmine in SCI persons with defecation difficulty by 
infusing one of three intravenous infusates (normal 
saline, 2 mg neostigmine, or 2 mg neostigmine + 0.4 

mg glycopyrrolate – to prevent neostigmine's musca-
rinic effects) on separate days and determining bowel 
evacuation of the barium paste, heart rate and airway 
resistance. Their results indicated that both neostig-
mine and neostigmine + glycopyrrolate resulted in 
prompt bowel evacuation. Potentially, neostigmine 
may be administered by other routes [568]. 

 Guidance for further research 
Most of the studies reported were case series and 
used different definitions of faecal incontinence and 
constipation. Therefore further research should be 
based on internationally acceptable definitions so that 
they can be compared. In addition, RCTs on rectal or 
anal stimulations, both mechanical and chemical, as 
well as medications promoting bowel movement are 
needed. 

Conclusions  

• Constipation is more common than faecal incon-
tinence among people with established SCI 
(LOE 3) 

• Constipation is more common in those with pre-
served sacral reflexes, whereas faecal inconti-
nence is more common in those without sacral 
reflexes. (LOE 3) 

• Faecal incontinence has impact on the QOL of 
SCI individual and is a substantial concern for 
women with SCI during sexual activity (LOE 3) 

• Digital rectal stimulations aid bowel evacuation in 
individuals with SCI, in part by increasing left-
side colonic motility (LOE 3) 

• Transanal irrigation with water improves consti-
pation and quality of life in individuals with SCI 
(LOE 2) 

• Abdominal massage may be effective in enhanc-
ing bowel movement and defecation (LOE 3) 

• Anal stimulation by water stream may be effec-
tive in stimulating bowel movement and shorten-
ing bowel care time (LOE) 

Recommendations 

• Encourage adherence to the clinical practice 
guidelines on neurogenic bowel management in 
adults with spinal cord injury (A) 

• Apply mechanical stimulation e.g. digital rectal 
stimulation, to aid bowel evacuation- especially 
in those with preserved sacral reflexes (B) 

• Use chemical stimulants when mechanical stim-
ulation fails (C) 

• Beware of autonomic dysreflexia during bowel 
care, especially in those with a high SCI lesion 
(C) 
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• Consider transanal irrigation with water for those 
with severe chronic constipation and faecal im-
paction (B)  

 Sexuality  
The majority of SCI patients (> 60 %) have alterations 
in sexual functioning. The degree of sexual dysfunc-
tion depends on the level and completeness of injury. 

Male Sexual dysfunction 
There is a significant impact of SCI on male sexual 
function. Erectile dysfunction occurs in up to 50 % of 
the patients. Less than 10% can ejaculate spontane-
ously. The patients with complete lesions above L2 
level generally can have reflex and psychogenic erec-
tions. Patients with a complete lesion below S2 can 
generally have psychogenic erections. They have no 
reflex erections and ejaculation is rare.  

As for non-SCI population, first-line treatment of erec-
tile dysfunction is based on phosphodiesterase type-
5 (PDE5) inhibitors. The three PDE5 inhibitors cur-
rently available are quite effective in treating erectile 
dysfunction in this patient group. Most of studies re-
porting the impact of PDE5 inhibitors in spinal cord 
injury used sildenafil. The reported erectile function 
improvement with sildenafil is more than 90% [569]. 
These treatments are also well-tolerated, with mild to 
moderate side effects including headache and facial 
flushing.  

In case of failure of PDE5 inhibitors, the majority of 
patients are dissatisfied with a vacuum erection de-
vice, as they find it difficult to use- especially in pa-
tients with low hand dexterity. Intracavernous injec-
tions of vasoactive substances are effective, with a 
reported intercourse rate of up to 50 %. Priapism is 
not an uncommon occurrence, though the duration is 
variable. The injection can be performed by the part-
ner in case of limited manual dexterity. When all con-
servative treatments fail, a penile prosthesis can be 
implanted. Like other implants the success rate is 
lower and complications higher in this patient group.  

The majority of SCI patients cannot ejaculate. The 
most commonly employed technique to obtain semen 
is vibro-ejaculation. This is performed by a specially 
designed vibrator. The vibrator’s plate is placed un-
derneath glans penis and the vibrations are per-
formed for 1-3 minutes. This is only effective in le-
sions above T10, as an intact spinal arc is required. 
The success rate is 60%-80% of cases. It can cause 
retrograde ejaculation. The complications include 
bruising and autonomic dysreflexia. In unsuccessful 
cases and for all patients with a lower motor neuron 
lesion, the ejaculate can be obtained by electroejac-
ulation. This is performed with a probe in the rectum 
and stimulating the seminal vesicles with electric cur-
rent. The success rate is around 98%. This is an in-
vasive method and there is a risk of rectal injury. As it 
can be quite painful, it is generally performed under 

general anaesthesia or sedation for patients with an 
incomplete lesion. 

Fertility in men is impaired after SCI due to erectile 
dysfunction, ejaculatory failure and abnormal semen 
characteristics. Alteration of sperm is promoted by 
urinary tract and genital infections, hormonal and hy-
pothalamic-pituitary testicular axis abnormality, local 
temperature change and sympathetic nerve alteration 
[570]. Sperm retrieval is performed with vibro or elec-
troejaculation. In the majority of cases, assisted con-
ception techniques are required to achieve concep-
tion. 

Conclusions 

• There is a significant impact of SCI on male sex-
ual function 

• Erectile dysfunction occurs in up to 50 % of the 
patients 

• Less than 10% can ejaculate spontaneously 

• Patients with complete lesions above L2 can 
have reflex & psychogenic erections 

• Patients with a complete lesion below S2 have 
psychogenic erections. 

Recommendations 

• Oral PDE5Is are the recommended first-line 
medical treatment (GR A) 

• Intracavernous injections of vasoactive drugs 
(alone or in combination) are the recommended 
second-line medical treatment (GR A) 

• Mechanical devices such as vacuum devices 
and rings can be effective and may be offered to 
patients (GR B) 

• Vibrostimulation and transrectal electroejacula-
tion are effective methods of sperm retrieval (GR 
B) 

Female sexual dysfunction in SCI  
There are only a few reports on female sexual dys-
function after SCI. The level and completeness of spi-
nal-cord injury determines the preservation of psy-
chogenic and reflex lubrication. Women with com-
plete lesion above L2 have reflex lubrication. Those 
with a complete lesion between L2 and S2 have psy-
chogenic and reflex lubrication and those with a com-
plete lesion below S2 have psychogenic lubrication. 
Clitoral stimulation can lead to orgasm in patients with 
S2-S5 lesions.  

It has been shown that all the domains of sexual func-
tion are altered in SCI women. Only 50% are able to 
achieve orgasm, with time to orgasm significantly in-
creased. Female sexual function can also be altered 
by bladder and bowel incontinence and spasticity. 
Sildenafil has been reported to have a positive effect 
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on sexual dysfunction in a pilot study, with no associ-
ated adverse events [571]. 

Recommendation 

• There is currently no effective medical therapy 
for the treatment of neurogenic sexual dysfunc-
tion in women (GR A) 

The fertility in SCI women is not altered as compared 
to healthy individuals. The first months after injury are 
associated with amenorrhea but menstruations usu-
ally resume relatively soon. All contraceptive meth-
ods can be used.  

Pregnancy in SCI women can be challenging. There 
can be issues with premature cervical dilatation and 
premature labour. The management of urinary tract 
infections and detrusor overactivity can be difficult as 
Botulinum toxin A injections are contraindicated in 
pregnancy. There are no guidelines on the use of an-
timuscarinics during pregnancy and the impact of 
these medications on the foetus has not been stud-
ied. Clean intermittent catheterization is maintained 
and often an increased number of catheters are re-
quired per day.  

The management of labour is another problem. In 
women with an injury at level T6 and above there is 
an increased risk of developing autonomic dysre-
flexia. These women require frequent check-ups and 
early hospitalization if necessary. However, most 
women will have successful vaginal deliveries. SCI in 
itself does not constitute an indication for caesarean 
section. Probably the most important aspect of the 
management is involvement of a specialized multidis-
ciplinary team.  

Recommendation 

• Management of fertility, pregnancy and delivery 
requires a multidisciplinary approach tailored to 
individual patient needs and preferences (GR A) 

 

 SPINA BIFIDA 

 Urinary incontinence 
Spina bifida is one of the most common birth defects 
with an annual incidence of about 0.35 per 1000 live 
births in the US [572], potentially involving all levels 
of the spinal column but most commonly the lumbo-
sacral area. Associated (Arnold-)Chiari malformation 
is seen in more than 80% of children, often requiring 
ventriculo-peritoneal shunting of cerebrospinal fluid. 
Ingestion of folic acid prior to conception and during 
the first trimester of pregnancy has significantly re-
duced the incidence of this problem and other asso-
ciated neural tube defects. The neurologic defect pro-
duced is quite variable and cannot be totally predicted 

by the vertebral level of the lesion. Additionally the fi-
brosis associated with spine closure may tether the 
cord. Subsequent growth of the infant or child may 
produce further neurologic problems, manifesting as 
changes in bladder, bowel and lower extremity func-
tion.  

The incidence of urinary tract dysfunction in spina bi-
fida is not absolutely known, but most studies suggest 
it is very high (>90%). Similarly, anorectal dysfuction 
is very common, but its exact incidence has not been 
reported. 

The two major neuro-urological consequences in pa-
tients with spina bifida are urinary incontinence and 
hydroureteronephrosis leading to renal failure, which 
can occur early or later in life. There are many studies 
documenting a variety of urodynamic findings of 
spina bifida patients such as detrusor overactivity, de-
trusor underactivity, low compliance, detrusor sphinc-
ter dyssynergia or static/ fixed external urethral 
sphincter [410, 414, 572, 573]  

In the past, much attention has been directed at the 
significance of dyssynergia between the external 
sphincter and the detrusor, and the associated dete-
rioration of the upper renal tracts in these patients. 
With the increasing use of IC, more emphasis has 
been placed on the pressure the bladder is able to 
generate prior to leaking as a prognostic factor in pre-
dicting upper tract deterioration.  

Urodynamics is the cornerstone in the diagnosis of 
urinary tract dysfunction in patients with spina bifida. 
Urodynamic findings may predict the patients at risk 
of upper tract deterioration. Controversy continues re-
garding when to initiate these studies: as soon as 
possible after back closure; at the first sign of upper 
tract changes; or before considering management of 
incontinence. The preponderence of opinion sug-
gests earlier diagnosis of potentially unfavourable 
factors is advisable.  

As hydronephrosis and vesico-ureteric reflux are a 
consequence of detrusor dysfunction, synchronous 
fluoroscopic evaluation of the urinary tract is advisa-
ble at the time of urodynamics, i.e. video-urodynam-
ics. Similarly, renal ultrasound has become an inval-
uable routine serial evaluation in these patients, as-
sessing renal growth, development of scarring and, 
most importantly, hydroureteronephrosis. Repeat 
urodynamics and ultrasound have a relevant role in 
this patient population, however, recommendations 
for timing and frequency of these studies still need to 
be elucidated. Although renal scans are routinely 
used, especially in the spina bifida patient with hydro-
nephrosis, the exact role of this study in these pa-
tients is not clear. 

Urologic treatment depends on the age of the patient 
and the nature of the urinary tract dysfunction as 
characterized by urodynamics. Targeting the primary 
urological abnormality (the dysfunctional and usually 
poorly compliant bladder) allows implementation of 
effective treatments, including regular IC, in order to 
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preserve upper renal tract function and to achieve uri-
nary continence. Associated postural abnormalities 
may complicate both conservative and interventional 
therapies.  

The mainstay of treatment is IC and antimuscarinic 
medication. As continence is not at issue in the neo-
nate and infant, treatment may be postponed, unless 
upper tract changes are present. Some evidence ex-
ists pointing to the fact that early initiation of treatment 
may prevent subsequent deleterious bladder 
changes. Although intradetrusor onabotulinumtoxinA 
injections have become an established treatment for 
refractory neurogenic detrusor overactivity inconti-
nence [410, 414], the value in patients with spina bi-
fida is unclear and there is a lack of high evidence 
level studies [574]. Surgical treatments should be re-
served for patients refractory to conservative treat-
ments, depending on the type of urinary tract dysfunc-
tion, and do not differ from the procedures for the gen-
eral neuro-urological patients [410, 414]. 

In adult patients who in childhood underwent bladder 
augmentation surgery, it is thought that there is an in-
creased risk of a development of bladder malignan-
cies. However, this assumption is not supported by 
high level evidence and screening for bladder malig-
nacies in spina bifida patients with an augmented 
bladder seems not to be cost-effective (LOE2) [572]. 

Lumbar-to-sacral nerve re-routing was suggested as 
an approach to restore voiding and bowel movement 
in spina bifida patients [575] (LOE3). Another inter-
esting treatment option is fetal surgery, but in utero 
closure of spina bifida seems not to improve lower 
urinary tract function [576, 577] (LOE3). 

Management of incontinence and/or upper tract dete-
rioration mirrors the treatment of neurogenic lower 
urinary tract dysfunction. Variations in this algorithm 
include the use of vesicostomy in the younger child 
who has failed conservative measures and has evi-
dence of deteriorating upper tracts. External sphinc-
terotomy has no routine place in the management of 
these patients and the use of the appendico-
vesicostomy in continent LUT reconstruction (Mitro-
fanoff) has increased. Most studies on surgical man-
agement of neurogenic lower urinary tract dysfunc-
tion are descriptive (LOE 4) at best. 

Data from adult and paediatric surveys show renal 
damage to be the single most prevalent cause of mor-
bidity and mortality; even in children, 30-40% exhibit 
evidence of renal damage.  Additional factors such as 
chronic infection and stone formation will then render 
the kidney more vulnerable to progressive loss of re-
nal mass and subsequent chronic renal failure. Renal 
transplantation is now considered the optimal treat-
ment for end-stage renal disease in all age groups. 
Although more prone to complications, recent data on 
patients with spina bifida or severely abnormal LUTs 
demonstrate good patient and graft outcomes [578] 
(LOE 3). 

Guidance for further research  
Further clarification of the role of fetal surgery to re-
pair the neural tube defect is required, especially in 
term of prevention of damage to the lower urinary 
tract. Similarly the role of early intervention, con-
servative or surgical, needs to be understood better. 
The timing of surgical intervention needs further 
study, as well as better quality of life assessments 
and risk/ benefit analyses of LUT reconstructive pro-
cedures. The development of a tissue-engineered 
substitute for cystoplasy and nerve re-routing is being 
studied. Finally, the fate of the adult spina bifida pa-
tients, especially those who have undergone recon-
struction, needs to be documented. 

Conclusions 

• Spina bifida is one of the most common birth de-
fects (LOE 1) 

• Incidence is decreased by appropriately-timed 
folate ingestion during pregnancy (LOE 2) 

• Most patients have lower urinary tract dysfunc-
tion which can lead to incontinence and / or up-
per tract deterioration (LOE 3) 

• The majority will derive significant benefit from 
conservative measures (LOE 3) 

Recommendations 

• Regular surveillance with urodynamics and renal 
ultrasound is mandatory from infancy. However 
the exact timing is not defined. One must ob-
serve the general rules for neurogenic lower uri-
nary tract dysfunction (B) 

• Early initiation of conservative measures (clean 
intermittent catheterization, antimuscarinic med-
ication) generally provides protection of the up-
per urinary tract (B) 

• The role of new treatment options, for example 
biotechnology and nerve surgery, needs to be 
evaluated (C) 

• Extensive surgery is reserved for failed con-
servative treatment (B) 

Bowel problems  
Voluntary control of defecation requires rectal sensa-
tion, peristalsis and adequate anorectal sphincter 
function. Neurological defects in patients with spinal 
lesions may affect one or more of these components, 
resulting in different types of defecation disorders: fe-
cal incontinence, chronic constipation or both. Incon-
tinence is one of the major stigmas affecting patients 
born with myelomeningocele [579]. Bowel dysfunc-
tion occurs in most children with spinal cord impair-
ment from disease or injury. 

Although many different regimens have been used to 
manage this problem, none has had universal suc-
cess. Behavioural modification and laxatives failed to 
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achieve an acceptable result because of the persis-
tence of soiling. A small dose of laxatives alone ac-
complished nothing while administering a large dose 
to an incontinent patient only resulted in profound em-
barrassment [580]. Biofeedback was introduced for 
use in children with intact rectal sensation, but recent 
trials have reported less encouraging results. “Digital 
disimpaction” is unpleasant to perform and only suc-
ceeds in emptying the distal rectal ampulla. 

Bearing in mind that few of these patients can resist 
the push of peristalsis, the most effective therapy is 
complete emptying of the colon, since it takes at least 
24–48 h to refill again. This can be achieved nowa-
days by two ways: retrograde colonic enema (RCE) 
using a special balloon catheter, or an operative pro-
cedure which allows an antegrade continence enema 
(ACE). In neurological fecal incontinence, standard 
enemas are difficult, if not impossible, to administer, 
because there is inability to retain the enema- which 
flows out involuntarily through the weak anus during 
its instillation. Therefore a catheter-based RCE sys-
tem has been developed by industry, the application 
of which can be applied either by the parents or even 
by children over the age of 7–8 years. Not all children 
tolerate this procedure, as colonic peristalsis creates 
pains in some of them. However the reported results 
are good according to Eire et al. [581]. Shandling et 
al. [582] reported 100% success in using the enema 
continence catheter in the management of patients 
with spina bifida. These authors regard the RCE as 
one of the best conservative methods of treatment for 
relieving fecal incontinence originating from mye-
lomeningocele and other neurological problems.  

The impact of ACE surgery in the management of pa-
tients with myelomeningocele was analysed by 
Lemelle et al. [579]. 47 patients were treated with 
ACE, of whom 41 still used the method at a mean 
time of 4.1± 1.9 years after the ACE operation. With 
ACE, faecal incontinence was significantly improved 
compared with conventional management, and nei-
ther retrograde rectal enema nor digital extraction 
were required. In most cases, ACE was performed 
using the appendix or the caecum. Six patients 
(12.8%) stopped using the ACE for various reasons, 
from conduit problems due to stomal stenosis or cath-
eterization difficulties, lack of motivation or “too long 
time to empty the enema”. ACE stoma surgery was 
applied before, concomitantly or after urinary inconti-
nence surgery in 5, 27 and 10 cases respectively. En-
emas were performed at most three times a week, 
and tap water was used in the majority of patients. 
Mean volume for ACE was 1.2 L (range 0.25–3.0 L). 
Mean enema time for colonic washout with ACE was 
50 ± 19 min (range 15–90 min), however mean wash-
out duration for ACE tended to be shorter with implan-
tation of the conduit on the left-segment of the colon. 

Casale et al. [583] were unable to find any differences 
in the continence rate or stomal complications be-
tween total reconstruction (concurrent ACE and con-
tinent urine stoma) or staged reconstruction. How-

ever, because of shared pathology, the authors be-
lieve that most patients benefit from intervention in 
both the gastrointestal and the genitourinary tract. 
Therefore, a major advantage of total continence re-
construction is avoidance of the morbidity of a second 
major surgical procedure (LOE 3). Nevertheless, con-
ventional treatment should be tested first, and the ef-
ficacy of RCE may be a predictor of the efficacy of 
ACE on bowel management. Moreover, percutane-
ous endoscopic insertion is fully reversible and does 
not present drawbacks potentially encountered with 
the catheterizable conduit [579]. Nevertheless, expe-
rience with the Malone procedure has proved that a 
suitable continent and catheterizable conduit can be 
obtained with an appropriate technique. In selected 
and motivated patients, and with the help of a spe-
cialist nurse providing close support in the postoper-
ative period, surgical ACE procedure might be pre-
ferred according to the surgeon´s experience. 

As no absolute indication has been defined for ACE, 
other criteria should be used to evaluate clinical out-
come of bowel management, including health – re-
lated quality of life (HRQoL). The development of a 
disease-specific HRQoL measure for use with mye-
lomeningocele has been proposed by Parkin et al. 
[584]. HRQoL assessment should be performed pro-
spectively when ACE produce is planned and per-
formed during pre and post-operative periods. Ac-
cording to Eire et al. [581] ACE procedure and RCE 
can be the best options for achieving the best social 
integration. For wheelchair users and other selected 
patients, the ACE (being faster and easier) is better 
than the RCE, which needs some help in its use [581, 
585].  

Sacral neuromodulation has been described also in 
the therapy of these patients, but the persistence of 
continence control and tolerance of the patient need 
to be evaluated for a prolonged period of time. Sacral 
neuromodulation may only be successful in a small 
selected number of patients, in whom preserved 
anatomy of the sacral nerves permits placement of 
the electrodes on the sacral nerves [586]. 

Conclusions  

• Neurologic bowel dysfunction and bowel prob-
lems, including fecal incontinence and constipa-
tion, are prevalent among myelomeningocele pa-
tients (LOE 3). 

• Fecal incontinence and methods of bowel care 
affect the QoL and social activities of mye-
lomeningocele patients (LOE 3). 

• The main goal is to empty the colon as much as 
possible, to achieve continence during the sub-
sequent 24–48 hours. This can be achieved by 
retrograde colonic enema using a special ballon 
catheter, or by an operative procedure which al-
lows an antegrade continence enema (ACE) 
(LOE 3). 
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Recommendations 

• Colorectal problems require attention in the treat-
ment of myelomeningocele patients (GOR B) 

• Appropriate bowel programme / management 
should be properly designed for each person, af-
ter adequate counselling (GOR B) 

 

 DIABETES MELLITUS 

 Epidemiology 
Diabetes mellitus (DM) has a prevalence of 1-6% in 
the United States, depending on the specific criteria 
utilized to identify the disease. The prevalence is sig-
nificantly higher amongst the elderly: 21.8% of resi-
dents of nursing homes suffered from DM in a multi-
national eight countries study (the Services and 
Health for Elderly in Long TERm care (SHELTER) 
project [587].  

Overall, up to 59% of diabetic patients will report uri-
nary symptoms, while 75-100% of those with evi-
dence of peripheral neuropathy will develop NLUTD 
[588] [589]. The classic “diabetic cystopathy” (im-
paired bladder sensation, increased capacity, in-
creased post void residual) has been estimated to oc-
cur in 43% to 87% of insulin-dependent diabetics, 
with no sex or age differences [590].Typically, se-
verely impaired bladder emptying is thought to occur 
in patients with more long-standing poorly controlled 
diabetes. It is also described in about 25% of diabetic 
patients on oral hypoglycemic treatment [591]. A 
Scandinavian study showed that in patients who have 
had diabetes for 10 years, the prevalence of diabetic 
cystopathy in those who were insulin-dependent was 
2 to 4 per 1000 and in those on oral hypoglycemic 
agents was 1 to 3 per 1000. The correlation between 
diabetic cystopathy and peripheral neuropathy 
ranged from 75% to 100%. Nephropathy was seen in 
30% to 40% of cases [589] (LOE 3). Urodynamic 
studies have noted a spectrum of findings in DM; 
those presenting relatively late with severe LUTS 
have a higher likelihood of impaired bladder sensa-
tion, detrusor underactivity and impaired emptying, 
while those investigated earlier are more likely to 
have detrusor overactivity and urgency incontinence 
[592]. 

 Diabetes and Urinary incontinence 
Large prospective studies are now available (the Di-
abetes Control and Complications Trial (DCCT; 
1983-1993) and its observational follow-up study, the 
Epidemiology of Diabetes Interventions and Compli-
cations (EDIC; 1994- present, the Diabetes and Ag-
ing Study, NHANES, the Services and Health for El-
derly in Long TERm care (SHELTER) project). These 
confirm the association between DM and inconti-
nence. In gynaecological consultations, DM is a risk 
factor for incontinence, together with prolapse and 

gynaecological surgery [593] [587, 594]. In a con-
trolled study, after adjusting for age, body mass in-
dex, parity and history of urinary tract infections, dia-
betes was significantly associated with any inconti-
nence (OR: 1·99; 95% CI: 1·44-2·74) urgency incon-
tinence (OR: 2·23; 95% CI: 1·38-3·61) and stress in-
continence (OR: 1·54; CI: 1·07-2·22) [595] (LOE 1). 
Gestational DM is an independent risk factor for all 
types of UI. Compared with women without gesta-
tional DM, women with it tended to exhibit more se-
vere symptoms of stress incontinence for up to 2 
years postpartum, whereas for urgency or mixed in-
continence, more severe symptoms were found only 
for 6 months postpartum [596].  

Among women with type 2 diabetes white race, 
higher body mass index, higher parity, lower physical 
activity, current postmenopausal hormone use and 
diuretic use were risk factors for prevalent and inci-
dent UI, whereas hysterectomy, vascular disease 
and longer duration of diabetes were associated with 
increased odds of prevalent UI only (Nurses' Health 
Study I and II) [597]. Diabetes duration, treatment 
type, peripheral neuropathy, and retinopathy were 
significantly associated with severe incontinence in 
multiple regression models adjusted for age, educa-
tion, and history of UTI [598] (LOE 3). Lewis et al. in 
a cross-sectional study of 50-90 year old women 
found that insulin dependent diabetes was strongly 
associated with UI, while non insulin dependent dia-
betes was not [599] (LOE 2). In other studies, both 
the use of insulin (OR 2.62, 95% CI: 1.67-4.13) and 
of oral glucose-lowering agents (OR 1.81, 95% CI: 
1.33-2.45) were predictors of UI in community-dwell-
ing frail older adults with DM [600]. Most, but not all, 
studies suggest that diabetic measures, such as gly-
cemic control, may be associated with UI. In women 
with Type 1 diabetes, incident UI was associated with 
higher HbA1c levels, independent of other risk factors 
[601]. Among women with relatively controlled diabe-
tes, each one-unit increase in HbA1c was associated 
with a 13% increase for any UI and a 34% increase 
in risk for only stress incontinence but was not signif-
icantly associated with urgency or mixed inconti-
nence [602]. In a controlled study, after adjusting for 
all variables, high HbA1c levels were associated with 
OAB (odds ratio 1.24, 95% confidence interval 1.06-
1.45), urge UI (odds ratio 1.20, 95% confidence inter-
val 1.00-1.45) and nocturia [603]. Compared to 
women with normal HbA1c participants with DM type 
II had an increased prevalence of stress and 
urge UI (38.6% vs 52.5% and 21.7% vs 40.3%, re-
spectively). Diabetes measures (glycemic control and 
insulin resistance) were each significantly associated 
with UI in univariable but not in multivariate models 
when adjusted for patient body mass index [604] . 
Also, in community-dwelling frail older adults with 
DM, UI was not associated with HbA1c level, but with 
geriatric factors such as the inability to ambulate or 
transfer independently [600]. In the Diabetes and Ag-
ing Study, HbA1c levels were again not associated 
with the presence or absence of incontinence, alt-
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hough poor glycemic control (HbA1c ≥9%) was asso-
ciated with more limitations in daily activities due 
to incontinence [605]. Also, there is level 2 evidence 
that poor glycemic control increases the frequency of 
UTI in women with type 1 diabetes. For every unit in-
crease (1%) in recent HbA1c level, there was a 21% 
increase in UTI frequency after adjusting for race, 
hysterectomy status, urinary incontinence), sexual 
activity, peripheral and autonomic neuropathy and 
nephropathy [606]. 

Consequently, the question is whether improved gly-
cemic control can lead to modification of the risk of UI. 
Available studies to date have demonstrated a varia-
ble, positive effect. In the Diabetes Prevention Pro-
gram Outcomes Study which included 1778 female 
participants who had been randomly assigned to in-
tensive lifestyle intervention, metformin or placebo, 
Intensive lifestyle intervention had a modest positive 
but enduring impact on UI (prevalence 46.7%, 53.1%, 
49.9% urinary incontinence/week) [607] . In the Look 
AHEAD trial in a cohort of overweight/obese men with 
type 2 DM, intensive lifestyle intervention reduced the 
odds of prevalent UI by 38% at 1 year compared to 
diabetes support and education. The prevalence 
of UI decreased from 11.3% to 9.0% in the intensive 
lifestyle intervention group and increased from 9.7% 
to 11.6% in the diabetes support and education 
group. The intensive lifestyle intervention group also 
had almost twice the odds of UI resolving compared 
to the diabetes support and education group [608].  

Van Poppel et al. [609] reported neuropathological 
examination of bladder biopsies from 14 patients with 
severe insulin-dependent adult-onset diabetes, com-
pared with acetylcholinesterase and S100 staining of 
38 control specimens. A decrease in acetylcholines-
terase activity, due to axonal degeneration, was 
found in all cases. An increase in S100 positivity was 
found in the majority and is due to Schwann cell pro-
liferation as a regeneration attempt after demye-
lination or axonal degeneration. When acetylcholin-
esterase activity decreases and an S100 density in-
crease is found in a patient with diabetes, this combi-
nation is highly suggestive of diabetic cystopathy 
amenable to early symptomatic treatment (LOE 2). 
Because of the uncontrolled hyperglycaemia, pa-
tients with DM develop altered NGF activity, which 
may be a mechanistic factor in the development of 
diabetic bladder dysfunction [610] [611]. In this re-
spect, electrophysiological studies offer support to 
associations between diabetic cystopathy and periph-
eral neuropathy. Hyposensitivity of unmyelinated C-
fiber afferents at the distal extremities was found to 
be an indicator of early-stage diabetic bladder dys-
function in type 2 diabetic women. C-fiber dysfunction 
at the distal extremities appeared to be concordant 
with vesical C-fiber neuropathy [612].  

Since the peripheral nerves are involved, the clinical 
manifestations of diabetic cystopathy might be very 
varied. Usually there is reduced sensation of bladder 
fullness, and decreased frequency of voiding. This is 
followed by slowing of the urinary stream and difficulty 

in voiding due to impaired detrusor contraction. Post-
voiding dribbling may also occur. The impaired blad-
der emptying and urinary retention predispose to uri-
nary tract infections. A prospective study investigated 
the temporal effect of DM on the functional disturb-
ances of the LUT in diabetic patients. In a cohort of 
181 women with type 2 DM, there appeared to be a 
time-dependent progression trend in the develop-
ment of bladder dysfunction, advancing from urody-
namic stress incontinence to DO and/or increased 
bladder sensation and eventually to impaired voiding 
function. The duration of DM was longer in women 
with voiding dysfunction (6.8 ± 2.8 years in women 
with stress incontinence, 7.3 ± 6.5 years in DO and/or 
increased bladder sensation, and 10.4 ± 8.3 years in 
women with voiding dysfunction) [613]. Earlier stud-
ies had suggested that urine output does not contrib-
ute significantly to diabetic cystopathy [614].  

Retrospective studies support however an unfavour-
able effect of DM on detrusor contractile force. Mean 
maximal flow rate and PdetQmax and bladder contrac-
tility index were lower in the DM group, in whom mean 
DM duration was 9.24 ± 7.63 years and mean 
HbA1c level 7.27 ± 1.43 %. DM duration was signifi-
cantly correlated with Qmax, PdetQmax, and BCI. More-
over, the HbA1c level was negatively associated with 
Qmax, PdetQmax , and BCI [615]. In diabetic women, 
poorer glycemic control was associated with an in-
creased likelihood of PVR ≥ 100 mL (OR 1.30, CI 
1.06-1.59 for each-one unit increase in HbA1c) [616]. 

Yamaguchi et al. studied 84 diabetic cystopathy pa-
tients [617]. In addition to large post-void residual and 
decreased sensation, urinary urgency, DO, and in-
creased bladder sensation were seen in 55%, 42% 
and 14%, respectively. The prevalence of DO in pa-
tients with increased bladder sensation was 58%. DO 
increased with age, but not with the duration of dia-
betes. Urodynamic characteristics of DO are different 
between diabetic women and age-matched controls; 
amplitude of first overactive contraction, volume at 
first overactive contraction and maximal detrusor 
pressure were greater in diabetics compared with the 
non-diabetic group (16.00 cm H2O vs. 9.00 cm H2O, 
309.00 mL vs. 167.00 mL and 76.48 cm H2O vs. 
55.41 cm H2O respectively) [618]. In a brain MRI 
study of 32 cases, the prevalence of multiple cerebral 
infarctions in patients with DO was 76.5%. The au-
thors concluded that urinary urgency is not uncom-
mon in diabetic cystopathy. Both central and periph-
eral mechanisms are involved [619] (LOE 3).  

Ishigooka et al. [620] (LOE 3) described the results of 
the ice-water test in diabetic patients with and without 
cystopathy. 12.5% of patients without cystopathy and 
25% of patients with cystopathy did not feel the ice 
water sensation. Ueda et al. [621] (LOE 2) performed 
studies evaluating sympathetic skin response in cor-
relation with cystometry. They found that patients 
without sympathetic skin responses had increased 
residual urine and decreased detrusor contraction 
pressure, while patients with lower amplitude of sym-
pathetic skin response and more prolonged latency 
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than controls had a significant decrease in detrusor 
contraction pressure. The changes within the bladder 
function were observed as early as within one year 
from the diagnosis of diabetes. 

Beylot et al. [622] (LOE 2) found that the presence of 
residual urine in diabetic patients, after exclusion of 
co-morbidities, was strongly associated with periph-
eral neuropathy. Ho et al. showed increased bladder 
sensation, followed by DO in 94 female diabetic pa-
tients undergoing urodynamic studies [623]. Those 
patients with OAB are more likely to have impaired 
voiding function. In a questionnaire based sur-
vey, OAB was twice as prevalent (24.2%) in diabetics 
compared to the general population, while the pres-
ence of symptomatic diabetic polyneuropathy signifi-
cantly increased the risk for development of OAB 
[624]. Similarly, in a cross-sectional hospital-based 
survey of women with type 2 DM, peripheral neurop-
athy, nephropathy, and presence of metabolic syn-
drome were significantly associated with moderate to 
severe LUTS and OAB [625]. In a controlled, ques-
tionnaire-based survey, diabetic patients had higher 
OAB-q scores compared to the control group, with 
disease duration showing significant correlations with 
OAB-q scores (LOE1) [626]. In another controlled 
study DM patients had a significantly higher propor-
tion of OAB symptoms compared with the controls 
(28.0% vs 16.3%), as well as nocturia (48.0% vs 
39.1%)(LOE1) [603].  

No specific treatment has been described in regards 
to the population of patients with diabetic cystopathy. 
Therefore general rules as for the other bladder con-
ditions with impaired (absent) detrusor contractions 
should be followed. Sacral Neuromodulation has 
been used to treat LUTD in DM, with similar long term 
results as in non DM patients [627]. By contrast, in 
women undergoing mid-urethral sling procedures for 
UI lower cure rates were seen in diabetics (0.50; CI 
0.35-0.74) [628]. Similarly, in a controlled study, the 
presence of DM was associated with a significantly 
smaller reduction of OAB symptoms when treated 
with antimuscarinics, but the effect attributable to di-
abetes was small relative to the overall treatment re-
sponse (LOE1) [629].  

Future research should endeavour to give epidemio-
logical information on the incidence of both type I and 
II diabetes-related functional disorders of micturition, 
and specific results of therapeutic interventions on 
each type of incontinence as well as on urinary tract 
infections. Gender effects should also be investi-
gated.  

Conclusions 

• Diabetic cystopathy occurs in up to 80% of insu-
lin dependent diabetes mellitus (LOE3) 

• Urinary incontinence is strongly associated with 
diabetes. The current evidence is stronger for in-
sulin dependent diabetes compared with insulin 
independent diabetes (LOE 2) 

• The frequency and severity of Overactive blad-
der is increased in diabetes, presumably reflect-
ing both central and peripheral mechanisms 
(LOE 1,2) 

• Patients with diabetic cystopathy generally can 
have OAB and/ or impaired detrusor contractions 
with increased post-void residual (LOE 3,4) 

• The urodynamic characteristics of detrusor over-
activity are different in diabetics compared to 
controls (LOE 3) 

• There is an unfavourable effect of diabetes and 
poor glycemic control on the urodynamic con-
tractile characteristics of the detrusor (LOE 3,4)  

• Poor glycemic control is associated with higher 
risk of increased post-void residual (LOE 3,4) 

• In type 1 diabetes, poor glycemic control is asso-
ciated with higher risk of urinary tract infections 
(LOE2) 

• Recurrent urinary tract infections might be a long 
term problem (LOE 3,4) 

• Intensive lifestyle intervention in diabetics has a 
positive impact on the prevention and resolution 
of urinary incontinence (LOE1) 

• There is a lack of specific treatment for diabetic 
cystopathy 

• However, the presence of diabetes may nega-
tively affect the outcomes of surgical treatment 
for stress UI and pharmacotherapy for OAB 
(LOE 1,2) 

Recommendations 

• Post void residual measurement and urine dip-
stick (optional culture) for patients with diabetes 
mellitus should be performed yearly (C) 

• In case of increased post-void residual, 
prompted voiding might be useful (C/D) 

• Treatment of choice for acontractile bladder in 
this group remains intermittent catheterization 
(B/C) 

• Patients with diabetes and incontinence should 
receive consultation about the positive effect and 
consequent need for (intensive) lifestyle inter-
vention and good glycemic control (A) 

• Patients should be warned about the negative ef-
fect of diabetes on the improvement of stress in-
continence and OAB symptoms following appro-
priate therapeutic interventions (C) 

 Faecal Incontinence 
Caruana et al. [630] (LOE 3) found that diabetic pa-
tients with faecal incontinence showed increased 
thresholds of phasic external sphincter contraction 
and had reduced resting/ maximal voluntary anal 
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sphincter pressures compared with controls. In-
creased thresholds of conscious rectal sensation in 
some incontinent patients with diabetes may contrib-
ute to faecal incontinence by impairing the recogni-
tion of impending defecation. Nakayama et al. [631] 
(LOE 3) found that age and diabetes have an inde-
pendent negative influence on faecal incontinence af-
ter stroke. Abnormal internal-anal-sphincter function 
could be contributory in diabetic patients with faecal 
incontinence [632] (LOE 3). Russo found that acute 
hyperglycaemia inhibits external anal sphincter func-
tion and decreases rectal compliance, which could 
explain the pathogenesis of faecal incontinence [633] 
(LOE 3). 

Talley and colleagues [634] (LOE 3) studied gastro-
intestinal symptoms, frequent abdominal pain, bowel-
related abdominal pain, reflux, dyspepsia, constipa-
tion, diarrhoea and faecal incontinence in diabetic pa-
tients. There was a clinically significant decrease in 
QoL scores in diabetics compared with population 
norms across all subscales. The impact on QoL in di-
abetes was predominantly observed in type 2 diabet-
ics. For all the Short Form-36 subscales, GI symptom 
groups were significantly associated with poorer QoL 
in diabetes, independent of age, gender, smoking, al-
cohol use, and type of diabetes.  

Cross-sectional analyses of data from the Nurses' 
Health Study revealed that obesity was associated 
only with urinary incontinence while type 2 DM was a 
stronger risk factor for fecal than urinary inconti-
nence [635]. 

Conclusions  

• Faecal incontinence in diabetes patients may be 
due to impaired anorectal sensation and/or de-
creased anal closing pressure after hyperglyce-
mic episodes (LOE 3) 

• Gastro-intestinal symptoms impact negatively on 
health-related QoL in diabetes mellitus (LOE 3) 

Recommendations 

• Patients with diabetes and fecal incontinence 
should have anorectal manometry performed be-
fore introducing therapy for fecal incontinence 
(C/D) 

• More studies on neurologic bowel dysfunction 
and management in diabetes are needed (B). 

 

 SYSTEMIC AND OTHER 
CONDITIONS 

 Systemic Lupus Erythematosus  
Nervous system involvement occurs in about half of 
patients with systemic lupus erythematosus (SLE) 

[636]. Neurological manifestations of SLE are sub-
acute encephalo-myelopathy, subacute myelopathy 
(rarely) and chronic encephalomyelopathy. Seizures 
and psychiatric disorders are the most common man-
ifestations, while spinal cord lesions are uncommon. 
Symptoms of LUT dysfunction can occur, however, 
data on prevalence are lacking. Several pathological 
urodynamic findings are reported [636-638]: slow uri-
nary stream, high post-void residual, high maximum 
urethral closure pressure, detrusor overactivity, low 
compliance bladder, low maximum cystometric ca-
pacity, or loss of bladder sensation. LUTS in patients 
with SLE may also be caused by lupus cystitis, a rare 
entity often associated with lupus mesenteric vascu-
litis [639]. 

Conclusions 

• About half of the patients with SLE show nervous 
system involvement. Subacute and chronic en-
cephalomyelopathy may cause LUT dysfunction 
with varying patterns (LOE 4). 

Recommendations 

• Urodynamic investigations are necessary to de-
fine the underlying pathophysiology of the uri-
nary symptoms, and are relevant to guide treat-
ment (B). 

 Herpes Zoster 
Herpes zoster (shingles) results from reactivation of 
the dormant varicella-zoster virus (VZV) resulting in 
vesicular eruptions of the skin or mucous mem-
branes. Two distinct syndromes due to genital vari-
cella zoster infection, cystitis and urinary retention, 
have been described. Cystitis classically presents 
with dysuria, frequency and hematuria and cysto-
scopic verification of local inflammatory changes on 
the bladder mucosa should be performed for the di-
agnosis of herpetic cystitis [640, 641] (LOE 3). Uri-
nary retention may precede the emergence of the 
characteristic dermatomal skin rash [642], or it may 
follow initiation of zoster therapy [643].  

The overall incidence of LUT dysfunction is 4% [644], 
however involvement is reported as high as 28 % if 
cases of lumbosacral involvement are considered. 
According to Chen et al., voiding dysfunction follow-
ing herpes zoster can be; 1. Cystitis-associated, 
whereby direct involvement of the bladder wall results 
in herpetic cystitis, 2. Neuritis-associated, due to ret-
rograde spread of infection by the VZV from the dor-
sal root ganglia of the sacral segments, or 3. Myelitis-
associated, caused by herpetic myelitis. Occasion-
ally, patients with skin rash in the lumbar or even 
lower thoracic dermatomes may develop bladder dys-
function and this is thought to be due to spread of 
VZV to the sacral segments. 

Two case reports describe urodynamics findings in 
herpes-zoster patients. Usually patients develop 
complete urinary retention, with or without overflow 
incontinence due to detrusor acontractility and lack of 
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bladder sensation. Repeat urodynamic studies at 
week 10 after the onset of the disease demonstrated 
a return of the detrusor contraction, normalising after 
14 weeks [645, 646] (LOE 4). 

Herpes zoster-associated voiding dysfunction is a 
transient phenomenon and is not uncommon in pa-
tients with lumbosacral dermatome involvement. 
Treatment with IC or indwelling catheter placement is 
recommended in order to avoid secondary damage to 
the LUT due to chronic urinary retention or UTIs. The 
disease usually is of a benign clinical course, with re-
covery of bladder functions. 

Conclusions 

• 28 % of patients with Herpes zoster in the lum-
bosacral dermatomes show LUT dysfunction, 
with impaired voiding as the most common 
symptom (LOE 4). 

• The most common symptom is overflow inconti-
nence due to detrusor acontractility and lack of 
bladder sensation (LOE 4). 

• Voiding dysfunction has a transient course and 
almost every patient will regain normal voiding 
within 3-4 months, or at the least achieve bal-
anced bladder function (LOE 3). 

Recommendation 

• Till functional recovery takes place, urinary tract 
management with intermittent catheterisation or 
indwelling catheter is recommended (GOR B). 

 HIV 

Urinary incontinence 
HIV virus belongs to the family of retroviruses. This 
family of viruses is known for latency, persistent vire-
mia, infection of the nervous system, and weak host 
immune responses. HIV has high affinity for CD4 T-
lymphocytes and monocytes. HIV binds to CD4 cells 
and becomes internalized. The virus replicates itself 
by generating a DNA copy by reverse transcriptase. 
Viral DNA becomes incorporated into the host DNA, 
enabling further replication. HIV enters the nervous 
system early, at the time of initial infection, and may 
immediately cause symptoms, or it may cause de-
layed-onset symptoms, potentially at any time during 
the person’s lifetime. All parts of the nervous system 
may be involved. Neurological disorders could be 
HIV-related, or due to secondary infections, malig-
nancies, metabolic or nutritional problems and to 
therapy. 

It is estimated that up to 80% of patients are sympto-
matic in terms of nervous system and for 30%, neu-
rological symptoms are the initial clinical problem, in 
the absence of anti-retroviral treatment. Neurological 
syndromes may be the sole clinical problem or cause 
of death. The following brain symptoms have been 
described: meningitis, dementia, stroke, seizures, 
and degenerative disorders. For the spinal cord, 

transverse myelitis and progressive myelopathy have 
been observed. 

Due to nervous system involvement in HIV infection, 
consequent effects on LUT function can be antici-
pated [647]. Shin et al. (LOE3) described a higher 
prevalence of incontinence in HIV-positive patients as 
compared to HIV-negative in nursing homes [648]. 
Whether this represents a true trend, or an observa-
tion related to the terminal stage of the disease and 
associated comorbidities, remains to be elucidated. 
Gyrtrup et al. (LOE 3) found voiding problems in 12% 
of HIV-infected patients, mostly in advanced stages 
of the disease [649]. 

Virtually all parts of the body could be involved in 
AIDS patients, either as the primary location of HIV 
infection or secondary to HIV-related complications. 
Among the different manifestations, particular atten-
tion should be paid to the primary locations as they 
develop early in the stage of the disease. HIV can af-
fect all areas of the central and peripheral nervous 
system- for example, HIV-associated dementia, vac-
uolar myelopathy, distal sensory peripheral neuropa-
thy and myopathy. Pelvic organ dysfunction has, 
however, been little studied. Patients may develop 
voiding dysfunction and chronic retention due to lum-
bosacral polyradiculopathy. Prior to the introduction 
of the newer anti-retroviral therapies in the 1990s, in-
fection with cytomegalovirus was the most common 
cause [650] and other causes include lymphomatous 
infiltration, syphilis or a herpetic radiculopathy due to 
herpes varicella zoster or simplex. Mahieux et al. 
(LOE 3) described a case of acute myeloradiculitis 
due to cytomegalovirus as the initial manifestation of 
terminal stage HIV [651]. Matsumoto et al. (LOE 3) 
[652] reported a case of lumbosacral polyradiculopa-
thy where voiding difficulties and lower limb paresis 
were the primary manifestation of HIV infection. An-
other pattern of LUT dysfunction is urgency inconti-
nence and DSD [649] in the context of vacuolar mye-
lopathy.  

Bladder cancer is a recognised occurrence in these 
patients [653]. Though rare, they can occur in rela-
tively young HIV-infected patients with a low CD4 na-
dir, presenting with haematuria. Most of them are 
smokers, and have aggressive pathological features 
[654-656]. 

Begara et al. (LOE 3) performed urodynamic studies 
in 10 patients with AIDS and voiding disorders and 
found that the most common symptom was urgency 
incontinence and the most common urodynamic find-
ing was DSD [657]. In 3 patients they found demon-
strable functional disorders of the LUT (2 patients had 
DO: one of them had a history of encephalopathy 
from HIV and the other patient had polyneuritis; the 
third patient had myelitis and a urodynamically-diag-
nosed sympathetic decentralization. Detrusor are-
flexia was described in 2 HIV-positive patients by 
Menendez et al. [658] (LOE 3). One of them had an 
ascending myelitis of probable herpetic origin, the 
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other had a cerebral abscess caused by Toxoplasma 
gondii. 

Since during the course of the disease all parts of the 
nervous system can be involved, either as the primary 
location or secondary to AIDS-related complications, 
no disease specific diagnosis or treatment can be 
proposed. It is important to observe that sometimes 
functional disorders of the LUT can be the first mani-
festation of the HIV infection. When managing the pa-
tient with HIV infection one must bear in mind that 
both storage and voiding problems can occur and that 
both should be treated, potentially according to the 
results of urodynamic studies. 

Future research needs to be supported by a stronger 
evidence base. All reports of HIV and voiding prob-
lems are rather anecdotal and no good prospective 
studies exist. The need for such studies is particularly 
important, when realizing that it takes up to 20-30 
years from HIV infection to AIDS full manifestation, 
and that new antiviral treatment modalities could pro-
long the life of a patient with HIV significantly. Partic-
ular attention should be paid to primary nervous sys-
tem involvement by HIV and the voiding dysfunctions 
that could be the side effects of HIV drug therapy. 

Faecal incontinence 
As diarrhoea is common in HIV infected patients, fae-
cal incontinence can also occur, mostly due to anal 
sphincter weakness. The true incidence of HIV neu-
ropathy-related faecal incontinence is not known and 
further studies are needed [659] (LOE 4). Many of the 
limitations of knowledge seen with urinary inconti-
nence apply to faecal incontinence. 

Conclusions 

• HIV can influence the nervous system and LUT 
function in two ways: as a result of primary infec-
tion, or secondary to AIDS-related complications 
(LOE2/3). 

• Nervous system manifestation of HIV infection 
can by the only sign of infection, and it is there-
fore important to take the possibility of HIV infec-
tion into consideration when facing unusual signs 
and symptoms from the LUT without any other 
obvious cause (LOE 3). 

• HIV/AIDS is a progressive disease and dynamic 
changes to the LUT functions can occur during 
the evolution of the disease (LOE 2). 

• Faecal incontinence in HIV/AIDS patients is usu-
ally associated with diarrhoea, however the true 
incidence is not known (LOE 4). 

• Bladder cancer should be considered in any HIV 
patient with haematuria (LOE 4) 

Recommendations 

• Patients with HIV and nervous system patholog-
ical signs and symptoms should be evaluated for 
functional LUT problems (B). 

• Due to the variety of LUT functional damage in 
HIV patients, dynamic evaluation of LUT function 
is essential for tailoring of therapy (C). 

• No HIV-specific therapy of LUT problems and 
faecal incontinence is currently available. Due to 
the variety of functional damage, therapy should 
be individually tailored, according to the results 
of functional/ imaging studies (C). 

• All HIV patients with haematuria should be 
screened for bladder cancer (B) 

 Neurosyphilis 
Neurosyphilis results from longstanding infection with 
Treponema pallidum. Bladder dysfunction is com-
mon, though most classically in tabes dorsalis. The 
predominant neurological manifestations are sensory 
ataxia and spontaneous lancinating pains. Voiding 
dysfunction occurs due to involvement of sacral pos-
terior roots and the dorsal column of the spinal cord, 
resulting in loss of bladder sensation and significantly 
elevated post-void residual urine. The bladder is 
atonic, though there may be some myogenic damage 
from chronic over distention. Some patients may 
demonstrate detrusor overactivity and DSD [660, 
661]. The condition is rare and there is no contempo-
raneous epidemiological data. 
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 INTRODUCTION 

Older people have the highest known prevalence of 
urinary incontinence (UI) of any group, other than 
those with specific neurological disease (e.g., spi- 
nal cord injury). As the proportion of older people in 
the populations of the developed world increases, 
so will the absolute numbers of those with either uri- 
nary (UI) or faecal incontinence (FI) or lower urinary 
tract symptoms [1]. Even if improvement in physical 
functioning among older people continues, and re- 
search in the field is able to demonstrate continu- 
ing benefit whilst containing costs, the impact on 
future health care and long-term care costs will still 
be profound [2]. Early signals suggest however that 
the decrease in disability for older people observed 
in the last two decades of the twentieth century has 
not been seen in those aged 40 – 64 years [3]. 

No matter how those in later life, conventionally de-
fined as those of 65 years and older,  are described 
this population is characterized by its variety, rang-
ing from active, community-dwelling, working, 
healthy nonagenarians to bed-bound, chronically 
ill, functionally and cognitively-impaired persons in 
their late 60’s. Because the healthier group is 
closer in phenotype and physiology to middle aged 
than to frailer older people, information relating to 
the management of urinary and faecal incontinence 
in this group is integrated into the other ICI chapters. 
This chapter focuses on frail older people, empha-
sizing not only the different aetiologies and treat-
ment of UI and FI, but the additional issues of 
disease burden, disability, altered responses to drug 
therapy and the role of caregivers. Those sections in 
the previous (5th) Consultation, dealing with catheters 
and the organization of care have been moved to the 
more relevant chapters.  This Consultation sees for 
the first time a dedicated section dealing with conti-
nence at the end of life and examines the effect of 
both cognitive and physical frailty as the presence of 
each or both may need different considerations when 
offering treatments for incontinence. 

The committee took the view that where there is a 
paucity of data reflecting the effectiveness or utility of 
approaches to the treatment of UI or FI in frail older 
adults, interventions aimed at community dwelling 
older adults should be employed with due regard to 
the likely benefits, harms, feasibility, expectations 
and outcomes of treatment, rather than not be at-
tempted at all. The committee recognized that frail 
older people may be “victims” of therapeutic nihil-
ism and may receive standards of care below 
those received by younger persons [4, 5]. 

The pathophysiology of UI in the frail elderly re-
quires a broader conception of “disease,” centring 
on patient-level factors rather than just the bladder 
or bowel and its neurological control. UI and FI in 
frail older people is normally a result of multiple 
interacting risk factors including age-related physi-
ological changes, comorbidity, polypharmacy, func-
tional and cognitive impairments and common path-
ways between them (Figure 1).  Furthermore, the 
impact of UI or FI in frail older persons extends be-
yond the affected individual to their caregivers, lead-
ing to caregiver stress and an increased likelihood 
of institutionalisation [6]. Therefore, assessment in 
frail older persons requires a broader scope than 
that employed in the care of younger individuals. Fail-
ure to address the multifactorial nature of disease 
and treatment limits not only clinical care and re-
search, but also important opportunities to improve 
function and quality of life [7]. Management of incon-
tinence in frail older persons is necessarily multicom-
ponent, and must address the many associated fac-
tors and shared underlying impairments with other 
geriatric syndromes (for example, by combining 
physical exercise with prompted voiding) [8]. Drug 
therapy must be placed in the context of altered 
pharmacology, pre-existing polypharmacy and an in-
creased susceptibility to adverse events. The con-
tinuing challenge in providing a review of incontinence 
in frail older people is the relative dearth of Level 1 
evidence for interventions. Thus the frail older person 
presents multiple challenges for research (not the 
least of which is substantial difficulty in recruiting to 
clinical trials due to either overt or covert exclusion 
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and the additional challenge of intervening illness and 
death) [9]. Despite the oldest-old (those of 80 years of 
age and above) forming the fastest growing group of 
affected individuals, intervention studies continue to 

be rare. Moreover, trial outcomes need to be more 
broadly based, incorporating caregivers, a range of 
care settings, alternative models of care, and goals 
of care unique to this population [10]. 

 
Figure 1. Incontinence as a geriatric syndrome 

1. SEARCH STRATEGIES 
Given the broad range of this report, we used multiple 
searches using the following MESH terms (in caps) 
and phrases, alone and in combination, using the 
PubMed and Ovid search engines: AGED, AGED 
OVER 80, ACTIVITIES OF DAILY LIVING, 
DEPRESSION, elderly, FALLS, frail, FRAIL 
ELDERLY, FRAILTY, function, geriatrics, LONG 
TERM CARE, MEDICATIONS, NURSING HOME, 
older, QUALITY OF LIFE, RANDOMIZED 
CONTROLLED TRIAL; and BLADDER, 
GYNAECOLOGICAL SURGICAL PROCEDURES, 
PELVIC FLOOR, PROSTATE, STRESS 
INCONTINENCE, SURGERY, URE- THRA, 
URINARY INCONTINENCE, URINATION 
DISORDERS, UROGYNECOLOGY, UROLOGY, 
VAGINA,  VOIDING  DYSFUNCTION  ,  nocturia OR 
nocturia OR “night-time voiding” OR “night- time void-
ing” OR “nocturnal voiding” OR “night- time voids” OR 
“night-time voids” OR “nocturnal voids” OR “night-
time frequency” OR “night-time frequency” OR “noc-
turnal frequency” OR “night- time urination” OR 
“night-time urination” OR “nocturnal urination” OR 
“night-time micturition” OR “night-time micturition” OR 
“nocturnal micturition” OR “night-time polyuria” OR 
“night-time polyuria” OR “nocturnal polyuria” OR noc-
turia) OR ((noctur* OR night*) AND (void* OR urina-
tion OR micturition OR polyuria OR pollakiuria OR 
“LUTS” OR “lower urinary tract symptoms” OR “BPH” 
OR “benign prostatic hyperplasia”)) AND (“aged, 80 
or over” OR aging OR elderly OR older OR “very old” 
OR senior OR “all aged” OR geriatric OR frail OR 
aged) AND (“double blind method” OR “double blind” 

OR placebos OR placebo OR “controlled clinical  trial”  
OR  “randomized  controlled trial” OR “random allo-
cation” OR “single blind method” OR “research de-
sign” OR “exp clinical trials” OR “clinical trial” OR “sin-
gle blind” OR “double blind” or “triple blind” OR “single 
mask*” OR “double mask*” or “triple mask*”) (longitu-
dinal OR “natural history” OR cohort OR incidence 
OR remission OR progression OR  prospective OR 
“community-based” OR “population-based” OR epi-
demiol* OR “follow-up”); TOLTERODINE; 
OXYBUTYNIN; SOLIFENACIN; PROPIVERINE; 
TROSPIUM,   IMIDAFENACIN;   DARIFENACIN; 
FESOTERODINE; fecal incontinence OR, constipa-
tion, R anal incontinence. Ovid Expert Search Filter; 
Publication years 2010-15. We included, where pos-
sible, information from non-English language articles 
where an English language abstract with sufficient in-
formation was available. References in retrieved arti-
cles were reviewed for additional relevant articles. 
We also searched the Cochrane Database and Na-
tional Guideline Clearinghouse for relevant system-
atic reviews, meta-analyses, and evidence-based 
recommendations. A research librarian aided this 
process. 

2. FRAILTY 

The proportion of older persons in the population is 
increasing in almost every country around the world.  
By 2050, approximately 2000 million people will be 
aged 60 years or over, and 400 million will be over 
the age of 80.  Frailty is essentially a sate of vulnera-
bility to insult, which may be in the form of a relatively 
minor stressor, from which the individual does not 
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fully recover.  The Consultation has defined “frail 
older persons” as those over the age of 65 with 
a clinical presentation or phenotype combining 
impaired physical activity, mobility, balance, mus-
cle strength, motor processing, cognition, nutri-
tion, and endurance (including feelings of fatigue 
and exhaustion).  This is consistent with the Fried 
phenotypic approach to frailty in which there is a 
clear distinction between frailty and disability, and 
from the accumulation of diseases (deficits) model 
of Mitnitski and Rockwood [11]. Among persons 
meeting strict phenotypic criteria for fragility, only 
22% also had both comorbidity and disability, 46% 
had comorbidity without disability, 6% disability 
with- out comorbidity, and 27% had neither comor-
bidity nor disability [12,  13] . Frail people do how-
ever usually have multiple chronic medical condi-
tions, take multiple medications, require care from 
others and assistance to perform some or all of 
the personal activities of daily living (PADLs) 
(e.g., bathing, dressing, toileting, and mobility), 
are often homebound or institutionalized. They 
have a high risk of intercurrent disease, increased 
disability, hospitalisation, and death [1]. In the 
United Kingdom, an examination of 5,450 people aged 
60 and over from the English Longitudinal Study of 
Ageing using Fried criteria found the overall weighted 
prevalence of frailty to be 14%. Prevalence rose with 
increasing age, from 6.5% in those aged 60–69 years 
to 65% in those aged 90 or over. Frailty was more 
common in women than in men (16% versus 12%). 
93% of frail individuals had difficulties with mobility 
compared to 58% of non-frail individuals [14]. In the 
United States, using the Fried model of frailty applied 
to 7,439 participants in the 2011 baseline of the Na-
tional Health and Aging Trends Study of persons 
aged 65 and older, 15% (95% CI: 14%, 16%) of the 
older non-nursing home population was frail, and 
45% prefrail (95% CI: 44%, 47%). Frailty was more 
prevalent at older ages, amongst women, racial and 
ethnic minorities, those in supportive residential set-
tings, and persons of lower income. Chronic disease 
and disability prevalence increased steeply with frailty 
[15].  In Latin America and the Caribbean, a meta-
analysis of 29 studies including 43,083 people, of 
mean age of approximately 60 years, using a variety 
of frailty assessment scores, identified a prevalence 
of frailty of 19.6% (95% CI: 15.4-24.3%) with a range 
of 7.7% to 42.6% [16]. Likewise there have been an 
increasing number of epidemiological studies as-
sessing the point prevalence of frailty, using a variety 
of definitions, across a number of countries such as 
Russia [17], China [18], South Korea [19] and Brazil 
[20] amongst others [21]. 

2.1. Frailty and incontinence 
Several studies suggest that the relationship between 
urinary incontinence, faecal incontinence and frailty is 
not unidirectional. Incident UI in those over age 65 
has been associated with a two-fold increased risk of 
impairment in ADLs, instrumental activities of daily 
living (IADLs – e.g., transportation, finances, shop-
ping, laundry, housekeeping), and poor performance 

on three physical measures, suggesting that incident 
UI may be an early marker of the onset of frailty [6].  
In a Taiwanese study of UI and its association with 
frailty among 440 men aged 80 years and older using 
the clinical frailty scale, the prevalence of UI was 
19.1%. Frailty was more common among subjects 
with UI than those without (60.7% vs 32.3%). Men 
with UI also had more comorbidity, poorer physical 
function, were more likely to have depressive symp-
toms, impaired cognitive function, poorer nutritional 
status, more polypharmacy and a higher likelihood of 
fecal incontinence than those men who were not frail 
[22]. In a population-based study of older Mexican 
Americans, incident but not prevalent UI was inde-
pendently associated with functional decline in ADLs, 
IADLs, and physical performance [23]. Another pop-
ulation-based study found an association between UI 
and IADL decline, but not ADL decline, nursing home 
admission, or death, after adjustment for age and 
comorbidity [2]. A Portuguese study showed that 
older people who presented with either “slowness” or 
“exhaustion” had a risk of UI almost five times greater 
than those without [24]. Although one early study sug-
gested that older persons with UI had a higher mor-
tality risk subsequent studies that more fully adjusted 
for comorbidity and functional status have not found 
any association [2, 25-27].  

2.2. Frailty, continence and consequence  
Several multivariate studies suggest that patients 
with new onset UI at the time of stroke have higher 
rates of death or disability at 2 years (OR 4.43; 95% 
CI 1.76 to 11.2) to 5 years (OR 3.21 [95% CI 
1.04−9.91]), especially if UI persists (OR 7.47 [95% 
CI 2.29−24.42]) [28, 29]. Given its association with 
frailty, it is not surprising that UI remains a risk factor 
for nursing home admission, particularly in associa-
tion with a dementia diagnosis. Studies showing a 
significant association between UI and institutionali-
sation have been done in Finland (in men, but not 
women, with urgency UI); [30] Germany; [31] New 
Zealand (persons > age 65) [32]; US (men more than 
women) [33], after hip fracture [34], among Hispanic 
elderly [23], and patients attending a dementia clinic 
in rural Japan [35]; and Hong Kong [36]. Two studies 
failed to find a significant association after controlling 
for comorbidity, using US [2] and Canadian data-
bases [37]. It was estimated that the proportion of US 
NH admissions attributable to UI in men is 0.10  (95%  
CI  0.08–0.13)  and  in  women  0.06 (95% CI 0.05–
0.09) [38]. The prevalence of UI at NH admission in 
the U.S. shows variation of almost 50% and differs by 
race [39] suggesting that patient and caregiver fac-
tors and local resources affect the role UI plays in in-
stitutionalisation. An issue, particularly in studies of 
institutionalisation in people with a dementia diagno-
sis, is the failure to include UI as a risk factor or de-
fining it only by a composite function score [40, 41]. 
The significant association of faecal incontinence and 
institutionalisation (odds ratio 1.79, 95% CI: 1.00-
3.20), in one Canadian study was lost when adjusted 
for cognition, ADL dependence, and self-reported 
health, although a survey of US geriatricians found 
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that the presence of faecal incontinence was more 
likely to result in a referral to a nursing home than not 
[42, 43]. 

2.3. Cognitive Frailty 
Whilst age associated cognitive impairment has re-
ceived extensive research and clinical interest, cog-
nition has not been conceptualised in a similar fash-
ion to physical frailty.  Frailty per se includes both 
physical and cognitive domains. The term cognitive 
frailty has been operationalised as an heterogeneous 
clinical manifestation characterised by the simultane-
ous presence of both physical frailty and cognitive im-
pairment. The key factors defining such a condition 
include the presence of physical frailty and mild cog-
nitive impairment and excluding concurrent dementia, 
reflecting reduced cognitive reserve [44]. The exclu-
sion of the dementias may not be useful in that the 
two features are often intimately intertwined but con-
ceptually the definition may have clinical utility in 
terms of continence management, where the applica-
tion of treatment options may vary depending upon 
the predominant factor influencing frailty. To be able 
to distinguish those with a vulnerability to cognitive 
decline amongst persons either with or without phys-
ical frailty may be of use, but again, the pathophysio-
logical mechanisms leading to both entities are com-
mon and probably shared.    

2.4. Dementia 
The proportion of people living with dementia, a group 
of conditions also associated with an impairment in 
quality of life and physical function increases; preva-
lence estimates suggest that globally in 2010 35.6 
million people lived with dementia with numbers ex-
pected to almost double every 20 years, to 65.7 mil-
lion in 2030 [45],[46]. In addition to the morbidity as-
sociated with urinary incontinence in older people, its 
presence with co-existent dementia increases the 
likelihood of institutionalisation [47].  Unfortunately, 
once there, there is evidence of institutional practices, 
such as en masse toileting, making incontinence 
more likely [48]. Likewise, caregivers identify looking 
after an older person with dementia and incontinence 
as being burdensome [49, 50].  Management guide-
lines for urinary incontinence and lower urinary tract 
symptoms seldom consider the implications for man-
agement in those patients with co-existing medical 
conditions [51-53];  few discuss management in those 
with a dementia diagnosis [54]. The likelihood of in-
continence increases in association with the severity 
of dementia but until recently longitudinal studies did 
not identify an association with incident cases [55, 
56]. One longitudinal study of 6,349 community dwell-
ing women found that a decrease in mental function-
ing as measured by a modified mini mental status 
exam (MMSE) was not associated with increased fre-
quency of urinary incontinence over 6 years, but did 
predict a greater impact [57]. Despite strong associa-
tions with baseline incontinence in the Canadian 
Study of Health and Aging, moderate or severe cog-
nitive impairment, measured by the same modified 

MMSE, was not associated with incident UI over 10 
years [58]. However, in a longitudinal study of 12,432 
women aged between 70-75 years with a 3 year fol-
low up there was a strong association with a demen-
tia diagnosis (OR 2.34) [59]. Similarly, over 9 years 
follow up of 1,453 women aged 65, dementia was 
strongly associated with incident urinary incontinence 
(RR 3.0) [6]. Likewise, in a Scottish study, the preva-
lence of urinary incontinence increased with decreas-
ing mini-mental state scores and was notably more 
common in those with impairments of attention and 
orientation, verbal fluency, agitation and disinhibition 
[60]. In a United Kingdom General Practitioner data-
base, when compared with those without a demen-
tia diagnosis, dementia was associated with approxi-
mately three times the rate of diagnosis of urinary in-
continence. The incidence rates of first diagnosis per 
1,000 person-years at risk (95% confidence interval) 
for urinary incontinence in the dementia cohort, 
among men and women respectively, were 42.3 
(40.9-43.8) and 33.5 (32.6-34.5) [61].  When as-
sessed urodynamically, most incontinence associ-
ated with dementia appears to be related to detrusor 
overactivity, resulting in urgency incontinence [62, 
63].  

Incontinence in dementia adds to caregiver burden 
[64], and influences decisions to relocate people to 
care homes [6]. Whether successful management of 
incontinence reduces either this associated burden or 
alters decisions to institutionalise these people is un-
known, evidence is limited to case reports and anec-
dotal evidence.  Family physicians identify dealing 
with incontinence in dementia as a significant chal-
lenge [65].   Likewise there is the concern regarding 
the influence of antimuscarinic medications on cogni-
tion, where there is increasing evidence of cognitive 
impairment and higher rates of incident dementia di-
agnosis associated with high antimuscarinic load and 
long exposure in older persons in epidemiological 
studies [66, 67], although data in persons with pre-
existing dementia are less consistent [68].  
Once institutionalised, urinary incontinence becomes 
a major factor in those with dementia, In a study in 
Austrian nursing homes, urinary incontinence was 
present in 84.2% of residents with dementia versus 
53.2 % of those without and was highly prevalent 
even in those with early dementia, affecting 64% of 
the 277 residents studied [69]. Once admitted to a 
nursing home, the presence of a dementia diagnosis 
is associated with a hastening of loss of continence, 
compared to those residents without. Incontinence is 
associated with a reduced quality of life and impaired 
nutrition and mobility in older people with dementia 
[70, 71], but is sadly neglected in terms of the amount 
of attention paid to it despite the acknowledged ad-
verse effect on quality of life and the associated costs 
of management [72].  
 
2.5. Managing incontinence in dementia 
Most people with a dementia diagnosis living in the 
community can potentially be managed in a similar 
way to any other community dwelling adult, in line 
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with current guidelines. As noted in the 5th Interna-
tional Consultation on Incontinence, the expectations 
of both patient and caregiver, the nature of the pro-
posed treatments and likelihood of benefits and 
harms should be taken into account [73].  
Successful and safe management of incontinence in 
people with more advanced dementia presents addi-
tional challenges. For the most part, successful deliv-
ery of conservative or behavioural therapies in late life 
requires the ability for the individual to learn or 
change behaviour; the active engagement of a care-
giver is also required [73].  A dementia diagnosis 
should not preclude an attempt to manage inconti-
nence with behavioural methods, but for those with a 
compromised ability to retain behavioural change this 
is clearly inappropriate. A stepwise approach to initi-
ating interventions and assessing the results seems 
like a reasonable first step in management, recognis-
ing that older people do appear to be more likely to 
need drug therapy for urgency incontinence than 
younger persons [74].   For prompted voiding to be 
successful, a three day trial should result in either a 
20% reduction in wet episodes or an increase in 
spontaneous requests to use the toilet [75].  If this is 
not successful then the mainstay of management is a 
strategy of check and change of appropriately as-
sessed containment products [54, 76].  The remain-
ing option is to introduce a fixed voiding schedule, 
which requires no behavioural change, but this too 
may be impractical in circumstances where there is 
limited caregiver support or availability.  Even in ade-
quately staffed institutions, evidence suggests that for 
those who need toileting, the average number of toilet 
assists per resident is around two per day, sadly short 
of that which might be needed [77, 78]. A recent sys-
tematic review examining the evidence for conserva-
tive management approaches for those with demen-
tia living at home concluded, unsurprisingly that there 
was insufficient evidence to make any recommenda-
tion; little, if any, specific guidance for practice in the 
community exists [79, 80]. The England and Wales 
National Institute for health and Care Excellence 
guideline on incontinence in those with neurological 
disease recommends that treatment be tried on an in-
dividual basis [81]. 

Evidence on pharmacological treatment for UI in 
those with dementia is lacking; that which does exist 
is discussed in the pharmacological treatment sec-
tion. 

 URINARY INCONTINENCE 

1. AETIOLOGY & ASSESSMENT 

1.1. Background 
The aetiology of UI in frail older adults is grounded 
in the concept of a classical geriatric syndrome, in- 
volving multiple interacting risk factors, including 
age-related changes, comorbidity, and potentially 

common pathways between them. This section ad- 
dresses these components. 

1.2. Quality of the data 
The data on aetiology of UI in frail older persons re-
main limited, and observational studies of varying 
quality constitute much of this literature. Additionally, 
longitudinal studies of large numbers of frail indi-
viduals are difficult to carry out because of paucity 
in recruitment and the high rate of natural attrition. De-
spite the lack of such studies, many relatively large, 
careful descriptive studies and case series, as well 
as expert consensus processes, have made im-
portant contributions to our understanding of the ae-
tiology of UI in this population. 

1.3. UI as a geriatric syndrome 
In older adults, especially those who are frail, UI 
forms a classical geriatric syndrome, many of its risk 
factors are not directly related to the genitourinary 
tract [82, 83]. Geriatric syndromes have been de-
fined as ‘‘multifactorial health conditions that occur 
when the accumulated effects of impairments in 
multiple systems render an older person vulnera-
ble to situational challenges” [82]. Thus, large num-
bers of different baseline as well as precipitating 
risk factors may interact with each other in influenc-
ing the ability of an older individual to remain conti-
nent in the face of common daily challenges. This 
multifactorial complexity, combined with the fact that 
most individual risk factors typically account for only 
a small proportion of the overall risk, have greatly 
complicated the development of a pathophysiologi-
cal framework for the study of common geriatric 
syndromes [82]. Figure 2 

Nevertheless, because common risk factors (e.g. 
arm and leg weakness, sensory and affective im-
pairment) may be shared by different geriatric syn-
dromes (such as UI, falls, and functional depend-
ence) [84], they may represent particularly attractive 
sites for the development of interventions [82]. For 
example, the presence of brain white matter hyper-
intensities within critical periventricular and subcorti-
cal regions could represent key risk factors for the 
development of different geriatric syndromes such 
as falls, impairment in executive cognitive function, 
depressive symptoms, and UI [85]. Functional 
magnetic resonance imaging (fMRI) studies have 
identified central nervous system areas that are 
particularly relevant to urinary storage symptoms and 
urgency [86,  87] . Therefore, failure of activation 
within orbitofrontal regions may contribute to an 
older individuals’ decreased ability to suppress ur-
gency [88]. Connectivity pathways within the right 
insula and anterior cingulate gyrus may also play a 
role in maintaining continence supporting the con-
cept that decline in connectivity [88] and coordina-
tion between  different brain regions represent early 
critical events in aging. These findings suggest the 
possibility that interventions to prevent the devel-
opment of white matter hyperintensities, such as 
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control of vascular risk factors, could also prevent 
UI. 

  
Figure 2. The mechanistic geriatric syndrome 

2. AGE RELATED CHANGES 
RELEVANT TO UI IN FRAIL OLDER 

PERSONS 

Age-related changes in the lower urinary tract (LUT) 
can function as risk factors for the development, con-
tinuation, and worsening of UI in frail elderly persons 
(Table 1). At the same time, they rarely are alone suf-
ficient to cause UI, and in some persons have no ef-
fect on lower urinary tract symptoms (LUTS) or UI. 
Furthermore, the literature on “normal” LUT ageing 
has many potentially confounding methodological 
limitations. Normal ageing changes are difficult to 
study, because longitudinal data including large num-
bers of individuals spanning many years are neces-
sary to definitively separate “normal LUT ageing” 

from confounding factors and comorbidity. Cross sec-
tional studies are subject to confounding by comor-
bidity and time-dependent cohort effects, such as 
change in labour and delivery practices. Thus, to date 
many studies actually describe “age-related” associ-
ations, as opposed to normal ageing. Other limita-
tions include: derivation of much of the cellular and 
neurochemical data from animal studies; morphologic 
studies based on cadavers with unknown parity, 
comorbidity, and LUT symptoms; “age-effects” de-
rived from studies of symptomatic persons; and use 
of surgical patients at tertiary centres as “normal” con-
trols. Even the definition of “normal” can be difficult: 
is it continence, absence of LUTS, lack of comorbid 
disease, or normal physiological testing [89]? The fol-
lowing sections focus on findings from more robust 
and, where possible, confirmatory studies. 

Table 1. Age related changes in the lower urinary tract 

Age-Related Change Potential Effects on Continence 

Bladder ultrastructure on electron microscopy Dysjunction pattern 
Muscle and axon degeneration 

Bladder overactivity and urgency UI 
Impaired bladder contractility, 
increased residual urine, and 
decreased functional bladder capacity 

Bladder function 
 
Decreased capacity Decrease sensation of filling 
Increased detrusor overactivity Decreased bladder contractile function 
Increased residual urine 

 
 
Increased likelihood of urinary 
symptoms and UI 

Urethra 
 
Decreased closure pressure in women 

 
 
Increased likelihood of stress and 
urgency UI 

Prostate 
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Age-Related Change Potential Effects on Continence 

Increased incidence of benign prostatic obstruction Increased incidence 
of prostate cancer 

Increased likelihood of urinary 
symptoms and UI 

Decreased oestrogen (women) Increased incidence of uandrogenital 
atrophy related symptoms 
Increased incidence of recurrent 
urinary tract infections 
 
 

Increased night-time urine production Increased likelihood of nocturia and 
night-time UI 

Altered central and peripheral neurotransmitter concentrations and 
actions 

Increased likelihood of lower urinary 
tract dysfunction 

Altered immune function Increased likelihood of recurrent 
urinary tract infections 

Increased prevalence of white matter hyperintensities in brain Increased prevalence of severe urge / 
urgency, link to cognitive impairment 
and impaired mobility 

2.1. Bladder 
Understanding age-related changes in the bladder is 
complicated by a paucity of longitudinal data, variable 
definitions of “normal,” and use of potentially biased 
(and symptomatic) referral populations. It is difficult to 
isolate such factors as the role of decreased blood 
flow, poor voiding habits, comorbidity, central and pe-
ripheral nervous system innervation, and reflex pat-
terns as determinants of bladder function in older per-
sons. The research focus has been urodynamic func-
tion, neurohumoural responsiveness of detrusor 
smooth muscle, and ultrastructure. While the key role 
of the urothelium and afferent systems on micturition 
are increasingly appreciated (See Committee 2, Cell 
Biology; Committee 3, Neural Control; and Commit-
tee 4, Pathophysiology), there are only limited human 
data on urothelial changes with age. Urodynamic 
changes associated with age have typically included 
smaller voided volume, increased residual volume, 
smaller bladder capacity, and increased involuntary 
detrusor contractions (detrusor overactivity (DO)). 
Correlations with age are often small, suggesting that 
other factors are at least as important [90]. Urody-
namic findings may not relate to symptoms: in a uro-
dynamic study of community-based healthy persons 
over age 55, DO was found in 42% of continent 
women, one-third of whom were totally free of LUTS 
[89]. In another study, charts of 53 consecutive fe-
males over age 80 undergoing multichannel urody-
namics according to ICS standards were retrospec-
tively analysed. These elderly patients presented with 
LUTS, yet in 11% urodynamic studies were reported 
as being normal, with considerable other discordance 
between symptoms and urodynamic findings [91]. 
Nevertheless, in a cross-sectional study involving 
ambulatory, cognitively intact, community-dwelling 
older female volunteers, maximum urethral closure 
pressure, detrusor contraction strength, and urine 

flow rate all declined significantly with age, regardless 
of whether DO was present or not [92].  

The ability of the bladder to empty efficiently also de-
clines in healthy older men and women who have no 
evidence of bladder outlet obstruction (BOO) or sig-
nificant confounding disease [89, 93]. A variety of dif-
ferent risk factors associated both with ageing and 
common comorbid conditions may contribute to age-
related declines in detrusor contractile function, which 
may ultimately lead to detrusor underactivity [94, 95]. 
Decreased contractile function during voiding in older 
persons is associated with lower urine flow rates and 
a small increase in post voiding residual volume 
(PVR) (generally to < 50 ml) [94]. Even in men with 
BOO, an elevated PVR may reflect decreased blad-
der contractile function rather than obstructed voiding 
[95]. While some studies suggest a myogenic origin 
of impaired contractility, others suggest that impaired 
blood supply, with concomitant ischaemic-reperfu-
sion injury causing patchy denervation, leads to de-
creased contractility (see Committee 3, Neural Con-
trol). More recently, Smith highlighted the potential 
contribution of age- and disease-related declines in 
bladder afferent sensory activity in contributing to im-
paired voiding performance seen with detrusor under-
activity [96]. Incomplete bladder emptying from all 
such causes can reduce functional bladder capacity, 
and thereby contribute to the urinary frequency and 
nocturia common in frail older persons [94]. The re-
cent development of a model allowing continuous 
uroflow in mice has led to studies evaluating the im-
pact of normal aging on overall LUT performance [97, 
98]. While aging did not influence measures of detru-
sor expulsive strength, pre-contraction pressures, in-
tervoid intervals, per-void volumes and voiding flow 
rates all increased with aging [97]. Moreover, aged 
animals demonstrated a decreased homeostatic ca-
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pacity to respond to the challenge of continuous blad-
der filling, with indirect measures suggesting a role for 
decreased bladder volume sensitivity [97, 99].  

In human studies, the observation that bladder vol-
ume at the initial desire to void declines with age may 
be confounded by comorbid conditions and concur-
rent medications [100]. Furthermore, unlike the posi-
tive association between detrusor contraction 
strength and DO found in younger subjects, older 
adults demonstrate a decline in DO-associated detru-
sor contractile function [92] and detrusor contractility 
[101] . Moreover, many frail older persons with UI pre-
sent with a combination of DO on filling and poor con-
tractility during voiding, an association termed detru-
sor hyperactivity with impaired contractile function 
(DHIC) [62, 94, 102]. In such cases, the bladder con-
traction does not empty the bladder fully, leaving a 
large PVR otherwise not explained by BOO. Because 
DHIC symptoms can include urgency UI, stress and 
mixed UI, dribbling, frequency, and nocturia, they 
may be mistaken for other conditions. At the same 
time, DHIC may be mistaken for DO with normal con-
tractility because significant detrusor underactivity 
may be present in the absence of any relevant symp-
toms. Thus, while it is not possible to speak of precise 
cutoffs when differentiating between “normal” and 
“abnormal” PVR values, PVR assessments do pro-
vide crucial information into age- and disease-related 
alterations in overall LUT performance [103]. 

Ultrastructural studies demonstrate cellular changes 
associated with age-related changes in detrusor func-
tion. One series of such studies involved symptomatic 
and asymptomatic persons aged 65  - 96, using uro-
dynamic testing and electron microscopy of bladder 
biopsy specimens, which were read in a blinded fash-
ion using explicit protocols [104-107]. A consistent, 
one-to-one correlation between specific urodynamic 
findings and bladder ultrastructure was observed, alt-
hough there has been considerable debate about the 
veracity of these findings and they have not been re-
produced and have been disputed by the findings of 
a later study which found the ultrastructural changes 
described evenly distributed between normal women 
(n = 15) and women with detrusor overactivity (n = 22) 
[108].The small number of asymptomatic patients 
with no DO, normal contractility, and no obstruction, 
detrusor muscle fascicles were largely intact, with two 
distinctive ultrastructural findings that may be related 
to ageing alone: muscle cell membranes character-
ized by numerous “dense bands” and markedly de-
pleted caveolae, and slightly widened spaces be-
tween muscle cells with limited content of collagen 
and elastin. Depletion of caveolae may be related to 
de-differentiation of muscle cells, which could even-
tually result in the reversion of actively contractile 
cells to inactive, synthetically immature cells. A simi-
lar phenomenon has been reported in atherosclerotic 
blood vessels and postmenopausal myometrium, and 
may be related to reports of increased collagen in 
bladders from older women [104, 109]. Moreover, 
lack of oestrogen contributes to, and oestrogen re-

placement reverses, both caveolar depletion and de-
trusor fibrosis [110, 111]. Thus, both ageing and post-
menopausal decline in oestrogen levels may contrib-
ute to bladder muscle cell differentiation and contrac-
tile function [94].  

The natural history of these ultrastructural changes 
remains largely unknown. From the ultrastructural 
studies described above, a subset of 23 patients was 
followed longitudinally [112]. The previously observed 
one-to-one correlation between ultrastructure and 
function was maintained, but it was unclear whether 
urodynamic or ultrastructural changes occurred first 
in subjects who developed or had a change in LUTS. 
The pattern of dense-bands and non-disruptive mus-
cle cell degeneration varied over time: the DO with 
dysjunction pattern developed in some subjects, and 
impaired detrusor contractility and the corresponding 
degeneration pattern was observed to progress in se-
verity or develop. Other investigators have found sim-
ilar results but without the one-to-one correlation 
(e.g., see Brierly et al [113, 114]). Clearly, further 
work is needed understand the associations between 
changes in ultrastructure, urodynamic features and 
clinical syndromes.  

In addition to such alterations in ultrastructure, a vari-
ety of changes involving relevant nerve fibres, recep-
tors and signalling pathways have also been de-
scribed in bladder tissues from aged animals, and to 
lesser extent human biopsies. For example, with ag-
ing overall, sympathetic nerve fibre density may de-
crease [115, 116]. Bladder biopsies from older sub-
jects with normal urodynamic profiles typically show 
little or no evidence of axonal degeneration and the 
density of some CGRP-positive sensory nerves is 
maintained in old age, yet the impact of aging on 
other categories of sensory fibres or on motor fibres 
remains unknown [104, 115]. Examples of other 
changes include decreased contractility and calcium 
fluxes in response to cholinergic agonists or depolar-
ization [117]; increased responsiveness to adrenergic 
agonists with increased expression of the alpha 1D-
adrenergic receptor [116]; declines in phos-
phodiesterase 5 (PDE5) levels and possibly signaling 
[118]; as well as decreased P2X1 purinergic receptor 
expression [119]. Unfortunately, the interpretation 
and generalisability of these findings is often limited 
by a failure to include intermediate age-points which 
would allow investigators to distinguish changes at-
tributable to aging as opposed to maturational pro-
cesses [120, 121].  

More recent studies have suggested a role for de-
creased A2B receptor expression in lower ability of 
adenosine to relax the detrusor [122]. Also, use of 
permeabilised bladder muscle strips suggested that 
IP3-induced calcium release is primarily responsible 
for the contractions in older rats, thus aging-related 
decline in carbachol contractions may result from de-
creased calcium-induced calcium release rather than 
carbachol-induced calcium sensitisation [123]. The 
use oxidative stressors has shown that mechanisms 



 

 
URINARY INCONTINENCE  1319 

 

possible related to the TRPM8 (cold sensing TRP me-
lastatin 8) ion channel may compromise urothelial 
function in aged bladders [124]. Studies conducted 
with human bladder muscle strips suggested an age-
related increase in carbachol-mediated contraction 
via Rho Kinase pathways [125], associated with lower 
MLCK expression [126]. Finally, studies conducted in 
aged mice from a systems-based perspective 
demonstrated that an increase in neurogenic power 
during filling accompanies augmented centrally medi-
ated compliance enhancement with aging, thus sug-
gesting the existence of a bladder control model in 
which brain processes related to micturition may 
compensate for age-associated changes [127]. 

2.2. Urethra 
Due to their common embryological origin, the ure-
thra undergoes age-related mucosal and stromal 
changes like the vagina, and urethral changes in 
older women can be partially inferred from examina-
tion of vaginal tissue. Because of the difficulty of ob-
taining non-cadaveric urethral tissue, data on urethral 
smooth and striated muscle changes with age are 
complicated by confounding factors and definitions of 
controls. Urethral closure pressure decreases with 
age [128, 129]. Based on a sample of 82 women aged 
20-70, urethral closure pressure was found to de-
crease by 15 cmH2O per decade [130]. A number of 
anatomical and physiological changes may account 
for this decline. Mucosal thinning and lack of proteo-
glycans reduce urethral wall apposition; this also may 
contribute to retrograde movement of perineal bacte-
ria into the bladder causing urinary tract infections 
[131]. These mucosal changes may extend up to the 
bladder trigone, causing irritation of sensory afferent 
nerves, and possibly triggering DO [132]. The submu-
cosal venous plexus in the proximal urethra loses its 
corkscrew shape, the number and volume of arterial 
vessels decrease, and vascular pulsations lessen 
[133]. Several studies, using different measurement 
techniques, have shown that urethral vascular den-
sity and blood flow decrease with age, but not vascu-
lar flow velocity [134-136]. However, age explained 
only 9% of the variability in vascular density in one 
study [134], and none of the studies controlled for 
vascular risk factors such as hypertension and diabe-
tes. The relative importance of decreased vascular 
volume versus hypoxia on urethral functional integrity 
is unclear. Other alterations in the urethral stroma are 
increased volume of connective tissue, decreased ra-
tio of proteoglycans to collagen, and decrease in 
nerve density [137, 138].  

Cadaver studies suggest that the number and density 
of urethral striated muscle fibres decrease with age, 
especially in the ventral wall of the proximal urethra 
[139, 140]. These authors estimated that striated fi-
bres decrease by 1% per year. Large inter-individual 
variations were observed, with age and parity ac-
counting for only a small part of the variability, sug-
gesting that other yet to be defined factors are im-
portant. These studies also found that cross-sectional 

striated muscle fibre area decreased while fibre diam-
eter was preserved. Another cadaver study by the 
same group found that circular smooth muscle width 
was 25%-50% higher in younger women (aged 20-39 
years) than older (aged 70-89), and that younger 
women had higher fibre counts [141]. Smooth muscle 
loss in the older women correlated with loss of stri-
ated muscle in the anterior urethra. Moreover, a re-
cent study raised the possibility that TNF-alpha may 
contribute to age-related rhabdosphincter satellite 
cell death and muscle loss with aging [142]. Urethral 
sensation, measured as current perception thresh-
olds, was significantly higher in older women in two 
studies (by the same authors), one comparing 48 
asymptomatic women and 13 with urgency UI [143], 
and another in asymptomatic women [132]. The au-
thors concluded that age-related LUT sensory neu-
ropathy could contribute to the higher prevalence of 
overactive bladder (OAB) symptoms with age; how-
ever, urethral sensation thresholds were higher in 
women with urgency UI when controlled for age and 
parity [143], and the “asymptomatic” older women 
may have had urodynamic DO [132].  

With age, the urethral meatus generally moves to-
ward the vaginal introitus, and may be difficult to see 
if there is considerable introital stenosis. Caruncles -
benign violaceous soft swellings-often appear at the 
meatus, and are not problematic unless they cause 
discomfort or obstruction. Urethral diverticula can be 
a diagnostic challenge, especially in older women, 
because the symptoms (dysuria, pain, UI, frequency, 
urgency, dyspareunia) may be attributed to postmen-
opausal changes, age, OAB, or urgency UI [144]. Di-
verticula should be considered in women who have 
repeatedly failed “conventional” UI treatment. Diag-
nosis requires imaging by voiding cystourethrogra-
phy, ultrasound, or magnetic resonance scans. Ure-
thral obstruction is relatively uncommon in older 
women, and is nearly always secondary to other LUT 
dysfunction (e.g., pelvic organ prolapse) or is iatro-
genic (from LUT/pelvic surgery or radiation. In men, 
age-related decrease in striated sphincter muscle cell 
density occurs as well, [145, 146] and has been as-
sociated with increased muscle cell apoptosis [145]. 
While some investigations describe an increase in 
resting prostatic urethral pressure with age, [147] oth-
ers note the increase occurs only to the sixth decade 
then subsequently decreases, along with a shorten-
ing of sphincteric urethral length [148]. These dis-
crepancies may reflect differences in prostate volume 
and morphology.  

2.3. Pelvic floor 
Pelvic floor changes in normal older men have not 
been well studied. In women, the effect of age on pel-
vic floor structure and function is difficult to differenti-
ate from the effects of hormonal status and parity 
[149]. A number of studies are cross sectional rather 
than longitudinal, and focus on symptomatic women. 
For example, a questionnaire study of over 4,000 
community women aged 25-84 found no association 
between age and stress UI (SUI), OAB, or anal UI, 
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after adjustment for obesity, birth history, meno-
pause, and hormone use [150]. Similarly, in a random 
sample of 343 Austrian women aged 18-79 years, im-
paired pelvic muscle contraction (graded by the Mod-
ified Oxford Scale) was weakly associated with parity 
and body mass index but not age [151]. In contrast, a 
study combining an interview, physical exam and 
transperineal ultrasound identified age as a weak (r = 
-0.25) but statistically significant predictor of pelvic 
muscle weakness and levator ani morphometry even 
after controlling for obvious confounders [152]. A re-
cent MRI study was able to distinguish distinct pat-
terns of change in pelvic support in women with stress 
as opposed to mixed urinary incontinence[153]. Evi-
dence of denervation and changes in pelvic striated 
muscle fibre number, type, and diameter have been 
found in asymptomatic and nulliparous women (see 
Committee 2, Cell Biology). For example, in a sample 
of 82 nulliparous women, neither levator function 
(measured by resting vaginal closure force and aug-
mentation of vaginal closure force) nor pelvic organ 
support (on pelvic exam) showed an association with 
age [154]. A histomorphometric study, using levator 
ani muscle from 94 female cadavers (aged 15-58), 10 
male cadavers (aged 23-35), and 24 women under-
going pelvic surgery, found that myogenic cell dam-
age was associated with both parity and age (</> age 
35), but there was no difference between nulliparous 
women, men, and women with pelvic organ prolapse 
and/or UI [155]. Total collagen content in pelvic mus-
cle and fascia declines with age, with increased 
cross-linking and decreased elasticity, [156] but this 
association does not imply a direct causative effect of 
“ageing.” Constipation may independently contribute 
to pelvic floor dysfunction in older women [157, 158]. 

2.4. Vagina 
The prevalence of age-related changes in the vagina 
varies with hormonal status, coexistent vascular dis-
ease, and the continuation or lack of sexual activity 
[159]. The postmenopausal decrease in oestrogen 
plays a part in many age-associated vaginal changes. 
Oestrogen is trophic for much of the LUT in women, 
with oestrogen receptors found in the vagina, vesti-
bule, distal urethra, bladder trigone, pelvic muscles, 
and ligamentum rotundum [160]. Yet, as the 
Women’s Health Initiative trial has shown, one cannot 
assume that the association between low oestrogen 
levels and physiological changes implies that hor-
mone replacement will reverse these changes, re-
store function, or reduce symptoms [161, 162]. More-
over, the data are equivocal whether and how LUT 
oestrogen receptors change in number, density, or 
function with age [133]. 

Following menopause, the vaginal epithelium loses 
the majority of its superficial and intermediate layers. 
Mucosal thinning may be associated with inflamma-
tion, evident as erythema, telangiectasia, petechiae, 
friability, and erosions. This may be responsible for 
urgency and frequency in some frail elderly women. 
In addition, there is loss of epithelial glycogen and lu-
brication, and mucosal pH increases from 4.5-5.5 to 

7.0-7.4 [163]. These changes can lead to loss of nor-
mal adherent flora (lactobacillus), colonisation with 
pathogenic organisms such as E. coli and entero-
cocci, and the observed increase in bacteriuria and 
recurrent symptomatic urinary tract infections (UTIs) 
in older women [164]. 

Vaginal blood flow, which is important for mucosal in-
tegrity and submucosal fullness, decreases with age. 
Whether this is oestrogen-related, and/or due to con-
comitant vascular disease is not known. Collagen and 
lipofuscin deposition in the stroma increases, and 
may be accompanied by invasion by lymphocytes 
and plasma cells [164]. The combined epithelial and 
stromal changes are associated with vaginal wall 
thinning and flattening of rugae [160]. The vaginal 
vault may shorten and narrow, and the introital open-
ing decrease (and in severe cases become stenotic), 
which may make vaginal examination, intercourse, 
and use of pessaries difficult. However, it is not clear 
that vaginal shortening is clinically relevant: in one 
case series of over 3,000 women attending a general 
clinic, total vaginal length decreased by only 0.08 cm 
every 10 years [165]. Vaginal shape also may be al-
tered by POP. Because of the multiple potential con-
founding factors discussed above, a causal relation-
ship between urogenital atrophy and urogenital 
symptoms/LUTS should not be automatically as-
sumed. Very few randomised trials of oestrogen (oral 
or topical) for urogenital symptoms include women 
over age 75, use patient-defined outcomes in addition 
to physiological measures, or evaluate quality of life 
outcomes [166]. There are insufficient data to provide 
an evidence-based approach to symptomatic urogen-
ital atrophy in older women. Oral oestrogen should 
not be used, but expert opinion supports topical oes-
trogen treatment (cream, intravaginal tablets, or oes-
trogen-impregnated pessary-like ring). The validation 
of vaginal self-swab collection specimen collection of-
fers new opportunities for extending relevant ques-
tions to epidemiological studies of older women living 
in the community [167]. Nevertheless, despite all re-
ported biological changes, aging did not interfere with 
the ability of fibroblasts obtained from older women 
with prolapse to be successfully reprogrammed [168]. 

2.5. Prostate 
Histological benign prostatic hyperplasia (BPH) is 
strongly age-related [169], and may lead to prostate 
enlargement (BPE) and outlet obstruction (BOO). 
While many LUT changes in women are associated 
with lower oestrogen levels, BPH results from the de-
velopment of an oestrogen-predominant hormonal 
milieu in the prostate. The trophic prostatic androgen, 
dihydrotestosterone, is formed by the 5-α reduction of 
testosterone. Dihydrotesterone levels decrease with 
age, while oestradiol concentrations increase in the 
prostate stroma and remain constant in epithelial tis-
sues, leading to an increase in the oestradiol/dihydro-
testerone ratio and promoting stromal proliferation 
[170, 171]. Epithelial hyperplasia in turn is mediated 
by an array of stromal factors [172].  
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Histological BPH occurs in nearly 80% of men by age 
eighty [169]. Mean prostate volume increases with 
age but is very variable; its strongest predictor is pros-
tate specific antigen level of >1.4-2 ng/mL [173]. 
LUTS in men increase linearly over time, with the fast-
est increase during the seventh decade, such that by 
age 80 approximately one-third of men have received 
treatment for moderate to severe LUTS [174]. Natural 
history studies and randomized intervention trials, 
however, consistently demonstrate that symptomatic 
progression of benign prostate disease is not inevita-
ble. LUTS remit in about one-third of symptomatic 
men without treatment [175]. Approximately one-third 
to one-half of affected men develops DO. Thus, even 
in the presence of demonstrable BPE and/or BOO, 
the aetiology of LUTS is multifactorial, making pros-
tate-related LUTS in older men a diagnosis of exclu-
sion. Nevertheless, age-stratified normative values 
for prostate volume, PSA level, as well as indicators 
of clinical symptoms, quality of life measures and uro-
dynamic parameters may help in such decisions 
[176]. 

Although most patients are asymptomatic at the time 
of prostate cancer diagnosis, this is another possible 
cause of LUTS, including urgency UI, in older men. 
However, evaluation for prostate cancer in frail el-
derly men is rarely if ever indicated, given the high 
likelihood of limited remaining life expectancy.  

The evidence as to whether prostatic inflammation, 
either acute or chronic, contributes to urinary reten-
tion and LUTS in frail older men is contradictory. In a 
single institution case series of 374 men undergoing 
TURP for acute urinary retention (AUR) or LUTS, 
pathological evidence of acute inflammation was sig-
nificantly more common men presenting with AUR 
than LUTS (70% vs. 45%) [177]. However, in a much 
smaller case series of 70 men presenting with AUR, 
there was no association between inflammation from 
prostate infarction and AUR [178]. Nevertheless, a re-
cent study demonstrated phenotypic changes and an 
increased differential expression of a variety of genes 
involved in inflammation and oxidative stress within 
glandular adjacent stroma microdissected from 
young and aged mouse prostates [179]. Such 
changes may play a role in promoting the develop-
ment of BPH, BPE and cancer in aged prostates 
[180]. However, recent studies conducted using both 
human tissues and animal models support the hy-
pothesis that senescence-associated inflammatory 
pathways contribute to the pathogenesis of BPH 
[181].  

2.6. Other changes 
The role of various neurotransmitters in the central 
and peripheral nervous system in UI is under active 
investigation (see Committee 2, Cell Biology). Never-
theless, age-related changes in the actions of these 
neurotransmitters, their receptors, or the cellular 
events they stimulate may contribute to the develop-
ment of UI in frail older persons. 

The prevalence of both asymptomatic bacteriuria and 
UTIs increase with age [182], and the two are often 
found together in frail older persons. Age-related 
changes in immune function, vaginal epithelium, fae-
cal incontinence, and insufficient hygiene related to 
disability, cognitive impairment, and/or lack of care-
takers may predispose the frail elderly to bacteriuria 
and recurrent UTIs. However, the role of otherwise 
asymptomatic bacteriuria (often found in association 
with pyuria) [183], in the aetiology of UI in frail elderly 
people remains unclear [184]. Treating otherwise 
asymptomatic bacteriuria in frail elderly patients with 
chronic, stable UI does not, in general, reduce UI se-
verity [185]. UTI symptoms may be subtle and non-
specific in this population, and include worsening of 
UI, delirium in patients with dementia, or a minor but 
important decline in functional ability [185]. At the 
same time, current consensus criteria for UTI are 
poorly sensitive and only moderately specific for UTI 
in frail elderly. In a prospective cohort of 340 nursing 
home residents, in which UTI was defined as pyuria 
(>10 white cells) with >100,000 colony forming units 
on culture, the McGeer, Loeb, and revised Loeb UTI 
criteria had sensitivities of only 19-30% and specifici-
ties of 79-89% [186]. 

2.7. Role of biological aging mechanisms in 
ageing and disease-related alterations 
in lower urinary tract function. 

In recent years, there has been a tremendous growth 
in our knowledge in the basic biological mechanisms 
that drive aging processes at the level of organisms, 
systems, organs and individual cells [187-189]. This 
has led to the emergence of two major concepts 
within the recently-established field of Geroscience 
[187-189]. First, it has been proposed that interven-
tions designed to target multiple mechanisms which 
are known to contribute to biological aging, would 
have the capacity to prevent or slow the impact of ag-
ing on clinically-relevant physiological mechanisms. 
To that end, the recent observation that dietary re-
striction in rats reduces aging-related declines in LUT 
function together with increases in inflammatory 
mechanisms, suggests that such interventions could 
represent a promising direction for future research. 
Conversely, a number of aging changes involving the 
LUT appear to be augmented in a mouse model of 
accelerated senescence [190]. 

Second, the concept of Geroscience suggests that 
since aging represents the predominant risk factor for 
many chronic diseases such as atherosclerosis, can-
cer, dementia and others, such chronic diseases are 
also likely to share common mechanisms with both 
aging and each other; and therefore strategies de-
signed to target such pathways would have the po-
tential to delay the onset of such chronic diseases, 
thus enhancing function, independence and health 
span in older adults [187-189]. Although there is 
growing evidence that atherosclerosis and other 
forms of aging-related cardiovascular dysfunction 
[191, 192], contribute to declines in LUT function and 
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symptoms in old age, from the perspective of mecha-
nisms this hypothesis remains to be explored in the 
context of genitourinary aging. 

3. FACTORS OUTSIDE THE LOWER 
URINARY TRACT CAUSING OR 

CONTRIBUTING TO URINARY 
INCONTINENCE 

A hallmark of UI in the frail elderly population is the 
wide variety of factors and conditions outside the 
lower urinary tract that can cause or contribute to 
leakage (Table 2). 

Table 2.  Comorbid conditions that can cause or contribute to UI in frail elderly persons 

Conditions Comments Implications for Management 

Comorbid medical illnesses 
Diabetes mellitus 
 
 
 
 
 
Degenerative joint disease 
 
 
Chronic pulmonary disease 
 
 
 
Congestive heart failure 
Lower extremity venous 
insufficiency 
 
 
 
 
Sleep apnoea 

 
Poor control can cause polyuria 
and precipitate or exacerbate 
incontinence; also associated 
with increased likelihood of 
urgency incontinence and 
diabetic neuropathic bladder 
Can impair mobility and 
precipitate urgency UI 
 
Associated cough can worsen 
stress UI 
 
 

Increased night-time urine 
production at night can 
contribute to nocturia and UI 
 
 
 
 
 
May increase night-time urine 
production by increasing 
production of atrial natriuretic 
peptide 

 
Better control of diabetes can reduce 
osmotic diuresis and associated 
polyuria, and improve incontinence 
 
 
Optimal pharmacological and non- 
pharmacological pain management 
can improve mobility and toileting 
ability Cough suppression can reduce 
stress 
incontinence and cough-induced 
urgency UI 
optimising pharmacological 
management of congestive heart 
failure, sodium restriction, support 
stockings, leg elevation, and a late 
afternoon dose of a rapid acting 
diuretic may reduce nocturnal polyuria 
and associated nocturia and night-time 
UI 
Diagnosis and treatment of sleep 
apnoea, usually with continuous 
positive airway pressure devices, may 
improve the condition and reduce 
nocturnal polyuria and  associated 
nocturia and UI 

Severe constipation and faecal 
impaction 

Associated with “double” 
incontinence (urine and faecal) 

Appropriate use of stool softeners 
Adequate fluid intake and exercise 
Disimpaction if necessary 

Neurological and psychiatric 
conditions 
Stroke 
 
 
 
 
 
 
 
Parkinson’s disease 
 
 
 
 
 
 
 
 
Normal pressure hydrocephalus 
 
 

 
 
Can precipitate urgency UI and 
less often urinary retention; also 
impairs mobility 
 
 
 
 
 
Associated with urgency UI; also 
causes impaired mobility and 
cognition in late stages 
 
 
 
 
 
 
Presents with UI, along with gait 
and cognitive impairments 
 

 
 
UI after an acute stroke often resolves 
with rehabilitation; persistent UI should 
be further evaluated 
Regular toileting assistance essential 
for those with persistent mobility 
impairment Optimising management 
may improve mobility and improve UI 
 
Regular toileting assistance essential 
for those with mobility and cognitive 
impairment in late stages 
Patients presenting with all three 
symptoms should be considered for 
brain imaging to rule out this condition, 
as it may improve a ventricular-
peritoneal shunt 
Regular toileting assistance essential 
for those with mobility and cognitive 
impairment in late stages 
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Conditions Comments Implications for Management 

 
 
 
Dementia (Alzheimer’s, multi- infarct, 
others) 
 
 
 
 
Depression 

 
 
 
Associated with urgency UI; 
impaired cognition and apraxia 
interferes with toileting and 
hygiene 
May impair motivation to be 
continent; may also be a 
consequence of incontinence 

Optimising and phamacological 
management of depression may 
improve UI 

Medications See Table 3 Discontinuation or modification of drug 
regimen 

Functional impairments 
Impaired mobility  
Impaired cognition 

Impaired cognition and/or 
mobility due to a variety of 
conditions listed above and 
others can interfere with the 
ability to toilet independently and 
precipitate UI 

Regular toileting assistance essential 
for those with severe mobility and/or 
cognitive impairment 

Environmental factors 
Inaccessible toilets Unsafe toilet 
facilities Unavailable caregivers for 
toileting assistance 

 
Frail, functionally impaired 
persons require accessible, safe 
toilet facilities, and in many 
cases human assistance in 
order to be continent 

 
Environmental alterations may be 
helpful; supportive measures such as 
pads may be necessary if caregiver 
assistance is not regularly available 

UI = urinary incontinence 

3.1. Medications 
The risk of difficulty controlling urination in community 
dwelling older women taking medications with LUT 
effects was about 30% higher compared to those who 
did not take such medications (OR 1.31 CI 1.05-1.21). 
This did not occur in men [193]. Overall 20.5% of 
these women reported incident incontinence at Year 
4(3 years from baseline).  Several studies have impli-
cated alpha blockers as causing urinary incontinence 
in women with an adjusted OR of 4.98 [194, 195] and 
increasing to OR 8.81  in conjunction with loop diuret-
ics [196]. Oestrogens have been shown to increase 
risk of incontinence in women OR 1.6 to 2.0. [195, 
197] A wide range of medications have been impli-
cated in causing urinary incontinence with varying de-
grees of evidence [198]. There has even been a case 
report of hydroxychloroquine causing urinary inconti-
nence [199]. A retrospective analysis of drug dispens-

ing data in a Japanese cohort found that polyphar-
macy was associated with the use of medications 
known to contribute to urgency [200]. Similarly, a Ca-
nadian cross-sectional study identified a strong asso-
ciation (OR 4.9, 95%CI 3.1-7.9) between polyphar-
macy, defined as 5 or more medications, and the pre-
scription of a medication known to cause LUTS [201]. 
However, there is little evidence that polypharmacy in 
the absence of drugs that cause incontinence has an 
impact on the lower urinary tract, and it is likely that 
the association between polypharmacy and urgency 
relates to the fact that the more drugs an individual is 
prescribed, the higher the odds that one of them will 
be a drug known to induce urgency. Elderly patients 
commenced on new treatments should be monitored 
for changes in urinary symptoms. Many classes of 
medications commonly prescribed for the frail elderly 
can cause or contribute to the development of UI (Ta-
ble 3). 

Table 3.   Medications that can cause or contribute to UI in frail elderly persons 

Medications Effects on Continence 

Alpha adrenergic agonists Increase smooth muscle tone in urethra and prostatic capsule 
and may precipitate obstruction, urinary retention, and related 
symptoms 

Alpha adrenergic antagonists Decrease smooth muscle tone in the urethra and may 
precipitate stress urinary incontinence in women 

Angiotensin converting enzyme inhibitors Cause cough that can exacerbate UI 
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Medications Effects on Continence 

Anticholinergics May cause impaired emptying, urinary retention, and 
constipation that can contribute to UI.  May cause cognitive 
impairment and reduce effective toileting ability. 

Calcium channel blockers May cause impaired emptying, urinary retention, and 
constipation that can contribute to UI. 
May cause dependent oedema which can contribute to 
nocturnal polyuria 

Cholinesterase inhibitors Increase bladder contractility and may precipitate urgency UI 

Diuretics Cause diuresis and precipitate UI 

Lithium Polyuria due to diabetes insipidus 

Opioid analgesics May cause urinary retention, constipation, confusion, and 
immobility,  all of which can contribute to UI 

Psychotropic drugs Sedatives Hypnotics 
Antipsychotics 
Histamine1 receptor antagonists 

 
May cause confusion and impaired mobility and precipitate UI 
Anticholinergic effects Confusion 

Selective serotonin re-uptake inhibitors Increase cholinergic transmission and may lead to urinary UI 

sodium-glucose cotransporter 2 (SGLT2) 
inhibitor 

Glycosuria and polyuria, increased propensity to urinary tract 
infection 

Others 
Gabapentin Glitazones 
Non-steroidal anti-inflammatory agents 

 
Can cause ooedema, which can lead to nocturnal polyuria and 
cause nocturia and night-time UI 

UI = urinary incontinence 

3.2. Comorbid conditions and functional 
impairment 

Urinary incontinence is more prevalent in the frail el-
derly, is associated with cognitive impairment, de-
creased mobility and decreased levels of physical ac-
tivity and reduced quality of life.  

In a group of subjects with Medigap insurance Ad-
vancing age has been associated with an increase 
in the prevalence of urinary incontinence (37.5% in 
5530 subjects). Comorbidities associated with uri-
nary incontinence including arthritis of the hip or 
knee (Relative Risk Ratio (RRR) = 1.21, P\0.001), ar-
thritis of the hand or wrist (RRR = 1.15, P = 0.001), 
stroke (RRR = 1.18, P = 0.078), other heart conditions 
(RRR = 1.19, P\ 0.001), and having any cancer (RRR 
= 1.13, P = 0.0020). Obesity and being overweight 
increased the likelihood of having UI (RRR = 1.32, 
P\=0.001 and RRR = 1.14, P = 0.0013, respectively), 
compared with being at normal weight. Incontinence 
remained a significant predictor of lower quality of life 
[202].                                                             

The prevalence of urinary incontinence (UI) is in-
creased in the presence of frailty. The elderly are 
prone to frailty and commonly have co-morbid med-
ical illnesses. In a large population-based observa-
tion study UI (defined as use of pads) was inde-
pendently associated with one or more other ger-
iatric conditions (cognitive impairment, injurious 
falls, dizziness, vision impairment, hearing impair-
ment) in 60%, two or more conditions in 29% and 

three or more in 13% [203]. Elderly subjects with uri-
nary incontinence had a 2.9 fold greater chance of 
becoming more frail over a 12 month period than 
those without incontinence (p=0.007) [204]. 

In a sample of 572 older Latinos participating in a 
programme to increase walking, medical comorbidity 
was independently associated with higher rates of UI 
(OR 1.66). More physical activity was independently 
associated with lower UI (Odds Ratio (OR) 0.77). Hy-
pertension, congestive heart failure, arthritis, depres-
sion and anxiety were associated with a higher preva-
lence of UI. A linear correlation was found between 
prevalence of UI and the number of comorbid condi-
tions. (correlation coefficient =0.81)  [205]. 

In an observational study of 6,361 community dwell-
ing women, aged 65 and older, participating in the 

study of Osteoporotic Fractures, after adjusting for 
confounders, women with recent physical function 
decline (a worsening of 1 standard deviation from 
baseline) were more likely to report weekly incon-
tinence (OR 1.3) for decline in walking speed over 
6 meters and (OR 1.4) f o r  d ec l i n e  to stand from 
sitting [206]. The Nurses’ Health Study found that  
moderate-intensity l o w  i m p a c t  physical activity 
including walking resulted in a 20-25% reduction in 
the risk of developing UI in older women particularly 
stress rather urge incontinence [207]. Factors as-
sociated with persistent UI were similar to those as-
sociated with increasing incidence including lower 
physical activity levels. The strongest factors for 
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persistent UI were older age, white race and obe-
sity [208]. Likewise, impaired cognition is associated 
with an increased likelihood of UI. For  example in a 
UK cross-sectional survey of over 15,051 subjects, 
persons with cognitive impairment (Mini Mental 
State Exam score <= 23, prevalence 18%) were sig-
nificantly more likely to have UI (adjusted OR 1.3), 
impaired hearing (OR 1.7), poor vision (OR 1.7) have 
had at least two falls in the previous six months (OR 
1.4), and report poorer health (OR 1.9) [209]. 

The Jerusalem Cohort Longitudinal study assessed 
the same community dwelling subjects at age 70, 78 
and age 85. Urinary incontinence increased from 
14.1% to 31.3% and to 42.5% at age 85. This was 
associated with an increase in comorbidity and Charl-
son’s disability index of 7.3, 11.7 and 21.7 respec-
tively and increase in geriatric syndromes [210]. 

A study of 6903 participants (mean age 82.2) in Eu-
rope and Ontario receiving home care services iden-
tified an increase in Geriatric syndromes (GS) in the 
presence of associated diseases. Participants pre-
sented with an average of 2.6 diseases and 2 GS. 
Urinary incontinence was present in 47% [211]. A 
study of 270 subjects aged 65 to 89 reported 26.3% 
moderate or severe urinary incontinence in the pre-
ceding 12 months in 3 groups:  frailty (7.4%), pre-frail 
(45.9%) and non-frail (46.7%) . In a second sample of 
300 frail subjects aged 90 to 107, 37.4% reported 
moderate or severe incontinence. Incontinent sub-
jects were 6.5 times more likely to be in the frail group 
and 2.3 times in the pre-frail with respect to continent 
subjects. The authors concluded that UI was a marker 
of frailty [212]. In a cross sectional study of 521 com-
munity Brazilian elderly > 60 years were assessed for 
the association between frailty and geriatric syn-
dromes. Subjects were classified as frail, (>= 3 crite-
ria) pre-frail (1 or 2 criteria) or robust elderly. Uri-
nary/faecal incontinence occurred in 23.7%,12.8% 
and 9.2% respectively. The commonest Geriatric syn-
drome was cognitive impairment. In this study there 
was no association between incontinence and frailty 
[213]. A study of 447 community dwelling nursing 
home eligible elderly with diabetes found a preva-
lence of urinary incontinence of 44%. Older age, de-
pendence on others for ambulation or transferring 
and cognitive impairment were associated with UI 
[214]. 

Comorbid conditions can affect incontinence 
through multiple mechanisms e.g. diabetes melli-
tus, present in approximately 15-20% of frail elderly 
may cause UI by diabetes associated LUT dysfunc-
tion (DO, OAB, cystopathy and incomplete bladder 
emptying) or by poor diabetic control (hyperglycae-
mia causing osmotic diuresis and polyuria). The 
Nurses Health Studies, NHS and NHS II [215] 
showed an increase in weekly urgency incontinence 
(OR 1.4) in women with type 2 diabetes compared 
to those without. Findings from the NHANES 2001- 
2002 Survey showed that prevalence of UI was sig-
nificantly higher in women with impaired fasting glu-
cose and diabetes mellitus compared to those with 

normal fasting glucose. Two microvascular compli-
cations caused by diabetes, peripheral neuropathic 
pain and macroalbuminuria, were positively but not 
statistically significantly associated with weekly UI 
[216]. In diabetic women, peripheral neuropathy 
have been significantly associated with LUTS and 
metabolic syndrome has been associated with OAB 
[217].  In a younger population of mean age 59 years, 
the Diabetes and Aging Study found the prevalence 
of occasional urinary incontinence to be over 65%. 
HbA1C level was not associated with the presence or 
absence of urinary incontinence. Women with HbA1C 
.=> 9% had more limitations in daily activity due to 
incontinence, defined as self-reported “quite a bit” or 
“extremely” in the preceding 12 months compared to 
women with HBA1C < 6% [218]. Higher glycated hae-
moglobin levels have been associated with increased 
symptoms of OAB [219]. 

Incontinence impairs quality of life (QOL) in the el-
derly [220].  In a cross sectional study of 1124 sub-
jects over 70, (mean age 79.5 years) urinary inconti-
nence prevalence was 18% and the severity of UI in-
creased with age.  UI was more common in women, 
and was associated with worse self-reported health. 
Incontinent subjects were more likely to require assis-
tance with ADLs, had more depressive symptoms 
and worse physical performance. Increasing severity 
of incontinence was negatively associated with QOL 
as measured by the Short Form-36 [221]. 

3.3. Neurological & psychiatric disorders 

3.3.1 Neurological disorders 
A more detailed summary of neurological disorders 
and their impact on UI is covered in the Chapter on 
Specific Neurological  Diseases.  Neurological and 
psychiatric disorders are highly prevalent in frail older 
people. Neurological conditions in the elderly com-
monly associated with urinary incontinence include 
stroke, Alzheimer’s dementia (AD), multi-infarct de-
mentia or mixed AD and vascular dementia, Diffuse 
Lewy Body (DLB) disease and Parkinson’s disease. 
Less common conditions include Normal Pressure 
Hydrocephalus (NPH), Progressive Supranuclear 
Palsy (PSP) and  Multiple System Atrophy (MSA).  
Each of these conditions are associated with the de-
velopment of brain lesions that can interfere with the 
micturition pathway and interfere with the normal abil-
ity to inhibit voiding as well as affecting cognition. 
These conditions are associated with impaired mobil-
ity and can interfere with the ability to toilet inde-
pendently.  

In Alzheimer’s disease, UI is often associated with se-
vere cognitive decline whereas in DLB it usually pre-
cedes severe cognitive impairment.  Occurrence of UI 
was significantly earlier 3.2y in DLB compared with 
5.9y in AD [222]. NPH should be a diagnostic consid-
eration in any frail older patient who presents with 
new onset of UI in association with gait disturbance 
and cognitive impairment. A subset of these patients 
benefits from surgical implantation of a cerebrospinal 
fluid shunt [223]. 
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LUTS, UI and urodynamic DO are common in older 
persons with Parkinson’s disease. A logistic regres-
sion analysis of 3414 Parkinson’s disease patients 
found a significant correlation of orthostatic hypoten-
sion and urinary incontinence with age and duration 
of the disease. The presence of UI in persons with 
Parkinson’s may in turn increase their risk for disabil-
ity: in one series of patients with Parkinson’s UI in-
creased the risk of falling by nearly six-fold. Urinary 
symptoms often non-responsive to L Dopa therapy 
[224]. MSA presents with a combination of impaired 
autonomic function,  parkinsonism (MSA-P) or cere-
bellar ataxia (MSA-C) or both [225]. It  frequently be-
gins with bladder dysfunction and  erectile dysfunc-
tion in males and is associated with bladder symp-
toms of DO, often  progressing to incomplete empty-
ing.  High  PVR may help in pointing to a diagnosis of 
MSA-P rather than Parkinson’s disease [226]. 

With the introduction of magnetic resonance brain im-
aging into routine clinical practice, radiology reports 
in older patients have increasingly emphasised the 
presence of structural abnormalities involving the 
white matter [227]. Terminology has also undergone 
a great change, moving away from subcortical ather-
osclerotic encephalopathy (Binswanger’s disease, a 
specific and relatively rare form of dementia), towards 
leukoaraiosis [228] and, most recently, to the concept 
of white matter signal abnormalities (WMSA) [227, 
229]. Brain MRI identified subjects with leukoaraiosis 
as more likely to have urinary dysfunction which may 
precede cognitive impairment particularly in grade 1 
disease [230].  White matter hyperintensities (WMH) 
have been linked to severity of incontinence rather 
than to its presence [231]. The disorder of bladder 
control resulting from white matter disease (WMD) 
has been termed vascular incontinence [232]. WMH 
load appears to progress in association with ageing 
and the amount of frontal WMH are predictive of  uri-
nary incontinence in amnestic mild cognitive impair-
ment and AD [233]. 

White matter lesions were found to be a more signifi-
cant contributor to OAB and incontinence than AD in 
the  elderly [234]. 

3.3.2 Depression 
As in younger persons, frail older persons with UI 
have a higher risk of depression, a finding that has 
been replicated across cultures.  Depression in older 
persons with UI may be under-diagnosed and under-
treated: in one study of homebound adults with UI and 
severe depression, only 35% carried a previous diag-
nosis of depression and only 34% had been pre-
scribed an antidepressant [235].  UI may add to the 
burden of depression by decreasing life satisfaction 
[236] and self-rated health, [237] and by its associa-
tion in frail elders with comorbidity [238]. 

Studies of the association of depression and UI in 
older persons are consistent across several depres-
sion measures.  The validated Center for Epidemio-
logic Studies-Depression was used in two U.S. stud-

ies: a cross-sectional analysis of nearly 10,000 com-
munity-based persons found an adjusted risk ratio for 
depression with UI 1.39 [95% CI 1.24, 1.55]), [239]. A 
large community-based study of older Mexican Amer-
icans reported adjusted OR for depression 1.94 [95% 
CI 1.46-2.59]) [240]. The emotional disturbances and 
social isolation subscales of the Nottingham Health 
Profile Questionnaire was associated with urgency 
but not stress incontinence [241] and have included 
studies in Asia [242].  Although no association be-
tween UI and depression was found in a Korean study 
of 135 community living elderly aged greater than 85 
years, it used a higher cut-off (>7)  on the Geriatric 
Depression Scale and, unlike many other studies, 
found no association between UI and mobility [243]. 
Self-report of depression or sadness has [244],[245] 
and has not been associated with UI [246]. 

3.3.3 Psychological distress and quality of 
life 

Psychological distress, assessed by the General 
Health Questionnaire, was associated with UI in Afri-
can Americans (adjusted OR 5.60 [95% CI 1.88–
16.67]), but not in whites, in a cross-sectional study 
of community based older persons with mean age 
67y. However, a longitudinal analysis of the same 
population over 13 years found that persons with UI 
and psychological distress were more likely to report 
UI-specific functional impairment (e.g., avoidance of 
social activities, shopping, and physical activities) 
(adjusted OR 6.55 [95% CI 1.94-22.12]).  Addition-
ally, persons with UI and condition-specific functional 
loss were more likely to develop psychological dis-
tress (OR 3.66 [95% CI 1.61–8.33]) [247, 248]. 

The EpiLUTs a large cross-sectional internet study 
showed significant impairments in mental health and 
HRQOL when different urinary symptoms were com-
bined [249, 250]. The US sample of the EpiLUTS 
study involving 2485 men and 2877 women aged 65 
and older found OAB was associated with significant 
impairment in HRQOL.  Rates of Anxiety of >7 on   
HADS-A were 16.4% for men and 23.6% for women 
with OAB compared to 3.3% and 8.6% with minimal 
or no symptoms.  Similarly rates for depression on the 
HADS-D were 17.3% and 15.7% for OAB compared 
to 4% and  6.4% in those with no or minimal  symp-
toms [251]. 

A case controlled study of 100 elderly men attending 
a Urology outpatients matched with 100 age matched 
controls from the community and Geriatric outpatient 
clinics found those with moderate to severe LUTS 
had worse HRQOL.  This was evident in a number of  
ageing male symptoms including depression, decline 
in feelings of general well-being, decreased sexual 
performance, decreased muscle strength [252]. 

The direction of the causal relationship between UI 
and depression in frail persons is unclear, as nearly 
all studies were cross-sectional.  The results of the 
one longitudinal study suggested that it is not UI itself 
but UI-specific functional loss (e.g., avoidance of so-
cial activities, attending church, etc.) that is most 
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closely associated with psychological distress, even 
after controlling for important covariates [235]. 

3.3.4 Falls 
Urinary urgency and urinary incontinence, urinary fre-
quency, and nocturia have been identified repeatedly 
as risk factors for falls among community-dwelling older 
adults [253-259]. Mixed incontinence (a combination of 
urgency and stress incontinence) has also been asso-
ciated with falls risk in women 70 years and older [260]. 
Brown and colleagues [259] performed a secondary 
analysis of data from an osteoporosis cohort study, 
examining a group of 6049 community-dwelling older 
women using regular self-completed questionnaires 
sent to all participants every four months. In this co-
hort, followed for an average of three years, those 
with at least one weekly UUI episode were more likely 
to fall (OR 1.26, 95%CI 1.14-1.40) than those without. 
Weekly UUI was also associated with higher odds of 
sustaining a non-spinal fracture (hazard ratio 1.34 
95%CI 1.06-1.69). In this study, stress incontinence 
was not associated with higher odds of falling (Odds 
ratio (OR) 1.06, CI 0.95-1.19) or sustaining a fracture 
(relative hazard 0.98, CI 0.75-1.28).  

Analysis of the Concord Health and Ageing in Men 
Project, a longitudinal study of community-dwelling 
men in Australia followed 1090 men over a period of 
2 years. Here, the presence of urgency incontinence, 
defined as weekly episodes of UUI, was associated 
with a higher incidence of falls (OR 2.57 95%CI 1.51 
– 4.3) and men with a higher International Prostate 
Symptom Score storage sub-score, defined as a 
score of 19 and above, had a higher incident rate of 
falls (incident rate ratio 1.72 (95%CI 1.24-2.38) [261]. 
A Japanese study of patients with Parkinson’s dis-
ease found that increased micturition frequency ei-
ther by day or night was not associated with falls, but 
that the presence of urinary urgency was strongly as-
sociated with a large increase in the odds of falling 
(OR 5.14 95%CI 1.51-17.48). Only 14% of the falls 
reported in this study occurred on the way to or from 
the toilet [262].  

A recent systematic review of the association be-
tween falls and LUTS in community-dwelling men 
aged 60 years and over identified six cross-sectional 
studies and three prospective cohort studies. The 
identified data were only suitable for qualitative syn-
thesis but urinary incontinence and storage LUTS 
were consistently shown to have a weak to moderate 
association with an increased likelihood of falls. None 
of the identified studies examined potential causes for 
these associations; the categorisation of continence 
or not and degree of accounting for confounding var-
iables was inconsistent across the included studies 
[263]. A small cross-sectional analysis of community 
dwelling women aged 65 and over in the US exam-
ined the association between nocturia, nocturnal en-
uresis and falls. Neither severity of UI nor severity of 
nocturia was associated with an increased risk of 
falls, but there was a statistically significant associa-
tion between nocturnal enuresis and impairment of 

physical function and the presence of frailty. How-
ever, in the multivariable regression model, which in-
cluded age, physical function, and the frequency of 
nocturnal enuresis episodes, only physical function 
remained as significant risk factor for falls [264]. One 
study, a prospective cohort study of older men in the 
USA, identified a statistically significant association 
between straining to void and falls, with a 60% in-
crease in falls risk for those reporting the need to 
push or strain to initiate urination at least half the time 
[265]. In hospital, urinary incontinence is associated 
with an increased propensity to fall in older inpatients [266, 
267]. Urinary incontinence is also associated with falls 
in institutionalised older persons [268, 269].  The under-
lying reason for the association is not yet clear, although 
several and multiple mechanisms are most likely. A UK 
case control study in older community dwelling women 
presenting to an urban Emergency Department found 
that only 6% of those with a fall attributed this to their 
LUTS[270] 

3.3.5 Stroke 
Conservative interventions (e.g. bladder training, 
pelvic floor muscle training and prompted voiding) 
have been shown to have some effect in Cochrane 
systematic reviews, but have not had their effective-
ness demonstrated with stroke patients. UI may have 
worse prognostic implications after stroke, being as-
sociated with greater mortality, a poorer functional re-
covery and an increased likelihood of institutionalisa-
tion than those following strokes who regain conti-
nence [271]. Of 1,187 patients aged 60–96 with 
stroke, those with low bladder maintenance scores 
(more dysfunction) fared worse with rehabilitation 
than those with higher scores [272]. There has been 
little advance in care since the 5th International Consultation. 
A survey of stroke unit practice in Australia showed 
that less than half had a formal plan for continence 
care and in the UK, as part of the national sentinel 
audits of stroke, there was little advance in conti-
nence care [273, 274]. A comparative study of stroke 
nursing found a dearth of evidence and treatment fo-
cused on containment and social conti- nence, high-
lighting the need for systematic assessment and 
management [275].  The burden on caregivers of 
those with incontinence following stroke has been 
acknowledged [276]. 

Recommendations for research 

Further research is required to: 

• Examine the effect of treatment for UI in older 
people with Parkinson’s disease 

• Examine the temporal association and mecha- 
nism underlying falls and LUTS/UI in frail older 
persons 

• Examine the effect of structured treatment for UI 
in older people following stroke. 
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• Examine the impact of interventions comorbid 
disease on the experience and outcomes of uri-
nary incontinence in frail older persons  

Recommendations for practice 

Clinicians need to assess and manage coexisting 
comorbid conditions which are known to have an 
impact on continence status or the ability to success-
fully toilet. 

 

4. ENVIRONMENTAL FACTORS 

This section addresses those factors unrelated to un-
derlying pathophysiology which affect continence sta-
tus in frail older persons. 

4.1 The physical environment 
4.2 Processes and quality of care  
4.3 Lack of assessment  
4.4 Lack of knowledge about incontinence 
4.5 Practices that reduce/restrict mobility and 

functional status 
4.6 Limited or inconsistent access to toileting as-

sistance 
4.7 A lack of toileting privacy 
4.8 Reduced staffing levels in long-term aged 

care homes 
4.9 The overuse and misuse of continence prod-

ucts 
4.10 Community / home care / primary care 
4.11 Acute care / hospital/ Secondary care 
4.12 Long-term aged care homes 
4.13 Dignity in care 

In this section, we define processes of care as the in-
strumental procedures involved in the assessment 
and management of incontinence relating to frail 
older persons. 

4.1. The physical environment 
Although the physical environment is considered a 
risk factor for incontinence in frail older adults, there 
is limited research on this topic. We located seven 
publications with evaluative data on this topic: two of 
these studies were conducted over 40 years ago 
[277, 278] prior to the establishment of internationally 
agreed standards for reporting trial data. Three were 
published from a series of projects conducted in the 
USA to examine the impact of the physical environ-
ment on specific problems of people with Alzheimer’s 
disease and related disorders [279-281]. One quali-
tative study was identified that employed an ethno-
graphic design [282]. Each of these studies involved 
individuals in long-term care homes. One study eval-
uated the prevalence and risk factors for incontinence 
in a sample of 5,418 community- dwelling frail older 
adults who were receiving home care services [283]. 
Environmental barriers as well as the use of physical 
restraints, along with UTIs were the most common re-

versible risk factors for urinary incontinence: increas-
ing the risk of urinary incontinence by over 50% [283]. 
In this study, environmental hazards included a lack 
of access to the toilet, unavailability of grab rails, in-
appropriate toilet seat height, inadequate lighting, 
and inadequate toileting substitutes such as com-
modes or urinals. 

Attempts to evaluate the effects of enhancing the 
physical environment on rates of incontinence in 
long-term aged care homes were reported by 
Chanfreau-Rona [277, 278]. In both studies, the inter-
vention involved enhancing visual access to the toilet 
by painting toilet doors in bright colours and strategi-
cally locating pictorial signs and other visual cues. In 
addition, staff were asked to accompany residents to 
the toilet at predetermined ‘peak times’ and to employ 
operant conditioning techniques to reinforce resi-
dents’ appropriate toileting behaviour. In the first of 
these trials, 24 elderly female residents, most of 
whom had cognitive impairment, were purposively 
assigned to either the intervention, or to usual care 
for seven weeks [277]. The same procedures were 
repeated in a subsequent trial  [278]. Although reduc-
tions in incontinence were noted for residents in the 
experimental groups compared to the control groups, 
the extent to which these reductions were related to 
the intervention is difficult to determine as both stud-
ies lacked power and did not control for confounding 
factors. Nonetheless, these studies represent an 
early, multifaceted intervention that involved evaluat-
ing the effect of changes to the physical environment 
to reduce incontinence among frail older adults in 
long-term care.  

According to the first of a series of projects conducted 
by Namazi and colleagues, the overall physical envi-
ronment has a considerable impact on the well-being 
and quality of life of individuals with Alzheimer’s’ Dis-
ease (AD), affecting their ability to function in the face 
of incontinence, distraction and disorientation [280]. 
One of the projects focused on the clinical utility of 
using environmental cues (i.e. signage, colour differ-
entiation and images) in a dementia-specific unit to 
assist compensate for resident’ visuo-perceptual def-
icits [279]. The most effective environmental cue in 
terms of orienting individuals with AD to the toilet was 
a combination of using a sign with the word “toilet”, 
together with “wayfinding” arrows on the floor. No sin-
gle strategy was suitable for all individuals with AD 
due to the variability in the ability of individuals with 
AD to perform all of the tasks associated with suc-
cessful toileting. The researchers therefore recom-
mended “to maximize the remaining strengths of 
those who are afflicted with AD, each component of 
the morphology which creates difficulties for AD pa-
tients must be identified and treated individually”. In 
essence, individuals with AD may need individually 
targeted cues that address identified specific deficits. 

In a second project, Namazi and colleagues [281] 
systematically examined toilet use in a dementia- 
specific unit under two conditions: with the toilet 
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highly visible to residents, and with the toilet con-
cealed. The frequency of toilet use increased when 
toilets were visually accessible during the 45 hours of 
observation. Visibility and accessibility of toilets may 
be an important factor in supporting individuals to 
maintain continence. 

Toilet accessibility also featured highly in a qualitative 
study conducted by Sacco-Peterson and Borell [282]. 
Using ethnographic methods, the researchers col-
lected over 200 hours of field observational data and 
conducted in-depth interviews with nine residents in 
a long-term aged care home. They reported that dif-
ferent aspects of the facility’s physical and socio-cul-
tural environment influenced residents’ abilities to 
maintain autonomy in self-care. For example, there 
was an inadequate number of toilets, inadequate pri-
vacy for toileting, inappropriate toilet heights, exces-
sive distances to the toilet, and a lack of call light, toi-
let paper, soap, paper towels, lighting and com-
modes. Despite the challenges of negotiating this ‘de-
feating ward geography’, many residents attempted 
to participate autonomously in toileting, whilst others 
were deterred because of a fear of falling.  

4.2. Processes & quality of care 
In a systematic review of the prevalence and risk fac-
tors for urinary incontinence in long-term aged care 
homes, Offerman and colleagues [284] identified 46 
risk factors for urinary incontinence. These factors 
were grouped into 1) locomotion, 2) cognitive function 
and 3) drugs. However, in addition to these risk fac-
tors, the reviewers stated “differences in the care pro-
cess and quality of care can also influence urinary in-
continence prevalence; reasons for a less-than-opti-
mal approach in long-term care homes may include, 
for example, inadequate knowledge of and skills for 
urinary incontinence in general, inability to use guide-
lines for urinary incontinence care, insufficient staff 
and poor communication among healthcare profes-
sionals” (p. 291). They recommended that risk factors 
related to care processes be further investigated. 

Two studies offer qualitative data on how processes 
of care in nursing homes may represent a risk factor 
for incontinence. For example, descriptive infor-
mation derived from semi-structured interviews with 
six elderly women from two nursing homes in Can-
ada, suggests that some residents experience an en-
vironment characterised by rituals and routines, , lim-
ited assistance with pad changing, restrictions on the 
number and type of continence products available, 
set times for toileting and pad changes, ageism, and 
a lack of recognition of attempts to maintain conti-
nence [285]. Sacco-Peterson and Borell [2004] also 
found that ‘toileting assistance was provided at set 
times, and ‘if residents required more assistance 
other than at set times, pads were used‘. Pad use 
also correlated with residents’ mobility level, rather 
than their cognitive or continence status. Additionally, 
night-time use of pads often started following a fall at 
night. Residents did not divulge their difficulties to 
staff, and were reluctant to ask for help and thus staff 

members were unaware of residents ‘difficulties and 
efforts. Residents valued the capacity to exercise 
some power and autonomy with regard to self-care, 
and didn‘t want to be ‘a bother to the nurse‘. Thus, 
their attempts to maintain continence may be under-
mined by care processes that unintentionally diminish 
an individual’s independent toileting [282].  

More recent research reinforces the finding that pro-
cesses of care in organisational settings are not de-
signed to promote therapeutic continence care for 
care-dependent older people. For example, in an 
analysis of data for 46,044 residents in 162 nursing 
homes in New York State, for June 2006–July 2007, 
and survey responses from 7,418 workers in the 
same facilities, Temkin-Greener et al. [286] reported 
an association between incontinence and nursing 
home work environment attributes such as teams, 
consistent assignment and staff cohesion. After ad-
justing for other factors, they found residents in facili-
ties with stronger staff cohesion to have significantly 
lower odds of incontinence (OR = 0.924; p < .001). A 
one standard deviation (0.23) increase in the staff co-
hesion score resulted in 7.6 percent lower odds of in-
continence. Likewise, in a longitudinal correlational 
study, Yoon et al. [287] examined the impact of or-
ganizational factors on the quality of UI care (i.e. de-
fined as improvement in UI status or maintenance of 
continence post admission to Korean long-term care 
hospitals. After controlling for other factors, they 
found higher Registered Nurse to patient ratios was 
significantly associated with better resident UI out-
comes.  

Thomas et al. [288] conducted a mixed-methods 
study which explored the organisational context for 
embedding a systematic voiding programme for pa-
tients with UI after stroke in secondary care settings. 
The researchers concluded there was a focus on con-
tainment of UI that was not conducive to therapeutic 
continence management. In a prospective cohort 
study of 282 hospitalised older adults, Zisberg et al. 
[289] found the quality of continence care was one of 
three factors that directly related to functional decline 
at discharge. Thus, there are organisational pro-
cesses beyond individual risk factors that account for 
potentially modifiable causes of incontinence in care-
dependent older persons.   

Ostaszkiewicz [290-292] conducted a Grounded the-
ory study to describe and explain the context that af-
fects continence care in long-term aged care homes. 
The findings suggest a basic social problem that is 
characterised by multiple constraints to residents’ 
overall care. Factors that contribute to this problem 
include: (i) a highly regulated work environment; (ii) 
ethically challenging care; (iii) highly dependent resi-
dents; and (iv) a devalued role. Staff responses to this 
problem include accommodating strategies such as 
acquiescing, concealing, protecting, adapting, priori-
tising, normalising, compromising, and ritualising, as 
well as self-protective distancing strategies such as 
blanking out, using distancing language, and refram-
ing care. The researcher called for a comprehensive 
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multifaceted research-based strategy that addresses 
the social, regulatory, organisational, and personal 
constraints to evidence-based, ethical, resident-cen-
tred care, including continence care. There is a need 
to counter the pervasive belief that quality continence 
care for frail older adults is a function of cleaning and 
containing incontinence. In countries that rely on ed-
ucation about incontinence from the continence prod-
uct manufacturing industry, the strategy should also 
counter the dominance of industry-based education. 
Although independent quality performance standards 
have been developed for disposable absorbent prod-
ucts there is an absence of standards to promote eth-
ical relationships between healthcare consumers and 
the continence product manufacturing industry [293]. 

4.3. Lack of assessment 
A comprehensive assessment to determine type and 
causes of incontinence is an essential precursor to 
appropriate management. However, many older peo-
ple with incontinence do not have access to this as-
sessment, and are therefore at risk of remaining in-
continent (Table 4). This finding is consistent for older 
adults across different countries and settings. 

4.4. Lack of knowledge about incontinence 
A lack of knowledge about incontinence and its man-
agement may operate as an antecedent to care pro-
cesses that inadvertently promote incontinence. Spe-
cifically, a lack of knowledge that incontinence is a 
symptom of a potentially treatable condition, may 
have the unintended effect of hindering access to di-
agnosis and treatment.   

A number of studies reveal gaps in nurses’ and nurs-
ing aides’ knowledge about and attitudes toward 
older people with incontinence in long-term aged care 
[294-313], as well as acute care [310, 314-318]. 
Other research highlights gaps in medical practition-
ers’ knowledge about incontinence [319-323]. For ex-
ample, a survey of general practitioners (GPs) 
knowledge of investigation modalities and treatment 
options for individuals with faecal incontinence in the 
UK, found that only 32% were aware of at least one 
investigation, and 32% were aware of at least one 
form of surgical treatment [323]. In a cross-sectional 
national survey to determine knowledge, attitudes, 
and management of urinary incontinence among fam-
ily physicians in Canada, less than half (46.0%, 
284/617) indicated that they had a clear understand-
ing of incontinence and just 37.9% (232/612) had an 
organized plan for incontinence problems [322]. Sim-
ilarly, Teunissen et al [324] reported three main 
themes from focus groups with 13 GPs in Holland: (i) 
therapeutic nihilism of GPs and low motivation of pa-
tients, (ii): GPs experienced lack of time because of 
difficulties in explaining the therapy and because of 
impaired mobility of older patients, (iii) reluctance to 
treat UI because of the complexity of the problem and 
co-morbidity.  

Knowledge about incontinence and its management 
in the general community is also lacking, especially 

amongst men, those aged 85 and older, and those 
with lower levels of education [325]. For instance, a 
nation-wide consumer survey conducted in the USA 
in 2000, found four in ten people (41%) thought that 
loss of bladder control was a disease and a similar 
percentage (38%) believed it was a natural part of 
ageing [326]. 

Improvements in knowledge about incontinence in 
older people are possible. Szonyi and Millard [320] 
reported a significant improvement in GPs knowledge 
about incontinence following receipt of an education 
package. Likewise, Mathis et al. [327] and Ehlman et 
al. [328] demonstrated improvements in knowledge 
among nursing home staff following an educational 
intervention. 
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Table 4. Evaluative studies on assessment of incontinence in frail older adults 

Study Objective Sample Method Findings 

[943]  
Du Moulin et al., 2009 

To assess the prevalence of 
UI and gain insights into care 
issues 

2866 patients (mean age 80 ± 
7.2yrs) living at home receiving 
home care in Holland 

Survey + audit of medical records Type of UI was diagnosed in 49% of patients. 
Management did not differ for patients with and 
without a diagnosis of UI type 

[614] 
Georgiou et al., 2001 

To evaluate the 
recommended outcome 
measures in clinical practice 

1125 residents in 17 residential 
homes, 14 nursing homes and 5 
long-stay wards in UK. 

Analysis of data on the UI section of 
the Royal College of Physicians 
Continuous Assessment Review and 
Evaluation Scheme audit tool 

Rates of full clinical assessment were 
48% for people in residential homes 
24%  for people in nursing homes 
36% for people in long- stay wards 

[254] 
Rodriguez et al., 2007 

To explore continence 
prevalence, knowledge and 
care 

66 care homes in Birmingham, UK Survey completed by managers or 
other senior staff 

Only two respondents gave information 
indicative of a full assessment. Most 
respondents had difficulty identifying the 
process of assessment. 

[257] 
Pringle-Specht et al., 2002 

To determine patterns and 
treatment of urinary 
incontinence 

145 residents with dementia 
(mean age 83.3yrs) from 13 
special care units in long-term 
care facilities in USA 

Retrospective audit of residents’ 
medical histories using ‘Incontinence 
Patterns Tool’ (IPT) 

55% of residents with UI and dementia had a 
documented care plan for treatment of UI 2.1% 
(n=3) had a current medical diagnosis of 
bladder incontinence 

[245] 
Wagg et al., 2008 

To assess the quality of 
continence care for older 
people 

Patients from 138 primary care 
trusts, 195 secondary care trusts, 
and 27 care homes in UK 

Audit of patients’ clinical records Poorly documented aspects of a clinical 
assessment across all settings: rectal 
examinations and post-void residual urine 
volumes. In secondary care trusts, 919/3509 
(25%) of histories had documentation of an 
assessment to determine UI type or cause 

[944] 
Watson et al., 2003 

To assess the use of the 
Agency for Healthcare Policy 
and Research Guideline for 
managing UI in nursing 
homes 

200 residents with new UI or 
newly admitted with UI from 52 
nursing homes in upstate New 
York, USA 

Retrospective chart review and 
Nursing Assistance screening 
interviews 

4 new cases of UI per 100 beds over 12 weeks 
UI Guideline standards met 20% of cases (0-
45%).  
Aspects of assessment rarely performed rectal 
examination (15%) digital examination of 
prostate (15%) pelvic examination (2%) 
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4.5. Practices that reduce/restrict mobility 
and functional status 

Impaired mobility and ability to perform activities of 
daily living (ADLs), such a toileting ability, can cause 
or contribute to incontinence in frail older persons in 
any setting. Urinary incontinence is associated with 
severe impairment in ADLs in long-term aged care 
homes [329, 330]. In a cross-sectional analysis of 
data from the 2010 National Survey of Residential 
Care Facilities, Talley et al. [331] found the preva-
lence of toileting disability was 15% and was highly 
associated with ADL impairments. Hence, greater 
emphasis should be given to interventions that re-
duce the risk of functional decline that may subse-
quently prevent or delay the onset of incontinence. 
Two recent trials reveal reductions in the frequency 
and severity of incontinence from exercise pro-
grammes that aim to improve frail older person’s func-
tional status [332, 333].  

Practices that restrict or minimise a person’s mobility 
and ability to function hinder their ability to reach and 
use the toilet autonomously. The use of physical re-
straints is one such practice. Although restraint-free 
care has been recommended as standard, restraints 
remain widely used in long-term aged care homes, 
ranging from 12-47% internationally [334]. In a multi-
variate analysis of data from 2,014 residents from 270 
USA Medicaid-certified nursing homes, Brandeis and 
colleagues [329] identified that urinary incontinence 
was independently associated with a number of fac-
tors, including the use of restraints of the trunk (OR = 
1.7; CI = 1.5,2.0), restrained to a chair (OR = 1.4; CI 
= 1.2,1.6), and bedrails (OR = 1.3; CI = 1.1,1.5). Sim-
ilarly, in a community–based sample of frail older 
adults, the use of physical restraints was identified as 
a key reversible risk factor for urinary incontinence 
[283]. 

4.6. Limited or inconsistent access to 
toileting assistance 

An obvious, yet often overlooked risk factor for incon-
tinence is a lack of toileting opportunities and assis-
tance for individuals who are care-dependent. Re-
search from USA shows that the frequency of toileting 
assistance provided in long-term aged care homes is 
too low to maintain continence [78]. In recent years, 
the UK media has drawn attention to the fact that 
many people in hospital do not receive timely assis-
tance to use the toilet: a situation that contributed to 
the establishment of the “Dignity in Care Campaign” 
– launched in 2006. In response to concerns about 
neglect in aspects of personal and healthcare, the 
British Geriatrics Society proposed that the ability to 
use the toilet in private was in fact, a marker of human 
rights, and developed a “Behind Closed Doors Cam-
paign”. The aim of the campaign was to empower, 
educate and influence providers and policy makers to 
adopt a more pro- active stance to demand better 
continence care. A more recent campaign, again led 
by the British Geriatrics Society, titled “Do not forget 
the person” was launched in March, 2010. The extent 

to which such awareness raising activities affect day-
to-day care processes in the absence of structural 
change and resources requires evaluation. 

Structured toileting programmes require a staff to pa-
tient ratio of 1:5. A lack of staffing or institutional un-
derstaffing represents a key risk factor for inconti-
nence among individuals who are dependent on an-
other person to use the toilet. There is a need to iden-
tify the best methods to implement and sustain toilet-
ing assistance programmes, especially when caring 
for cognitively impaired care-dependent individuals 
who may be unable to communicate their need for as-
sistance, and when caring takes place in an organi-
sational care setting such as a long-term aged care 
home [335].  

4.7. Lack of toileting privacy 
Privacy to void or defaecate are important social fac-
tors unrelated to underlying pathophysiology which 
may affect the continence status of frail older per-
sons. It is possible a lack of toileting privacy to may 
cause a person to defer or ignore the urge to void or 
defaecate. According to the findings of a cross sec-
tional survey of 120 adults with FI aged 65 and over 
and living in either their own homes, a nursing home, 
or an acute or rehabilitation, privacy to defaecate is 
usually attainable in one’s home, but not in a nursing 
home. Privacy to defaecate was reported by 23% of 
respondents in a nursing home, 53% of those in re-
habilitation wards, and 50% of those in acute wards 
[336]. Further research is required to explore the re-
lationship between a lack of toileting privacy and in-
continence in frail older adults.  

4.8. Reduced staffing levels in long term 
care 

Estimating and achieving the optimal level and skill 
mix of any workforce is a challenge. In long-term aged 
care homes where residents’ have chronic health 
problems and complex health needs, maintaining suf-
ficient staffing levels is exacerbated by a high staff 
turnover. Nurses consistently cite inadequate staffing 
levels as a major barrier to providing optimal conti-
nence care [337-341]. The extent to which patients 
and residents’ continence care needs are considered 
in formulas designed to establish the right staffing 
level and skill mix is unclear. The time, resources, 
knowledge and skill required to conduct an assess-
ment, and offer active, effective management to pre-
vent and/or manage incontinent episodes require 
consideration in service planning.  

4.9. The overuse and misuse of continence 
products 

For many people, continence products represent a 
means by which they can achieve effective and dis-
crete containment of incontinence, minimise physical 
discomfort and optimise psychological and social 
function [342]. At the same time, their overuse and 
misuse may represent a risk factor for incontinence 
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and, for pads, urinary tract infection. Although conti-
nence products have an important place in the control 
of incontinence, their use in the general community, 
in hospital settings, and in long-term aged care 
homes is widespread (Table 5). For example, in the 
largest and widest audit of continence care con-
ducted in the UK and involving over 6,000 patients 
across primary and secondary care trusts, and care 
homes, containment strategies (i.e. the use of con- 
tinence products) far exceeded all other forms of doc-
umented continence management [343]. 
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Table 5: Evaluative studies on the use of continence products (pads and briefs) 

Community / home care / primary care 

Study Objective Sample Method Results 

[943] Du Moulin 
et al., 2009 

To assess the prevalence of 
UI and gain insights into care 
issues 

2866 patients (mean age 80 ± 
7.2yrs) living at home and receiving 
home care in Holland 

Survey + audit of medical 
records 

Pads were used by 59.2% of patients with 
diagnosis of UI type and by 55.8% of patients 
with no diagnosis of UI type 

[945] Samuelsson 
et al., 2001 

To study age- and sex 
specific use and costs of 
freely available incontinence 
aids in Sweden 

2542 women & 1292 men living in 
their homes (including special 
accommodation) in a county of 
Sweden who were using 
incontinence aids 

Audit of incontinence aid 
prescriptions – data extrapolated 
to general population 

Incontinence aid use 
367000 (3.7%) of all people in Sweden 6.4%-
women /2.4%-men in the county 765000 
(66%) in special accommodation Costs 
925 million SK 
50% of cost attributable to those aged 80 yrs 
or > 

[247] 
Sorbye et al., 
2008 

To determine prevalence and 
characteristics associated 
with UI 

4010 randomly selected older 
persons (mean age 
82.3 ± 7.3 yrs) living at home in one 
of 11 European countries and using 
home care agencies 

Cross sectional survey using the 
International Resident 
Assessment Instrument for 
Home Care (RAI-HC) 

39% used pads (highest usage in France -52% 
/ lowest usage in Norway and Czech Republic 
– 29%) 
Pad use correlated with need for toileting 
assistance (p<0.001) 

[245] 
Wagg et al., 2008 

To assess the quality of 
continence care for older 
people 

2717 patients from 138 primary care 
trusts in UK 

Audit of patients’ clinical records Containment strategies were used by 
1294/2717 (48%) of patients 

Acute care / hospital / secondary care 

Study Objective Sample Method Results 

[250] 
Kadir, 2004 

To determine the incidence 
and appropriateness of 
incontinence aid use 

333 elderly patients in an acute 
hospital (Singapore) 

Survey – patient self report 200/333 (60%) - using some form of aid 
101 (50.1%) could have been managed with 
alternatives 

[249] 
Palese et al., 
2007 

To evaluate the incidence of 
pad use and explore 
appropriateness and reasons 
for use 

396 patients (mean age 76.8 ± 
11.8yrs) admitted to medical units in 
2 acute care units in Italy 

Survey – interview + clinical 
assessment 3 x day each day 
during hospitalization 

Inpatient use of pads – 218/396 (55.1%). Of 
this cohort, 120/396 (30.3%) had incontinence 
prior to admission 
Rationale for pad use: urinary incontinence 
associated with acute confusion or dementia 

[251] To determine the prevalence 
of UI & FI + 

447 inpatients (mean age 70 ± 
18.7yrs) admitted to 3 

Point prevalence survey + an 
audit of medical 

266/446 (60%)- using a continence product/ 
device 
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Ostaszkiewicz, et 
al., 
2008 

pad use + documentation of 
incontinence 

acute and 1 subacute care hospitals 
in Australia 

records 50/121 (41%) of patients using pads had no UI 
or FI in the 
preceding 24 hrs. 
18/113 (16%) patient with UI or FI in preceding 
24 hrs had no 
continence  product/device 

[245] 
 

Wagg et al., 2008 

To assess the quality of 
continence care for older 
people 

3683 patients from 195 secondary 
care trusts (hospitals) in UK 

Audit of patients’ clinical records 2070/3683 (56%) patients used containment 
strategies 

[253] 
Zisberg 2011 

To determine incidence of 
incontinence brief [pad] use 

465 older patients (mean age 78.6 ± 
5.8 yrs) who were not using 
incontinence briefs prior to 
admission to medical acute care 
units in a 900 bed teaching hospital 
in Israel 

Admission interview and then 
every day after first 48 hrs 

65/465(14%) used incontinence briefs during 
most of their hospitalisation. Brief use was 
associated with low mobility 

Long-term care / nursing homes / skilled nursing facilities / residential aged care / care homes 

Study Objective Sample Method Results 

[255] 
Brandeis et al., 
1997 

To describe the frequency and 
correlates of potentially 
treatable causes of urinary 
incontinence 

2014 residents (mean age 84.3 ± 
8.7) from 270 Medicaide-certified 
nursing homes in USA 

Review of MDS data / Interview 
with the nursing home staff, and 
interaction and observation of 
residents 

990/2014 (49%) of residents were incontinent. 
Of these, 84.0% were managed by 
pads/briefs. More than one-third (n = 350) of 
the incontinent residents were managed with 
two modalities 

[258] 
Omi et al., 2010 

To determine daily pad usage 
& association with UTI, and 
fluid intake 

153 residents (mean age 83 ± 8.2 
yrs) from 6 nursing homes in Norway 

Number and weight of pads 
per/resident calculated over 2 
days 

118/153 (77%) used pads 36/48(75%) men 
82/105(78%) women 
Average number of pad changes p/day-2.7 
UTI correlated with pad use but not fluid intake 
or number of pad changes 

[254] 
Roderiguez et al., 
2007 

To explore incontinence 
prevalence, knowledge and 
care 

66 care homes in Birmingham, UK Questionnaire to care home 
managers 

Several methods to manage incontinence were 
cited however briefs and pads accounted for 
over 50% of responses 
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Community / home care / primary care 
Extrapolating data from users of absorbent pads in 
one area in Sweden, Samuelsson and colleagues 
[344] found 6.4% of all women and 2.4% of all men in 
the country, used continence products: equating to 
3.7% of the total population. Most of these users were 
aged over 75 years of age and 21% lived in special 
accommodation. Other studies have examined use of 
continence products in targeted populations. For ex-
ample, among individuals receiving home care ser-
vices in European countries, rates of continence 
product use vary from 29-52% (mean 39%) [345] to 
57% [346]. And across primary care trusts in the UK, 
containment strategies are used by 48% of patients 
[347]. 

Acute care / hospital/ Secondary care 
Rates of continence product use in elderly patients in 
acute care across several countries are similar and 
range from 55.1% in Italy [348], 56% in the UK [347] 
to 60% in Singapore [349] and Australia [350]. Not 
only are they widely used but they are often used in-
discriminately. One of the earliest studies to draw at-
tention to an overreliance on continence products 
was conducted by Starer and Libow [351] who found 
more residents using pads than those with inconti-
nence. More recently, Ostaszkiewicz and colleagues 
found that in the inpatient care setting, pads were in-
appropriately used for some patients, and were un-
derused for others [350]. Of 121 patients who were 
using pads at the times of the survey, 50(41%) re-
ported no UI or FI in the preceding 24-hours. How-
ever, 18% of patients who had no pad did report such 
an episode. This mismatch between incontinence 
and pad use has been noted in other research [348, 
352].  

Long-term aged care homes 
We located six studies that provided data on the use 
of continence products in long term aged care homes. 
These were conducted in the UK [347, 353], the USA 
[329, 354, 355], and in Norway [356]. Wagg and col-
leagues reported that of 488 residents from 27 care 
homes included in the national audit of continence 
care in the UK, 307 (63%) used a containment strat-
egy to manage their incontinence [343]. Roderiguez 
and colleagues reported similar rates based on inter-
view data from managers of 66 care homes in Bir-
mingham [353]. 

In the USA, Brandeis and colleagues reported a 
higher rate of pad use (84%) in their sample of 2,014 
residents from 270 Medicaid-certified nursing homes 
[329].  Eighty-four percent were managed with 
pads/briefs, and more than one third of incontinent 
patients were managed with two modalities. A recent 
evaluation of the use of urinary collection devices  by  
57,302 residents  from  skilled  nursing  facilities  
found  that  pad  use  remained relatively stable over 
a 12 month period [354]. Pad use among a sample of 
11,549 newly admitted 75-84 year old residents was 
58.7% at admission and 61.1% twelve  months  later. 

This rate was higher for residents aged 85 years of 
age and older (i.e. 60.3% at admission and 62.6% 
one year later). In a survey of patterns and treatments 
of urinary incontinence in 13 special care units in the 
USA, Pringle-Specht and colleagues (2002) reported 
that 72% (n=105) of residents used a continence 
product: the most common type of product being a 
continence brief or pad (n=93) [355]. 

According to Omli and colleagues who estimated the 
daily pad usage of 153 elderly residents from six nurs-
ing homes in Norway, 77% of residents use pads 
[356]. Omli and colleagues also found that residents’ 
pads were changed infrequently (i.e. an average of 
2.3 times a day (range 0.5-8.0) for female residents 
and 3.1 times a day for male residents (range 1.0-
9.0). Moreover, urinary tract infections were associ-
ated with pad use (41 vs. 11%; P= 0.001): but not with 
fluid intake or number of pad changes. Residents pad 
usage did not correlate well with the volume of their 
incontinence: 

As inappropriate use of continence products may con 
tribute to onset, or continuation of, incontinence, it is 
important that clinicians who advocate or authorise 
their use, are familiar with evidence-based guide- 
lines that advocate an active approach to diagnosing, 
preventing and treating incontinence. 

Dignity in care 
Protecting the dignity of the people who are care-de-
pendent and helping them to maintain optimal conti-
nence are key concerns for older persons and their 
caregivers. However, peoples’ opinions on conti-
nence care practices that dignify a care-dependent 
person sometimes differ, resulting in considerable 
angst [357]. A new conceptual approach to providing 
continence care titled The Dignity in Continence Care 
Framework developed by Ostaszkiewicz (3), aims to 
improve choice, physiological autonomy, and dignity 
for people who require assistance to maintain conti-
nence or manage incontinence. The biopsychosocial 
framework represents an integration of contemporary 
biomedical understandings about incontinence with 
theoretical concepts from the disciplines of nursing, 
psychology, and sociology. It is underpinned by two 
core concepts: 'dignity' and 'care', and is character-
ised by a focus on: empathic continence care; 
acknowledgement of personhood; therapeutic com-
munication; authentic partnership in continence care; 
acknowledgement of stigma, social taboos, and cour-
tesy stigma; and the need for a foundational conti-
nence assessment. The framework can be adapted 
to suit the needs of individual organisations, and 
guide the implementation and evaluation of education 
for formal caregivers. Although the framework is con-
ceptually sound, further research is required to eval-
uate its effect on continence care practices and pa-
tient outcomes. 

Recommendations for practice 

1. Environmental cues such as toilet visibility, 
signage, colour differentiation and images should 
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be used to compensate for visuo-perceptual 
deficits in frail older adults with cognitive impair-
ment. 

2. As remaining physical strength and dexterity 
varies in individuals with cognitive impairment, 
each component of the toileting process which 
creates difficulty for such patients should be 
identified and treated individually. 

3. Awareness raising activities should be con-
ducted to enhance day-to-day continence care 
processes in healthcare settings. 

4. Ensure that the time, resources, knowledge and 
skill required to conduct an assessment, and of-
fer active, effective management and manage UI 
episodes are considered in service planning. 

5. Continue to address gaps in healthcare practi-
tioners’ knowledge about preventing and manag-
ing incontinence in frail older persons. 

6. As inappropriate use of continence products may 
contribute to onset or continuation of UI, clini-
cians who advocate or authorise their use, 
should be familiar with evidence-based guide-
lines that advocate an active approach to pre-
vention, diagnosis and treatment. 

Recommendations for research 

Further research is required to: 

• Explore the physical environment as a risk factor 
for UI in frail older adults, and to evaluate the ef-
fect of modifying the physical environment. 

• Embed processes of care in health care systems 
to promote frail older adults’ autonomy and con-
tinence. 

• Translate findings about the benefits of exercise 
programmes to minimise the risks of functional 
decline, falling, and UI in frail older persons. 

• Explore the association between a lack of toilet-
ing privacy and UI in frail older adults. 

• Identify the best methods to implement and sus-
tain toileting assistance programmes. 

• Identify the optimum staffing levels and skill mix 
required to optimise continence in care-depend-
ent frail older adults. 

• Explore the association between the mis-
use/overuse of continence products and UI. 

• Addresses the social, regulatory, organisational, 
and personal constraints to evidence-based, eth-
ical, resident-centred continence care in long-
term aged care homes. 

• Counter ageist perspectives that hinder frail 
older people from access to a comprehensive 
assessment to prevent, minimise or treat UI 

• Explore the influence of the continence product 
manufacturing industry on how continence care 
is framed for frail older adults. 

 

5. ASSESSMENT OF THE FRAIL 
OLDER PERSON WITH URINARY 

INCONTINENCE 

Recommendations for the basic assessment of frail 
elderly persons with UI are summarised in the algo-
rithm (see Summary Document). Because UI in the 
frail older person is almost always multifactorial, it is 
essential to conduct a comprehensive assessment 
with the goal of identifying all potential contributing 
factors. Collaboration among primary care physi-
cians, geriatricians, surgical specialists, nurses, other 
health professionals and caregivers, both formal and 
informal, may be necessary for optimal assessment 
and management. 
The number of guidelines in the area of urinary incon-
tinence have proliferated since the 5th consultation 
the majority of these are consistent in their approach. 
For example, since the last Consultation, the Euro-
pean Association of Urology has developed its pub-
lished guidelines on UI which bear relevance for frail 
older men and women. These remain largely based 
on the findings of the 4th ICI but now include consid-
eration of anticholinergic load when prescribing for 
older people. Other than this guideline, the impact of 
comorbidity lying without the lower urinary tract is sel-
dom considered; there remains a need for considera-
tion of this area in both robust and frail multimorbid 
older persons.  
Two groups, the US Assessing Care of Vulnerable El-
ders (ACOVE) project and the UK Clinical Effective-
ness and Evaluation Unit, have developed quality 
performance measures for UI care in frailer older per-
sons, using structured literature review and expert 
panel review and have published results based upon 
surveys of concordance with these guidelines [347, 
358-362]. These measures are variably based on the 
prevailing applicable guidelines of the time. Although 
both groups have demonstrated using their measures 
that UI assessment and care by practitioners in the 
US and the UK is of a poorer standard than that af-
forded to younger adults, there is evidence that inte-
grated services are more likely to provide a higher 
standard of UI care [363]. Thus, there is an urgent 
need to re-establish the fundamentals of UI assess-
ment and management for all health care providers 
who care for frail older persons with UI and ensure 
that there is adequate service provision. 

a) Identification of frail older persons. 
Health care providers can case find in older patients 
with UI for frailty using the Vulnerable Elders Survey, 
which can be administered in person or by phone 
[364], Persons with a score of 3 or greater have four-
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fold increase in the risk of death and functional de-
cline compared with persons with lower scores. A pa-
tient self-reported scale in which those people classi-
fied as either frail or pre-frail had higher frequency of 
hospitalisation, a higher probability of co-morbidity 
and higher mortality than those classified as non- frail 
has also been reported [365]. There has also been 
increasing interest in the detection of frailty in patients 
undergoing surgery (see later), as its presence pre-
dicts poorer outcomes from hospitalisation and sur-
gery.  However, caution still needs to be exercised 
when classifying an older individual as frail as there 
is considerable heterogeneity within this group [366].  
There may also be a clear distinction between cogni-
tive and physical frailty. 

b) Primary care assessment. Physician edu-
cation using a modified version of the ACOVE model 
to reach a large group of primary care physicians re-
sulted in between 80% and 92% of them planning to 
make a change in their practice behaviour [367], alt-
hough no formal assessment of carry through was un-
dertaken. Geriatricians’ and primary care physicians’ 
(PCPs) UI assessments were compared in a random-
ised multicentre study involving 364 subjects, 42% of 
whom self-reported UI to the investigators. Geriatri-
cians were significantly more likely to detect UI (59% 
of cases vs. 16%), regardless of the severity of UI, 
and were more likely to refer to Continence Pro-
grammes (25%); all referrals by PCPs were to urolo-
gists [368].  An assessment strategy based on clinical 
evaluation, simple cystometry, and several criteria for 
referral was compared with urodynamic diagnosis. 
Approximately 25% of patients met criteria for refer-
ral, half of patients accepted urodynamic evaluation, 
yet urodynamics changed the treatment plan in only 
12% of the patients who did not met the a priori crite-
ria for referral [369]. 

Practice patterns and adherence to US UI guidelines 
were evaluated by retrospective chart review of 300 
consecutive patients aged >65y, seen by either an in-
ternist or geriatrician for UI at a tertiary care centre. 
Geriatricians ordered more testing, such as urody-
namics, before referring patients to a surgical special-
ist [370]. Over- all, primary care practitioners rarely 
follow the US Agency for Healthcare Research and 
Quality UI guidelines, [371] and nursing home practi-
tioners rarely follow the  Federal  guidance for UI care 
regarding recommended physical examination, PVR 
testing, urinalysis, and identification of potentially re-
versible causes [372]. Okamura and colleagues in-
vestigated the diagnosis and treatment of lower uri-
nary tract symptoms (LUTS) by general practitioners 
(GPs) according to the “Practical manual for LUTS 
evaluation and treatment in the elderly For GPs (Jap-
anese)” and found adherence to the manual, rein-
forced by educational and promotional activities re-
sulted better treatment outcomes [373, 374]. A ran-
domised trial of an electronic screening tool was use-
ful in improving conversations about urinary inconti-
nence in older women (not frail) [375]. 

A systematic review of articles identified only 5 stud-
ies meeting eligibility criteria, and all were in women. 
None of studies found sufficient diagnostic evidence 
(for different types of UI. The best was a general pop-
ulation study reporting the utility of history and exam-
ination for the diagnosis of SUI (positive and negative 
likelihood ratios 3.23 and 0.40, respectively) [376]. 
Adding a nurse practitioner to general practitioner 
care for adult patients with UI can reduce the impact 
of UI and has been proposed as a cost effective 
model using the Netherlands as an example[377, 
378]. 

c) Cough stress test. We have found no ad-
ditional evidence on the utility of the cough stress test 
since the 4th consultation. Utility of the cough stress 
test was studied in 97 incontinent female long-term 
care residents using blinded comparison with single 
channel cystometry. Of the 77% in whom single chan-
nel cystometry diagnosis was congruent with the 
stress test (i.e., urodynamic DO with negative cough 
test, no DO and positive cough test), all were correctly 
classified. No woman with SUI was missed nor were 
any with DO misclassified [379]. An analysis of 200 
older women with UI found that provocative full-blad-
der cough test was as effective as radiographic or 
urodynamic pressure measurement in detecting SUI. 
Clinical diagnosis incorporating the cough test with 
leakage symptoms was 78% accurate, with only 6% 
false negatives for SUI, but was only 44% accurate 
with 45% false negatives for urgency UI [380]. 

d) Postvoid residual measurement. We 
identified no studies evaluating the impact of PVR 
measurement on clinical diagnosis and treatment out-
comes. The frail elderly may have a higher preva-
lence of elevated PVR, especially in association with 
DHIC.  One study of 100 patients consecutively ad-
mitted to a geriatric ward found that 34% had PVR > 
50 mL; these patients tended to have more UI (57% 
vs. 38%, p >.05), greater functional dependency, and 
a higher mortality rate (36% vs. 9%) [381]. A study of 
the residual urine in a randomly selected community 
dwelling sample of men and women aged 75 years of 
age found more than 10 ml of residual urine in 91 of 
the 92 men (median 90 ml; range 10-1502 ml), and in 
44 of the 48 women (median 45 ml; range 0-180 ml). 
The significance of this single measurement could not 
be estimated [382].  There is considerable variability 
from test to test.  The algorithm for UI suggests situ-
ations in which PVR measurement may be war-
ranted, but this is not routinely required as part of the 
initial assessment in the absence of voiding symp-
toms. 

e) Urodynamic testing. Urodynamic testing 
is feasible and safe, even in frail nursing home resi-
dents [62]. There is no evidence, however, that uro-
dynamic diagnosis changes the outcome of treat-
ment. Expert guidelines have recommended urody-
namic testing before surgical or minimally invasive UI 
treatment in women, but there remains debate about 
the utility of this approach in men. 
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f) Ultrasound estimation of bladder weight 
(UEBW). A single study of men attending a uroflow 
clinic of mean age 65 (range 23 – 90) detected no 
statistically significant differences in ultrasound esti-
mated bladder weight between men with Qmax 
<10mL/ min versus those with >15mL/min [383].  In a 
study of asymptomatic men, UEBW is most closely 
associated with height; there appears to be little diag-
nostic utility of this measure [384]. 

Summary of evidence 

• Active case finding and screening for UI in older 
persons because many do not spontaneously re-
port their symptoms. (Level 1). 

• Screening for frailty is possible with short screen- 
ing instruments (Level 1). 

• Current quality of primary care assessment of UI 
in frail elders is poor (Level 2). 

• Cough stress test has moderate accuracy in frail 
institutionalised women (Level 2). 

• No recommendation is possible on the utility of 
PVR testing in the assessment of UI in frail el- 
derly (Level 4). 

• Urodynamic testing is feasible in frail older peo-
ple (Level 1) but it is unlikely to change manage-
ment or outcomes except, perhaps, in those con-
sidered for surgical treatment of UI (Level 4). 

Recommendations for evaluation 

The essential first step is to actively case find in the 
frail elderly, as both UI and FI are generally under-
reported.  

The second is to identify treatable, potentially reversi-
ble conditions and other factors (medications, envi-
ronment) that can cause or contribute to inconti-
nence. Although UI associated with such factors has 
been commonly called “transient UI,” this is errone-
ous, as for most frail older persons incontinence is a 
chronic and often progressive condition. It is im-
portant to evaluate for such contributing factors be-
cause their amelioration may improve UI directly, 
make UI more amenable to other interventions, and 
overall improve the patient’s (and caregiver’s) quality 
of life [385] 

The common, treatable, potentially reversible condi-
tions that can contribute to UI in frail older people can 
be defined by the mnemonic DIPPERS ((Delirium, In-
fection [urinary tract), Pharmaceuticals,  Psycho- log-
ical, Excess fluid (in/out), Restricted mobility, and 
Stool impaction [and constipation]). This is a useful 
aid to teach and remember these conditions [386]. 
Cognisance must be made of the potential to over-
treat asymptomatic bacteriuria as apparent infection 
because of the risk of adverse outcome [387]. 

 

6. FACTORS IN MANAGEMENT OF 
THE FRAIL OLDER PERSON WITH 

URINARY INCONTINENCE 

6.1. Background 
This section highlights the issues that distinguish 
management of incontinence in frail older people 
from that of healthier older adults. These include pref-
erences for care, goals of care, determination of costs 
and benefit special issues in drug treatment, and is-
sues unique to frail elderly men. They incorporate 
knowledge of physiological, psychological, sociologi-
cal, and economic changes associated with frailty 
and advanced age, and reflect the importance of pa-
tient-centred goals and the role and burden of care-
givers in this population. These factors provide the 
context of continence care and should be incorpo-
rated into the management of all incontinent frail per-
sons, regardless of the choice of specific treatment. 

6.2. Role of comorbidity in management 
decisions 

Many frail older people will have coexisting disability 
and comorbidity, both of which can influence the clin-
ical presentation and assessment of UI, as well as re-
sponsiveness to interventions. Frail older people are 
not only at higher risk for unintended ad- verse effects 
from treatment (e.g., fulminant Clostridium difficule 
colitis from antibiotics used to treat otherwise asymto-
matic bacteriuria), but also may realise additive ben-
efit in domains other than UI [385] For example, UI 
treatment that is aimed at underlying comorbidity and 
impairment (e.g., topical oestrogen for irritating uro-
genital atrophy reduces recurrent UTIs); and a nurs-
ing home exercise programme done in the course of 
toileting improves both physical function and UI 
[333]). Likewise, management of chronic cough from 
obstructive pulmonary disease may benefit stress uri-
nary incontinence but, aside from the evidence for 
weight loss [388] and obstructive sleep apnoea [389] 
(both not in frail older adults), the is little published 
evidence. The role of dementia is discussed above. 

6.3. Defining outcomes from treatment 
Outcome measures must be fundamentally different 
from those used in healthy older persons, because of 
the heterogeneity of this frail population regarding 
comorbidity, remaining life expectancy (RLE), patient 
perceptions, personal values, and the involvement of 
caretakers and proxy decision makers. Unfortunately, 
intervention studies in the frail elderly remain focused 
on objective disease related variables and seldom, if 
at all, take account of these factors.  Subjective out-
come goals and measures are would be preferable 
study outcomes in this patient group. Additionally, 
comorbidity is frequently used as an exclusion crite-
rion in therapeutic trials. A review of care home resi-
dents’ views on continence showed that they valued 
having independent bowel and bladder function, but 
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believed incontinence to be inevitable and intractable. 
Residents often had low expectations, and declined 
further evaluation and treatment [390]. There are few 
data on older or frail peoples’ expectations from spe-
cific treatments. 

Although quality of life (QoL) is a key concern for UI 
in all persons (see Committee 5, Initial Assessment 
Including Quality of Life), and has special relevance 
in frail elderly with limited RLE, there are few vali-
dated QoL outcome measures applicable to this pop-
ulation. Only one validated UI- related QoL measure 
is derived specifically from patient-based data among 
persons older than 65, and these subjects were com-
munity-dwelling and relatively healthy [391]. None of 
the ICI-endorsed UI-related QoL measures have 
been validated in oldest-old or cognitively and/or 
functionally impaired persons. Traditional UI QoL do-
mains—e.g., impact on IADLs, travel, sexual rela-
tions—are often not relevant to frail older persons, 
and there could be significant effects” for social and 
role function domains. One alternative QoL domain 
for frail elderly is social interaction, especially for 
nursing home residents; [392] an analysis of cross 
sectional and longitudinal data from over 100,000 US 
nursing home residents found that prevalent and es-
pecially incident UI had negative impact on social in-
teractions, particularly among persons with moderate 
ADL impairment [392]. An analysis of older Medicare 
benefit over 65 years of age, and including those over 
85, found significant impairment of QoL, in accord-
ance with that found in younger people [393]. 

The profound question when considering UI out- 
comes in frail older persons is, “Is complete cure ever 
possible?” In short, this depends on patient factors, 
specific treatment(s), and the target out- come. While 
no geriatrician endorses “ageism” and therapeutic ni-
hilism, research evidence suggests that complete 

dryness is unlikely for certain frail patients, particu-
larly frail institutionalised persons with severe cogni-
tive and functional impairment. Even “intractable” UI 
is amenable to interventions that may improve the pa-
tient’s urinary and bowel function and quality of life 
The Committee of the Third ICI introduced an alter-
native continence paradigm for frail elderly (Figure 3), 
which subsequently was generalised for all persons 
with UI [394]. In this paradigm, people with “depend-
ent continence” are dry due to ongoing assistance, 
behavioural treatment, and/or medications. UI would 
return if the interventions ceased, a situation analo-
gous to chronic disease models [395] such as “con-
trolled hypertension” or “controlled diabetes.” Per-
sons with “independent continence” are cured without 
need for ongoing treatment (e.g., dry after successful 
anti-incontinence surgery). For patients who are una-
ble to achieve independent or dependent continence, 
“contained incontinence” should be possible by use 
of appropriate products such pads, catheters, and ap-
pliances (See Chapter 20, Management Using Conti-
nence Products), thus providing “social continence” 
or “accepted incontinence.”[396]. The balance be-
tween the degrees of continence achieved may vary 
as UI severity changes, and are dependent upon pa-
tient and caregiver preferences. These continence 
outcomes encompass a common need: to be both re-
alistic and hopeful about UI in frail elders while avoid-
ing nihilism and neglect; maintaining comfort and dig-
nity and preventing avoidable complications of UI. 
The other consideration is that any comorbidities as-
sociated with frailty, e.g. dementia and Parkinsonism, 
are progressive conditions so that treatment goals 
may need to be re-evaluated as time progresses. Alt-
hough the ICS standardisation document on out-
comes in older patients is now over 15 years old, little 
progress has been made and many of the identified 
needs still pertain (see Recommendations for Re-
search). 
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Figure 3. A paradigm for continence 

6.4. Role of remaining life expectancy in 
treatment decisions 

Remaining life expectancy (RLE) is a key yet often 
misunderstood concept in treatment decisions for frail 
older people. RLE is not uniformly short in this popu-
lation; moreover, there is a demographic trend of in-
creasing RLE, with a smaller proportion of persons 
spending their remaining years living with disability 
[397]. Evidence shows that many health care profes-
sionals will underestimate life expectancy [398]. Ref-
erence to actuarial tables produced for insurance pur-
poses is often enlightening. Incorporation of RLE into 
treatment decisions in urology and gynaecology has 
been studied only in relation to cancer treatment. Two 
studies, both in prostate cancer, examined special-
ists’ ability to estimate RLE. Canadian urologists were 
more accurate in estimating longer RLE: using sce-
narios based on actual patient data, 31% were accu-
rate within 1 year, 67% within 3 years, and 82% in 
estimating greater than or less than 10 years in 82% 
of responses [399]. Comprehensive Geriatric Assess-
ment can help estimate remaining life expectancy 
and can help predict treatment-related morbidity and 
mortality in older men with prostate cancer [400]. 

Walter and Covinsky [401] developed a graphical tool 
for estimating quintiles of RLE by age. Medical condi-
tions most closely associated with shorter RLE are 
class III/IV congestive heart failure, end-stage renal 
disease, and oxygen-dependent chronic obstructive 
pulmonary disease. Estimates of RLE are signifi-
cantly affected by frailty and cognitive impairment 
[402]. Functional status has a dramatic impact on life 
expectancy. For example, 75-year-old men and 
women without limitations have life expectancies 5 
years longer than those with ADL limitation and more 

than 1 year longer than those limited in mobility [403]. 
Alzheimer’s dementia decreases RLE profoundly (by 
nearly 75%) among older persons who otherwise 
would be in the top quintile of RLE [404]. Compared 
to older persons with at most one IADL deficit, per- 
sons with more deficits have significantly higher 5-
year mortality (with two deficit, adjusted RR 1.46 
[95% CI 1.20 – 1.78] ; with three or more deficits, ad-
justed RR 1.64 [1.26 – 2.14] ) [401]. 

6.5. Preferences for care 
Because there are multiple treatment options avail- 
able for frail older adults with UI, and individualised 
care should be emphasised, obtaining patients’ and 
caregivers’ opinions regarding preferences and goals 
for care is essential for quality care planning. It should 
not be assumed that persons with cognitive impair-
ment are unable to make their care preferences 
known or participate in treatment decisions and all 
reasonable efforts to help them to do so should be 
made. The spectrum of cognitive impairment is large 
and the wishes of the patient should be paramount. 
Preferences for toileting and changing were studied 
in 111 nursing home residents with UI; residents pre-
ferred an average of 2 pad changes, 1.5 toilet assists, 
and 2 walking assists more than they actually re-
ceived, yet even these levels were lower than guide-
lines recommend, suggesting that residents may 
have reduced expectations based on their experience 
[405]. In a second, residents of board and  care facil-
ities and two nursing homes, their family members, 
and facility nursing staff were given definitions of and 
information about UI treatment options (indwelling 
catheter, prompted voiding, adult diapers [sic], elec-
trical stimulation, and medications) [406]. Respond-
ents were asked their preferences between pairs of 
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treatment options (e.g., “diapers” versus prompted 
voiding). Most of the board-and-care respondents 
were continent, although some were undergoing UI 
treatment at an outpatient clinic. Patients and family 
members were evenly divided between “definitely” 
and “probably” preferring prompted voiding versus di-
apers. Almost 80% of nursing staff, however, pre-
ferred prompted voiding to diapers. Families per-
ceived staff members as unwilling to perform 
prompted voiding, and some thought prompted void-
ing was degrading to the resident and that it was both-
ersome to be asked to go to the toilet frequently. Us-
ing a similar method, a German study with 117 geri-
atric hospital patients (mean age 85; 43% with UI), 72 
staff members, and 71 family members, found that 
most patients preferred diapers (79%), medications 
(78%), and scheduled toileting (79%) over urinary 
catheters, and 64% preferred scheduled toileting 
[407]. When choosing between diapers and medica-
tion, equal proportions preferred each option. Pa-
tients with greater functional dependence were more 
likely to prefer catheters, and those with experience 
with diapers were more likely to prefer medications 
and toileting. Notably, spouses showed moderate to 
al- most perfect agreement with patient preferences, 
but those of other family proxies had only slight to fair 
agreement. In a qualitative study of 25 women with 
pelvic floor dysfunction living in residential facilities, 
residents expressed a desire to live with their problem 
rather than undergo assessment and management, 
emphasizing the need to include the patient in man-
agement decisions at the outset [408]. 

6.6. Cost and benefits of treatment of UI in 
frail older persons 

An overall discussion regarding UI-related costs is 
covered by Committee 22, Economics of Inconti-
nence. The following discusses UI cost issues spe-
cific  to the frail elderly. 

a) Estimating Costs. For the majority of de-
veloped countries, the greatest increase in population 
is occurring in the oldest old, those > age 85. This 
group has the highest prevalence of UI, and accord-
ingly the increased prevalence of lower urinary tract 
symptoms will result in higher UI care costs. Such an 
increase has already been observed between 1992 
and 1998 amongst US women aged > 65 [409]. The 
costs of care for older persons has been estimated at 
double that for people under 65, but care for those 
older persons living in institutions was less than for 
community dwelling individuals [410]. Likewise, the 
cost of OAB in five European countries is estimated 
to rise by one billion Euros between 2000 and 2020 
[411] and in the US it has been estimated that by 
2030 the greatest increase in demand for UI care 
(81%) will be in older women aged 60-89 with OAB 
symptoms [412]. In one US study using of a commu-
nity managed care population, the presence of OAB 
and comorbidity doubled the associated costs of UI 
care [413]. In South Korea, the estimated cost of 
treating overactive bladder was 117 billion Korean 

Won (KRW) in 2006 and 145 billion in 2007. The es-
timated total cost in treating stress urinary inconti-
nence was 122 billion KRW in 2006 and 59 billion in 
2007 [414]. 

Costs can be expressed as direct costs, indirect 
costs, and intangible costs [413]. Previous estimates 
have focused on diagnostic costs, treatment (includ-
ing routine care and pads), and consequence costs 
(skin irritation, urinary tract infection, falls, fractures, 
additional nursing home and hospital admissions, 
longer hospital length of stay). Direct healthcare costs 
are most often estimated but there is a lack of mean-
ingful research into indirect costs and those related to 
comorbidity in the frail elderly. Intangible costs have 
not been considered in these estimates because of 
their subjective nature and the methodological diffi-
culty of collection and estimation. Much of the evi-
dence for the cost of UI in older persons has been 
gathered from either epidemiological surveys or anal-
yses of claims from insurance databases; these have 
often involved many assumptions or complicated for-
mulae to calculate financial costs. There is a con-
sistent theme that the cost of caring for older adults 
with UI will increase, but the estimated magnitude of 
this increase is variable. 

For the frail elderly, especially those in long term care, 
cost calculation is especially complex. The greatest 
costs for UI care in nursing homes are by far nursing 
labour costs [415]. Extrapolated costs for nursing 
home admission due to UI was $6 billion (2000 US 
dollars), with institutional costs of UI management 
and consequences of $5 billion (2000 U.S. dollars) 
[416]. In one small 6-month study, the mean daily cost 
of UI care, including direct nursing care, indirect nurs-
ing overhead, and supplies, was $9.09 (+/- $ 0.52) 
per resident (2003 U.S. dollars) [417]. The costs for 
UI pads alone in Dutch long-term care have been es-
timated at 160 million Euros [418]. In an Australian 
sub- acute care setting, the costs of daily UI care was 
AU $49, with most spent on staff wages [419]. In Can-
ada, researchers found that 1% increase in UI preva-
lence was associated with an 11-12% increase in 
costs [420]. The extra nursing time needed to main-
tain toileting programmes contributes to high costs 
[421]. Routine garment and laundry costs may be 
lower than estimated because in practice residents 
are not changed as often as needed. In addition, for 
prompted voiding to remain effective, such things as 
regular refresher education programmes for staff or 
wet sensors may be necessary, and thus are rarely 
considered in cost estimates. Moreover, the time over 
which the costs and benefit are calculated needs to 
be explicit because both benefit and costs will 
change, and patient morbidity and mortality need to 
be considered. The costs of correcting functional and 
medical causes of UI are rarely considered. Also, the 
potential differential in costs across the span of cog-
nitive and functional impairment has seldom been as-
sessed, [422] despite evidence that UI care costs are 
closely related to the degree of functional impairment 
[423]. Some surveys suggest that the costs of care 
for younger community dwelling adults outweighs that 
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associated with the elderly, but there are wide varia-
tions of estimates depending upon the population 
studies [424]. 

Costs related to caregivers of frail persons with UI liv-
ing in the community include lost wages, de- creased 
productivity (both within and outside of the home), the 
additional number of caretaking hours when a frail 
person develops UI, [425] and the cumulative effect 
of increased strain and burden, along with any result-
ant illness. Overall, there are still limited data on costs 
of UI treatment in other residential (such as assisted 
living or rest homes) and acute care settings [426], 
costs may vary by access to care. Because so many 
frail elderly are homebound or live in institutions, they 
often do not have the same access to the UI therapies 
as other populations. Their health care providers may 
be limited to primary care physicians, community 
nurses, and care assistants or aides with little to no 
expertise in UI management. Specialist consultation 
may be minimally available in home or long term care 
settings, leading to a focus solely on behavioural 
management and/or containment products. An as-
sessment of a multi-component intervention based 
upon absorbent products, a structured skin care reg-
imen, and nursing advice on incontinence associated 
dermatitis revealed that incontinent residents used an 
average of 5.19 absorbent products, at a mean cost 
of € 1.79 per day. Following introduction of the inter-
vention, the mean number of absorbent products con-
sumed per day was 2.02 per incontinent patient, at a 
mean cost of € 0.97 per day [427]. 

Cost relates strongly to reimbursement, which varies 
considerably from country to country, depending not 
only on structure of the health system but special pro-
grammes for the aged and persons with UI. Within 
countries, there may be further variation based on in-
surance, co-insurance, drug versus procedure cover- 
age and incentives, access to care, programmes for 
vulnerable populations, and urban/rural differences. 

b) Benefits and effectiveness of treatment. 
The ability to define the benefit of UI treatment in frail 
older people is highly dependent on the individual, 
their caregivers, and the health care system. Out- 
comes research indicates that patients value quality 
of life, which encompasses many domains beside re-
duction in UI (See Committees 5A Initial Assessment 
of Urinary Incontinence in Adult Male and Female Pa-
tients and 5B Patient-reported Outcome Assess-
ment). Even cognitively impaired people can still ex-
press treatment preferences [407, 428], so it is also 
possible to evaluate domains of quality of life (e.g., 
social interaction) [392] and assess treatment satis-
faction directly or behaviourally. At the same time, we 
found no data on the value or utilities frail elderly or 
their caregivers assign to varying degrees of UI (with 
or with- out treatment intervention) versus “dryness.” 
Standard outcomes such as quality adjusted life 
years (QALYs) may overestimate effectiveness in 
older people, [429] not just because of potentially dif-
ferent utilities, but because of the altered importance 

of “years of life saved” in a population with variable 
and limited remaining life expectancy. 

The need for novel and specific outcomes for use in 
both trials of UI interventions and clinical care of in-
continent frail elderly people continues. Outcomes 
measured by single item tools of perceived benefit or 
satisfaction with treatment are unlikely to be general-
isable across the heterogeneous older population. It 
should not be assumed that perceived benefit of 
treatment can be measured with the same tools 
across cultures and health systems, unless such 
tools are sensitive to differences in such things as re-
imbursement and provision of continence services 
and supplies. The association between expectations, 
preferences, and outcomes needs to be prospectively 
studied in relevant ad representative populations. 
New approaches and tools to assess UI-specific qual-
ity of life in cognitively-impaired frail elderly are 
needed, as well as better understanding of the inter-
action between functional impairment and the impact 
of UI [392]. When QALYs are included as an outcome 
in UI treatment trials in older persons, they should be 
specifically analysed by age and also possibly health 
status. 

7. ISSUES IN DRUG TREATMENT 

7.1. Age-related changes in pharmacology 
Specific age-related changes in pharmacokinetics, al-
teration in drug absorption, distribution, metabolism 
and clearance, and their potential effect on UI drugs, 
are shown in Table 6. Age-related pharmacokinetic 
changes are rarely considered in planning the dura-
tion of time off previous UI medications, placebo-run 
in periods, and wash-out periods in UI drug trials in 
older persons. Typically, a two-week washout from 
other drugs, three weeks for solifenacin and mira-
begron, is planned, regardless of age. The numerous 
factors potentially affecting drug clearance in older, 
frail patients, as well as previous and/or cross-over 
compounds, may confound observed drug effects. 
Age-related changes in pharmacodynamics have 
been described for benzodiazepines, beta-adrener-
gic agents, and opiates [430, 431] but there are few 
available data concerning change, even in these, 
other than for limited numbers of community dwelling 
older people, often with median age of around 65 
years old. 

Availability of low dose agents: One effect of the 
underrepresentation (if not exclusion) of frail older 
persons in UI drug studies is a lack of knowledge re-
garding minimal effective drug doses for this popula-
tion. The age-related changes in pharmacology noted 
above suggest that some UI drugs may be effective 
at lower than standard doses in frail older persons 
with concomitant decreased adverse effects [432]. 
This issue is especially relevant for extended release 
preparations, which cannot be divided into smaller 
doses. There are some data supporting the effective 
use of low dose oxybutynin in older persons [433, 
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434]. Since the last consultation, a single study has 
assessed low standard doses of trospium chloride 
and solifenacin in combination in older persons (not 
frail) average age 69. 4 years in comparison to higher 
doses showing higher efficacy of combination lower 
dose therapy [435] 

Polypharmacy: Approximately 60% of people over 
age 65 take at least one prescribed medication, and 
about one-third take more than five prescribed drugs. 
In a Swedish analysis of 3 cohorts of older persons 
examining the trends in medication taking over the 
years 1987-2007, the prevalence of medication use 
and polypharmacy increased in the age group 78 
years from 2.8 drugs in 1987 to 5.8 drugs in 2007, 
and for the age group 96+ years from 3.6 to 7.7 [436]. 
There is evidence from some jurisdictions which sug-
gests a reduction in potentially inappropriate medica-
tion exposure in older persons [437]. Similar results 
have been reported from other countries [438].  

In addition, many older persons take over-the-coun-
ter, naturopathic or herbal agents and dietary supple-
ments, with the rate of use varying across countries 
and cultures. In a US analysis of a longitudinal, na-
tionally representative sample of community-dwelling 
older adults, 62 - 85 years old interviewed twice, ini-
tially in 2005-2006 and again in 2010-2011, concur-
rent use of at least 5 prescription medications in-
creased from 30.6% to 35.8%. The use of over-the-
counter medications declined from 44.4% to 37.9%, 
while the use of dietary supplements increased from 
51.8% to 63.7% (P < .001 for both). In 2010-2011, ap-
proximately 15.1% of older adults were at risk for a 
potential major drug-drug interaction compared with 
an estimated 8.4% in 2005-2006 (P < .001) [439].The 
likelihood of adverse drug reactions (ADEs) and drug 
interactions rises exponentially as the number of 
medications increases. This has led to the recom-
mendation in geriatric prescribing to “subtract before 

adding,” to consider whether target symptoms might 
be due to medications before adding another drug 
targeting those symptoms. This approach is relevant 
in geriatric UI, as UI may have been precipitated 
and/or worsened by medications (see Table 3). 
Changes to existing drug regimens should be consid-
ered in the management of UI in all frail older people. 
The national audit of continence care in the United 
Kingdom reported that of older adults, mean age 80 
years, only 27.5% (2082/7572) had documented evi-
dence of a medication review [440]. 

Adverse drug effects (ADE): ADEs are extremely 
common in older persons, [441] with rates up to 35% 
among community-dwelling persons aged > 65 in the 
US [341], and up to two-thirds of long term care resi-
dents [342]. Although the prevalence of drug – drug 
and drug disease interactions in older persons is 
high, there are limited data on important clinical out-
comes, largely due to the varying nature of the report-
ing of events[442]. In a recent review of prevalence 
and contributing factors in developed and developing 
countries, of the median prevalence of ADR-related 
hospitalisation was 6.3 % (interquartile range (IQR) 
3.3-11.0) and 5.5 % (IQR 1.1-16.9), respectively. The 
median proportions of preventable ADEs were 
71.7 % (62.3-80.0) and 59.6 % (51.5-79.6).  Factors 
associated with increased risk of hospitalisation were 
older age, female sex, number of medications, renal 
impairment and heart failure [443]. In a UK series, 
59% of ADEs requiring hospital admission involved 
patients aged > 60 [444]. Factors associated with 
higher ADEs in older persons are higher drug doses, 
age-related pharmacological changes, polyphar-
macy, comorbid conditions and the interactions be-
tween them, and female sex [445, 446]. Older people 
are at higher risk of ADEs  

Table 6. Pharmacokinetic changes in older persons 

Parameter Age-associated Changes UI Drugs Potentially affected 

Absorption Minimal quantitative change despite 
↓ gastric motility, yet little known regarding 
effect on slow-release agents 

Extended release preparations 

↓ Skin thickness Transdermal preparations 

Distribution Decrease in lean body mass leads to ↓ Vd 
/↓T½ for hydrophilic drugs and ↑Vd/↑T½ for 
lipophilic agents 

Lipophilic agents, tricyclic 
antidepressants 

Decreased protein binding in frail patients 
with low albumin, leading to higher 
concentration of free drug 

Tolterodine 

Hepatic metabolism ↓ Phase I reactions (oxidation/ reduction) Tricyclic antidepressants 

No change in Phase II reactions 
(glycosylation) 
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Parameter Age-associated Changes UI Drugs Potentially affected 

↓ Hepatic blood flow and ↓ hepatic mass, 
leading to reduced clearance for agents with 
first-pass metabolism 

Oxybutynin Tolterodine Solifenacin 
Darifenacin 

Stereoselective selectivity in metabolism 
(hypothetical) 

Enantiomers 

Cytochrome P450 Oxybutynin TolterodineSolifenacin 
Darifenacin 
Mirabegron 
5HMT, clearance only) 

Clearance Decrease in renal clearance Tolterodine 
Fesoterodine (5-HMT) 

 

from antimuscarinics because of age, and comorbid-
ity-related changes in muscarinic receptor number 
and distribution, blood-brain  barrier  transport, and 
drug metabolism [447] . Whereas antimuscarinic 
ADEs in younger persons are bothersome, in the frail 
elderly they can result in serious morbidity such as 
sedation, heat intolerance, prolongation of delirium, 
and falls. 

Xerostomia is common in older people [448]. A study 
of 175 acutely hospitalised community dwelling older 
people (mean (SD) 82 (5.7) years) and 252 outpa-
tients (mean (SD) 77 (5.7) years) found that 63% of 
the hospitalised elderly and 57% of out- patients com-
plained of dry mouth. Dry mouth was more common 
amongst those on multiple medications [449]. In gen-
eral, older people, women and those taking multiple 
medications are more likely to report the symptom. 
Antimuscarinics may exacerbate this condition, lead-
ing to concerns about deteriorating dental health and 
a 2011 warning to the Food and Drug Administration 
from the American Dental Association (no longer 
online). meta-analyses of bladder antimuscarinics 
show minor variations in the incidence of dry mouth 
from clinical trials, with oxybutynin associated with 
the highest prevalence [450, 451]. A subcut analysis 
of a Canadian randomised controlled trial of solifen-
acin, 5mg/day, versus oxybutynin 5mg tid, examined 
the tolerability of both drugs in subjects under and 
over the age of 65 years, the study found that dry 
mouth was no more common amongst those over the 
age of 65 but was more common and more severe 
with oxybutynin [452]. In those over 75 years of age 
treated with 8mg versus 4mg of fesoterodine from a 
pooled analysis of data from registration trials, dry 
mouth was more common in the older sample; this 
finding was duplicated in a prospective trial of feso-
terodine in older patients [453, 454]. 

Another antimuscarinic ADE to which the frail elderly 
may be predisposed is decreased visual accommo-
dation, yet this has been specifically evaluated only 
in young healthy volunteers, [455] and a single pro-
spective cohort including patients up to the age of 60 
years [456]. Drug trials typically report only “blurred 
vision,” without further characterisation. 

The incidence of increased post void residual volume 
(PVR) as an ADE is reported in clinical trials of anti-
muscarinics for UI or OAB as urinary retention, typi-
cally defined of a retained volume above 200mL.  Pa-
tients with a PVR ≥ 200mL are usually excluded from 
trials at the outset. When it has been reported, the 
magnitude of increase is seldom of clinical significant 
at usual therapeutic doses. 

The incidence of acute urinary retention with antimus-
carinics in general is low [457] but has not been eval-
uated in frail older persons.  In a trial of fesoterodine 
in “vulnerable elderly” patients (see specific drugs, 
below), urinary retention occurred in 9/281 fesotero-
dine exposed patients over 12 weeks and none ex-
posed to placebo [458]. There is no consensus, other 
than that used in clinical trials, as to what constitutes 
a sufficiently high PVR to preclude antimuscarinic 
treatment or to require dose adjustment of an already 
prescribed agent. If urinary frequency or UI worsens 
after an antimuscarinic is started or increased, then 
PVR should be checked because an increased PVR 
will lower functional bladder capacity and worsen UI. 
PVR should be monitored in frail older men treated 
with antimuscarinics who may not reliably report 
change in LUTS or voiding difficulty. The majority of 
men with clinically relevant outlet obstruction are ex-
cluded from treatment trials and the results of these 
should be viewed in that light. 
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7.2. Anticholinergic medication and 
cognitive impairment 

A major antimuscarinic ADE of concern in frail adults 
is cognitive decline. There has, since the last consul-
tation been a number of associative reports linking 
anticholinergic medication to cognitive impairment, 
an increase in incident dementia diagnosis and a pos-
sible increase in mortality [66, 459, 460]. Medications 
with anticholinergic properties are commonly used by 
older persons.  For example, in a US retrospective, 
cross-sectional study of adults aged 65 years and 
older using 2012 American Geriatrics Society Beers 
Criteria, 9.56% (7.51 million) older adults used poten-
tially inappropriate anticholinergic medications in 
2009-2010; those aged 75-84 or ≥ 85 years did, how-
ever, have a decreased likelihood of receiving them 
[461]. Of 964 older persons attending an Australian 
memory clinic, potentially inappropriate medications 
affecting cognition were used by 206 (21.4%) pa-
tients. Anticholinergics and sedatives were the most 
common. One hundred and thirteen (11.7%) patients 
had a clinically significant anticholinergic burden 
score (≥3) [462]. As much as there is a reported in-
crease in overall medication prescribing for older per-
sons, temporal trends also reveal an increase in anti-
cholinergic medication prescribing for older persons 
[463]. Due to the nature of the cohorts of persons 
studied, data on medications used for overactive 
bladder and urgency incontinence are limited to iden-
tifying immediate release oxybutynin as a consistent 
significant factor in exposure. In the study of Gray 
[67], over 10 years, those with the highest cumulative 
burden of oxybutynin exposure had a significant as-
sociation with cognitive impairment.  

Cognitive effects may be under-detected because 
they are clinically subtle, neither asked about nor re-
ported by the patient, or mistaken for age-related dis-
eases and ageing [464, 465]. A 2014 systematic re-
view of the effect of medications with anti-cholinergic 
properties on cognitive function, delirium, physical 
function and mortality examined 46 studies including 
60,944 participants; 77% of included studies evaluat-
ing cognitive function (n = 33) reported a significant 
decline in cognitive ability with increasing anti-cholin-
ergic load. Four of five included studies reported no 
association with delirium and increasing anti-cholin-
ergic drug load (P > 0.05). Five of the eight included 
studies reported a decline in physical function in us-
ers of anticholinergics (P < 0.05) [466]. A recent study 
investigating the association between anticholinergic 
medication use and neuroimaging biomarkers of 
brain metabolism and atrophy in 52 cognitively nor-
mal adults, mean [SD] age, 73.3 [6.6] years in the Alz-
heimer's Disease Neuroimaging Initiative and the In-
diana Memory and Aging Study found showed lower 
mean scores on Weschler Memory Scale-Revised 
Logical Memory Immediate Recall, Trail Making Test 
Part B and a lower executive function composite 
score in participants taking anticholinergic medica-
tions compared to those participants not taking such 
medications. Reduced total cortical volume, temporal 
lobe cortical thickness and greater lateral ventricle 

and inferior lateral ventricle volumes were also seen 
in the participants taking anticholinergic medications 
compared to those not taking such medications [467]. 
It is clear that duration of exposure and extent of ex-
posure to medications with anticholinergic properties 
are significant factors in the observed associations 
with cognition.  Many scales exist which purport to 
measure anticholinergic burden, each varies in its 
utility in identifying anticholinergic load.  The clinical 
results in studies using these scales are different de-
pending on the scale used dependent upon the differ-
ent methods used in their development [468]. Per-
sons with pre-existing cognitive impairment (espe-
cially from conditions known to affect central cholin-
ergic pathways) may be at greater risk for cognitive 
impairment although there are also some data to sug-
gest that those with established dementia may not ex-
perience cognitive decline following therapy with an-
ticholinergic agents [68]. Additionally, a recent meta-
analysis examined the relationship between serum 
anticholinergic activity and decline in cognitive perfor-
mance, delirium, and functional impairment.  The re-
view included 4 RCTs, 5 prospective cohort studies, 
3 longitudinal cohort studies, 17 cross-sectional stud-
ies, and 4 case-control studies. Twenty-four of the re-
trieved studies examined an association between 
SAA and cognitive outcomes, 2 studies examined an 
association with SAA and functional outcomes and 8 
studies examined associations between SAA and 
both cognitive, and functional outcomes. The meta-
analysis on 4 RCTs showed no association with 
higher SAA and cognitive performance however, the 
pooled data from 4 observational studies showed el-
evated SAA was associated with reduced cognitive 
performance (I2 = 0.00%, H2 = 3.37 and p-value = 
0.34) [469].  

Whereas the beta-3-agonist, mirabegron, is associ-
ated with similar rates of adverse events to the anti-
cholinergic drugs, there are obvious differences, the 
most obvious being a relative absence of adverse 
events such as dry mouth and constipation.  In a sin-
gle pooled analysis of mirabegron studies in patients 
65 years, the three most common TEAEs in patients 
randomised to mirabegron 50 mg were hypertension, 
nasopharyngitis and UTI (9.9, 4.1 and 3.1%, respec-
tively. In the ≥65-year subgroup, over 12 weeks, the 
incidence of the most common TEAEs was similar for 
both doses of mirabegron and placebo, except for hy-
pertension, UTI and dizziness, which occurred with a 
higher incidence in the mirabegron 25 mg group than 
the placebo or mirabegron 50 mg groups. Hyperten-
sion has been a common concern with mirabegron 
therapy, but in the same pooled analysis, over 12 
weeks, in the ≥75-year subgroup, the incidence of hy-
pertension with tolterodine ER 4 mg (comparator) 
was seen to be higher (21.6%) than with either dose 
of mirabegron (18.8 and 13.6% for the 25 and 50 mg 
doses, respectively) or placebo (9.6%). The inci-
dence of hypertension in the oldest patients was also 
higher with tolterodine (14.5%) than mirabegron 50 
mg (9.3%) over a 1-year period [470].  
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7.3. Drug interactions 
Because frail older people take higher numbers of 
drugs and usually have several comorbid conditions, 
drug interactions are more common [471]. All anti-
muscarinic agents for UI will have additive side ef-
fects when combined with other anticholinergic 
agents. Antimuscarinics could potentially alter the ab-
sorption of other drugs by slowing gastrointestinal 
motility. 

Drug-drug interactions for oxybutynin, solifenacin, da-
rifenacin, and tolterodine include potent CYP3A4 in-
hibitors (azole antifungals, macrolide antibiotics, cy-
closporin, and vinblastine). Fesoterodine, a pro- drug 
that is converted to tolterodine by non-specific ester-
ases, is also dependent upon CY3A4 for its excretion. 
There is one case report of interaction between tolter-
odine and warfarin in 2 older patients, which [472] has 
not been seen in healthy volunteers. Naturopathic/ 
herbal preparations should also be considered for po-
tential interactions, especially in areas where these 
agents are frequently used. Potential drug-drug inter-
actions with mirabegron, a beta-3-agonist for the 
treatment of overactive bladder have been evaluated 
in younger healthy subjects, between mirabegron and 
metformin, warfarin, digoxin, or a combination oral 
contraceptive. Changes in maximum concentration of 
metformin and digoxin were observed, but no dose 
adjustment of either drug is required when mira-
begron is administered concomitantly with metformin, 
warfarin or the oral contraceptive. The authors sug-
gested that patients receiving mirabegron with di-
goxin may require additional monitoring of digoxin 
concentrations with dose adjustments where needed 
[473].  

Evidence regarding the co-prescription of bladder an-
timuscarinic agents and cholinesterase inhibitors 
(CEIs) used for dementia are of poor to moderate 
quality. There is evidence CEIs can cause or worsen 
UI from a case report [474] and also a case series of 
216 consecutive patients with probable Alzheimer’s 
disease attending a memory treatment centre [475], 
but this finding has not been replicated in a large 
Dutch dataset analysis [476]. In the case series, CEI 
treatment was overall associated with 7% risk of new 
UI: the highest risk was observed in patients with 
more behaviour problems, and lower risk in patients 
who demonstrated positive cognitive and/or behav-
ioural response to CEI. Further evidence for an inter-
action between antimuscarinics and CEIs comes 
from a database study of nursing home residents in 
one US state [477]. Residents with dementia, newly 
treated with cholinesterase inhibitors, were more 
likely to then be prescribed a bladder antimuscarinic 
than those residents with dementia not given a cho-
linesterase inhibitor, an example of a geriatric “pre-
scribing cascade” [478]. In a cross sectional survey to 
determine the proportion of nursing home residents 
with overactive bladder or urinary incontinence with 
potential contraindications to antimuscarinic treat-
ment because of concomitant anticholinergic medica-
tions or acetylcholinesterase inhibitors (AChEIs) 

71.3% received at least one anticholinergic medica-
tion. CEIs and antimuscarinic treatment were pre-
scribed concurrently in 24% [479]. Concomitant use 
of antimuscarinics (extended release oxybutynin and 
tolterodine) and cholinesterase inhibitors in nursing 
home residents was associated with a decline in ADL 
function in the most functionally able residents but 
there was no worsening of cognition, probably be-
cause the cognitive measure (MDS-COG) was inad-
equately sensitive. More importantly, there was no 
case of delirium observed [480]. In a study in which 
the primary objective was to assess the cognitive im-
pact of trospium chloride in older people with demen-
tia treated with galantamine over a six-month period, 
46 subjects with UI and dementia were enrolled, 10 
withdrew from the study. No effect on cognition or ac-
tivities of daily living was detected over the duration 
of the study. A within group analysis demonstrated an 
improvement in nocturia and reduction in pad use in 
this combination group [481]. A small study reported 
some positive effect of the treatment of UI with pro-
piverine in subjects with probable AD taking cholines-
terase inhibitors [482]. The practice appears to be 
common in Finland [483]. Although intuitively illogical, 
given the opposing pharmacological actions, there 
seems to be no reason not to use bladder antimusca-
rinics for older people with dementia, ensuring that 
the cholinesterase inhibitor is warranted and effec-
tive, that the incontinence is sufficiently bothersome 
to warrant treatment and that the patient (where pos-
sible) and the caregiver are fully informed. The cur-
rent weight of evidence appears to be that a positive 
outcome in terms of bladder control can be achieved 
without a significant detriment in either cognition of 
activities of daily living. 

7.4. Potentially inappropriate drugs for older 
persons 

Efforts at quality improvement for older populations 
have led to the development in several countries of 
expert consensus guidelines regarding inappropriate 
drugs for older persons, although the continuing rele-
vance of these guidelines has been questioned and 
alternative systems suggested. A revised Beers crite-
ria was introduced in 2015 [484]. These guidelines fo-
cus on drugs with lower risk-benefit ratios and higher 
potential for drug-drug and drug-disease interactions, 
and are used for nursing home regulation and quality 
performance measurement. The concerns regarding 
oxybutynin and tolterodine in causing urinary reten-
tion have been removed. All bladder antimuscarinics 
are included with respect to their anticholinergic prop-
erties. More recently, a system for prescribing appro-
priate medications for older persons, the Fit fOr The 
Aged (FORTA) criteria have been published with re-
spect to drugs for lower urinary tract symptoms [485]. 
These guidelines systematically review available evi-
dence for the use of medications in the population 
studied (in this case adults >65y with multimorbidity) 
and assign levels of appropriateness according to the 
available data.  A Delphi process is used to assign 
drugs into A, Absolutely, B, Beneficial, C, Caution and 
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D, Don’t criteria. Of all lower urinary tract drugs, fes-
oterodine achieved a Beneficial grade.  Most drugs 
were placed into the Caution category, reflecting ei-
ther deficiencies in, or absence of, available data.  

8. SPECIAL ISSUES IN FRAIL OLDER 
MEN 

Although their ranks thin into the ninth decade, men 
still comprise a significant portion of frail older per-
sons. The prevalence of UI increases in men after 
age 80, going from about one-third of the rate in 
women to become equivalent. Over the past ten 
years, the prevalence of UI in US male nursing home 
residents aged 65-74 has increased to a greater ex-
tent than in female residents (from 39% to 60%, com-
pared with 45% to 59%) 
(http://www.cdc.gov/nchs/data/series/sr_03/sr03_03
6.pdf) At the same time, frail older men are under-
represented in UI treatment trials, whether behav-
ioural, pharmacological, or surgical (see also Com-
mittee 13: Surgery for Urinary Incontinence in Men). 
Since the time of the 5th ICI, the European Associa-
tion of Urology has summarized their recommenda-
tions (2015) for Urinary incontinence in frail/older men 
and women [486]. One prospective study of overac-
tive bladder in older patients included 50% of men, 
but their results were not separately reported [454]. 

This under representation is unfortunate, because re-
sults from treatment trials in frail women cannot be 
directly extrapolated to men for several reasons: 

• Differences in comorbidity: frail older women 
have higher rates of functional impairment and 
chronic disease and geriatric syndromes [487] 
which may mean that frail men may be more 
likely to respond to behavioural intervention. For 
older adults who become incontinent, a compo-
site measure of physical performance (rising 
from a chair, walking, balance) is a better predic-
tor of UI incidence in men than in women [488]. 

• Differences in caregivers: more older men 
have living spouses who can provide care, with 
a potential impact on the risk and type of care-
giver burden associated with UI management. 

• Prostate cancer: nearly all men in their ninth 
decade have histological evidence of prostate 
cancer. However, it is not clear that frail elderly 
men have an increased risk of prostate cancer-
specific mortality, especially given that their re-
maining life expectancy (RLE) is primarily af-
fected by comorbid conditions. The need to 
screen for and treat prostate cancer diminishes 
with functional status, comorbidity, and RLE 
[489]. At the same time, more men are living with 
the sequelae of prostate cancer treatment, par-
ticularly stress UI after radical surgery. 

• Benign prostate disease: the prevalence of his-
tological BPH, BPE, and BOO increase with age, 

and is associated with LUTS, UI, and DO. In a 
urodynamic study of older persons, 29% of men 
had BOO and 59% had DO as the predominant 
cause of UI, versus 4% BOO and 61% DO in 
women [62] . 

• Risk of urinary retention: because of age-re-
lated decrease in detrusor contractile function 
and increased likelihood of BPE and BOO, it is 
often assumed that frail elderly men have a 
higher prevalence and risk of urinary retention. 
However, this has never been demonstrated. 
Among NH residents with UI, the prevalence of 
underactive detrusor was similar in women and 
men (38% and 41%, respectively), despite the 
higher prevalence of BOO in men [62, 102]. 

• Differences in device usage: A nationally rep-
resentative survey of adults in the US showed 
that older men were nearly three times less likely 
than older women to use pads to contain leakage 
(15% vs. 45%) [490]. Data from Scandinavia, 
where some countries provide absorptive pads 
as part of the health care benefit, showed that 
this gap might be narrowing (22% vs. 48%), and 
that increased functional impairment was associ-
ated with greater pad usage [345]. In a survey of 
patients recruited from family practice clinics in 
the Netherlands, the gender difference for pad 
usage by older adults with UI was even higher, 
with 4 out of 5 women using pads versus 1 of 9 
men using pads [491]. Men are also more likely 
to be users of indwelling catheters, both in the 
long-term care setting [354] and in the commu-
nity [492].  

• Differences in medical treatments: there are 
medications that might be used by only one sex, 
or might have distinct side effect profiles. For ex-
ample, alpha-adrenergic antagonists in particular 
should be cautiously considered in men due to 
their potential side effect of causing orthostatic 
hypotension. (Grade C) [486]. The interactions of 
UI and other conditions with regards to orthos-
tatic hypotension and risk of falls merits atten-
tion. In a German registry of 3,414 patients with 
Parkinson’s disease, for those with urinary incon-
tinence (716; 21%), orthostatic hypotension was 
reported for 14% of the men, yet only 9% of the 
women [493]. On the other hand, for women and 
men who had strokes and urinary incontinence, 
both were equally more likely to sustain a fall af-
ter stroke, though women were more likely to 
sustain an injury (OR 1.5) than were men [494]. 

• Differences in surgical treatments: there are 
gender-specific devices and surgical approaches 
that do require active management on the part of 
the patient. In particular, certain frail older men 
might not be appropriate for placement of an ar-
tificial urinary sphincter due to co-morbidity, 
medications and cognitive and/or functional im-
pairment would not allow for the individual to 
manage the device on his own (Grade C) [486]. 
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Despite these issues, evaluation and management of 
UI in most frail older men follows the same roadmap 
as for women (see Algorithm). 

9. SUMMARY OF THE EVIDENCE 

Age-related changes in pharmacokinetics affect anti-
muscarinic drugs for UI and should be incorporated 
into treatment planning. (Level 1-2) 

Drugs may be effective at lower doses in frailer com-
pared with healthier older persons (Level 3) 

Polypharmacy increases the chance of adverse reac-
tions to drug therapy. (Level 1) 

Adverse drug events are more common in the frail el-
derly. (Level 2) 

Drug-drug and drug-disease interactions are com-
mon in frail older persons (Level 1-3). 

Antimuscarinics for treatment of overactive bladder 
remain as potentially inappropriate medications for 
frail older people according to the Beer’s criteria 
(Level 3-4) 

Specific guidance for drugs for LUTS in older people 
exists, this may, with caveats, guide practice (Level 
3). 

10. TREATMENT OF URINARY 
INCONTINENCE IN FRAIL OLDER 

PERSONS 

10.1. Lifestyle interventions 
Several treatable lifestyle risk factors are associated 
with UI.  Modifications in fluid intake, avoidance of 
caffeine and other bladder irritants, weight loss,  
smoking cessation,  constipation prevention,  and 
physical activity are commonly recommended by 
health care professionals [416, 495-497] and in-
cluded in clinical practice guidelines to prevent or re-
duce UI [498].  We were unable to identify lifestyle 
interventions, alone or in combination, that have been 
rigorously evaluated in frail older adults.  Those stud-
ies available were conducted in healthier younger 
and older women, with some studies on weight loss 
interventions conducted in overweight women and 
men with impaired glucose intolerance or type 2 dia-
betes mellitus (See Committee 12, Conservative 
Management).  Some interventions may be inappro-
priate for or impractical to use in frail older adults, for 
example, weight loss.  However, advanced age alone 
should not preclude use of lifestyle interventions if as-
sessment warrants this.  Caution should be exercised 
in recommending fluid restrictions as inadequate fluid 
intake and dehydration are common in long-term care 
residents [499] and newly admitted frail older hospi-
talized patients [500].  Dehydration may actually in-
crease the risk of UI and its severity in frail older 

adults because of its significant association with con-
stipation and delirium, both known risk factors for UI 
[501, 502]. 

Quality of the data 
Since the 5th ICI we identified two systematic reviews 
on lifestyle intervention:  a review of multiple types of 
lifestyle interventions in adults [503] and a review fo-
cused on volume of daily intake in adults with overac-
tive bladder [504].  These reviews confirmed our ear-
lier findings that there was insufficient evidence on 
the effect of lifestyle interventions on UI in the frail el-
derly.  There was some evidence that fluid reduction 
did decrease the severity of overactive bladder symp-
toms; however, studies in this review were limited as 
they did not exclude known bladder irritants (e.g., caf-
feine) from the fluids measured nor did they establish 
baseline hydration status prior to any fluid modifica-
tion.  Although the authors recommended a 25% re-
duction in fluid intake could be effective, they cau-
tioned that using a fluid reduction could have serious 
consequences in the elderly.   There was some evi-
dence in small trials [505-507] that raised the possi-
bility that increased hydration for incontinent frail el-
derly may actually decrease UI.  In this review, we 
located one article reporting on a small cross-over 
RCT examining the effect of caffeine versus decaf-
feinated fluids on symptoms of overactive bladder, in-
cluding UI in women, but were unable to identify the 
number of oldest-old participants, few, if any ap-
peared frail, and results were not stratified by age 
[508].   

Recommendations (Table 7) 
No recommendations are possible regarding lifestyle 
interventions for UI in the frail elderly (Level 4). 

10.2. Behavioural interventions 
Behavioural interventions have been a mainstay of UI 
treatment in the frail elderly, and include two major 
types:  voiding programmes, including use of strate-
gies to suppress urgency and delay voiding, and pel-
vic floor muscle training (PFMT).  More recently, func-
tional training with exercise targeted at improving mo-
bility and toileting skills has been recommended for 
frail older adults, especially those in long-term care 
settings, who are at risk for functional decline and UI 
because of difficulty reaching and accessing the toilet 
in a timely manner [502].  Behavioural interventions 
may be especially beneficial for the frail elderly be-
cause they have few, if any, side effects. 

Voiding Programmes.  Voiding programmes are 
used predominantly with frail older persons, some 
which require active caregiver participation [509].  
These interventions evolved from classical behav-
ioural change theory, using antecedent and/or conse-
quent conditioning to shape the desired behaviour 
[510].  Voiding programmes can be used for frail older 
people with cognitive and physical impairments who 
have difficulty learning new behaviours or difficulty 
actively participating in self-care activities, as well as 
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with frail older adults without these impairments.  
They include: 

• Prompted voiding, involving prompts to toilet 
with contingent social approval, is designed to in-
crease patient requests for toileting and self-initi-
ated toileting, and decrease the number of UI ep-
isodes.  It was first used in the late 1980s for in-
continent nursing home residents [386] but has 
also has limited testing in a homebound older 
population [511].   

• Habit training requires the identification of the 
incontinent person’s individual toileting pattern, 
including UI episodes, usually by means of a 
bladder diary.  A toileting schedule is then de-
vised to pre-empt UI episodes.   There is no at-
tempt in habit retraining to alter an individual’s 
voiding pattern [512].  

• Timed voiding involves toileting an individual at 
fixed intervals, such as every 2-3 hours.  This is 
considered a passive toileting programme; no at-
tempts are made at patient education or rein-
forcement of behaviours, or to re-establish a 
voiding pattern.  Other terms used to describe 
timed voiding are scheduled toileting, routine toi-
leting, and fixed toileting [513].   

• Bladder training (or bladder retraining) in-
volves a progressive voiding schedule in combi-
nation with patient education that incorporates 
teaching of strategies for suppressing urgency 
and delaying voiding.  This intervention is used 
in individuals who do not have cognitive or phys-
ical impairments [514]. 

A prior systematic review and metastudy of bladder 
training, prompted voiding, habit retraining, and timed 
voiding [515] found limited evidence on the effective-
ness of voiding programmes, with the majority of trials 
not determining the type of UI or sufficiently describ-
ing whether comorbidity that possibly contributed to 
UI was evaluated or treated.  Randomised trials in 
long-term care settings have overwhelmingly de-
pended on research personnel to supervise or con-
duct the interventions.  Studies repeatedly show that, 
once a trial ends, the long-term care staff rarely main-
tains the intervention at the same level, if at all.  Out-
come evaluation is usually limited to “wet checks” 
(percentage of times the patient is found to be wet on 
a set schedule) and not UI, and no studies report cure 
or patient-based outcomes, such as satisfaction and 
quality of life impact, or staff-based outcomes such as 
burden. 

The context in which care is provided has been impli-
cated in the provision of quality continence care [516], 
with staff knowledge about UI and UI care an im-
portant aspect in continence care delivery [517].  Staff 
or family caregiver buy-in for the intervention is con-
sidered an important component to behavioural inter-
ventions [518],  Consideration of organisational and 
social factors and interplay among older adults, by the 
health care team, was also identified as important in 

the implementation of evidence-based practices 
[311].  Staffs’ beliefs and experience with regulatory 
policy may also have an unintended, negative effect 
on provision of continence care in long-term care fa-
cilities [292, 519]. 

Functional Training and Exercise.  Functional train-
ing involves exercises focused on improving skills in-
volved with toileting and other activities of daily living 
(ADL).  Functional training has also been used in con-
junction with prompted voiding, and is referred to as 
functional incidental training (FIT).  In some studies, 
FIT may be implemented by nursing home care aides 
(nursing assistants) [8, 520].  Functional training for 
UI has also been delivered by an occupational or 
physical therapist [521].  Functional training, with and 
without prompted voiding significantly reduced UI 
(measured in wet checks) in two long-term care pop-
ulations [8, 520].  However, these interventions in-
volve extra staff effort which may limit their feasibility 
in practice. 

Pelvic Floor Muscle Training (PFMT).  Although 
PFMT has been extensively studied in adults and 
some older people, primarily women and men under-
going prostatectomy, it has had limited study in frail 
older persons.  An early study evaluated the effect of 
biofeedback-assisted PFMT in homebound older 
adults and found evidence that it significantly im-
proved UI [522].  Age and frailty alone should not pre-
clude the use of PFMT in appropriate patients with 
sufficient cognition to participate [523].   

Multicomponent Behavioural Interventions.    
Studies have examined the effectiveness of multi-
component behavioural interventions involving PFMT 
in combination with bladder training for treatment of 
UI in women and non-frail older women [524, 525].  A 
multicomponent behavioural intervention involving 
pelvic floor muscle exercises, bladder training, and in-
formation about lifestyle modifications has also been 
studied in prevention of UI in community-dwelling 
older women aged 55 to 80 years [526], 2004); this 
intervention might be effective in some frail older 
women.   

Quality of the data and results (Table 7) 

Since the 5th International Consultation a systematic 
review on management of incontinence and promo-
tion of continence in older people in care homes 
[527], and an umbrella review of other systematic re-
views using behavioural interventions for the promo-
tion and management of UI [528] were published.  
These reviews confirm our findings that voiding pro-
grams are conducted primarily with frail older women 
(age > 80 years) in long-term care settings, with 
prompted voiding the most common intervention.  
Both reviews found evidence of the effectiveness of 
prompted voiding in reducing wetness rates and im-
proving appropriate toileting in the short-term in both 
long-term care and homebound populations.  Bladder 
training was effective in reducing UI frequency in 
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older women; however, there was no evidence re-
garding the effectiveness of timed voiding and habit 
retraining. 

We also located two systematic reviews on conserva-
tive interventions for UI in frail older adults.  One re-
view examined treatments conducted in frail commu-
nity-dwelling older populations [529]. The other re-
view with meta-synthesis assessed conservative 
treatments in older adults and frail older adults in both 
community and long-term care setting [530].  This re-
view concluded that there is some evidence that con-
servative treatments can reduce UI and improve qual-
ity of life.  However, the quality of the evidence varied 
from low to moderate.  These reviews confirm our 
previous observation on the limited number of studies 
on behavioural interventions in the oldest-old adults.  
A limitation identified by both reviews was the lack of 
an operational definition for frailty which made it diffi-
cult to distinguish older from frail older persons, along 
with incomplete descriptions of the study population 
in terms of comorbidity and ADL capacity.   

Since the 5th ICI, we were unable to locate new arti-
cles on prompted voiding, timed voiding, habit train-
ing, or bladder training that incorporated randomized 
controlled trial (RCT) or quasi-experimental designs.  
However, we did locate two non-randomised studies 
evaluating the feasibility and effect of an ultrasound-
assisted prompted voiding programme for manage-
ment of UI in hospitalised Japanese older adults [531] 
and nursing home residents [532].  In a 4-week period 
evaluating ultrasound-assisted prompted voiding in 
88 older hospitalised patients, there were statistically 
significant –post-test improvements in absorbent pad 
use (62.5% decreased their use and 26.3% no longer 
required use, with 37% unchanged) and reduction in 
caregiver stress [531]. In a 12-week study involving 
77 nursing home residents, absorbent pad cost was 
decreased in 51.9% of participants, overall costs de-
creased by 11.8%, and quality of life for care workers 
in subscales of role emotional and mental health were 
significantly improved [532].  These promising results 
warrant larger scale testing using more a more rigor-
ous design.   

We were unable to locate any studies that reported 
on prevention of UI in frail older adults.  We located 
five articles reporting on multicomponent behavioural 
interventions [332, 333, 533-535] (Table 7). Three 
studies were located that evaluated interventions in 
community-dwelling older adults.  These included a 
RCT of fitness exercises and PFMT [536] in older 
women, a secondary analysis of a RCT involving bio-
feedback-assisted PFMT and stress UI and urgency 
suppression techniques in homebound and non-
homebound older adults [535] and a RCT evaluating 
fitness exercises and PFMT with and without the use 
of a heat and steam sheet placed on the back for 30 
minutes daily) in older women with stress, urge, and 
mixed UI [534].  Two studies were located that evalu-
ated multicomponent behavioural interventions in 
long-term care populations:  a RCT of a group-based 
education, bladder training and PFMT programme in 

care home residents, and a RCT of physical activity 
and activities of daily living (ADL) training in nursing 
home residents [333]. 

There continues to be limited evidence on the use of 
behavioural interventions in the frail elderly.  The ma-
jority of studies have been conducted with frail older 
adults in long-term care settings; few interventions 
studies have been conducted in hospitalised or 
homebound older adults.  In the previous ICI review 
we noted limitations in most studies including:  small 
samples with low power to detect significant differ-
ences; varied terminology, operational definitions, 
and measures of UI making comparisons across 
studies difficult; inconsistent definitions of frailty; lim-
ited racial or ethnic diversity or men in samples; little 
focus on night time UI; little consideration to the psy-
chosocial impact of voiding programmes on frail older 
adults and caregivers; and no long-term follow-up.  
Most studies excluded frail older adults with terminal 
illness. Ethical concerns for human subjects prohibit 
withholding treatment; thus, true “control” conditions 
were nearly impossible to create.  Prompted voiding 
protocols varied across studies, with prompted void-
ing conducted every two hours over 12-hour, 14-hour, 
and 24-hour schedules.   Cost data on voiding pro-
grammes was either dated (> 16 years) or was not 
available. 
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Table 7. Behavioural interventions 

Intervention Authors Study Design Sample Methods Results 

Systematic Reviews 

Conservative 
treatments 

Talley et al., 2011 Systematic review 
of conservative 
treatments in 
community-
dwelling, frail older 
populations 

7 studies (N=683; 75% 
women) 

Literature review according to 
protocol including quality assessment 

Multicomponent behavioural interventions (PFMT 
and bladder training) effective in reducing UI but 
low level of evidence 
Habit training and timed voiding led to modest 
reductions in UI but not considered clinically 
significant 

Conservative 
interventions 

Flanagan et al., 
2012 

Systematic review 
of care interventions 
for UI and faecal 
incontinence  

33 studies, with 26 
studies on UI only 
(N=1111; majority > 80 
years, predominantly 
female);  7 studies on 
UI and/or fecal 
incontinence  

Literature searched according to 
protocol; no quality assessment 

Prompted voiding effective 
Combined prompted voiding and exercise was 
effective in improving endurance, strength, and 
continence but no evidence for exercise alone 
 

 Roe et al., 2015 Systematic review 
of systematic 
reviews on 
management of UI 
and promotion of 
continence using 
behavioral 
interventions 

5 systematic reviews; 
3 specific to 
intervention studies 
(N= and two reviewed 
descriptive studies 

Literature searched according to 
protocol (all systematic reviews); two 
reviewers evaluated reviews for 
methodological quality 

Toileting programmes, particularly prompted 
voiding, is effective in the short term, reliant on staff 
adherence and resources 

Conservative 
treatments 

Stenzelius et al., 
2015 

Systematic review 
with metasynthesis 
on conservative 
treatments for UI 
and/or faecal 
incontinence in frail 
older populations 

23 studies, with 9 
moderate to high 
quality studies (N=895) 
included in 
metasynthesis 

Literature searched according to 
protocol with quality assessment 

PFMT in combination with physical training was 
effective in reducing UI and improving quality of life 
Prompted voiding and toileting assistance with 
functional exercise reduced UI 
Nighttime prompted voiding and waking routine had 
no effect on UI reduction 
Education had no effect on UI on quality of life 

Functional Training and Exercise 

Physical activity 
and ADL training 
 

Vinsnes et al, 2012 2-arm RCT 98 residents (mean 
age 84.3 years) in a 
Norwegian nursing 
home 

3 month treatment of physical activity 
and individualised functional training 
by physiotherapist or occupational 
therapist; control group received 
usual care  

After adjusting for age, sex, and functional status, 
the treatment group had significantly less urine 
leakage than the control group which increased 
their leakage  
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Multicomponent Behavioral Interventions 

PFMT and 
functional training 

Kim et al., 2011 2-arm RCT 127 community-
dwelling Japanese 
older women (mean 
age 75.9) with stress, 
urge, and mixed UI 

60-minute exercise class with PFMT 
and fitness exercises, twice a week 
for 3 month; followed for 7 months 
post-treatment  

Treatment group had significant cure rates after 
treatment and follow-up  

Physical exercise, 
PFMT, and heat 
and steam sheet 

Kim et al., 2011 4-arm RCT 147 community-
dwelling Japanese 
older women (Mean 
age 76) with stress, 
urge, and mixed UI 

3-month group exercise class with 
PFMT and fitness exercises twice 
weekly, with or without 30 minutes 
use of a heat and steam sheet 
applied to back daily or heat and 
steam sheet only; control group 
received general education once 
monthly for 3 months 

Intervention groups significantly improved muscle 
strength and walking speed compared to control 
Exercise and use of heat and steam sheet led to 
significantly greater reductions in UI cure rates than 
exercise or heat and steam sheet alone 
Exercise and use of heat and steam sheet led to 
higher cure rates in women with stress UI than 
those with urge or mixed UI 
 

Education, PFMT, 
bladder training, 
and functional 
training 

Tak et al., 2012 Group RCT 192 residents (mean 
age 84.6) in 20 
participating Dutch 
care homes 

22 week intervention involving weekly 
group-based classes with education, 
PFMT, bladder training; control group 
received usual care  

No statistically significant improvement in UI or 
quality of life 
Significant improvement in physical performance  

PFMT and stress 
and urge 
suppression 
techniques 

Engberg et al., 2016 Secondary analysis 
of RCT 

279 homebound and 
non-homebound 
American adults aged 
60 years and over 

3-month intervention with PFMT, 6 
weekly electromyography-guided 
biofeedback, and stress and urge 
suppression strategies; intervention 
conducted in homes by registered 
nurse 

UI episodes were significantly decreased in the 
homebound group with UI 
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Efficacy 
Findings from the 5th ICI and several recent system-
atic reviews [527-530] indicate that prompted void-
ing is more effective, in the short-term, than no inter-
vention for improving daytime dryness in nursing 
home residents and some home care clients (Level 
of Evidence 1).  Our prior review identified predictors 
of treatment response using a three-day trial of 
prompted voiding which included:  appropriate toilet-
ing rate (the number of times the resident voided into 
the toilet divided by the total number of voids) greater 
than 66%, a wet check rate (number of times the res-
ident was wet when physically checked) less than 
20%, ability to pass a simple cognitive screening pro-
cedure of a one-step command, and the ability to 
transfer without human assistance [75].  Individuals 
who meet these indicators should continue on 
prompted voiding, and all other residents should be 
managed by “check and change.”  This approach al-
lows prompted voiding to be targeted to those nursing 
home residents who are eligible for and respond to 
prompted voiding (approximately 40%), and should 
help decrease the considerable time and labour costs 
now used for inappropriate, unsuccessful toileting 
[415].   

The large majority of prompted voiding trials have 
been conducted in the United States, with little evi-
dence of adoption in other countries.  There is limited 
data on the effects of prompted voiding on caregivers, 
and no data are available on its long-term effects.   

There continues to be insufficient evidence to deter-
mine if timed voiding or habit training improves 
continence in frail older adults (Level of Evidence 4) 
[537].  Bladder training appears to be effective in re-
ducing UI in older women, some of whom may be 
frail.   

Studies on functional training with other behavioural 
interventions (prompted voiding, PFMT, bladder train-
ing) report on improvements in endurance, strength, 
and walking ability, and subsequently reductions in UI 
in frail older adults in community-dwelling and long-
term care settings.  However, functional training 
alone did not appear effective in reducing UI. 

There is some evidence that multicomponent behav-
ioural interventions lead to improvements in UI in frail 
elderly, although this depends on the specific inter-
ventions and the population.  There is some evidence 
that interventions including PFMT with and without 
functional training may be effective in improving UI in 
community-dwelling older women.  Overall, there is 
insufficient evidence of effectiveness of functional 
training in combination with other behavioural inter-
ventions such as PFMT and bladder training.  There 
is a need for high quality studies of multicomponent 
behavioural interventions in frail older adults in all set-
tings, with evidence on their effectiveness in reducing 
UI, improving quality of life, impact on caregivers, and 
long-term benefit. 

Recommendations for practice 
1. Prompted voiding is effective in the short-term 

treatment of daytime UI in nursing home resi-
dents and home-care clients when caregivers 
comply with the protocol (Level of Evidence 1). 

2. Prompted voiding is ineffective and should not be 
used for people who need the assistance of more 
than one person to transfer, cannot follow a one-
step command, have less than a 20% reduction 
in wet checks or less than a 66% appropriate toi-
leting rate after a three-day trial; these people 
should be managed with “check and change” 
(Level of Evidence 1). 

3. Interventions combining toileting and functional 
training decrease urine loss and improve endur-
ance in nursing home residents (Level of Evi-
dence 1). 

4. It is uncertain whether habit retraining reduces UI 
in frail older persons (Level of Evidence 4). 

5. It is uncertain whether timed voiding reduces UI 
in frail older persons (Level of Evidence 4). 

6. It is uncertain whether bladder training reduces 
UI in frail older persons (Level of Evidence 4). 

7. Biofeedback-assisted PFMT in combination with 
bladder training reduces UI in homebound older 
adults (Level of Evidence 2). 

8. Functional training in combination with PFMT re-
duces UI and improves walking time in frail older 
women (Level of Evidence 2). 

9. There are no proven interventions to reduce the 
incidence of UI in hospitalised frail older persons 
(Level of Evidence 4). 

 

10.3. Interventions with long term care staff 
and caregivers 

Many frail older adults rely on family, caregivers, or 
residential and/or nursing staff for toileting assistance 
and personal care.  These carers may not be availa-
ble as frequently as necessary for the frail elderly to 
maintain continence, and even if available may not be 
able or willing to provide the needed assistance.  Re-
search has shown that the frequency of toileting as-
sistance actually provided in US nursing homes is too 
low to maintain continence [77, 78].  There is disso-
nance between nursing home surveyors, nursing 
staff, and nursing home administrators’ knowledge 
and beliefs about UI and its management, which may 
be an important barrier to UI care [299].  Several stud-
ies suggest that nurses across all care settings (home 
care, acute care, and long-term care) settings con-
tinue to provide urine containment interventions ra-
ther than promoting continence [318, 343, 346, 348, 
350, 352, 353, 538].  Moreover, nursing staff prefer-
ences for UI management (toileting) often conflict 



 

 
URINARY INCONTINENCE  1355 

 

with those of residents and their families’ patient treat-
ment preferences (medications and garments) [406, 
408].  Acute care patients’ preferences for UI treat-
ment also differ from hospital staff preferences [407].  
For example, nurses and physicians preferred sched-
uled toileting over diapers more than did the patients 
[407].   

Management of UI in long-term care settings is com-
plex, time-intensive, and requires staff training and 
cost-efficient systems for care delivery [417, 527].  
Consistent findings from studies conducted in several 
countries suggest that lack of knowledge about UI, 
attitudes toward the elderly and incontinence, and the 
lack of formal preparation and continuing education 
influence continence care practices in long-term care 
settings [307, 539, 540]. 

Several researchers have recommended a two-
pronged behavioural intervention to UI care:  one 
geared towards the nursing home resident and the 
other geared toward staff members [541-543].  Nurs-
ing assistants provide a majority of the direct care in 
nursing homes and play a key role in the success of 
behavioral programs; yet they receive the least 
amount of formal education on UI.  Organisational 
schemes involving use of incentives for nursing as-
sistants to keep residents’ continent has been recom-
mended [544].   

Several approaches have been studied in an attempt 
to promote continence and improve the management 
of incontinence in long term care.   One approach in-
volved a specialty practice exemplar model, with a 
nursing faculty member with expertise in the assess-
ment and treatment of UI having a clinical practice in 
the nursing home.   Assessment and treatment skills 
ultimately were transferred to the facility nursing staff 
through several mechanisms, including staff educa-
tion and improved continence care systems [545]. 
Quality assurance programmes using incontinence 
quality indicators have also been proposed [358].  A 
clinical leadership model involving staff empower-
ment and mentorship in a subacute setting in Aus-
tralia was successful in implementing practice-based 
changes for continence care that were sustainable 2 
years after their introduction [546].  This model incor-
porated unit-based continence care resource nurses 
to implement evidenced-based strategies in conti-
nence care delivery.  The effectiveness of clinical 
leaders may depend on several factors including, but 
not limited to their educational preparation for the 
role; the extent to which they feel supported; and the 
maintenance of the role (i.e., succession planning). 

Quality of data 
The challenges reported in conducting research in 
long-term care settings. Factors such as staffing ra-
tios, staff turnover, changes in administrative and reg-
ulatory policies, and fiscal issues are beyond re-
searchers’ control.  In addition, investigators report on 
issues with staff compliance in implementing re-
search protocols involving toileting programmes and 
attendance at staff training was not optimal. We were 

unable to locate recent articles reporting on staff in-
tervention research to improve continence care in 
older persons in acute and long-term care settings. 

 

We located one article reporting on the use of an in-
novative staff training programme of distance learn-
ing and coaching for motivating nursing home staff to 
adopt a best practice toileting programme [547].  This 
programme involved a series of webinars to nursing 
home supervisors and staff designed as nursing 
home champions in 10 states in the US.  Although 
one-third of nursing homes dropped out prior to or 
soon after the training was initiated, the results sup-
ported distance learning and coaching as an effective 
method of staff training and dissemination of a best 
practice protocol.  Participants’ knowledge of inconti-
nence care practices was significantly increased, and 
there was evidence for the implementation of the toi-
leting programme.  The majority of participants pre-
ferred this method of training over a traditional 1-2 
day conference.   Course delivery costs including per 
facility courses were substantially less than traditional 
methods of staff training [548] 

Results 
Interventions with Long-term Care Staff 
A recent systematic review on the promotion and 
management of incontinence in older people in care 
homes concluded that use of incontinence pads and 
toileting programmes comprised the most common 
management strategies, and assessment processes 
were inconsistently used [528].  Assessment proto-
cols are a key first step in the process of identifying 
residents’ individual continence care needs.  Several 
assessment tools have been developed for this pur-
pose. They include, but are not limited to: 

• The Resident Assessment Instrument/Minimum 
Data Set (RAI/MDS) used in US and other coun-
tries’ nursing homes 

• The ‘Continence History, Assessment, Medica-
tions, Mobility, Plan’ (CHAMMP tool, developed 
to support the use of the RAI/MDS [549]. 

• The ‘Capital Health Authority (CHA) Screening 
Tool ‘for use within community and clinical set-
tings in Canada [550]. 

• The ‘Continence Assessment Tools for Residen-
tial Aged Care’ for use within Australian long-
term care settings [551]. 

Toileting assistance programmes also play a central 
role in optimising continence for frail older adults in 
long term care settings.  One study examined the ef-
fect of a scheduled toileting programme and addition 
of a mechanical lift for patient transfers on the inci-
dence of nursing home staff injury, using a quasi-ex-
perimental design [552].  Regular toileting signifi-
cantly increased, and there were no increase in staff 
injuries following the programme.  Staff also noted 
less resident agitation. Another study investigating a 
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multifactorial programme that included toileting as-
sessment in Japanese nursing home residents also 
reported improvements in residents’ continence sta-
tus. Managerial support was key to the success of the 
intervention, as was the involvement of a clinical 
leader on each unit to oversee the protocol [553].   

While toileting programmes are effective in reducing 
incontinence rates when implemented [554], and in-
service classes on UI may change staff knowledge 
and attitudes about UI, in-service classes alone do 
not improve resident toileting [347]. In one study, only 
70% of toileting assists were completed after staff 
training [541].   

In response to nursing staff’s knowledge deficits, 
some researchers have developed and trialled edu-
cation and awareness-raising strategies, designed to 
enhance knowledge that would subsequently lead to 
practice improvements, and in turn, enhance the 
quality of continence care in long-term care. For ex-
ample, a number of countries have established post-
graduate and continuing education courses that pre-
pare nurses and physiotherapists to address the 
broad spectrum of continence issues.  However, most 
of this research was conducted prior to 2010 [295, 
297, 302, 304, 305, 311, 555], other than a study in-
volving a distance learning with coaching strategy for 
nurses in long-term care settings [547, 548].   

However, the association between improved 
knowledge and improved practice is not straightfor-
ward.  Some researchers reported improvements in 
knowledge that did not translate into improvements in 
practice [295, 301, 304].  Cognisant of this dilemma, 
Henderson and Kashka [301], examined the associa-
tion between knowledge, beliefs, attitudes, and prac-
tice about incontinence in US nurses from hospital, 
home health, and long-term care settings  using a tool 
titled “the Urinary Incontinence Scales”.  Using a mul-
tiple regression analysis, they found that although 
participants’ knowledge and beliefs were positively 
associated with their self-reported practice, attitude 
alone had a direct effect on self-rated practice, thus, 
highlighting the need for educational strategies that 
address the effective behaviours associated with car-
ing for incontinent persons.   

Given the longstanding challenges surrounding the 
uptake of evidence into practice, results from qualita-
tive studies may be informative in identifying factors 
that are useful in the adoption of evidence-based 
practice, particularly in long-term care settings.  In 
one study [556], managerial support was ranked as 
the most important factor, followed by sufficient re-
sources to implement new learning; the learner’s be-
lief in the practicality of training; integration of the 
learning into ongoing practice; staff feeling valued; 
on-the-job reinforcement of learning; knowing change 
of practice is supported; seeing benefits of new ap-
proaches; and attitudes toward elderly people.   
Whilst all of the above mentioned resource factors are 
important to optimise evidence-based continence 
care practice, several researchers draw attention to 

the need for theory to inform improvements in the 
quality of care [510, 557, 558].  However, models for 
translation of research into practice for long term care 
rely on the belief that usual care staff are able to im-
plement better care if they know what to do and are 
properly motivated [559].  However, one of the key 
steps in the process of translating evidence-based 
knowledge into practice is to identify potential barriers 
to change. 

Research literature on UI in homecare and nursing 
home settings identify extensive barriers to UI care 
[346, 372, 559, 560]. In the 5th ICI, barriers to imple-
menting voiding programmes such as prompted void-
ing in nursing homes included:  poor communication, 
inadequate staffing, staff work load, turnover, absen-
teeism, and lack of education programmes.  Other 
barriers include the belief by nursing assistants that 
UI is a normal part of aging and that nothing could be 
done for it [372] or that use of incontinence pads pro-
tect and dignify residents [292].  A further challenge 
to UI care in long-term care was identified as the dif-
ferences may exist between documented care, re-
ported care, and actual care [77], and the need for 
ongoing monitoring.   

Another approach to translating evidence-based pro-
tocols into practice in long-term care involves the use 
of quality management programmes.  In an early 
study, Schnelle and colleagues [77] tested a comput-
erised quality management programme for prompted 
voiding  and found the programme was effective in 
improving dryness for six months while the research 
staff monitored the database, but only one facility 
continued the programme after the research ended.   

The 5th ICI identified the need for changes at resource 
and policy levels to address the disincentive inherent 
with toileting assistance programmes that require sig-
nificantly more staff time than the practice of checking 
and changing residents’ pads [552] and for maintain-
ing a resident’s functional ability to walk to the toilet 
[520].  For example, in an analysis of the cost and 
time involved in changing nursing home residents’ 
pads, compared with implementing prompted voiding, 
or a functional incidental training programme (FIT), 
researchers found that changing residents’ pads av-
eraged 5.5 minutes, compared to 7.7 minutes for 
prompted voiding, and 13.7 minutes for FIT [520].  Alt-
hough FIT resulted in significantly better outcomes for 
residents in terms of their strength, mobility, and con-
tinence, it relied on a staff to resident ratio of one aide 
to five residents [559].  

As reduced mobility is a major risk factor for inconti-
nence, further attention should be directed toward de-
veloping, implementing, and evaluating interventions 
that can increase residents’ functional skills, or at the 
very least, minimise their functional decline.  Several 
studies have reported that frail elderly people partici-
pating in functional training programmes to improve 
mobility and toileting skills [75, 333, 521] are able to 
significantly reduce their UI.   
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Interventions for continence care in frail older adults 
should also minimise the incidence of incontinence-
associated dermatitis (IAD).  Palese and Carniel [427] 
described a three-phased multi-intervention inconti-
nence care programme in a long-term care facility in 
Northern Italy that reduced the incidence of IAD, and 
the number and cost of absorbent products.  The in-
tervention consisted of an assessment process, the 
introduction of new absorbent continence aids, a 
structured skin care regimen, and advice and educa-
tion from a Continence Nurse Advisor. 

10.4. Interventions to manage night time 
incontinence in long term care. 

Night-time sleep in long-term care residents is often 
fragmented and disrupted, and much of this sleep dis-
ruption is caused by noise, light, and incontinence 
care routines [561-564]. There is some evidence to 
suggest residents may spend long periods of time in 
bed overnight (returning to bed after dinner about 
6:30 pm and waking between 0600-0700 hrs), and 
staff conduct pre-scheduled rounds to reposition res-
idents and change their pads [565].  In one study, alt-
hough senior staff stated that such rounds were con-
ducted every two hours during the night; the number 
of observed rounds was 0.3-4.5 per resident [565].  

Interventions that have been trialled in an attempt to 
enhance the quality and duration of sleep for resi-
dents with incontinence include: 

• A daytime physical activity programme [566] 

• A daytime physical activity programme combined 
with a night staff behaviour programme aimed at 
reducing noise, light, and sleep-disruptive care 
practices [566] 

• A two to four hourly incontinence care schedule 
based on an individualised assessment of each 
resident’s skin health [543] 

• An individualised incontinence care routine com-
bined with feedback to usual care staff about 
methods to reduce noise levels [567] 

• A two or four hourly prompted voiding schedule 
based on an individualised assessment of each 
resident’s skin health [568] 

• A four or eight hourly pad changing regime 
based on an individualised assessment of each 
resident’s skin health [569] 

The combined findings of these trials along with a re-
cent qualitative study of nursing staff in Australian 
residential care facilities [570] suggest that conti-
nence care at night in long-term care settings can, 
and should be individualised based on an assess-
ment of residents’ skin health; their ability to sponta-
neously move in bed; their sleep/wake status, and the 
frequency, severity, and type of the residents’ incon-
tinence. It should also be based on an assessment of 
residents’ preferences.  One of the main reasons for 

residents’ sleep disruption is due to the time-hon-
oured practice of waking residents to check their con-
tinence status and reposition them in order to mini-
mize the risk of pressure ulcers.  In an early RCT, 81 
older adults from UK residential homes were random-
ized to either a four or an eight hourly night time pad 
changing regime [569].  Investigators found no evi-
dence that the less frequent changing regimen had 
an effect on skin erythema or on skin pH. However, 
residents on the less frequent pad changing regime 
had significantly wetter skin, and five residents devel-
oped grade 2 pressure ulcers.  Advances in the de-
sign and absorbency of pads and of pressure reliev-
ing devices may mitigate the number of times resi-
dents’ need such care.  Whilst toileting assistance 
should be available to residents during the night as 
well as day, one study suggest that prompted voiding 
is not effective or well tolerated at night [568]. Further 
research to guide practice on residents’ preferences 
for night-time continence care, as well as the fre-
quency of night time pad changing regimes and their 
impact on skin health is needed.  

10.5. Interventions with caregivers 
Family caregivers of frail older persons with UI report 
a high level of physical and psychological exhaustion, 
burden, embarrassment, and social isolation [571, 
572]. This is particularly so for family caregivers of in-
dividuals with UI and dementia, especially if the care 
recipients have challenging behaviours [573, 574]. 
We noted that toileting is a complex event, and as a 
task it is unaesthetic and unpleasant for caregivers 
and care recipients.  Individuals with dementia have 
variable responses, with some retaining the ability to 
toilet appropriately, and in others, toileting can trigger 
a severe emotional response.  Prior research indi-
cates the need by caregivers for information on re-
sources [571].  Some caregivers at home report that 
the requirements of implementing a behavioural pro-
tocol may be more than they could manage [573]. 
However, in contrast to long-term care staff, family 
caregivers have higher adherence rates with 
prompted voiding, and a higher proportion is either 
somewhat or completely satisfied with the decrease 
in UI [511].   

There has been limited intervention research with 
family caregivers of frail older adults with UI.  Few 
studies address the caregivers’ needs for education 
and information on continence management, nor are 
outcome variables included related to caregiver bur-
den and satisfaction. This represents an important 
gap in the evidence base for UI, and is an opportunity 
for future research. 

Recommendations for practice 
• Family caregivers or residential and/or nursing 

staff dealing with different levels of UI (mild, mod-
erate, severe, catheter managed) have different 
educational needs and require different levels of 
support. 

• Interventions to support family caregivers of indi-
viduals with UI may need to be adapted to suit 
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formal caregivers or staff in long-term care so 
that they accommodate the organisational con-
text. 

• An individualised approach is recommended to 
meet the needs and preferences of older people 
in long-term care.  

• Interventions or approaches to caring for an indi-
vidual with UI and cognitive impairment need to 
be tailored to the person’s unique abilities and 
disabilities. 

• Interventions for UI should be theory-based, mul-
ticomponent, interdisciplinary, and person-cen-
tred. 

11. PHARMACOLOGICAL 
TREATMENT 

11.1. Background 
This section deals with the management of frail older 
persons. The pharmacological management of UI in 
robust older men and women is discussed in Chapter 
8, Pharmacology. Specific treatments for bladder out-
let obstruction and associated LUTS in frail elderly 
men are outside the scope of this chapter; special 
matters relevant to the care of frail older men with UI 
are discussed above.  For frail older men and women 
in nursing homes, urinary incontinence and overac-
tive bladder appears to be associated with an excess 
of concomitant co-morbid conditions compared to 
continent residents [575] thus frail persons with UI 
should undergo a comprehensive evaluation of reme-
diable causative factors and, if practical, have had a 
trial of behavioural and lifestyle interventions prior to 
initiating pharmacological therapy. Drug treatment 
should not generally be used for persons who make 
no attempt to toilet when aided, become agitated with 
toileting, or are so functionally and cognitively im-
paired that there is no prospect of meaningful benefit. 
Even so, a recent study of US nursing home residents 
suggested that only a small proportion of incontinent 
residents potentially suitable for drug therapy ever re-
ceived it [576, 577].  A more recent study identified 
the high prevalence of potential reasons why treat-
ment with antimuscarinics might not be suitable [479]. 

11.2. Quality of data 
Since the last ICI we located further randomised pla-
cebo controlled trials (RCTs) of medication, involving 
subjects over the age of 80. As before, the majority of 
studies addressing UI in frail older people are of only 
modest quality, reflecting their vintage. There have 
been two large prospective studies of older people, 
one in Europe and one in the US; the latter targeted 
at medically complex older people identified by the 
VES-13 [578]. A systematic review of pharmacologi-
cal therapy in old and frail older persons as part of the 
formulation of the Swedish national guidelines has 
also been published [579]. There has also been a 
number of post hoc pooled analyses of patients over 

65 years of age, and reports of sub-groups of patients 
≥75 years of age taking part in registration studies of 
medications for overactive bladder.  For most studies 
it remains impossible to identify whether included 
subjects might be defined as frail, even though the 
spread of co-morbid condition and co-existing medi-
cation suggests a representative sample of medically 
complex community dwelling older people, except 
where the study was performed in an institutional en-
vironment, in which it is reasonable to assume a high 
prevalence of functional and cognitive dependence. 

The methods of blinding and randomisation in RCTs 
were seldom specified   Other than those conducted 
by the pharmaceutical industry, most studies were 
generally small and potentially under-powered, and 
others lost power because of high dropout rates due 
to illness and death (inevitable in trials with frail el-
derly persons). Because of these issues, many RCTs 
provide only Level 2 evidence. Some studies in older 
persons without clear frailty are included here, to rec-
ognise an increasing emphasis on including older 
persons in drug trials. 

Precise descriptions of the target population - includ-
ing the definition of “frail persons” and a comprehen-
sive description of the degree of cognitive and func-
tional impairment were usually absent. Some investi-
gators included information on patients’ comorbid 
conditions and concomitant medication load at base-
line; these descriptions are largely descriptive, with 
no outcomes analyses based upon either factors. Ex-
plicit, concurrent behavioural therapy was used in 
most nursing home studies, yet may have occurred in 
many others although these are usually specifically 
prohibited in trials managed by the pharmaceutical in-
dustry. Combination therapy, coexistent medications 
and comorbidity could alter differences between drug 
and placebo, and therefore make it difficult to com-
pare results directly with results from studies in robust 
older and younger persons. Outcomes in care home 
studies were universally assessed by disease related 
outcomes (largely incontinence episodes, measured 
by pad-weighing, bladder diaries, and wet-checks), 
and none report quality of life outcomes. In fact, there 
is a dearth of understanding about what might be a 
meaningful outcome measure of continence care to 
frail older nursing home residents. 

In at least six studies, investigators treated subjects 
with “urinary tract infection” (usually defined as pyuria 
and bacteriuria in the presence of UI) before initiating 
antimuscarinic therapy, and one study excluded such 
subjects. In another, investigators treated urogenital 
atrophy with oestrogen prior to antimuscarinic ther-
apy, possibly leading to an additional amelioration of 
symptoms. However, no other reversible or remedia-
ble causes were addressed prior to entry or random-
isation in most studies. 

The generally low quality of trials other than those 
conducted by the pharmaceutical industry reflect not 
just study design, but the larger issue of the difficulty 
of doing large, prospective intervention trials in frail 
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populations. Moreover, UI in the frail older person is 
universally a multifactorial problem involving a large 
number of factors beyond the bladder. Thus, the ex-
pectation that drug therapy targeted solely at under-
lying OAB, DO or SUI would markedly improve/cure 
UI in this population is unlikely to be realised.  

Additionally, the reporting of adverse events relevant 
to managing frail older people is deficient with a con-
centration on those which might matter only recently 
being reported. A meta-analysis examining the meas-
urement and reporting of CNS outcomes showed 
that, 77% (242/314) of eligible trials identified neither 
measured nor reported CNS outcomes. Of the re-
maining 23%, it was difficult to ascertain whether 
CNS adverse events were systematically measured 
or spontaneously reported. Only one of 72 trials ob-
jectively measured changes in cognitive perfor-
mance. Age-stratified analyses of CNS outcomes 
from trials in adults aged 65 and older with overactive 
bladder were found in only eight publications [580]. 

Results 

Results from randomised trials are summarised in Ta-
ble 8; the following sections discuss specific drugs in 
detail. 

1. OxybutynIn 

The majority of older studies in frail older persons 
used immediate-release oxybutynin (oxybutynin-IR). 
There are three studies of extended release oxy-
butynin (oxybutynin-ER), one examining cognitive ef-
fects in nursing home residents with dementia and ur-
gency UI, [581] the other reporting on the effect in 
cognitively impaired nursing home residents [582] 
and the last involving community-dwelling women 
over age 65 [583]. Published trials of the efficacy of 
transdermal oxybutynin included subjects up to age 
100 and in institutional care settings, but did not strat-
ify results by age or comorbidity [584].  Due to con-
cern regarding the association between anticholiner-
gic drugs and cognition (see above) a number of arti-
cles [585, 586], national [52] and European guide-
lines [486] have counselled against the use of oxy-
butynin immediate release in frail older adults.  Since 
the last consultation, oxybutynin gel has been intro-
duced and its effect on cognitive function in healthy 
older people assessed [587] in addition to phase 3 
trials of the preparation [588], which reported no data 
from older patients. A small study of 10 US veterans 
(6 with Mild Cognitive Impairment) with OAB treated 
with antimuscarinics aged between 60 – 85 years re-
ported significant improvement in at least one subtest 
score on well-characterised instruments after 4 
weeks of withdrawal from medication [589]. 

The pharmacokinetics of oxybutynin-IR and its active 
metabolite, N-desethyloxybutynin, in one study 
tended to show greater plasma levels and bioavailbil-
ity with increasing frailty and age [590]. Another found 
peak levels in 21 octogenarians similar to those re-
ported in young normal males (12.5 ng/mL vs. 8.9 
ng/mL) [591]. A study of the pharmacokinetics of 

transdermal oxybutynin showed no significant differ-
ence in plasma levels between young and old (up to 
77 years) subjects [592]. 

Efficacy: Many of the early trials shown here are, 
perhaps now, only of historical interest.  However, 
there have been few additional studies of newer 
agents in frail older persons from which to draw data. 
An early, small (n=15) trial of oxybutynin-IR and habit 
training in nursing home residents showed no effect 
on UI episodes [593]. However, in a subsequent and 
larger study in nursing home residents who had failed 
prompted voiding alone, the addition of titrated oxy-
butynin IR resulted in a significant but modest reduc-
tion versus placebo [594]. Wet-checks decreased 
from 27% at baseline to 20% on drug and 24% on 
placebo, leading the authors to conclude that the im-
provement was not clinically significant especially 
given the continuing requirement for nursing interven-
tion. However, their a priori definition of “clinically sig-
nificant improvement” (one or fewer episodes of day-
time UI was achieved by 40% on drug but only 18% 
on placebo (p<0.05). The dose generally associated 
with improvement was 2.5 mg three times daily. In 
another controlled study of UI in long-term care resi-
dents (n=24), there was little effect of oxybutynin-IR 
5 mg twice daily given for 8 days, but all residents 
were toileted 10 times daily, and the dose may have 
been too high and given too infrequently [595]. In a 
randomised two-month trial in frail community-dwell-
ing elderly, oxybutynin-IR plus bladder training was 
subjectively and objectively superior to bladder train-
ing alone in improving urinary frequency (95% CI 6-
27 fewer voids per 2 weeks) but not UI [596]. Insuffi 
information was available regarding a Japanese 
study in 75 “elderly” patients to assess the population 
and outcomes [597]. A study in 416 community dwell-
ing older persons, including the robust elderly, found 
68% reported a partial or complete symptomatic cure 
with 2.5 mg three times daily; 30% of subjects expe-
rienced ADEs, but only 10% withdrew because of 
them [433]. 

Two identified RCTs in frailer older people examined 
the efficacy of oxybutynin-ER [582, 583] The other ex-
amined the effect on cognition [581] and is discussed 
below. No published RCTs of transdermal oxybutynin 
in the frail elderly were found, a post hoc  
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Table 8. evaluable drug trials in frail older persons 

Drug Study Design Setting and pts Results Comments 

Oxybutynin Minassian 2007[583] prospective randomized 
12-week, open-label 
study to investigate the 
effectiveness of 
extended release versus 
immediate release 
oxybutynin 

community-dwelling 
female population over 
the age of 65 

72 women (23%) were enrolled over 
34 months (33 in the immediate 
release group, and 39 in the 
extended release group). The study 
was stopped prematurely 

 

Sand 2007[584] randomized, open-label, 
assessing health-related 
quality-of-life (HRQoL) 
and safety with 
oxybutynin transdermal 
system (OXY- TDS) 

community-based study 
of 2878 participants 
aged 
>/=18 years who had 
been given a diagnosis 
of OAB. 

There were clinically meaningful and 
statistically significant improvements 
in nine of 10 domains in KHQ at the 
study end; the greatest 
improvements were in Incontinence 
Impact (-13.5), Symptom Severity (-
12.4), and Role Limitations (- 13.3). 

No age stratification, not 
obviously a frail element 
to the study sample 

Lackner 2011[582] efficacy of oral extended- 
release oxybutynin for 
urge urinary incontinence 

4 week trial in 50 older 
female nursing home 
residents with mild to 
severe cognitive 
impairment. 

both groups achieved a significant 
median decrease in mean urinary 
incontinence episodes and urinary 
frequency at 4 weeks (P = .01-.05). 
Staff ratings found that more 
participants had improvement in 
urinary symptoms from baseline with 
oxybutynin than placebo but significant 
only for delaying evening voiding (P = 
.02). 

No between group 
differences in any 
outcome 

Solifenacin Herschorn 2011[452] randomised, multicentre, 
prospective, double-
blind, double-dummy 
study to compare the 
incidence and severity of 
dry mouth and other 
adverse events in 
patients <65 years and 
>65 

132 subjects with >1 
urgency episode per 24 
h, with or without 
urgency incontinence, 
and >8 micturitions per 
24 h for 
3 months. 

incidence and severity of dry mouth 
and other adverse events with 
solifenacin were similar between 
younger and older patients. 
solifenacin 5 mg/day was 
associated with fewer episodes and 
lower severity of dry mouth, and a 
lower discontinuation rate 

adverse events were 
evaluated in subgroups 
of patients <65 years 
and >65 years. No 
stratification otherwise 

Drug Study Design Setting and pts Results Comments 
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Drug Study Design Setting and pts Results Comments 

Darifenacin Chapple 2007[598] RCT assessing efficacy, 
tolerability, safety and 
quality of life in 400 
subjects mean age 72 
years 

randomized (2:1) to 12 
weeks of double-blind 
treatment with 
darifenacin 
7.5 mg once daily for 2 
weeks, then optional 
titration to 15 mg daily or 
placebo with sham 
titration 

Mean urgency urinary incontinence 
episodes decreased significantly 
with both darifenacin (-88.6%) and 
placebo (-77.9%; p > 0.05), QoL 
assessments revealed significant 
improvements with darifenacin 
versus placebo 

Unsure re “frailty” of 
sample 

Fesoterodin
e 

Wagg 2013 [454] RCT, efficacy and PRO 
comparing fesoterodine 
to placebo 

794 community dwelling 
men and women >65 
(1/3 >75) 

improvement in urgency episodes (- 
1.92 v -3.47, p<0.001), micturitions 
(- 0.93 v -1.91, p<0.001), nocturnal 
micturition (-0.27 v -0.51, p=0.003), 
severe urgency episodes (-1.55, -
2.40, p<0.001), and incontinence 
pad use The response on the 
treatment benefit scale, OAB-S, 
PPBC, and UPS significantly 
greater in fesoterodine group 

Community dwelling 
sample, including very 
elderly, no assessment 
of frailty, largely 
cognitively intact 

 DuBeau 2013 [458] 12 week double blind, 
placebo controlled study 

562 people of mean age 
75 years fulfilling 
definition of vulnerable 
elderly 

mean reductions in UUI episodes at 
week 12 versus placebo -0.65 
(0.21), p<0.0018) and 24h 
micturition frequency -0.84 (0.23), 
p<0.0003) 

 

 Dell'Atti 2015 [599] 12 weeks prospective 
randomised study (open 
label) 

108 consecutive 
patients diagnosed with 
OAB  
56 patients treated with 
tadalafil 5 mg once daily 
52 patients treated with 
fesoterodine 8 mg once 
daily 

OABSS  
baseline 9.87 ± 2.68 12/52 6.02 ± 
3.59 <0.204 
Micturition/24hours  
baseline 11.92 ± 4.68 12/52 10.82 ± 
3.86 <0.001 
Urgency episodes/24hours  
baseline 4.53 ± 0.91 12/52 3.54 ± 
1.23 <0.003 
Urge incontinence 
baseline .73 ± 1.32 12/52 1.02 ± 1.37 
<0.001 

Older sample, some 
mention of 
comorbidities, unable to 
assess frailty 
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Drug Study Design Setting and pts Results Comments 

Trospium 
chloride 

Sand 2011 [600] Pooled analysis of all pts 
>75y in 2 12 week RCT 
and open label follow-up 
of 1 year 

143 subjects (85 trospium 
ER 58 placebo; mean 
age 79 years and ranging 
up to 90 years; 73% 
female) 

Change in mean number of weekly 
urgency incontinence episodes: - 
22.17 (69.9% reduction) 
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sub-analysis of efficacy in subjects over the age of 65 
and improvement in quality of life has been published, 
but unobtainable [598, 599]. In a small Japanese 
case series (n=13, mean age 75) in persons with ur-
gency UI and cystometric DO, intravesical oxybutynin 
caused no significant increase in mean bladder ca-
pacity one hour after installation of 5 mg oxybutynin 
at pH 5.85 [600]. In four patients who continued twice 
daily installation, two had UI “disappear” and one 
“markedly decrease” (duration until effect not noted). 
No patient developed an “increased PVR” (not de-
fined).  A study examining the effect of an oxybutynin 
vaginal ring included some older women (mean age 
57.1, ranging up to 85) but results for older women 
were not reported separately.  The vaginal ring statis-
tically significantly reduced mean urgency inconti-
nence episode frequency and urinary frequency, but 
not urinary frequency.  The most commonly reported 
treatment emergent adverse events were UTI, vagi-
nal discharge and dry mouth [601].  

Predictors of efficacy: Predictors of efficacy were 
examined in one study in persons with urgency UI 
and urodynamic DO (n=41, mean age 79) treated 
with 2-4 weeks of oxybutynin-IR (5-15 mg/day) [602]. 
Factors associated with baseline urine loss (by pad 
weighing) were impaired cognitive orientation (on the 
Cambridge Mental Disorders of the Elderly Examina-
tion), number of daily voids, and fluid intake. Persis-
tent urine loss after treatment was associated with im-
paired orientation, reduced sensation of bladder filling 
during cystometry, and most significantly global corti-
cal under-perfusion on single photon emission com-
puted tomography scan, suggesting that cortical fac-
tors are the main determinant of the severity of ur-
gency UI before and after oxybutynin. In a study of 80 
older patients (mean age 74), patients with dementia 
(by Hasegawa dementia scale) were less likely than 
cognitively intact patients to report subjective im-
provement in UI with antimuscarinic agents, despite 
similar objective outcomes [603]. However, these re-
sults could reflect treatment-associated cognitive ef-
fects. 

Adverse reactions: A comparative sub-analysis of 
oxybutynin IR versus solifenacin in subjects below or 
above 65 years of age (mean 71 years in >65 year 
age group) showed subjects receiving oxybutynin IR 
at a fixed dose of 15mg/day were over eight times 
more likely to have dry mouth than were the solifen-
acin treated subjects [452]. In a study which included 
patients up to the age of 91, but with mean age 61 
(SD 12.4) years showed oxybutynin to be non inferior 
to trospium in terms of resolution of UI episodes, but 
was associated with twice the incidence of dry mouth 
(7.7% versus 4.1%) [604]. 

 Cognitive side effects from oxybutynin have been re-
ported in older persons. In one case series, four older 
men with Parkinson’s disease and mild-severe cogni-
tive impairment developed confusion, psychosis, hal-
lucinations, behavioural disturbance, and/or paranoia 
after receiving oxybutynin-IR (5-15mg/day), which re-
solved when oxybutynin was stopped [605]. Of note, 

each patient was also on L-dopa (co-beneldopa) and 
selegiline, and the observed effects could reflect 
drug-drug interactions. However, these results are 
belied by a large RCT in which oxybutynin-ER 5 mg 
daily did not cause more delirium than placebo in NH 
residents with UI and dementia [581].  Other concerns 
regarding cognitive function are discussed above.  

There are case reports of reversible peripheral neu-
ropathy confirmed by re-exposure in a 70 year old 
woman taking oxybutynin-IR 5-7.5 mg/day [606] and 
recurrent heat stroke associated with oxybutynin in 
one elderly patient [607]. Few studies have ad-
dressed cardiac effects. A small study of community 
dwelling older persons with UI (n=20, mean age 75) 
found no change in resting heart rate or electrocardi-
ographic evidence of either prolonged PR interval or 
QTc, or QTc dispersion after 4 weeks of oxybutynin- 
IR (mean daily dose 7.6 mg [range 2.5-10 mg]) [608]. 
Using a large administrative database, no association 
was found between antimuscarinics (oxybutynin, fla-
voxate, hyoscyamine) and ventricular arrhythmia and 
sudden death [609]. Post-marketing adverse events 
with extended release oxybutynin include tachycardia 
and hallucinations. 

2. TolterodIne 

Efficacy: Since the last ICI, we identified no further 
studies of tolterodine for OAB/ DO in frail older per-
sons but tolterodine has increasingly been used as a 
comparator agent in studies of newer agents in regis-
tration trials.  Analysis of the studies of tolterodine in 
“older patients“, however, does not allow any conclu-
sion to be drawn about the frailty status of any older 
patient. For example, “older” patients in one RCT of 
tolterodine-ER were all community-dwelling, able to 
complete a 7-day bladder diary, had a high preva-
lence of previous antimuscarinic treatment (53-57%), 
and a low prevalence of arthritis (15-18%), unlike 
most frail older persons [610]. Although several trials 
include elderly persons in their ninth and tenth dec-
ades, [610-612] the mean age (approximately 64 
years) was much lower, persons with “unspecified 
disease which the investigator thought made the pa-
tient unsuitable” and/or “renal disease” were ex-
cluded, and results were not stratified by age. In a 
secondary analysis of a large, open label German trial 
of tolterodine- IR 2 mg twice daily, higher age was 
significantly associated with “less favourable efficacy” 
[613]. However, the absolute difference in odds was 
only 0.019. There was no association of tolerability 
with age, only mean age is described, and UI fre-
quency was based on patient report, not bladder dia-
ries, all of which fail to add up to a clinically meaning-
ful difference. In a non-randomised study, tolterodine 
was given to 48 nursing home residents who did not 
respond to toileting alone; 31 of these patients had a 
29% increase in dryness (versus 16% in residents on 
toileting alone) [614]. A recent moderate quality short 
term (1 month) trial of tolterodine (2mg bid) and oxy-
butynin (5mg tid) in 100 older Iranian women, mean 
(SD) age 53(12) years with detrusor overactivity 
showed efficacy in disease related variables with both 
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drugs – there was no indication of comorbid condi-
tions allowing any conclusion regarding frailty status.  
Withdrawals, the majority due to dry mouth, occurred 
in 6% of the oxybutynin and 8% of the tolterodine 
group [615]. 

There has been some reporting of trials including 
older men with BPH/BPE. A trial of 1-year duration of 
the addition of tolterodine ER 4mg to alpha blocker or 
5 ARA therapy in older men (mean age 74.9 years) 
resulted in a between group, statistically significant 
decrease in the storage symptom score on the IPSS 
[616]. A newer trial involving men of mean (SD) age 
61 (9.1) comparing tolterodine with either doxazosin 
or tamsulosin in a 12-week study showed Qmax, IPSS, 
QoL, intravesical pressure (Pves), and bladder com-
pliance (BC) in the doxazosin plus tolterodine group 
were all significantly better than in the tamsulosin plus 
tolterodine group (P=0.03, P<0.001, P<0.001, 
P=0.027, and P=0.044, respectively).  The preva-
lence of orthostatic hypotension was not reported 
other than in a general category “headache and diz-
ziness” [617].  A recent review confirmed the greater 
chance of orthostasis with doxazosin, suggesting its 
use in older men who are more prone to the effect, be 
restricted [618]. This is also in concordance with the 
recent LUTS-FORTA guidance [485], above. 

Adverse reactions: There are no prospective sys-
tematic data on tolerability in frail older patients. 
There have been case reports of hallucinations (73 
year old woman with dementia [619]) and worsening 
memory,[620] including a 65 year old cognitively in-
tact woman [621] There is a case report of delirium 
when tolterodine was given with a cholinesterase in-
hibitor [622]. Analysis of prescription event monitoring 
in the UK (mean patient age 63) found a significant 
association between age (>74 years) and psychiatric 
events and tachycardia (odds ratios not given) [623]. 
In a similar database study, the age- and sex-ad-
justed risk of hallucinations with tolterodine was 4.85 
(95% CI 2.72-8.66) compared with 10 other drugs 
(acarbose, alendronate, famotidine, 3 proton pump 
inhibitors, finasteride, meloxicam, misoprostol, and 
nizatidine) chosen for presumed lack of antimusca-
rinic, cardiovascular, and CNS activity, and available 
in the database. Important confounders such as other 
drugs and comorbidity were not evaluated. Similar to 
oxybutynin-ER, post-marketing information on tachy-
cardia and hallucinations was added to the toltero-
dine-ER package insert in 2003. 

3. FesoterodIne 

Efficacy: There are four studies of age related phar-
macokinetics in younger versus older subjects (alt-
hough not frail), a pooled analysis demonstrating effi-
cacy of fesoterodine in subjects over the age of 65, 
stratified into >65 and >75year age groups from all 
prospective registration studies and from 2 only a 
large prospective study which reported the efficacy of 
fesoterodine in subjects stratified by age (>65 and 
>75) years of age and a prospective study in the med-
ically complex or vulnerable elderly [453, 624, 625]. 

The pharmacokinetic study found no clinically mean-
ingful effect of 5-HMT, the active metabolite of feso-
terodine pharmacokinetics or pharmacodynamics af-
ter single dose administration of fesoterodine 8 mg. 
The efficacy of fesoterodine has also been studied in 
a European trial in 794 elderly men and women with 
OAB [454], 47% of whom were men. Forty-six percent 
of subjects reported urgency incontinence episodes 
at baseline, and 64% had prior treatment with anti-
muscarinics. At week 12, the improvement from 
baseline in urgency episodes (-1.92 v -3.47, 
p<0.001), micturitions (-0.93 v -1.91, p<0.001), noc-
turnal micturition (-0.27 v -0.51, p=0.003), severe ur-
gency episodes (-1.55, -2.40, p<0.001), and inconti-
nence pad use were statistically significantly greater 
with fesoterodine (pooled 4 and 8mg) than with pla-
cebo. The responses on the treatment benefit scales, 
OAB-S, PPBC, and UPS were also significantly 
greater in those in the fesoterodine group versus pla-
cebo. The results of the open label extension study 
[626] confirmed the efficacy and tolerability of active 
drug over a further 12 weeks. A subcut analysis from 
participants in the study investigated factors associ-
ate with dose escalation and identified at baseline, 
body mass index (OR: 1.06, 95% CI 1.01, 1.12; 
P = 0.0222), and male sex (OR: 2.06, 95% CI 1.28, 
3.32; P = 0.0028) and at week 4, change from base-
line in urgency episodes (OR: 1.12, 95% CI 1.05, 
1.20; P = 0.0008), patient perception of bladder con-
trol (PPBC) (OR: 1.44, 95% CI 1.12, 1.84; P = 0.004) 
as significantly affecting the likelihood of dose esca-
lation at week four [627].The effect of fesoterodine 
has also been assessed in vulnerable older people as 
assessed by the Vulnerable Elders Survey [578], 
which identifies those at risk of death in the following 
two years. This 12 week double blind, placebo con-
trolled study including 562 people of mean age 75 
years resulted in mean reductions in UUI episodes at 
week 12 versus placebo (-0.65 (0.21), p<0.0018) and 
24h micturition frequency (-0.84 (0.23), p<0.0003) 
[458]. Fesoterodine 8mg has been compared to tada-
lafil 5mg in a small study evaluating efficacy on OAB 
symptoms, impact on quality of life and sexual func-
tion of in older patients.  All men were over 65 years 
of age and 65% of them were over 75 years of age. 
The most common comorbidities were hypertension 
37.8% (39/103), diabetes mellitus 18.4% (19/103), 
heart disease 16.5% (17/103) and depression 10.6% 
(11/103). Fesoterodine was effective in treating OAB 
symptoms in this group of multimorbid older men, 
whilst tadalafil showed superior efficacy in improving 
total IPSS and sexual function scores [628]. 

Adverse effects: The cognitive safety of fesotero-
dine has been assessed in a single small study of 
cognitively intact older subjects, using alprazolam as 
an active control and placebo. There were no statisti-
cally significant changes in performance on a com-
puter assisted battery of cognitive tests versus pla-
cebo [629]. 

4. Solifenacin 
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Efficacy: Solifenacin has been used in combination 
with mirabegron in a Japanese post marketing study 
involving patients of approximate mean age of 65 with 
no description of sample comorbidity or results strati-
fied by age [630].  Otherwise, two studies in older 
men and women of solifenacin in addition to mira-
begron and solifenacin in addition to trospium have 
been conducted by the same group [631, 632]. The 
mean (SD) ages of included older people in the sol-
ifenacin and mirabegron study was 71.2 and all pa-
tients had urodynamically diagnosed detrusor over-
activity.  No mention was either made of comorbidity 
or frailty. The included patients in the solifenacin and 
trospium study had an average age of 69.4 years; 
once again, no description of comorbid disease or 
frailty status was given. A sub-cut analysis from a Ca-
nadian study which reported tolerability of solifenacin 
versus oxybutynin in older subjects, reported above 
[452]. Solifenacin has been compared to imidafen-
acin in a 1-year open label randomised trial the treat-
ment of The pharmacokinetics of solifenacin in older 
adults have been assessed in 23 older subjects 
(mean age 68); tmax was longer and there was a 
higher maximum plasma concentration, but the differ-
ences from results in younger patients were small and 
deemed by the authors to be clinically irrelevant [633]. 
A secondary analysis of pooled Phase III data in pa-
tients aged 65 and older (all community dwelling and 
fit, mean age 72) found similar efficacy to that re-
ported for younger and middle aged persons [634]. 
However, direct comparison with subjects < 65 yrs 
from the same pooled trials was not done. Adverse 
effects in older frailer patients have not been specifi-
cally reported. However, data from an open-label, 12-
week trial in patients treated by community urologists 
found that overall treatment-emergent adverse 
events were more likely in patients aged >80 years 
(OR 3.9 [95% CI 1.3-11.5]) and taking concomitant 
medications (OR 1.8 [95% CI 1.2-2.6]) [635]. Patients 
with concurrent medications were more likely to be 
male and on average about 12-14 years older, have 
comorbid disease, and be administered higher doses 
of solifenacin, yet had no observed increase in heart 
rate or blood pressure with solifenacin. 

Adverse effects: The cognitive safety of a single 
dose of 10mg solifenacin was tested versus placebo 
and 10mg oxybutynin IR in an exploratory study in 12 
cognitively intact older subjects. Solifenacin showed 
no evidence of impaired cognition or self-ratings of 
mood and alertness versus placebo [636]. In a 3-way 
crossover design, chronic dosing of 5mg solifenacin, 
placebo and 5mg bid of oxybutynin were compared 
using a similar battery of tests in 23 older subjects 
with mild cognitive impairment. There was no statisti-
cally significant effect on cognition of solifenacin ver-
sus placebo. Oxybutynin 5mg bid was associated 
with impairment in power and speed of attention in a 
post hoc analysis of pooled data at 1+2h post dose 
[637]. 

5. Darifenacin 

Efficacy: There is one RCT of darifenacin for OAB in 
persons aged ≥65 (mean 72), in which there was no 
statistically significant difference between drug and 
placebo for the primary end point, UI frequency [638]. 
There were statistically significant improvements with 
exposure to drug for urinary frequency (-25.3% vs.-
18.5% with placebo; p < 0.01) and quality of life, as 
measured by OAB-q and patient perception of blad-
der condition. There is also a 2- year extension study 
in subjects >65, showing maintenance of OAB symp-
tom improvement over the 2-years with 44.4% pa-
tients achieving > or = 90% reduction in incontinence 
episodes at 2 years for the 64% (137/214) subjects 
remaining in the study [639]. Both studies likely re-
cruited robust community dwelling elderly, the extent 
to which these individuals had multimorbidity was not 
reported.  A study of time to effect of darifenacin con-
ducted using data from 1,059 patients (19-88 years, 
85% women) randomised to darifenacin 7.5 or 15 mg 
once daily or matched placebo in three double-blind 
12-week studies, but with no age stratified results 
showed that, using electronic diary data, darifenacin 
achieved statistically significant improvements in all 
OAB symptoms (except nocturnal micturitions) for 
both darifenacin doses versus placebo at week 2, 
with further improvements over 6 and 12 weeks [640].  

Adverse effects:  The cognitive effects of darifenacin 
have been prospectively studied in a series of trials; 
there have been no further studies since the last con-
sultation. The first was a 3-period cross-over RCT in 
129 older subjects (mean age 71, 54% of those 
screened), 88% of whom had co-morbid medical con-
ditions and 93% were on other medications [641]. 
Cognition was assessed using a standardised com-
puter test battery. Darifenacin at 7.5 and 15mg doses 
did not adversely affect cognition compared to pla-
cebo, but results were aggregated so that patients did 
not serve as their own controls. A subsequent study 
in cognitively intact older persons (n = 49, mean age 
66) using a similar computer cognitive test battery 
compared titrated darifenacin and oxybutynin-ER 
with placebo over a period of 3 weeks [642]. Oxy-
butynin-ER but not darifenacin or placebo adversely 
affected the primary endpoint, delayed recall on the 
Name-Face Association test. However, oxybutynin 
was titrated one week earlier than darifenacin, and to 
a final dose (20 mg daily) much higher than that most 
commonly used in clinical practice. Also, there were 
no differences between the two drugs and placebo for 
many other domains of the cognitive battery. 

6. Trospium chloride 

Efficacy: Although often promoted for use in the el-
derly because of the reduced likelihood that the drug 
crosses the blood-brain barrier, there have been only 
two studies which has evaluated the agent specifi-
cally in older persons, and none in the frail elderly. 
The study by Kosilov is discussed above [632], and is 
of moderate quality.  The other [643] was a subgroup 
analysis of pooled data for subjects aged ≥ 75 years 
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from two randomised, double-blind, multicentre stud-
ies of subjects with OAB receiving once-daily tro-
spium 60 mg extended release (ER) or placebo for 12 
weeks, followed by 9-month open-label extension pe-
riods during which all subjects received trospium ER.  

143 (85 trospium ER, 58 placebo; mean age 79 years 
and ranging up to 90 years; 73% female) were as-
sessed. At week 12 of the double-blind period, tro-
spium ER produced greater improvements from 
baseline than placebo in voiding diary variables, 
global assessment, and quality of life indices. Efficacy 
and tolerability persisted among subjects receiving 
open-label trospium ER for up to 1 year.  Although not 
assessing frail older persons, the other trial of inter-
est, using all patients from the same studies exam-
ined the safety and efficacy outcomes with trospium 
chloride 60 mg in patients with OAB who were taking 
7 or more concomitant medications at baseline.  Of 
all 1135 included patients, 427 were taking seven or 
more medications (placebo, n = 199;  trospium XR, n 
= 228). Amongst these, there was no significant dif-
ference between trospium chloride XR and placebo in 
the proportion of subjects experiencing one or more 
TEAEs (64.5% vs 58.3%). The odds of experiencing 
a TEAE were influenced by concomitant medication 
use, but not by randomisation to either trospium or 
placebo. For those taking ≥ 7 concomitant medica-
tions, compared to those taking 1-2 concomitant 
medications, the adjusted odds ratio (OR) for experi-
encing any TEAE was 3.39 (95% CI 2.39, 4.80) [644].  

Adverse effects: The effect of 60mg trospium chlo-
ride once daily over 10 days on either learning or 
memory was assessed in 12 cognitively intact older 
people (>65 – 75 years). There was no change in 
standardised testing. Additionally, no trospium was 
detectable in the CSF of the subjects at day 10 [645, 
646]. The pooled analysis of trospium, above noted a 
10% occurrence of both dry mouth and constipation 
associated with trospium exposure [643]. As part of a 
larger study of trospium chloride 20mg bid, 36 (26 
completed). Subjects with UUI and dementia, treated 
with galantamine and trospium) were examined. Sub-
jects with severe dementia were excluded in this non-
randomised, open label study. There was no observ-
able decrement in either cognition, but only measured 
by MMSE, or ability in terms of activities of daily living 
in the dually treated group [481]. 

7. PropiverIne 

Efficacy: In 46 patients with dementia (mean age 
81), there was a 40% decrease in urgency UI with 
propiverine 20 mg/day for 2 weeks, [647] similar to 
two small Japanese trials [648, 649] and a German 
trial in 98 patients [650]. The agent’s high protein 
binding, extensive first pass metabolism, 15-hour half 
life (in normal younger persons), and renal clearance 
[647] need to be considered if used in frail older peo-
ple; this is borne out by the LUTS-FORTA classifica-
tion for the drug [485]. 

8. Imidafenacin 

There have been no pharmacokinetic studies of im-
idafenacin in older people [651]. However, a popula-
tion pharmacokinetic analysis demonstrated that oral 
clearance was decreased with advancing age, in-
creasing hepatic function parameters (AST and ALP), 
food intake, and itraconazole co administration [652]. 
The absorption rate constant was decreased with 
food intake [653]. The drug is metabolised by the 
CYP3A4 system, and it is affected by drugs which in-
hibit this system [651] . There appears to be no affect 
on digoxin pharmacokinetics in healthy volunteers 
[654]. There are no trial data on older patients using 
this agent. 

9. DuloxetIne 

There was a statistically significant reduced rate of 
clearance of duloxetine in patients over age 65, 
based on a study in 12 fit women aged 65-77 [655]. 
The authors felt the differences were not clinically sig-
nificant given the “similar safety profile of the drug in 
older and younger women. In three large RCTs in 
women with SUI, aged 24-83 years, n = 494 [none 
frail] [656] with OAB, aged 21-84 years [none frail], n 
= 306 [657];and with mixed UI, up to age 85 [658], 
duloxetine decreased UI and urinary frequency, but 
none stratified outcomes or adverse effects by age. A 
single randomised controlled study of 265 community 
dwelling older women, 134 treated with duloxetine, of 
whom 20% had mild cognitive impairment as classi-
fied by the modified mini- mental state exam [636], 
duloxetine treatment led to a statistically significant 
decrease in incontinence episode frequency (median 
percent change 51.6%) versus placebo (32.1%) for 
stress predominant mixed symptoms, but did not 
reach significance for stress urinary incontinence 
(53% v 42%) [659]. Duloxetine is neither approved by 
the US FDA nor recommended by the UK National 
Institute of Healthcare and Clinical Excellence on the 
grounds of cost effectiveness. 

10. MIrabegron 

Efficacy: There are data on the comparative pharma-
cokinetics of mirabegron in older people, but not spe-
cifically the frail elderly. In available studies, there 
were no statistically significant differences in mira-
begron exposure between older volunteers aged 55 
years and above and younger volunteers (18-45 
years). Similar results were obtained for those aged 
65 years and above. AUC was predicted to be 11% 
higher in a subject aged 90 years of age [660].  A 
pooled analysis examining the short term efficacy and 
longer term safety of mirabegron from patients >65 
and >75 years of age included in the registration trials 
demonstrated a reduction in mean numbers of incon-
tinence episodes and micturitions/24 h from baseline 
to final visit in patients aged ≥65 and ≥75 years. The 
drug was well tolerated: in both age groups.  Hyper-
tension and urinary tract infection were among the 
most common TEAEs over 12 weeks and 1 year. As 
might be expected, the incidence of dry mouth, a typ-
ical anticholinergic TEAE, was up to sixfold higher 
among the older patients randomised to tolterodine 
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than any dose of mirabegron [470]. A recent non ran-
domised, open label study examining the effective-
ness and safety of solifenacin (10mg) and mira-
begron (50mg) in combination versus the single 
drugs over 6 weeks in 143 women and 95 men over 
65 (average age: 71.2) reported a statistically signifi-
cant additional effect of dual therapy versus mono-
therapy in terms of a reduction in incontinence epi-
sodes [631]. In an open label single centre study in-
volving 60 patients with a mean age of 72.3 years 
(50-86 years) using urodynamic variables and the 
overactive bladder symptom score to assess efficacy.  
Mirabegron, 50 mg once daily over 12 weeks was as-
sociated with a reduction in mean OAB symptom 
score (9.4 to 6.2 points (P <.001)), a statistically sig-
nificant increase in volume at first desire to void and 
maximum cystometric capacity and an absence in de-
trusor overactivity in 14 of 35 patients compared with 
that at baseline (P <.01). There was no change in ob-
served voiding function variables.  There was neither 
age stratified reporting of results nor any indication of 
the frailty status of older persons in this study [661]. 

11. oestrogen  

There have been no additional studies of oestrogen 
in older women.  Oral oestriol 3 mg/day has been 
compared to placebo for 12 weeks in 34 women aged 
75 [131]. The group was highly self-selected; com-
plete results were available for 11 with SUI, 12 with 
urgency UI, and 8 with mixed. Two-thirds of urgency 
UI and 75% of mixed UI patients reported improve-
ment; there was no effect on SUI. Four patients re-
ported metrorrhagia and mastodynia. A 10 week 
crossover trial comparing quinoestradol 0.25 mg four 
times a day compared with placebo in 18 women in 
long-term care (type of UI not reported) found a mean 
12% decrease in UI episodes vs 22% increase with 
placebo [662]. The combination of conjugated oestro-
gen 0.625 mg/day and progesterone 2.5 mg/day was 
evaluated in a 6 month, placebo- controlled trial in 32 
female NH residents with pre- dominantly urgency UI, 
who also received prompted voiding as a behavioural 
intervention [663]. In the 21 women who finished the 
trial, there was no difference in wet checks between 
drug and placebo despite increased serum oestrogen 
levels and partial oestrogen effect on vaginal cytology 
and pH in the women on drug. Two women on the 
drug developed vaginal spotting, and 10% developed 
breast tenderness. A similar lack of efficacy despite 
vaginal changes was found in a case series of 9 frail 
women (mean age 83) with urgency or mixed UI using 
an oestrogen-implanted vaginal ring (Estring ®) [664]. 

12. Miscellaneous medications 

Readers interested in agents which are seldom used 
in clinical practice should refer to the 4th International 
Consultation on Incontinence for data relevant to frail 
older people for information on: 

Emepronium bromide, Flavoxate Propantheline, Imi-
pramine, Flurbiprofen, Procaine haematoporphyrin. 

13. ComparatIve trIals 

We found no studies that compared antimuscarinic 
agents in frail older persons. Other comparative stud-
ies in community dwelling elderly, where relevant, are 
mentioned above. 

Pharmacological therapy in cognitively im-
paired persons 
The Committee felt that the treatment of older per-
sons with a dementia diagnosis was an important 
area to consider, particularly where patients are both 
physically and cognitively frail, cognitively impaired or 
at risk of cognitive impairment.  This section consid-
ers drug treatment in those with a dementia diagno-
sis. Some of the evidence introduced above is reca-
pitulated here. 

There is a dearth of systematically collected data 
upon which to base any firm recommendation for the 
drug management of incontinence in persons with a 
dementia diagnosis. There are data from nursing 
home residents [50, 480, 582, 593, 594], some of 
whom would have a dementia diagnosis, most likely 
in increasing proportions in the newer studies, but 
there are no reports which stratify results by the pres-
ence or absence of this diagnosis.  Ouslander et al, 
in 1995, reported that the addition of oxybutynin to a 
prompted voiding programme conferred no additional 
benefit to the treatment of incontinence in nursing 
home residents, there was no reduction in overall la-
bour involved in continence care but there was a sta-
tistically significant difference, in favour of oxybutynin 
over placebo, in the proportion of residents achieving 
their continence criterion of one or fewer incontinent 
episode per day [594]. The dementias, and Alz-
heimer’s disease in particular, are characterised by a 
central cholinergic deficit.  The loss of cholinergic 
function in the central nervous system contributes 
significantly to the cognitive decline associated with 
advanced age and Alzheimer’s dementia [665]. The 
administration of anticholinergic agents to cognitively 
intact individuals can lead to similar changes in cog-
nition to those seen in persons with dementia [666]. 
Likewise, there are epidemiological data linking expo-
sure to anticholinergic agents to cognitive impairment 
and an increase in incident diagnosis of dementia 
over the longer term [66, 67, 460, 667-669].  There 
are though conflicting data on the cognitive effects of 
anticholinergic agents in those with established Alz-
heimer’s disease, no effect reported over eighteen 
months in a single study, and in a small case series, 
adverse effects in some cognitive domains associ-
ated with medications for continence which reversed 
on cessation of the drug [68, 670]. 

1. Bladder antimuscarinics and cognition 

In general, the rates of Central Nervous System side 
effects reported in clinical trials of bladder antimusca-
rinics are low, and reports from clinical practice also 
suggest that they are rare [580, 671].  However, there 
have been case reports of associated acute cognitive 
impairment in both cognitively impaired and cogni-
tively intact patients, these effects have been reversi-
ble on cessation of the antimuscarinic agent [605, 
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619, 621, 672]. The specific effects of bladder anti-
muscarinics on cognition have been assessed in 
short term, small to medium sized studies in cogni-
tively intact older people and one in those with mild 
cognitive impairment, but never in those with pre-ex-
isting dementia.  Trials have used either oxybutynin, 
diphenhydramine or alprazolam as an active control.  
Outcome measures have largely been based upon a 
battery of computer assisted cognitive tests, with the 
exception of a single study using simulated driving 
ability [673] and a study using alterations in enceph-
alographic activity as a surrogate measure [674]. The 
specific trials are mentioned above. 

There have also been studies assessing the effects 
of antimuscarinics on sleep quality, showing an ad-
verse effect of oxybutynin on sleep, with no discerni-
ble effect compared to placebo in young, healthy vol-
unteers [675]. In those over the age of 50 years of 
age, a reduction in sleep quality was found with oxy-
butynin and tolterodine, reported as clinically insignif-
icant, compared to placebo.  No alteration versus pla-
cebo was found for trospium chloride[676].  When 
tolterodine metaboliser state was taken into account, 
intermediate and poor metabolisers had a significant 
reduction in REM sleep [677].  

2. Bladder antimuscarinics and delirium 

A cohort study in 147 hospitalised older patients 
which examined the association of anticholinergics 
and delirium found no increased likelihood of devel-
oping delirium in those with either possible (OR 0.33 
(95%CI0.1 – 1.03)) or definite anticholinergic medica-
tions (OR 0.43 (95% CI = 0.11-1.63)) [678]. There is 
a single case report of delirium related to solifenacin 
treatment which resolved following a switch to darif-
enacin [679] and 2 reports of hallucinations associ-
ated with tolterodine treatment, both in cognitively in-
tact patients [619, 680].  These events seem rare 
given the frequency of use of these medications but 
do reflect that they should be used with care, particu-
larly in those who might be considered cognitively at 
risk. As a class, drugs with anticholinergic properties 
can precipitate delirium in older people, particularly 
when the anticholinergic load is changed [681]. 

3. Cholinesterase inhibitors and bladder anti-
muscarinics 

There is evidence cholinesterase inhibitors can cause 
or worsen UI from a case report and a case series of 
216 consecutive patients with probable Alzheimer’s 
disease attending a memory treatment centre [474, 
475]. In the latter, CEI treatment was overall associ-
ated with 7% risk of new UI: the highest risk was ob-
served in patients with more behaviour problems, and 
lower risk in patients who demonstrated positive cog-
nitive and/or behavioural response to CEI. Further ev-
idence for an interaction between antimuscarinics 
and CEIs comes from a database study of nursing 
home residents in one US state [477]. Residents with 
dementia, newly treated with cholinesterase inhibi-
tors, were more likely to then be prescribed a bladder 
antimuscarinic than those residents with dementia 

not given a cholinesterase inhibitor, an example of a 
geriatric “prescribing cascade” [682]. Concomitant 
use of antimuscarinics (extended release oxybutynin 
and tolterodine) and cholinesterase inhibitors in nurs-
ing home residents was associated with a decline in 
ADL function in the most functionally able residents 
but there was no worsening of cognition, probably be-
cause the cognitive measure (MDS-COG) was inad-
equately sensitive. More importantly, there were no 
cases of delirium observed [480]. A recent study in 
which the primary objective was to assess the cogni-
tive impact of trospium chloride in older people with 
dementia treated with galantamine over a six month 
period hypothesised that galantamine in combination 
would not result in any adverse outcome. Forty six 
subjects with UI and dementia were enrolled, 10 with-
drew from the study. No effect on cognition or activi-
ties of daily living was detected over the duration of 
the study. A within group analysis demonstrated an 
improvement in nocturia and reduction in pad use in 
this combination group [481]. A small study reported 
some positive effect of the treatment of UI with pro-
piverine in subjects with probable AD taking cholines-
terase inhibitors [482]. Although intuitively illogical, 
given the opposing pharmacological actions, there 
seems to be no reason not to use bladder antimusca-
rinics for older people with dementia. The current 
weight of evidence appears to be that a positive out-
come in terms of bladder control can be achieved 
without a significant detriment in either cognition of 
activities of daily living. 

4. Non - antimuscarinic agents 

Although there are 12 – week efficacy and 1 year’s 
safety data on the newer beta-3 agonist mirabegron 
in older persons from a pooled analysis of registration 
trials [683], there are no data on frail older persons or 
those with a dementia diagnosis.  However, given the 
lack of data on functional beta—3 receptors in the hu-
man CNS an effect on cognitive dysfunction may be 
unlikely. There are large observational studies of mir-
abegron use which are designed to capture cognitive 
adverse events in progress.  

A global assessment of the cognitive and “at risk” sta-
tus of the patient should be undertaken. Unfortu-
nately, the MMSE and ADAS-Cog seem to be insen-
sitive to change in cognitive impairment due to blad-
der antimuscarinics [454, 480]. Patients that might be 
at risk of impaired cognition have been well described 
[684] and consist of those with mild cognitive impair-
ment, long-standing type II diabetes, poorly controlled 
hypertension, alcohol misuse, dementia, Parkinson’s 
disease and the other akinetic-rigid syndromes. 
Those with Parkinson’s disease may be exquisitely 
sensitive to the cognitive adverse effects of antimus-
carinics [685]. These individuals will need to be care-
fully assessed, both prior to, and shortly after, initia-
tion of treatment with bladder antimuscarinics. Treat-
ment may necessarily depend upon a global assess-
ment of cognition during the clinical assessment and, 
if possible, a carer’s impression of change. In addition 
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to the of likely benefit from drug treatment, consider-
ing the life expectancy and wishes of the patient, ac-
count should be taken of total anticholinergic load, as 
this clearly increases the likelihood of cognitive im-
pairment. There is evidence of the short term cogni-
tive safety of bladder antimuscarinics, with the excep-
tion of immediate release oxybutynin, for the most 
part in cognitively intact older adults, and therefore, 
prescribing bladder antimuscarinics as single agents 
is, on the whole, probably safe.   

Those studies using high doses (20mg) of oxybutynin 
are associated with an increased likelihood of caus-
ing cognitive impairment, which may not be apparent 
to either the patient or the clinician. This drug should 
probably be avoided in the elderly at high dose, and 
in those at cognitive risk, in any case. The other anti-
muscarinics should be initiated carefully, at the lowest 
dose for tolerability, with dose increases where indi-
cated for efficacy, and reviewed early. 

The length of exposure to anticholinergics seems to 
be important, studies suggest a lack of decline in 
those with established dementia [68, 686] but with ex-
posures of at least two years, there is a reported in-
crease in mortality [66, 460]. To what extent this is 
explained by case mix, comorbidity or other factors is 
not known and will be the subject of further research. 
Consideration should be given to limiting the overall 
exposure of antimuscarinics, particularly if in combi-
nation with other drugs with anticholinergic proper-
ties. 

The recent introduction of mirabegron offers an alter-
native mechanism for treating OAB with similar effi-
cacy, and theoretically, little chance of cognitive im-
pairment, although mirabegron is a weak inhibitor of 
the permeability glycoprotein system at high concen-
trations; this mechanism is responsible for active 
transport of drugs from the central nervous system.  
Beta-3-adrenoreceptor mRNA has been isolated from 
human brain [687] but there are no studies which lo-
cate the functional receptor and no studies on cogni-
tive effects of the active drug. 

Summary of the evidence 

1. Short-term treatment with oxybutynin-IR has 
small to moderate efficacy in reducing urinary fre-
quency and urgency UI when added to behav-
ioural therapy in long term care residents. (Level 
2) 

2. Low dose oxybutynin-ER does not cause delirium 
in cognitively impaired nursing home residents 
(Level 1) 

3. Oxybutynin-IR has been associated with cogni-
tive adverse effects in persons with dementia 
and/or Parkinson’s disease (Level 3), although 
the incidence and prevalence are unknown 
(Level 4) 

4. Oxybutynin has been associated with tachycardia 
(Level 3), but not associated with QTc prolonga-
tion (Level 3) or ventricular arrhythmia (Level 2) 

5. Oxybutynin is less effective in persons with im-
paired orientation, cerebral cortical under-perfu-
sion, and reduced bladder sensation (Level 2) 

6. Oxybutynin is less well tolerated, versus solifen-
acin, in older people (level 2) 

7. Fesoterodine is effective in ameliorating the 
symptoms of OAB in robust community dwelling 
and medically complex older people, identified by 
VES-13 (level 1).  

There is insufficient evidence to determine the effi-
cacy, tolerability, and safety of the following agents in 
the frail elderly (Level 4): 

a) Intravesical oxybutynin 

b) Transdermal oxybutynin 

c) Trospium 

d) Tolterodine 

e) Darifenacin 

f) Solifenacin 

g) Mirabegron 

h) Duloxetine 

i) Oral and topical oestrogen 

8. Tolterodine has been associated with cognitive 
impairment and tachycardia (Level 3), although 
the incidence and prevalence are unknown. 
(Level 4) 

9. Solifenacin (5mg/day) is associated with no im-
pairment of cognition in older persons with mild 
cognitive impairment versus placebo (level 2) 

10. Excessive anticholinergic load is associated with 
cognitive impairment in frail older adults (level 3) 

11. Anticholinerigc agents should be prescribed with 
due regard to underlying anticholinergic load in 
older persons (level 3) 

12. The effect of cholinergic load on persons with mild 
dementia is uncertain (level 3) 

 

12. SURGICAL TREATMENT IN THE 
FRAIL OLDER PERSON 

12.1. Background 
Since the 5th ICI we found for this updated chapter 
additional trials and 5 review articles on surgical inter-
vention published since January 2012. In providing 
an evidence-based summary on this topic, we have 
taken advantage of a professional literature review 
done and additional literature found through citations 
found within the search. We revisited the available 
data and general issues regarding perioperative care 
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which could improve surgical outcomes in frail el-
derly. 

Despite ongoing reports concerning the aetiology and 
pathophysiology of UI in older people, information on 
surgical management of the frail elderly is still scarce 
[688, 689]. Nevertheless, currently, surgical manage-
ment of stress incontinence (SUI) in elderly women is 
the same as in younger stress-incontinent patients 
[690, 691][567, 568] and also in men choice of surgi-
cal intervention, mostly due to urinary incontinence 
after radical prostatectomy is rather dependent on in-
continence severity than on age or comorbidity. How-
ever, the outcomes of anti-incontinence surgery in 
frail elderly patients may be very well affected by in-
herent co-morbidities, as well as impaired bladder 
and pelvic floor function. Frailty is a biological syn-
drome of decreased reserve and resistance to stress-
ors that increases with age. Especially age greater 
than 80 years, is associated with increased complica-
tions.  

12.2. Incontinence surgery in frail older 
women 

Surgical intervention is the most effective and durable 
approach for the treatment of SUI. Especially the min-
imally invasive nature of the midurethral sling proce-
dures has increased the number of older women, who 
are considered as surgical candidates for anti-incon-
tinence procedures. Multiple retrospective and pro-
spective cohorts have reported on favourable out-
comes of older women undergoing these procedures  
In a large secondary analysis of the National Health 
and Nutrition Examination study Ellington et al. state 
that risk of perioperative complications are noted to 
be higher in women aged 80 years or older compared 
with the younger woman (odds ratio [OR], 1.4; 95% 
CI, 1.3–1.5) [692].  

Many single institution cases series have reported ex-
cellent surgical results with well-selected octogenari-
ans and nonagenarians undergoing surgeries for in-
continence and other pelvic floor disorders [693]. 
These patients have been demonstrated to do well 
with antiincontinence surgery and have significant 
gains in QOL. However, major gaps in our knowledge 
exist about which surgical treatments will benefit indi-
vidual women who may not have been represented in 
clinical trials because of age, multiple comorbidities, 
functional disability, or cognitive impairment [692]. It 
also should be kept in mind that older women are 
more likely to undergo surgical retreatment for SUI 
compared to younger women. Research to identify 
which treatments for UI are most appropriate in real-
world settings for different older women is needed. 

We identified nine studies dealing with colposuspen-
sion and 83 studies investigating different techniques 
of sling surgeries or other types of surgical proce-
dures using vaginal tapes published after 2012. All 
studies were targeted at middle aged women and alt-
hough some studies included older women, results 
were not stratified by age. Long term outcome evalu-
ation of a subgroup of patients enrolled in the SISTEr 

study (Design of the Stress Incontinence Surgical 
Treatment Efficacy Trial (SISTEr) only confirmed that 
age was one of the preoperative baseline factors 
which were individually associated with recurrent in-
continence in a follow-up of up to seven years follow-
ing incontinence surgery [694]. 

A wide variety of surgical techniques have been de-
scribed, among which the mid-urethral sling proce-
dures have gained worldwide popularity. In a large 
survey with 15,009 patients from the National Health 
Insurance (NHI) claims dataset in Taiwan the authors 
compared the surgical trends for female stress uri-
nary incontinence (SUI) during the time frame of 
2006–2010 with the timeframe of 1997–2005. 
Midurethral sling (MUS) application increased signifi-
cantly from 53.09 % in 2006 to 78.74 % in 2010. This 
study further confirmed that patients’ age is one of the 
factors that the appropriate surgical type selection 
should take into account. They also noted that during 
the course of time more primary SUI surgeries were 
carried out in patients aged ≥60. The authors suggest 
that higher incidence of mixed urinary incontinence 
and pure urgency urinary incontinence in older age 
groups could be a factor in the decision on the 
choices of surgical type – but more research is 
needed to clarify if and with which procedure espe-
cially frail elderly benefit and which surgical options to 
choose for this age group especially in those with 
mixed urinary incontinence [695].  

Several studies have used U.S. national hospital dis-
charge databases to examine surgical rates, but un-
fortunately they either age-adjusted results [696] or 
used relatively young cut-off points (e.g., </> 50 
years) [697]. Even in series that do specifically look 
at elderly women (mean age 78, range 68-90), most 
patients are cognitively intact (95%) [698]. Cognitive 
impairment appears to bias against having surgery: in 
one study, only 0.11% of operations for UI were done 
in women with dementia, cerebrovascular disease, or 
hemiplegia combined. Despite the fact that absolute 
numbers of ambulatory UI surgery cases in women 
increased from 1994-1996, the percent done in those 
aged > 80 years remained the same (4-5%) [699], 
with the same proportions for pelvic organ prolapse 
surgery (5%) [700]. In the US, surgery rates in elderly 
women vary by region and race [701]. 

One single-centre, community-based series of 54 pa-
tients aged 70 years and above provides a picture of 
this surgical population. Twenty-eight per- cent of pa-
tients were aged > 80, four resided in a nursing home 
or assisted living facility, 82% had significant comor-
bidities, and 32% were classified as American Soci-
ety of Anaesthesiology class III risk. Intra-operative 
complications occurred in 11% of patients; postoper-
atively, 11% required intensive care monitoring, 6% 
had serious complications, 7% became delirious, and 
9% experienced a slow return of bowel function. The 
authors concluded that discharge planning was espe-
cially important for these patients, and recommended 
pre-surgical planning with regard to discharge desti-
nation and likely need for assistance [702]. 
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Although higher complication rates generally reflect 
the comorbidity common in frail elders (10.4% com- 
plication rate with comorbidity vs. 5.8% without it, 
p<.001) [699], some studies have found age protec-
tive (in one, age >73 years is associated with lower 
risk of vaginal cuff infection and recurrent prolapse 
following vaginal sacrospinous fixation [703]. The 
morbidity and mortality for geriatric patients under- 
going anti-UI procedures appear to be similar to those 
of other major non-cardiac surgical procedures [704]. 
Mortality is inconsistently associated with increased 
age, and most strongly related to cardiac or cancer 
complications [705]. Many studies do not uniformly 
control for the impact of comorbidity on mortality 
[705]. Pre-operative administration of oestrogen ap-
pears ineffective in promoting wound healing [706]. 
Patient-controlled analgesia provides adequate pain 
control and sedation and increased patient satisfac-
tion compared with standard administration of medi-
cations in cognitively intact geriatric patients [706]. 
Choice of anaesthetic agent may affect postoperative 
cognition and urinary retention. The use of methyl nal-
trexone to treat opioid-related urinary retention or 
constipation may become an important adjunct to sur-
gical care in frailer patients [707]. There are few age 
specific data on outcomes available, and no studies 
systematically examine quality of life, functional out-
come, or discharge destination. 

With the advent of newer “minimally invasive” proce-
dures, there has come some modicum of use in older, 
albeit, not frail patients. Injection of bulking agents in 
women appears to be as little effective in younger 
women as in elderly patients and age does not ap-
pear to relate to outcomes [704]. There are several 
published reports examining outcomes of tension-
free vaginal tape (TVT) in the elderly population. 
However, most of these studies are limited by short 
term follow-up, small patient groups and confounding 
variables [708-710]. Hellberg et al. showed that at 
three months, women ≥ 75 years old had a cure rate 
of 81.6% compared with a rate of 92.8% in women 
<75 years old. At later follow-up, regardless of dura-
tion since the TVT procedure, the proportion of 
women with cure for ‘any’ incontinence decreased 
with increasing age. Very obese women ≥ 75 years 
old had a cure rate of 55.7%, compared with 79.9% 
in women < 60 years old (p= 0.0001) [711]. In one 
single institutional study, authors showed no signifi-
cant difference in cure rate (85% vs. 91.3%, respec-
tively). However, follow-up was only 10.4 months 
[712]. In a randomised controlled trial of tension-free 
vaginal tape (TVT) versus 6-month wait-list control, 
the intervention group at 6 months had a statistically 
significantly greater improvement in mean I-QOL 
score, patient satisfaction score, and urinary problem 
score [713]. There was no objective measure of cure. 
Perioperative complications were common, with blad-
der perforation by needle in one-in-five women 
(22.6%) which required 24 hours of in- dwelling cath-
eterisation; urinary retention (12.9%), and less than 
5% with either a urinary tract infection or new urinary 

urgency (3.2%). In an uncontrolled case series exam-
ining the use of the suprapubic arch (SPARC) sling 
procedure, the outcomes in 43 older women (ages 
65-91) were separately examined. Objective cure 
rate was evaluated by clinical and urodynamic exam-
ination and subjective cure rate by using a visual an-
alogue score. At a mean follow-up of 36 months 
(range, 12 - 54 months), objective and subjective cure 
rates in 997 women were 91% and 95%, respectively 
[714]. There was statistically significantly improve-
ment in pad weight, pad use and on the visual ana-
logue score. No severe intra- or postoperative com-
plications were observed, and no patient developed 
de novo urgency UI. In a case series, long-term clini-
cal outcomes following placement of a retropubic 
mid-urethral sling (SPARC) in patients aged 70 and 
over were compared with outcomes of a younger co-
hort. Overall success rate after a follow-up of 4 years 
was 83.2% in the younger group and 53.1% in the 
group of older patients (p= 0.0003) [715]. In a com-
parative prospective single-centre study examining 
safety and efficacy of TVT-O in elderly versus 
younger stress-incontinent women, after mean fol-
low-up of 30±17 months, early and late postoperative 
morbidity was similar in both groups, except for sig-
nificantly more cases of postoperative recurrent UTI’s 
among the elderly women (13.7% vs. 6.2%). The in-
cidence of persistent urodynamically confirmed overt 
SUI was similar in both age groups (5%). However, 
asymptomatic urodynamic SUI was significantly more 
common among elderly patients (19% vs. 3.7%, 
P<0.05). The incidence of persistent OAB was similar 
in both groups (68% and 62%, respectively), while de 
novo OAB was significantly more common in elderly 
patients (11.9% vs. 4.7%, P<0.05) [716]. 

12.3. Incontinence surgery in frail older men 
Since 2012, three studies have examined the effect 
of sling surgery in men [717-719] and one at the out-
come following implantation of an artificial sphincter 
[720]. Bates et al. [721] conducted a systematic re-
view and meta-analysis of artificial urinary sphincter 
(AUS) placement after radical prostatectomy (RP) 
and external beam radiotherapy (EBRT) including 
1886 men with mean (SD) age of 66.9 (1.4). They 
concluded that additional external beam radiation 
created a risk of infection, erosion and urethral atro-
phy, resulting in a greater risk of surgical revision and 
also a higher risk of persistent urinary incontinence 
compared with RP alone.  

But as noted in the 5th ICI, no specific conclusions can 
be drawn regarding surgical treatment of UI in frail 
men. Typical studies of anti-UI surgery in elderly men 
are very small or fail to stratify results by age and/or 
comorbidity [722, 723]. One small study (n=46) found 
that advanced age was not a risk factor for poor out-
come after collagen injection for post-prostatectomy 
UI [724], while another (n=12, mean age 80 years) of 
trans-urethral resection prostatectomy (TURP) for ob-
struction-associated urgency UI concluded that cog-
nitively impaired men demonstrated the greatest UI 
improvement [725]. In a single-institution case series 
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of men aged > 80 years old undergoing TURP (68% 
of whom had urinary retention), 80% were satisfied 
with their outcome. Of the men with retention, 80% 
were able to void with a small PVR by six weeks. 
Complication rates were 41% (early) and 22% (late) 
[726]. Urodynamic evaluation of post-prostatectomy 
UI was recommended prior to surgical treatment, 
such as implantation of an artificial sphincter [723]. 

12.4. Surgery for idiopathic or neurogenic 
detrusor overactivity 

Since the 5th ICI, we located 9 new studies about 
dose finding, treatment of idiopathic and neurogenic 
DO evaluating safety, efficacy and improvement of 
quality of live using intradetrusor injection of onabot-
ulinumtoxinA second line therapy. However, although 
some larger studies included elderly patients only one 
paper looked specifically at the frail elderly [727]. The 
authors concluded that safety and efficacy were sim-
ilar between elderly patients without frailty and 
younger patients.  However, an increased risk of find-
ing a large post-void residual urine volume and a 
lower long-term success rate in frail elderly patients 
were noted.  

12.5. General issues in the surgical care of 
frail older persons. 

Frailty is becoming increasingly recognised as an im-
portant prognostic factor in surgical outcomes.  How-
ever measured, the presence of frailty is associated 
with an increased likelihood of surgical complications, 
increased lengths of hospital stay and a greater prob-
ability of requiring an increased level of care following 
hospital discharge [728-730]. Important factors in the 
surgical care of frail patients include: preoperative 
risk stratification (e.g., American Society of Anaesthe-
siology class, Charlson index, Modified Cardiac Risk 
Index, Burden of Illness Score [731]; ensuring ade-
quate nutrition, especially when patients cannot take 
oral feeding or become delirious; proactive manage-
ment of comorbid heart disease, diabetes, and pul-
monary disease; prevention [732, 733], recognition 
[734], and treatment of postoperative delirium [735]; 
adequate pain assessment and treatment, especially 
in cognitively impaired persons [736]; recognition of 
the hazards of prolonged bed rest [737] and the pre-
vention [738] and treatment of functional impairment; 
use of specialised care units for the elderly [739]; and 
discharge planning regarding rehabilitation, need for 
assistance, and site of discharge. All need to be ac-
tively considered and dealt with in any plan of surgical 
care of frail elderly patients. Although some single in-
stitution case series have reported excellent surgical 
results with well-selected octogenarians and nonage-
narians undergoing surgery for incontinence and 
other pelvic floor disorders these findings should be 
treated with caution because they tend to describe 
the results from surgery in robust, carefully selected 
patients undergoing procedures at specialised cen-
tres. To what extent these results are generalisable is 
unclear; the true risk of surgery in frail older patients 
is likely higher than in these reports. 

Attention to cognitive and functional outcomes as well 
as quality of life are also important to consider in this 
population. 

Summary of the evidence 

1. No studies were identified regarding gynaecolog-
ical surgery in institutionalised elderly women. 
(Level 4) 

2. Exogenous administration of oestrogen is ineffec-
tive in promoting wound healing after gynaecolog-
ical surgery in older women. (Level 3) 

3. Injection of bulking agents for SUI appears to give 
minor benefit in women, however the technique is 
minimally invasive and age does not appear to 
correlate with outcomes. (Level 3) 

4. Injection of onabotulinumtoxinA might be an op-
tion als in patients with idiopathic or neurogenic 
overactive bladder although risk of residual urine 
and a lower long-term success rate have been 
described. (Level 3) 

5. No studies were identified that evaluate functional 
or quality of life outcomes after UI surgery in frail 
older persons (Level 4) 

6. Risks of morbidity and mortality for frail patients 
undergoing anti-UI procedures are similar to 
those of other major non-cardiac surgical proce-
dures. (Level 2) 

7. Surgical mortality risks are still low in elderly per-
sons, and when deaths do occur, they are often 
due to cardiac or cancer complications. (Level 2-
3) 

8. Operative mortality is inconsistently associated 
with increased age, and most studies do not uni-
formly control for comorbid conditions (Level 2-3) 

9. Patient-controlled analgesia provides adequate 
pain control and sedation and increased patient 
satisfaction  compared  with  standard  fixed and 
time-administered medications in cognitively in-
tact geriatric patients. (Level 2) 

10. Choice of agent for patient-controlled analgesia 
may affect postoperative cognition. (Level 3) 

11. Some case series and waitlist-controlled trials 
suggest that minimally invasive surgical ap-
proaches may be useful in older adults, yet these 
trials may have little to do with whether surgical 
treatments are appropriate in the frail elderly 
(Level 3) 

Recommendations for management 

1. Age alone is not a contraindication to surgical 
treatment of UI (Grade C). 

2. Urodynamic evaluation should be done before 
considering surgical treatment of UI in frail older 
persons (Grade B). 
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3. Preoperative risk should be stratified using estab-
lished indices (Grade A). 

4. Validated frailty scales may aid prognostication 
and planning from post surgical care in frail older 
adults (Grade C) 

5. Ensure adequate post-operative nutrition, espe-
cially in patients who cannot take oral feeding or 
who become delirious (Grade C). 

6. Programmes to prevent post-operative delirium 
should be utilised (Grade A) along with proactive 
use of established measures to diagnose delirium 
(Grade A). 

7. Pain assessment in cognitively impaired persons 
should use measures specially-designed for this 
population (Grade B). 

8. Proactive preventative approaches to hospitalisa-
tion-related functional impairment should be used 
(Grade A). 

9. Specialised care units may improve selective out-
comes for frail older patients (Grade A). 

10. Discharge planning should begin before surgery 
takes place (Grade C). 

11. Patient controlled analgesia can be used in cog-
nitively-intact frail older persons (Grade B). 

12. Analgesic agents associated with delirium (e.g., 
meperidine) should be avoided (Grade B). 

13. Long-term outcomes before the operation should 
be discussed with the patient (Grade C). 

Recommendations for research 

Further research is required to: 

1. identify risk factors for surgical outcome in frail el-
derly.   

2. identify which treatments for UI are most appro-
priate in real-world settings for different older men 
and women. 

3. define pre- and postsurgical care to improve sur-
gical outcome in frail elderly. 

 NOCTURIA  

1.1. Background 
Nocturia is defined as waking at night from sleep one 
or more times to void, with each void being preceded 
and followed by sleep [740]. Overall, nocturia is a 
highly prevalent and bothersome symptom [741]. 
While a single episode of awakening to urinate would 
be considered nocturia, patients are more likely to be 
experience significant bother and have decreased 
quality of life [742], or consult a provider about noctu-
ria if they have three or more episodes [743]. Many 
clinical trials include only participants with two or 

more episodes [744]. Additionally, if only a void inter-
rupting sleep and preceding sleep counts, the annoy-
ing situation of waking to void and not being able to 
return to sleep again would not be nocturia, but would 
still be disruptive [745]. This definition does not take 
into account the wide range of sleep patterns of older 
adults. Since some older adults will spend six hours 
sleeping while others might spend twelve hours in 
bed, having three episodes of nocturia would be very 
different for these individuals [746]. 

Several detailed reviews on nocturia [747, 748] and 
two convened consensus conferences reports [744, 
749] have helped summarise and update the current 
knowledge regarding nocturia. Even with these 
sources, the prevalence, impact, pathophysiology, di-
agnostic assessment, and treatment of nocturia differ 
meaningfully with respect to the older adult and the 
frail elderly [746] and merit a targeted discussion. As 
is the case with urinary incontinence, nocturia often 
results from the reduced physiological reserve of mul-
tiple systems. Nocturia is associated with increased 
all-cause mortality and mortality in those falling if they 
had nocturia (While nocturia has been associated 
with increased mortality (15-year survival rates of 
76.5 and 84.8 percent for individuals with and without 
nocturia, respectively), this association may be atten-
uated when adjusting via multivariate analysis (for 
factors such as hypertension, diabetes, chronic pul-
monary disease, cardiac symptoms, smoking, and 
age)  (but perhaps not when adjusted for sleep dys-
function )[750-753]. Older men with nocturia and low 
body mass may be at increased risk of death [754]. 
Because of this fact, diagnostic assessment must be 
detailed and comprehensive, and multi-component 
interventions may be necessary for successful treat-
ment. 

1.2. Quality of the data 
There are multiple, quality sources of epidemiological 
data across a broad range of countries and cultures 
regarding the prevalence of nocturia and associated 
risk factors. There is a smaller, but growing, body of 
evidence regarding the incidence and impact of noc-
turia. In particular, studies of the pathophysiology of 
nocturia in the elderly have generally been small and 
disease-focused, examining a single, potential under-
lying cause of nocturia. As with UI, there are limited 
data on optimal diagnostic assessment, and therefore 
recommendations are generally based on expert 
opinion [755, 756]. The evidence base regarding 
treatment, particularly with respect to the frail older 
person, is somewhat thin. While there are some treat-
ment RCTs, they are small, include few very elderly 
subjects. The treatment literature regarding vaso-
pressin and its analogues is robust, yet use of the 
therapy in the older patient continues to be limited be-
cause of the side effect of hyponatraemia. We located 
only limited randomised controlled trial pilot data on 
the effectiveness of multi-component interventions for 
nocturia in the elderly [757]. 
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1.3. Prevalence, incidence and impact 
The prevalence of nocturia increases with age, and 
has been reported to be as high as 90% for one epi-
sode per night in persons over age 80 [758-763]. The 
prevalence of two or more episodes among men be-
tween 70 and 79 is nearly 50 percent [763, 764]. This 
increasing prevalence is largely due to age-related 
conditions that underlie the pathophysiology of noc-
turia, such as smaller maximum voided volume and 
increased nocturnal polyuria [765]. (see below). With 
respect to sex, nocturia in young adults is more com-
mon for women than men, but this sex ratio reverses 
after age 60 when more men have nocturia [764].  For 
those over 75 years of age, the prevalence of nocturia 
of at least two or more times is much more common 
in men (70%) than in women (50%) [766].  It is still a 
burdensome condition for both sexes in women as 
well as men, and in a cross-sectional study of over 
2000 women aged 40 or older, 40 percent of women 
who had nocturia had no other urinary tract symptoms 
[763, 767]. 

Whilst increased age is associated with more noctu-
ria, what happens to nocturia as an individual ages, 
is a slightly different question. Nocturia is more prev-
alent in older populations, yet the concept of inci-
dence of nocturia is difficult as the condition both “be-
gins” and “resolves” over time and varies due to im-
precision of self-reporting and estimates as to the fre-
quency over a past period. In one recent study, par-
ticipants recorded their urination frequency and 
voided volumes. Over a 2-year period, the incidence 
rate of nocturia of an average of two or more times 
per night was 23.9% and the resolution rate was 
36.7%. For the oldest adults participating (70-78 
years), they had the highest nocturia incidence 
(47.1%) and the lowest resolution rate (26.2%) com-
pared to their younger counterparts [768].  In an ad-
ditional study, men receiving placebo as part of a ran-
domized trial for treatment of BPH, nocturia regres-
sion varied between 2 and 33 percent, while nocturia 
progression varied between 8 and 54 percent [769].  

Recent data have also highlighted that the preva-
lence of nocturia in older adults differs by racial group. 
Multiple population-based epidemiological studies 
have shown a higher prevalence of nocturia in older 
men and women who are African-American when 
compared to whites [763, 770, 771]. While controlling 
for socioeconomic factors eliminated the differences 
in prevalence between non-Hispanic whites and His-
panics, differences persisted, although somewhat at-
tenuated, between blacks and whites [772, 773]. 

Nocturia is also associated with chronic medical con-
ditions such as hypertension [774, 775] (including 
night time hypertension and absence of night time 
blood pressure dipping) advancing renal insufficiency 
[776-778] and cardiovascular disease [779, 780]. 
Nocturia has been shown to be associated with dia-
betes mellitus, [774, 775] but nocturia and the meta-
bolic syndrome are associated in younger, but not 

older, men [781].  Clinically, nocturia may be the her-
ald symptom of significant underlying medical condi-
tions and problems, which, if overlooked, might result 
in significant morbidity and even mortality [744]. 
Therefore, an older patient presenting with bother-
some nocturia should be evaluated not only for the 
causes of nocturia, but also for unrecognised comor-
bidity, including cardiovascular disease, sleep ap-
noea, restless leg syndrome, moderate alcohol us-
age, poor nocturnal glycaemic control, and conditions 
causing night time pain [744]. 

Nocturia is associated with other important condi-
tions. Nocturia has been shown to be associated with 
accidental falls [257, 265]. Frail elderly persons with 
nocturia, who also have gait and balance disorders 
and other risk factors for falls, are clearly at increased 
risk for falls [256, 782], injury and hip fracture [783], 
and consequent morbidity [254, 753]. Despite these 
facts, no nocturia treatment trials to date have evalu-
ated any impact on fall reduction. Nocturia also has 
adverse effects on quality of life [784], including an 
increased risk of depression and poor self-rated 
health, probably as the result of the impact on sleep. 
[785].  Adults with nocturia also complain that noctu-
ria “makes them feel old” and they worry about falling 
at night [786]. Older individuals described nocturia as 
simultaneously debilitating, frustrating, distressing 
and puzzling [787]. 

To better appreciate the deleterious effects of noctu-
ria, it is important to understand the important associ-
ations between nocturia and disrupted sleep  [744, 
788-790]. When a group of 1,424 elderly individuals, 
ages 55–84 were presented with a checklist of symp-
toms that potentially disrupt sleep, nocturia was cho-
sen by 53% of the sample as a self-perceived cause 
of “every night or almost every night”. Nocturia was 
cited four times as frequently as pain, which was the 
next most identified cause of sleep disruption [791], 
and cited as a frequent reason for insomnia in pa-
tients with congestive heart failure  [745, 792]. There 
is growing evidence to suggest that bother from noc-
turia is related to the number of trips to the bathroom, 
but also with the difficulty experienced in trying to re-
turn to sleep  [745, 788, 793, 794]. In particular, those 
with nocturia who report difficulty in going back to 
sleep, the prevalence of falls is higher [793]. Nocturia 
has been shown to be significantly associated with 
worse scores on sleep questionnaires, and a shorter 
time to first nocturia void is also associated with 
worse whole-night sleep [789, 795].  While the rela-
tionship between nocturia and sleep disruption might 
appear to be self-evident, other lower urinary tract 
symptoms are also highly correlated with sleep dis-
turbances [796]. 

There has been recent and meaningful development 
in understanding the impact of nocturia on quality of 
life, particularly showing that nocturia is related to de-
pression and anxiety [797]. A condition-specific in-
strument commonly used for assessing the impact of 
nocturia is the ICIQ-NQOL [798], which was devel-
oped using a pool of only men (average age 68.2, age 
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range 32-88) recruited from urology practices. Given 
the absence of women and the likely predominance 
of men with benign prostatic enlargement as inform-
ants, there remains a chance that the instrument does 
not broadly represent the experiences of all individu-
als who have nocturia. Other focus groups and one-
on-one interviews performed independently with a 
broader representation of both men and women did 
demonstrate similar themes, suggesting content va-
lidity [786]. Two missing themes, however, were that 
nocturia was an “indication of getting older” and made 
them fearful of falling. Use of the Nocturia Nocturnal 
Enuresis and Sleep-interruption Questionnaire,  
which  was  specifically developed in older men and 
older women (60-80), showed a greater impact of 
nocturia in the younger elderly and a greater bother 
among women compared to men.[663] Use of the ge-
neric quality of life instrument, the 15-D, demon-
strated statistically significant and clinically meaning-
ful decreases in 15D score and in all 15D dimensions 
except eating with increasing nocturia [742]. In this 
study, older women were less bothered by nocturia 
than were younger women; older and younger men 
were equally bothered [742]. In several case series, 
nocturia was most often identified as the chief com-
plaint related to the lower urinary tract [799]  and the 
least responsive to treatment, particularly in the older 
patients [799, 800]. 

Several recent studies have shown strong associa-
tions between nocturia and Parkinsonss disease 
(PD), including a negative impact on quality of life, 
depression, anxiety and severity of disease [801-
804].  Nocturia is a frequent, early non-motor symp-
tom in PD that is bothersome, and a common cause 
of sleep disruption [805, 806].  Nocturia in PD is as-
sociated with increasing age of the patient, but also 
with the increasing severity of PD [807].  Age of onset 
of PD, in addition to age, may be associated with 
worse nocturia [808].  Patients with PD have more 
nocturia episodes than their spouses, and number of 
nocturia episodes may be related to nighttime and to-
tal levodopa dosages [809]. While it might be difficulty 
to clinically separate idiopathic PD from drug-induced 
parkinsonism, urinary symptoms including nocturia 
are much more common in PD even after controlling 
for age and sex [810]. Additionally, nocturia and other 
non-motor symptoms often began prior to being diag-
nosed with PD, and may be a biomarker for the con-
dition [810].  

Notable recent work has shown nocturia to be asso-
ciated with poorly controlled diabetes mellitus, con-
gestive heart failure, worsening renal insufficiency is 
associated with bad outcomes. Whether, or not, 
these associated conditions should be statistically 
controlled for is not clear, as they might represent a 
part of the causal pathway. The association with mor-
tality when examined across the age spectrum shows 
a stronger relationship with younger individuals than 
with older [751]. With careful controlling for comorbid-
ities, this association between mortality and nocturia 
sometimes remains independently significant [811] 
and other times does not [752]. Though much of the 

impact of nocturia is believed to result from its impact 
on sleep, nocturia remains independently associated 
with mortality even with controlling for sleep disor-
dered breathing [812]. 

1.4. Pathophysiology 
The pathophysiology of nocturia is multifactorial; this 
is particularly true for nocturia in frail elderly persons. 
In age-adjusted analyses from a large survey in Fin-
land, no single factor related to nocturia was present 
in greater than 50% of those with nocturia [813]. The 
factors with the greatest impact at the population level 
were (urinary) urgency, “benign prostatic hyper-
plasia”, and snoring for men, and overweight and 
obesity, urgency, and snoring for women [765, 813].  
Colder ambient weather or internal temperatures may 
be associated with greater nocturia [814, 815].  

A commonly  used  framework  for  clinical  diagnosis 
and treatment is that nocturia can be related to one 
or a combination of three primary underlying causes, 
all of which increase with age: low bladder capacity 
usually as a component of OAB, DO, urgency UI, or 
BOO in men; nocturnal polyuria; and primary sleep 
disorders [747, 748, 816]. Nocturia was shown in ret-
rospective analysis of 213 cases (mean age 72) who 
had detrusor overactivity, out of a total of 777 men 
studied using pre-operative urodynamics to be highly 
associated with volume at which the first detrusor 
contraction occurred [817]. Somewhat in contrast, in 
one prospective case series of 987 ambulatory 
women aged 55-75 years, a higher post void residual 
(>200 mL, 100-199 mL, 50-99 mL versus <50 mL) 
was not associated with reporting more nocturia 
[818]. While nocturia may be said to result from sleep 
dysfunction, this relationship is likely bi-directional 
(with sleep dysfunction also likely resulting from noc-
turia) [819]. 

The proportion of 24-hour urine volume produced at 
night increases with age, even among healthy older 
adults free of overt comorbid conditions [820, 821].  
Studies of frail elderly have shown that the proportion 
of urine produced at night is close to 50%, rather than 
less than 30% as in young healthy adults [822-824]. 
Nocturia is a common symptom in nursing home res-
idents with Parkinson’s disease and contributes to 
worse sleep and worse quality of life [825].  Nocturnal 
polyuria (NP) is more common in older compared to 
younger nocturics [683-685], yet the proportion of in-
dividuals who have NP is highly sensitive to the defi-
nition used [826]. In some elderly persons, this is due 
to mobilisation of excess volume caused by periph-
eral oedema, which may be due to venous insuffi-
ciency, medications, and/or heart failure. In the case 
of calcium channel blockers, women younger than 55 
years of age, but not older women or men, were 
shown to have higher rates of nocturia in cross-sec-
tional analyses [827]. In that same study, both hydro-
cholorothiazide and loop-diuretic usage in men were 
associated with higher rates of nocturia. 
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Some studies have suggested that there is an abnor-
mality in the secretion and/or action of arginine vaso-
pressin (AVP) or a loss of the normal diurnal rhythm 
(with inappropriately low values at night) in many el-
derly patients with nocturia. [828, 829], which may ap-
proach as many as 4% [828]. Another, however, 
failed to find an association between AVP deficiency 
(detected by water deprivation testing) and nocturnal 
polyuria in a series of elderly persons with nocturia 
[830]. Other research suggests that some frail elderly 
persons with nocturia have high atrial natriuretic pep-
tide (ANP) levels at night; [831, 832] however, these 
investigators did not use echocardiography or brain 
natriuretic peptide levels to detect occult heart failure. 

Sleep disordered breathing and sleep apnoea, also 
have been associated with nocturia and nocturnal UI 
in the elderly [831, 833-835]. Community-based el-
derly populations who have higher levels of sleep dis-
ordered breathing (>25 breathing events per hour), 
have nearly double the number of nocturia episodes 
compared with those with low rates of sleep apnoea 
[695]. Nocturia is so tightly associated with sleep ap-
noea that in a population of adult patients presenting 
to a sleep clinic, it performed similarly as a screening 
question for OSA when compared to asking about 
“snoring’ [836]; whether this held true for the subset 
of older patients was not reported. Whether this re-
lates to increased ANP production, [831] mechanical 
forces on the bladder generated during apnoea 
events, [834]  or other mechanism(s) is unknown. 

Nocturia may be a marker or a result of endothelial 
dysfunction [837], vascular flow disruption, white mat-
ter hyper-intensities [838], or inflammation [839].  

1.5. Diagnostic assessment 
The approach to the assessment of nocturia should 
be similar to that for UI described above. Special con-
siderations include:  

• A frequency-volume chart of at least 24 hours du-
ration that includes timing and volume of each 
void at night as well as during the day, as well as 
a specific indication of when the individual went 
to bed with the intention of going to sleep at night 
and awoke in the morning. Some patients may 
find this difficult to perform, [840] but face-to-face 
explanation of the procedure, a hand-held urinal 
or a receptacle to place in the toilet to measure 
volumes, and involvement of caregivers may im-
prove compliance and accuracy. 

• Additional questions in the history that focus on 
the possibility of a primary sleep disorder, such 
as asking about sleep quality, daytime sleepi-
ness, snoring, and leg movements at night (this 
history is enhanced by questioning the bed part-
ner). 

• Additional history and focused physical examina-
tion related to volume overload (e.g.,lower ex-
tremity venous insufficiency, congestive heart 
failure); in some cases, additional testing such as 

an echocardiogram or a brain natriuretic peptide 
level may be helpful in ruling out the latter diag-
nosis. 

1.6. Treatment 
While many clinical investigations are trials of single 
agents, experts [746] would argue that treatment of 
nocturia in elderly patients should be based on a ho-
listic approach informed by identification of multiple 
potential underlying causes. There is, unfortunately, 
little high quality evidence for most treatments, and 
certainly with respect to combined treatments, for 
nocturia in this age group. As well, cure, or the com-
plete resolution of nocturia, is infrequently achieved 
in either clinical practice or research. 

The most common primary outcome in clinical trials 
is reduction in nocturia episodes, as measured by 
voiding diary or self-reported, average nocturia over 
a given period of time. Some trials have reported the 
percent of participants who achieving a 33% [698] or 
50% [830, 841-845] reduction in nocturia from the 
baseline level or the percent of individuals having a 
reduction equal to 1.0 fewer mean nightly episodes of 
nocturia [841, 843, 844]. There are few treatments 
that offer robust reductions of nocturia, with most 
ranging from 0 to 0.8 fewer episodes of nocturia. The 
net reduction of an intervention, subtracting the ben-
efit seen in the control or placebo arm is often even 
smaller. Whether this is due to regression to the mean 
due to random variation in the symptom of nocturia or 
a result of monitoring and recording night-time voids 
is unclear. Patient-level outcomes related to general 
satisfaction questions, nocturia- related bother, and 
nocturia-specific quality of life are therefore even 
more meaningful. Most trials examining nocturia as 
an outcome were performed prior to the validation 
testing of the ICIQ-NQOL instrument [798]. An addi-
tional important target for therapy is reduction in 
bother due to nocturia. Unfortunately, there have 
been few meaningful successes in relating the num-
ber of nocturia episodes to the hours spent in bed, 
which may vary considerably in older persons [787]. 

There are several approaches to drug therapy for el-
derly patients with nocturia; most of the published 
guidelines suggest targeting “primary” or “principal” 
causes of nocturia (e.g., nocturnal polyuria). Because 
older adults with nocturia have multiple potential 
causes, treatment often will require combination 
treatment. While some trials may report statistical sig-
nificance for reduction in nocturia, the clinical mean-
ingfulness of these changes is suspect [845]. Alt-
hough no specific data are available on RCTs of 
multi-component interventions, elderly patients with 
nocturia may benefit from an approach to treatment 
[846] that combines behavioural strategies, therapy 
for medical and sleep disorders, and nocturia-specific 
drug therapy. In another uncontrolled study,  lifestyle  
modification of 1) restriction of fluid intake, 2) refrain-
ing from excess hours in bed, 3) moderate daily exer-
cise and 4) keeping warm in bed resulted in a positive 
reduction of nocturia from 3.6 episodes per night to 



 

 
NOCTURIA  1377 

 

2.7 for 56 participants aged 59-85 (mean age 74.5, 
84% male) [847]. 

1.7. Behavioural approaches and treatment 
of comorbidity 

The use of specific behavioural strategies (e.g. alter-
ing fluid intake, reducing sodium intake, leg elevation 
for oedema) on nocturia in older patients have largely 
been made based on consensus. Using bedside 
commodes or urinals, and minimising the distance 
necessary to reach a toilet and providing a safe, ade-
quately lit path may be helpful in reducing the risk of 
night-time falls related to nocturia, especially in those 
with underlying gait instability and other risk factors 
for falls. 

The first secondary data analysis of a RCT which 
demonstrated that behavioural therapy, with an em-
phasis on pelvic floor muscle exercises and urgency 
suppression strategies, showed that nocturia was re-
duced in women (mean age 68) with urgency- pre-
dominant UI [841]. The median reduction of 0.5 epi-
sodes per night was significantly more effective than 
drug treatment with oxybutynin IR titrated from 2.5mg 
per day to 5.0 mg three times a day, (0.3 episodes) 
or placebo (no reduction). A second secondary data 
analysis of an RCT, that did not show benefit with re-
spect to the primary endpoint of urgency incontinence 
in women (mean age 55), did not show benefit of be-
havioural therapy when added to tolterodine 4 mg LA 
for nocturia [848].  An additional RCT in men (mean 
age 64) examined the impact of the addition of either 
titrated bladder relaxant therapy (oxybutynin XL 5-
30mg) versus behavioural therapy for pelvic floor 
muscle exercise in whose 24-hour urinary frequency 
was not resolved with alpha-blocker therapy. In this 
trial, nocturia was a secondary outcome. In this study, 
the behavioral group showed greater reductions in 
nocturia (mean= -0.70 vs. -0.32 episodes/night; P = 
.05) [849]. There are currently no trials of pelvic floor 
muscle exercises or urgency suppression strategies 
where individuals were enrolled on the basis of hav-
ing nocturia with reduction in nocturia as the primary 
outcome. 

Individuals with refractory nocturia may have undiag-
nosed symptoms of sleep disorders, and many men 
[850]and women [851] with nocturia have a positive 
screening test for sleep dysfunction. Those shown to 
have nocturia and obstructive sleep apnoea (OSA) 
should be treated for OSA., which can effectively re-
duce nocturia in many, and may also reduce hyper-
tension associated with OSA  [852]. 

1.8. Pharmacotherapy 
1. Antimuscarinic therapy 

Members of a recent nocturia consensus conference 
agreed on the following statements with regards to 
overactive bladder and antimuscarinics: 

1) most patients with nocturia do not have overactive 
bladder; 2) most patients with OAB do have nocturia; 

3) antimuscarinics are not usually efficacious for noc-
turia; and 4) antimuscarinics may be effective for noc-
turnal voids due to urgency [749, 853]. In general, if 
the history, bladder diary, and physical examination 
suggest that nocturia is related primarily or in part to 
OAB/DO/urgency UI, then treatment with an antimus-
carinic agent should be considered (see Pharmaco-
logical Treatment above). There are several trials ex-
amining the effect of antimuscarinics for nocturia re-
duction, including trials of oxybutynin-IR, [841] sol-
ifenacin, [634] and tolterodine [854, 855]. Four recent 
trials have compared placebo to active drug for noc-
turia without statistical improvement [856-859]. There 
is evidence to suggest that these agents may be best 
used in combination with other therapies [860] rather 
than as single modality therapy. Even when agents 
from this category have shown statistically significant   
reductions in nocturia, the net benefit of reduction in 
nocturia (above that effect shown with placebo) is 
only by 0.0 to 0.3 episodes. A recent “positive” trial 
showed a statistical advantage of solifenacin 10 mg 
over placebo of a net difference of -0.12 episodes per 
night [861]. Tolterodine demonstrated statistical re-
duction in nocturia accompanied by urinary urgency 
(but not overall nocturia) [855]. The clinical im-
portance of nocturnal urgency is evident to the patient 
with the symptom (“I would like to not wake up and 
have to rush to the bathroom”), but this outcome is 
not fully nor well established within the literature. Use 
of anticholinergic medications should be used with 
caution in at-risk individuals as they may cause wors-
ening of confusion or delirium. 

2. Agents directed towards benign prostatic ob-
struction 

Alpha-adrenergic agents used in patients with symp-
toms suggestive of BPO have a modest impact on 
nocturia, with a mean reduction of slightly less than 
one episode per night [830, 862]. 5-alpha reductase 
inhibitors [830] and saw palmetto (Serenoa repens, 
saw palmetto berry extract) [863] have not shown sta-
tistical benefit for nocturia except in one study within 
one subset of participants age >70 [842]. This statis-
tical advantage did not persist beyond one year, and 
the net benefit  compared to placebo was a difference 
of < 0.2 fewer nocturia episodes. 

3. Other medication approaches 

Among postmenopausal women, one uncontrolled 
trial of oestradiol in combination with a progestogen 
showed a dramatic reduction in nocturia over 6 
months [864]. There are few studies that have fo-
cused on treatment of nocturia with the use of medi-
cations for sleep. One RCT evaluated melatonin for 
treatment of nocturia associated with BOO in older 
men [865]. Melatonin showed only a trend towards 
reduction in nocturia compared to placebo (-.03 and -
0.05 episodes from baseline 3.1 episodes, respec-
tively) but did significantly reduce reported bother 
from nocturia. A second study compared the addition 
of either melatonin or a sedative hypnotic (ril-
mazafone) to older men and women (mean age 72) 
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who were already taking a medication for nocturia, 
and found the addition of either treatment further re-
duced nocturia one episode (from 3.5 to 2.5 in both 
groups) [866]. Reducing volume overload associated 
with lower extremity venous insufficiency or conges-
tive heart failure with a late afternoon dose of a rapid 
acting diuretic may be helpful in reducing nocturnal 
polyuria and nocturia in selected patients [867, 868]. 
Diuretics (specifically  bumetanide and furosemide) 
have been conferred Level 2 evidence, Grade C rec-
ommendation by the Committee for Establishment of 
the Clinical Guidelines for Nocturia of the Neurogenic 
Bladder Society [869].  Treating sleep apnoea with 
continuous positive airway pressure can reduce noc-
turia severity, but these trials have not usually in-
cluded the frail elderly [774]. Treatment with very 
short-acting benzodiazepines for patients with pri-
mary insomnia, and with dopaminergic agonists for 
patients with restless leg syndrome, may improve 
sleep quality, but there are no data to support these 
approaches. 

4. Antidiuretic treatment: desmopressin 

Most older patients with nocturia have increased noc-
turnal urine output, which is less common in younger 
patients [870]. Nocturnal urine volume is strongly as-
sociated with the number of episodes of nocturia 
[871]. A large number of studies over the last 20 years 
have examined the potential role of exogenous AVP 
(desmopressin or DDAVP) for the treatment of noctu-
ria in older patients [823, 843, 844, 872-886] (Table 
10). While many have been uncontrolled case series 
involving relatively small numbers of subjects, more 
are robust RCTs. In some cases, however, the inclu-
sion criteria, outcome measures, and route, dosing, 
and duration of DDAVP treatment have varied con-
siderably. The first two, large RCTS using oral 
DDAVP employed essentially identical designs, with 
one conducted in men [844] and the other in women 
[843]. While these trials included men over age 75, 
the mean age of the participants was closer to “mid-
dle” rather than “old” age (65 and 57, respectively). 
Both found significant reductions in nocturia and noc-
turnal urine volume, and increases in mean duration 
of self-reported first time to night-time awakening 
from sleep. However, there were some unusual ele-
ments of the trial design. The randomised controlled 
portion was preceded by an open-label dose-titration 
run-in, with the subsequent exclusion of subjects who 
did not experience >20% reduction in nocturnal urine 
volume or who were intolerant to the medication. Alt-
hough this approach may be useful for targeting ther-
apy in clinical practice, it raises questions about se-
lection bias and the generalisability of the results. 
Most individuals in DDAVP oral tablet trials were ti-
trated up to an oral dosage of 0.4 mg, [843, 844] yet 
older patients can have a significant reduction in 
night-time urine with much lower doses of 0.1 or 0.2 
mg orally[882, 887, 888]. A major concern related to 
DDAVP treatment in elderly patients is fluid retention 
(which can exacerbate underlying cardiovascular dis-
ease) and hyponatraemia. In one study, one of the 57 
individuals randomised to 0.1 mg DDAVP for year 

was described as having a “consciousness disturb-
ance due to hyponatraemia (116 mmol/l)” which left 
him unable to “complete the protocol” [887]. Many 
older persons may have pre-existent hyponatraemia 
due to a variety of medical conditions and drugs and 
will develop renal insufficiency or congestive heart 
failure. One review [889] found the incidence of hypo-
natraemia with DDAVP in older persons to be 0-9% 
(depending on definition with the exception of the 
RCT in men discussed above, in which the incidence 
of any hyponatraemia was 22% (4% with sodium < 
130 mmol/L). Because so few frail elderly were in-
cluded in these trials, the actual incidence of clinically 
significant hyponatraemia from DDAVP that might oc-
cur with monitoring outside of a clinical trial is un-
known. A further review of pooled trial results found 
that the incidence of hyponatraemia in subjects with 
normal baseline sodium was <1% (3/336 subjects) in 
per- sons < 65 and 8% (22/260) in those >65, and 
75% (6/8) in older patients with a low baseline serum 
sodium [890].  Pharmacodynamic studies in younger 
older men (aged 55-70) found that DDAVP had a pro-
longed half-life which was in part responsible for hy-
ponatraemia [891].  DDAVP is not useful in frail older 
persons in nursing homes with nocturia and/ or night-
time UI because of the lack of efficacy for reducing 
night-time voids and the very high rate of hypo-
natraemia [888].  The overall safety has been recently 
reviewed [892] and ddAVP was an addition to the 
most recent revision of the Beers review for poten-
tially inappropriate medications in the elderly [893]. 

Several attempts at delivering the efficacy of antidiu-
retic therapy without the side effects have focused on 
the dosing, mechanism of achieving anti-diuresis, 
half-life of the agent, and delivery system. Since the 
last ICI review, data about the efficacy and safety of 
an orally-disintegrating tablet formulation of DDAVP 
have been published [872]. The theoretical ad-
vantages of such a formulation would be the ability to 
deliver smaller and consistent level of the drug.  The 
study design evaluated co-primary outcomes of de-
crease in night-time voids from baseline versus pla-
cebo and the ability to achieve a 33% decline in base-
line nocturia. Participants were stratified by age <65 
and ≥ 65, with 500 individuals over 65 in the study 
having safety endpoints. At enrolment, all participants 
needed to have a serum sodium of >135 mmol/L, an 
estimated creatinine clearance of greater than 60 
ml/min (the largest single reason for exclusion during 
screening, 15%), and a post void residual of less than 
150 mL, and, for men only, a peak uroflow of >5 
mL/second. The results showed that for men, the min-
imal effective dosage was 50 micrograms (-1.38 ver-
sus -0.84 for placebo) and for women it was 25 mi-
crograms (-1.22 versus -0.88 for placebo). Side ef-
fects appeared in a dose-dependent fashion, that de-
pended upon both age (older had higher side effects) 
and gender (women had higher side effects). For 
those participants over 65 years of age, the following 
percentages of participants had a reduction of sodium 
of either 125-130 or <125: on 100 micrograms, 14.1% 
and 4.7%; on 50 micrograms, 6.6% and 2.6%; for 25 
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micrograms, 2.6% and 0%. While the 2011 nocturia 
treatment consensus guidelines [744] stated that ”the 
mechanisms behind desmopressin-induced hypo-
natraemia are well understood”, newer information 
suggests that the hyponatraemia in women is not fully 
explained by pharmacokinetic profile [894]. For el-
derly individuals, antidiuretic therapy via DDAVP 
orally absorbable tablets still has a narrow therapeu-
tic window where the dosage that allows for efficacy 
in the absence of meaningful and potentially serious 
side effects may be difficult to find. Severe hypo-
natremia has occurred even within the context of a 
clinical trial with enhanced, structured monitoring and 
use of a lower-dose desmopressin as an adjunct to 
BPH therapy [881] There have also been trials with 
staggered DDAVP and diuretics, which have greatly 
reduced nocturia [883]. Of the participants who com-
pleted the trial, 5% had hyponatraemia, not counting 
individuals who had hyponatraemia during run in. 
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Table 10. Selected studies of desmopressin (DDAVP) for older patients 

Reference No. 
(Yr.) 

Study Design N Sex Age Mean, 
(SD) 

Nocturia Definition DDAVP 
Dose1

 

Outcomes Level of 
Evidence 

van 
Kerrebroeck 
2007[885] 

RCT, placebo 
controlled Dose 
titration 

127 70%M 63.4 (12.8) > or =2 voids/night 0.1, 0.2, 0.4 
mg 

39% reduction in the mean number of 
nocturnal voids with desmopressin vs. 
15% with placebo,  p<0.0001 duration of 
the first sleep period prolonged by 108 
min with desmopressin vs. 41 min with 
placebo; p<0.0001) 

2 

Johnson 
2007[886] 
 

double-blinded, 
placebo-controlled, 
crossover trial of 
individually titrated 
oral ddAVP. 

14 NS 74 (5) any nighttime void 
between going to bed and 
morning awakening 

0.1, 0.2, 0.4 
mg 

NUV in subjects receiving ddAVP 
treatment was significantly lower 
than at baseline 
(197mL reduction,) and than in subjects 
taking 
placebo (126mL less,). NUVof subjects 
at baseline 
and of those taking placebo were not 
significantly different 

3 

Wang 2011 
[888] 
 

long-term efficacy 
and safety of low 
dose oral 
desmopressin in 
elderly patients with 
benign prostatic 
hyperplasia 

126 M 74.5 (5.99) 2 or more voids nightly 
nocturnal 
polyuria =nocturnal uri ne 
volume greater 
than 30% of total daily 
urine volume 

0.1 decrease of 2 or more voids per night) 
achieved by 35 (61.40%) 
patients 
receiving desmopressin and by 8 
(13.80%) on placebo 
(p _0.001). 

2 

Fu 2011[884] randomized double- 
blind 
treatment period. with 
DDAVP and 
staggered furosemide 

80 58 men 
and 22 
women, 

67 (8) at least two voids per 
night 

0.1, 0.2, 
0.4mg 

46% patients in the study group 
compared with 
4 (10%) patients in the control group 
reported that the treatment had a 50% or 
greater reduction in the number of 
nocturnal voids 

2 
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5. Surgical and procedural treatments 

Posterior tibial nerve stimulation has been used in 
OAB trials. A recent trial [895]  demonstrated in 214 
individuals a favourable outcome for nocturia reduc-
tion in the active treatment group (2.9 at baseline to 
2.1 with treatment) that was statistically superior to 
the effect of sham (2.9 to 2.6, net benefit of active 
over placebo -0.4 reduction). Of note, there were 
more individuals over 65 years of age (50%) com-
pared to the sham group (41%) biasing against 
demonstrating benefit if it were true that older adults 
responded less well; whether or not these gains are 
maintained without on going treatment is not known 
[896]. 

Surgical approaches to treatment of nocturia have 
long been recognised to be effective, yet overall 
symptoms improve more than does nocturia specifi-
cally. The evidence from trials shows that older pa-
tients with the highest symptom scores prior to sur-
gery benefit the most from transurethral resection of 
the prostate [897], yet nocturia often persists and may 
be the least responsive symptom for improvement fol-
lowing the procedure [897-899]. Yet, surgery does re-
duce lower urinary tract symptoms and may result in 
reductions in nocturia and improvement in many 
symptom specific QOL areas [900], but not all [901]. 
In one consecutive group of 56 patients treated with 
either TURP or radical prostatectomy (mean age 69) 
for persistent symptoms despite six months of medi-
cal therapy. The group monitored postoperative noc-
turia counts, hours of undisturbed sleep, and the 
ICIQ-NQOL which were compared to baseline. In this 
uncontrolled series, patients had significant improve-
ments in all measured domains, including a 0.8 epi-
sode reduction per night [902]. The NQOL outcome 
measure was most favourable in individuals with the 
greatest reductions in nocturia or the most uninter-
rupted sleep. One study used a retrospective evalua-
tion of 298 patients (mean age 70) over a 10-year pe-
riod, and found that younger men with lower preoper-
ative urinary maximum flow rates had the best post-
operative results [899]. Not surprisingly, symptoms 
post-operatively were not strongly correlated with ob-
jective urodynamic findings [903]. On average, less 
than half of the men operated on had a reduction of 
nocturia by 50% or more [899]. In a rare RCT where 
66 men, aged 52–81 years (mean 68.6), who were 
believed to have nocturia solely due to “benign pros-
tatic hyperplasia” and who had received no previous 
treatments of any type, were randomized in a 1:1 
fashion to either alpha-blocker therapy (tamsulosin 
0.4 mg) or TURP. The prostate volumes and baseline 
nocturia nearly differed in a statistically significant 
manner at baseline (51 cm3 and 2.0 mean nocturia 
episodes versus 59 cm3 and 2.4 for those allocated 
to surgery). Both groups had a reduction of nocturia 
to 1.5 (3 months) and 1.4 (6 months), as well as sta-
tistical improvements in the ICIQ-NQOL. No treat-
ment was superior to the other and both were statis-
tically significantly improved from baseline [900]. 

Summary of the evidence 

Late afternoon administration of a diuretic may re-
duce nocturia in persons with lower extremity venous  
insufficiency or congestive heart failure unresponsive 
to other interventions. (Level 2) 
If OAB, DO, and/or urgency UI is felt to be a major 
contributor to nocturia, antimuscarinic agents should 
be considered. (Level 3) 

If nocturia is due to insomnia alone, then a very-short 
acting sedative hypnotic may be considered. (Level 
3) 

DDAVP should not be used in frail elderly because of 
the risk of hyponatraemia. (Level 1) 

Recommendations for management 

Nocturia investigations should be carried out utilising 
both frequency-volume charts and validated ques-
tionnaires capturing QoL and bother related specific 
to nocturia (e.g. NQoL). (GoR C) 

Recommendations for research 

• Validation and clarification of the definition of 
both nocturia (in regards to any night awakening 
owing to the 

• desire to pass urine, the ICS definition vs. the 
more clinically bothersome nocturia, of 2 or more 
episodes) 

• Studies to elucidate the reason for awakening 

• Ways in which to understand, and potentially di-
minish, the robust effect of placebo/control arms 

• Epidemiological research regarding studies of 
nocturia involving the following aspects: inci-
dence/ natural history, bother, effect on quality of 
life 

• Research regarding what would be a clinically 
significant improvement 

• Further clinical trials examining the impact of 
sleep focused treatments 

• Trials examining the effects of multiple incremen-
tal and multicomponent therapies for nocturia 

• Algorithms for both initial and subsequent (e.g., 
cause-specific management of frail elderly, and 
men versus women would seem to be desirable. 

 FAECAL INCONTINENCE IN 
FRAIL OLDER PERSONS 

1.1. Background 
Faecal Incontinence (FI) in older people is a distress-
ing and social isolating symptom and is associated 
with a possible increased risk of morbidity [904, 905] 
and dependency [905-908]. Frailty, defined by having 
weight loss, and/or limitations to physical activity, 
along with multi-morbidity may be independent risk 
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factors for FI in community-based and institutional-
ised populations of older adults [909-913] Many older 
individuals with FI will not volunteer the problem to 
their general practitioner or nurse, and, health care 
providers do not routinely enquire about the symptom 
or follow guidelines regarding evaluation and treat-
ment [361, 914, 915]. This ‘hidden problem’ can 
therefore lead to a downward spiral of psychological 
distress, dependency, and poor health. The condition 
can especially take its toll on informal care providers 
of home-dwelling patients, [916] with FI being a rea-
son for requesting nursing home placement and even 
mortality [905, 906, 917, 918]. 

Even when older people are noted by health care pro-
fessionals to have FI, the condition is often managed 
with the use of absorptive or containment products, 
especially in the long-term care setting where it is 
most prevalent. Current surveys show that the level 
of awareness regarding appropriate assessment and 
treatment options is limited among primary care phy-
sicians [919]. The importance of identifying treatable 
causes of FI in frail older people rather than just man-
aging passively (e.g. pads provision without assess-
ment) is strongly emphasized in national and interna-
tional guidance, [904, 920] but audits show that ad-
herence to such guidance is generally poor, with non-
integrated services, and sub-optimal delivery by pro-
fessionals of even basic assessment and care [361, 
921]. 

This section covers specific issues for frail older peo-
ple with FI. Evaluation and management of urinary in-
continence and FI should be considered simultane-
ously given that 40-60% of older adults with and with-
out frailty with urinary incontinence also have fecal in-
continence [912, 922-926]. Healthy older people 
should be managed using the interventions covered 
in the Chapter 16 “Assessment and Conservative 
Management of Faecal Incontinence and Quality of 
Life in Adults.” 

For the 5th ICI, the literature review covered the pe-
riod 2008 to 2011. We identified new population-
based studies on the prevalence and incidence rates 
of FI specifically including frail, older adults (see Ta-
ble 11). Table 11 includes all studies published 
through from December 2008 through August 2016 
which met the following criteria: (1) sample repre-
sentative of the general population (not a conven-
ience sample or sample recruited from a specialty/pri-
mary care medical clinic or other setting in which 
there is a probable selection bias), (2) sample involv-
ing specific models of care for the older adult (i.e., 
hospital care, home care, long term care), and (3) 
sample of specific disease or co-morbid condition. 

The PUBMED.gov database was searched from De-
cember 2011 to August 2016 using the following key-
words:  

(i) 'anal, bowel, faecal, fecal' and 'incontinence'  

(ii) constipation 

(iii) 'urinary' and  'incontinence' 

(iv) laxatives, enemas, suppositories 

(iv) other relevant phrases such as 'comprehensive 
geriatric assessment' ' stroke'  

(v) level of care, ‘nursing home,’ institutionalisation’, 
long-term care,’ ‘acute care,’ ‘hospitalisation’ 

Additional articles were identified by examining refer-
ence lists, and other recent systematic reviews. 

1.2. Prevalence and risk factors for FI 
Prevalence estimates for FI vary widely:  2.2% to 25% 
in the general community-dwelling population, 9-30% 
in older community-dwelling adults, 18% to 33% in 
acute care settings, and may approach up to 50% in 
long term care and institutionalised settings [927, 
928]. A 2015 systematic review only identified 38 
studies with 6 high-quality studies and only 3 studies 
performed in a representative sample [927]. Incident 
FI varies from 6% to 17% in community dwelling pop-
ulations, with less information known about incident 
rates in specific care settings [929-931]. The variabil-
ity in the prevalence rates may be related to the case 
definition and the frequency of FI reported. Case def-
inition may involve frequency of loss and the type of 
stool consistency or gas, including loss of flatal incon-
tinence, as well as solid and liquid stool.  Often, pas-
sive FI, or seepage, is not differentiated from solid or 
liquid stool FI in population-based studies.  A few 
studies have also defined a category of soiling of un-
derwear only. In this review, FI refers to the loss of 
solid or liquid stool or mucus. Studies are specified 
that use other definitions, such as flatal incontinence 
(anal incontinence) or soiling.  

Prevalence and incidence estimates of FI in com-
munity-dwelling older adults. FI is strongly associ-
ated with aging in many studies and studies only in-
volving older adults have higher prevalence esti-
mates. The National Health and Nutrition Examina-
tion Survey (NHANES) in the United States (US) pro-
vides one of the best estimates of FI prevalence to 
date because it surveyed both sexes, all major races 
represented in the US, and a range of older adults by 
age decade (55-69 and 70 years of age and older) 
[932, 933]. NHANES also provided separate esti-
mates for different types of FI (e.g., solid, liquid, mu-
cus, and flatus) and frequencies of stool loss. The 
age-adjusted prevalence of FI (defined as accidental 
loss of solid, liquid, or mucus incontinence in the 
month preceding the interview) in the non-institution-
alised population of the United States is 8.9% of 
women and 7.7% of men, with higher rates in older 
adults (16.6% in adults aged 70 years of age and 
older, equally prevalent in older men and women) 
[932, 933]. Liquid stool incontinence was the most 
common type of FI reported in the NHANES data. 
Rates of FI in older, frail adults are not sex-specific, 
with recent studies suggesting equal rates of FI 
among older men and women [908, 909, 934-938]. 
Table 11 gives prevalence estimates for FI in older 
adults where this data is available, but differences in 
survey methodology make it difficult to interpret or 
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pool prevalence rates [905, 911, 930, 931, 934, 935, 
939-942]. 
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Table 11. Population based surveys of FI prevalence in older adults 

Source Design Prevalence/Incidence Risk Factors Notes 

Whitehead et al 
(2008)[944] 

US representative sample of 2229 
women and 2079 men, aged 20+ 
years. FI assessed with the FISI. FI 
defined as any involuntary loss of 
mucus, liquid, or solids in the last 
month. 

Prevalence among older 
adults aged 70+: 
15.3% overall 
No gender differences 

Age 
Loose stool consistency 
>21 bowel movements/week – women 
Inability to do activity – women Chronic 
illnesses – women 
Poor self-rated health – men Urinary 
incontinence - men 

Cross-sectional,  population-based 
national survey. 
No subgroup analysis for risk 
factors in older adults. 

Rey et al 
(2010)[945] 

Random sample of 5,400 adults 
aged 50 yrs and older from 
Olmstead Co, MN. Respondents 
(n=1540, 64%) answered questions 
on FI at baseline in 1993 and 674 
responded a mean of 9 years later. 

10-year incidence rate 
was 7% for any FI 

Urgency with bowel movements Self-
reported  diarrhoea Incomplete evacuation 
Pelvic radiation 

Community sample, not 
population- based 
No separate analyses by sex 
Mean age of sample at follow up 
was 67±9 years 

Markland et al 
(2010)[946] 

1000 Medicare beneficiaries age 
65+ in 3 counties of Alabama. In- 
person interviews at baseline and 
4- years. Sex/race stratified. FI 
excluded flatus. 

4-year Incidence rates 
reported. 
17% overall for any FI 
6% for monthly FI 
No gender differences 

White race/ethnicity - women Chronic 
diarrhoea – women 
Urinary incontinence – men and women 
Depression – women 

Population-based  longitudinal 
study with in-person interviews 
Mean age of 78 ± 5 years 

Joh et al 
(2010)[947] 

Convenience-based survey in adult 
senior centres and health centres in 
Korea, n=981, mean age 73.6±6.8 
years 

Prevalence of FI in the 
previous 3 months, 
15.5%. 
No differences in men 
and women, p=0.08 

Urinary incontinence – men and women 
Hemorrhoids – men and women 
Poor self-rated health – men Diabetes – 
women 
Infrequent dietary fiber - women 

Community sample, not 
population- based 

Sharma et al 
(2011)[948] 

Postal survey of 2000 adults, 18 
years and older in New Zealand, 
mean age 51.6 years 

Prevalence of monthly 
liquid or solid stool was 
12.6% 

Study did not assess risk factors, only 
variations in prevalence by 3 scales 

No Sex or age group sub- 
analyses 
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Source Design Prevalence/Incidence Risk Factors Notes 

AlAmeel (2010)[42] Population-based Canadian Health 
and Aging Study, n=8917, among 
adults 65 years of age and older 

4% overall prevalence 
rate for any FI in the 
past year 

Older age 
More common among women Poorer self-
rated health 
More dependency in ADLs Cognitive 
impairment 

Population-based  study No 
increased mortality or 
institutionalization after 10 years 
when adjusting for all significant 
confounding factors 
No separate analyses by sex 
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New additions to the literature include prevalence es-
timates of urinary incontinence and FI in populations 
receiving specialty services in the home, such as 
home health care/home visits by physicians and other 
care providers, and in populations receiving hospice 
care.  

Rates of incident (i.e., rate of new onset) FI in non-
institutionalised populations have been reported in  a 
few studies [929-931]. These studies surveyed older 
adults in the community and reported FI incidence 
rates after 4 years, 6 years, and 9 years, from the in-
itial survey period [929-931]. Incident rates for FI were 
17% (95% confidence interval 13.7% to 20.1%) after 
4-years in one study (n=557),[930] 9% after 6-years 
(n=34/252),[929] and 6.3% (95% confidence interval 
4.5% to 8.6%) after 9-years in the other (n=683) 
[931]. For FI occurring at least monthly, the incidence 
rate was 6% (95% confidence interval 4.0% to 8.3%) 
after 4-years [930].  Differing FI incidence rates may 
be due to the age range of those surveyed at base-
line. In the Markland et al and Nuotio et al studies, the 
average age of those surveyed was greater than 70 
years of age at 4-years and 6 years, whereas the Rey 
et al study surveyed adults 50 years and older at 
baseline.  

Prevalence estimates of FI in hospitalised older 
adults. Like the variability of prevalence rates of FI in 
community-dwelling population, hospitalised older 
adult populations also vary depending on the type of 
acute care setting or hospital setting, type of popula-
tions being studied (i.e. those under surveillance for 
certain types of infections), and duration of the hospi-
tal stay.  Rates of FI in hospital or acute care settings 
range from 6-33%. In one study, the rates of FI in the 
acute care setting for adults (mean age of 67 years) 
was 33% (50/152 with diarrhoea under surveillance 
for infections) [943]. In another study, FI (17.6%) was 
almost as common as urinary incontinence (19.7%) 
in 608 hospitalised adults (age range 4 years to over 
80 years).[944] Another study reported FI occurring in 
20% (n=221/1083) hospitalised adults and an in-
creased rate in the intensive care unit setting [945]. 
Loose stool or watery stool, along with medications, 
were associated with FI [945]. Older age was associ-
ated with increased rates of FI in hospitalised adults 
[944-946]. 

Prevalence estimates among older adults receiv-
ing home health care.  Many older adults receive 
health care services in the home setting or in a resi-
dential setting due to acute or chronic illnesses that 
are associated with being home bound or needing 
supportive care. These older adults are considered 
more independent with supportive care rather than 
those in long-term care or nursing home settings who 
require skilled care. Less is known about FI these frail 
older adults [928].  Using the Outcome and Assess-
ment Information Set (OASIS), a standardised and 
administrative assessment tool used to document pa-
tient needs in home care settings in the United States, 
urinary incontinence was identified in 27%-33% of 

home health care patients and 7%-9% had FI on ad-
mission to the home health agency/provider [947].  
The Centers for Disease Control (CDC) and the Na-
tional Center for Health Statistics published a report 
in 2014 that compares prevalence rates of urinary in-
continence, FI, and having both urinary and fecal in-
continence across 4 different US representative sur-
veys: NHANES (reported above), the National Home 
Health and Hospice Care Survey (NHHCS), the Na-
tional Survey of Residential Care Facilities (NSCRF), 
and from Long-term Care Data using the Resident 
Assessment Instrument - Minimum Data Set (MDS) 
[928].  Rates of any FI reported by home health 
agency providers was 49% from the NHHCS. FI rates 
were higher among older adults receiving home 
health care who resided in residential facilities and 
long term care (33%) than those residing in a private 
home or apartment (13%). Similar patterns for FI 
were seen in older adults receiving hospice care. FI 
rates were higher among older adults receiving hos-
pice care who resided in residential facilities and long 
term care (66%) and those in a hospital hospice set-
ting (70%), than those residing in a private home or 
apartment (41%).  

Prevalence and incidence estimates of FI in long-
term care residents.  Additional studies were identi-
fied that reported prevalence rates of FI in nursing 
home or long-term care resident facilities [913, 928, 
948, 949].  Data are limited by the type of facility or 
type of data used to report FI rates [922, 950-954]. 
Recent FI prevalence studies confirm high preva-
lence ranges of FI occurring at least weekly or more 
often, which varies from 40-57% of long-term care 
residents [913, 928, 948-951, 955]. However, one re-
cent study using MDS data reported differences in FI 
prevalence rates from nursing home residents with 
short-term stays (33%) compared to long-term care 
(60%) [928].  Little is known about the FI incidence 
rate in this specific population of frail adults, with rates 
reported as 20% during a 10-month period after ad-
mission for long-term care [918].  

Faecal incontinence in older adults – the “hid-
den” problem.  Recent evidence re-affirms that 
about 30% of adults with FI seek care and that health 
care practitioners are not likely to inquire or document 
discussions regarding FI [361, 915, 917, 919, 956, 
957].  Increasing awareness is important aspect of 
the identification, prevention, and treatment of FI in 
older adults [904].  Using appropriate terminology for 
FI for individuals that is consistent with health literacy 
levels may be an important factor.  Terminology such 
as “bowel” or “accidental bowel leakage” may be 
more appropriate than the term “faecal” or “faecal in-
continence” [958]. Barriers that prevent adequate 
identification and treatment include:  social and cul-
tural issues about discussing symptoms, duration of 
symptoms, perception that treatments may not exist, 
access to trained health care providers in the commu-
nity, access to providers in long-term care settings, 
and access to training and treatment protocols. Given 
the high prevalence rates of FI in the hospital, home 



 

 
FAECAL INCONTINENCE IN FRAIL OLDER PERSONS  1387 

 

care, and long term care settings, health care practi-
tioners should directly inquire or directly observe 
bowel control issues and document any findings. 
Other high risk groups of older adults that should be 
questioned about bowel control include older adults 
that have:  mobility problems, cognitive impair-
ment/dementia, frailty syndrome, prior pelvic/lower 
abdominal radiation exposure, prior anal or rectal sur-
gery, urinary incontinence, chronic constipation, 
chronic diarrhoea, and older adults with multi-morbid-
ity. 

Risk factors associated with FI in older adults.  
Age has been established as a risk factor for FI in 
many population-based studies [908, 925, 934, 959].  
Other factors that have been associated with in-
creased rates of FI include:  female gender, co-exist-
ence of UI, poor general health, physical limitations, 
cognitive impairment, stool consistency, prior colo-
rectal surgery, and high body mass index [960-964]. 
However, among population-based studies among 
older adults, risk factors specific to women (e.g. vag-
inal deliveries, parturition characteristics) are no 
longer significantly associated with FI when control-
ling for all other factor [934, 965].  Many diseases and 
co-morbid disorders are associated with FI and in-
clude: diabetes, dementia-related incontinence, irrita-
ble bowel syndrome, inflammatory bowel disease, 
systemic sclerosis, and neurological diseases, such 
as cerebrovascular disease [908, 931, 960, 966-970]. 
The association between faecal incontinence and 
loose stool consistency (diarrhoea) is robust in com-
munity-dwelling populations and nursing home stud-
ies [930, 931, 934, 952, 964, 965]. As supported by 
the epidemiological data, the etiology of faecal incon-
tinence remains multifactorial and treatment depends 
on the underlying mechanisms or specific co-morbid 
disorders, as well as the overall burden of multimor-
bidity including medications used to manage multiple 
chronic disorders.. 

Frailty and Multi-morbidity as Risk Factors for FI 
in older adults. Frailty and multi-morbidity are not of-
ten studied as associated factors for FI in representa-
tive samples.  However, some representative studies 
have included an evaluation of functional depend-
ency, mobility, multi-morbidity, and other markers of 
frailty among older women [911, 912, 942]. 

1.3. Anorectal function in older adults 
The pathophysiology of FI is covered elsewhere, this 
section considers factors physiological factors spe-
cific to frail older people.  

Quality of the data  
Physiological studies of the lower bowel in older 
adults tend to be variable due to a) a variety of differ-
ent techniques used in measuring anorectal function, 
b) unclear definition of the normative range of mano-
metric measures for older people, c) poor matching 
between cases and controls of clinical factors which 
may affect gut function (e.g. level of mobility or func-
tional status), or inadequate clinical information, d) 

usually small subject numbers, e) few studies deal 
with subjects over 80 years, and f) improvements in 
imaging quality with anorectal manometry with new 3-
diminisional equipment, endoanal ultrasound, and 
MRI with and without defecography [971-974]. Stud-
ies reviewed are cohort case-control to evaluate age-
effect,[975-982] young-old healthy subject compari-
sons,[983-986] and age- and sex-matched case-con-
trol studies of continent versus incontinent patients 
[987, 988] . 

Anorectal Function in Healthy Older Adults 
Studies of age effect in healthy volunteers have 
shown a linear reduction with ageing in squeeze pres-
sures (external anal sphincter tone) in women after 
the age of 70, and in men from the 9th decade on-
wards [982]. Studies of normal men and women 
demonstrated a significant but similar linear decrease 
in anal resting pressure and maximum squeeze pres-
sures in both men and women with increasing age 
[986, 989]. Studies of asymptomatic females showed 
a significant decrease in both anal resting and 
squeeze pressures with age [989, 990]. Two studies 
comparing young and old continent women found a 
decrease in anal resting pressure but no decrease in 
squeeze pressures between the two groups [977, 
984]. Age beyond 70 years was associated with re-
duction in anal resting pressures (internal anal 
sphincter tone) in both sexes, but to a greater degree 
in women than men,[980, 982]  but not reaching sta-
tistical significance [991]. 

Rectal sensory thresholds may also decrease with 
aging in healthy older adults despite normal compli-
ance and tone [985].  There was a significant increase 
in pudendal nerve latencies with age in women; [981] 
however, clinical practice guidelines do not recom-
mend testing pudendal nerve latencies [992]. In pa-
tients older than 65 years there is >30% loss of en-
teric neurones when compared to people aged 20 to 
35 years. This loss is associated with an in-
crease in fatty tissue deposition [866][993]. Increase 
in thickness of internal sphincter may be related to an 
increase in collagen deposition, with increased thick-
ness seen in older versus younger women and in 
older nulliparous women [979, 984].  In addition, the 
increase in internal sphincter thickness was associ-
ated with a significant decrease in the external anal 
sphincter thickness in women [863] [864][994, 995]. 
A study of men and women using endoanal MR im-
aging showed a significant decrease in the external 
anal sphincter thickness in men but not women with 
age [996].  

Other studies in humans have found increases in 
elastin and collagen deposition in the myenteric 
plexus in the colon.  It is unclear if rectal motility is 
affected by healthy aging, [997] but there is an age-
related increase in anorectal sensitivity thresholds 
[981, 985, 986]. Rectal compliance was not affected 
in one study but reduced rectal sensation was asso-
ciated with reduced rectal compliance in another  
[985] [989]. Other studies have evaluated the impact 
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of the relationship of glycaemic control on gastric 
emptying and found that fasting blood glucose levels 
were associated with faster gastric emptying [998]. 

Gut microbiome and metabolome studies in older 
adults show that diet and antibiotic usage have an im-
pact on gut microbiome and metabolome findings 
[999, 1000].  Older adults residing in long-term care 
have less variation in the gut  microbiome compared 
to older adults in the community [1001]. These 
changes in the gut microbiome from older adults in 
long-term care settings may also be influenced by diet 
and inflammatory biomarkers [1001]. 

Anorectal function in older adults with faecal in-
continence.  Studies have reported an age-related 
increase in pudendal neuropathy in incontinent 
women, that may be unrelated to squeeze pressures 
[872][1002, 1003]. A study comparing anorectal func-
tion in young (mean age 42) and old (mean age 72) 
women with FI (patients with constipation and/or pel-
vic floor dysfunction excluded) showed that older 
women were more likely to have bilateral puden-
dal  neuropathy,  but less likely to have a sphincter 
deficiency of >90 degree and less likely to have had 
a previous sphincteroplasty [983]. Anorectal function 
in older incontinent patients and continent age- and 
sex-matched controls showed that individuals with FI 
had reduced anal resting pressures [984, 1004].  In 
one  study comparing 8 older incontinent women 
(mean age 71.6 SD 7.5) with 9 older continent women 
(mean age 71.6 SD 7.5) and 9 younger continent 
women (mean age 28.7 SD (7.3) found women with 
FI were more likely to have decreased maximum 
squeeze pressures and levator ani (LA) defects 
[1005]. Older FI females tolerated lower balloon ano-
rectal manometry volumes before urge to defaecate 
indicative of rectal hypersensitivity [984]. 

1.4. Causes of faecal incontinence in older 
adults 

Stool consistency is important aspect of determin-
ing the cause and the associated factors for the eval-
uation of FI in an older adult [930, 931, 965].  Loose, 
as well as hard, stool can be related to FI in frail, older 
adults [918, 951, 1006]. Evidence shows that loose 
stool consistency and chronic diarrhoea are important 
contributing factors for FI [930, 931, 934, 952, 965].  
Loose stool and chronic diarrhoea can result from 
multiple causes, such as malabsorption syndromes 
(e.g., lactose intolerance, gluten sensitivity, and fat-
malabsorption), acute diarrhoeal illnesses, microcytic 
colitis, irritable bowel syndrome – with diarrhoea pre-
dominant symptoms, and other causes of chronic di-
arrhoea. Any change in stool consistency along with 
other warning symptoms (weight loss, bloody stools, 
change in stool calibre, and painful defaecation) 
should prompt further evaluation for colorectal can-
cer. Potential reversible causes of loose stools may 
include: excessive laxative use, lactose intolerance, 
drug-related side-effects, bacterial overgrowth, and 
possible bowel obstruction with “overflow” FI.   “Over-
flow” FI secondary to constipation and stool impaction 

is also important to consider in older adults, poten-
tially more common in men than women, [1007, 1008] 
those with mobility problems, [951, 1006, 1009] and 
those that reside in nursing home settings [951, 
1009]. 

Overflow incontinence or FI that results from stool 
impaction can be difficult to diagnose, may be more 
common in certain frail, older populations, and should 
be evaluated and treated when suspected.  Evidence 
suggests that constipation and symptoms of consti-
pation are common among nursing home residents 
with FI [951, 1009, 1010]. However, the true preva-
lence of impaction and FI in nursing home residents 
is not clearly identified.  Constipation (according to 
bowel movement frequency) and associated symp-
toms (straining and incomplete evacuation) were 
common among nursing home residents in a 4-site 
randomised controlled trial to improve FI and urinary 
incontinence among nursing home resident by giving 
a multi-component intervention involving toileting as-
sistance, exercise, and dietary snacks [951]. At base-
line, 81% of the 111 nursing home study participants 
had less than 3 bowel movements in 5 days. Another 
study that identified factors associated with FI in dif-
ferent health care settings found that 70% of nursing 
home residents experienced “fecal loading” com-
pared to 63% in rehabilitation wards, 57% in acute 
care wards, and 20% in the home care setting [1009]. 

Urgency associated with bowel movements is also 
an important bowel-related factor that should be as-
sessed in older adults.  Many studies do not evaluate 
urgency as an independent risk factor.  However, 
among the studies that evaluated a sense of urgency 
associated with bowel movements, urgency consist-
ently is strongly related to FI and having a negative 
impact on quality of life even after controlling for other 
known confounding factors [931, 1011, 1012].  

Other bowel-related disorders or complications of 
prior anorectal surgery and radiation can contrib-
ute to FI in older adults who otherwise would be con-
tinent, especially when functional status, mobility and 
cognition become impaired.  Other bowel related dis-
orders that have been associated with FI in adults 
(but not limited to frail older adults) include:  haemor-
rhoids, [983, 1007] posterior compartment prolapse 
(rectocele), [965] inflammatory bowel disease, [1013] 
and irritable bowel disease [965, 1014].Types of prior 
anorectal surgery that contribute to FI include: haem-
orrhoid surgery, [1007] prior fistula repair, [1015, 
1016] sphincterotomy for anal fissures, [1017] partial 
or total colectomy, [1018] low anorectal resection and 
re-anastomosis for colorectal cancer, [1019, 1020] 
prostatectomy, [937] and prior pelvic/perineal radia-
tion [937, 1021].   All of these bowel-related disorders, 
surgeries, and radiation should be part of the focused 
history in older adults with FI.  More studies are 
needed to identify causal pathways for FI in the older 
adult.   

Functional FI, as defined by mobility problems or re-
straints that restrict accessibility to the toilet despite 
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normal bowel sensation and capacity, is also cited as 
a common reason for FI in epidemiological studies 
among community-dwelling older adults and those in 
residing in nursing homes [909-911, 918, 924, 942, 
952-954, 1022-1024]. 

Other causes of FI in older adults can be related to 
co-morbid chronic disorders, increased body 
mass index, and multimorbidity, especially diabe-
tes and neurological disease, which increases the 
risk having FI.  Even after adjusting for age and sex, 
diabetes mellitus is associated with gastrointestinal 
symptoms including FI in population-based studies, 
[936, 968, 1025] nursing home residents, [1024] and 
has been associated with impaired rectal sensitivity 
and sphincter weakness [966]. Neurological dis-
eases that contribute to FI in older adults include cog-
nitive impairment, stroke, traumatic brain injury, and 
sacral cord dysfunction. Older adults are living longer 
with significant neurological conditions.  Cognitive im-
pairment and dementia have been found to be inde-
pendent risk factors with FI in older adult populations 
from epidemiological studies and among those in 
nursing homes [918, 924, 937, 952]. Having a stroke 
is an important risk factor for FI with three and half 
times the rate of FI compared to adults who did not 
have a stroke in one population-based study [1026].  
FI affects 30-56% of stroke survivors in acute period 
after having a stroke (1-30 days), with a lower preva-
lence (11%) of FI after 3-months, and 11-22% at 12-
months following the initial stroke event [967, 1027].  
It is unclear whether the functional disability from hav-
ing a stroke or that the disruption in neurological path-
ways (sensory mechanisms) that promote continence 
contributes more to FI among stroke survivors.  Trau-
matic brain injury has also been linked with urinary 
incontinence and FI, but limited data exist on older 
adults from registry studies and single site studies 
[1028, 1029]. Spinal cord injury (depending on the 
level of injury) may result in impaired muscular 
strength of the external anal sphincter, delayed transit 
time, abnormal defaecation reflexes, and impaired 
sensation [1030]. 

Summary of evidence for prevalence and risk fac-
tors for FI in frail older people 

Summarised below are key points that are specific to 
the frail elderly population. The level of evidence is 
given in brackets.  

• FI affects 1 in 5 older people (aged 65+) living in 
the community and in residential care facilities, 
and half of those residing in long-term care 
homes [LoE1] 

• The prevalence of FI increases with age alone, 
particularly in the 8th decade and beyond [LoE1] 

• The prevalence of FI is higher in the acute hos-
pital, and nursing home setting than in the com-
munity [LoE 1], thus the group most affected is 
frail older people. 

• The prevalence of FI in frail older men is equal to 
or greater than in women in the community and 
in long-term care residents [LoE 2]. 

• The prevalence of FI varies dramatically be-
tween institutions in nursing home studies due to 
measurement differences [LoE 2].  

• FI usually coexists with urinary incontinence in 
frail older people [LoE 1]  

• Aside from age, the following are primary risk 
factors for FI in older people [LoE 2]:  

o Stool consistency -- Loose stool 
o Bowel-related disorders, such as prior rectal sur-

gery 
o Impaired mobility 
o Functional impairment 
o Dementia 
o Neurological disease 
o Diabetes mellitus 
o Chronic medical conditions 
o Depression 

• Loose stool or diarrhoea may be a cause of tran-
sient FI in older people, if the diarrhoea is evalu-
ated and treated [LoE 2] 

• Faecal loading and constipation are clinically 
linked to FI, but there is little epidemiological 
work assessing this association [LoE 3]  

• Physicians and nurses in primary care, acute 
hospital, and long-term health care settings do 
not have a high awareness of FI in older people 
[LoE 2] 

• Within nursing homes, there is a low rate of re-
ferral by nursing staff of residents to primary care 
physicians or continence nurse specialists for 
further assessment of FI [LoE 2], and there is a 
tendency toward passive management (e.g. use 
of pads only without further evaluation) [LoE 2]. 
Faecal loading is often present in older care 
home residents with FI [LoE 2] 

• Older people may be reluctant to volunteer the 
symptoms of FI to their health care provider for 
social or cultural reasons, or due to a popular 
misperception that the condition is part of the ag-
ing process and therefore 'nothing can be done 
about it' [LoE 2] 

• FI is associated with reduced quality of life, and 
poor health perception [LoE 2] 

Recommendations – identifying faecal inconti-
nence in frail older people 

Bowel continence status should be established by di-
rect questioning and/or direct observation in:  

• all nursing/long-term care and residential home 
residents 

• hospital inpatients aged 65 and over 

• people aged 80 and beyond living at home 
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• older adults with impaired mobility 

• older adults with impaired cognition 

• older adults with neurological disease 

• older adults with chronic disease, especially dia-
betes 

• older adults with constipation 

• Primary care staff, hospital ward staff, home 
health staff, and long-term care staff should rou-
tinely enquire about FI in frail older patients 

• Enquiry about FI should be systematic and in-
clude stool consistency, severity of FI and impact 
on activities of daily living and quality of life  

• Health care providers should be sensitive to cul-
tural and social barriers discouraging patients 
from talking about the condition 

• Frail older patients with restricted ability to ac-
cess primary care such as nursing home resi-
dents, and those with mobility, chronic illness, or 
cognitive impairment, should be screened for FI 
through systematic case-finding methods 

• Systematic outreach programmes which make it 
easier for frail older people and those who care 
for them to volunteer the problem to their primary 
care provider should be implemented  

• There are significant geographic variations in 
provision of specialist expertise in bowel care 
(both medical and nursing) nationally and glob-
ally, which may affect case-finding in older peo-
ple 

• Further examination of underlying reasons for 
the variations in prevalence of FI between nurs-
ing homes (standards of care, patient case-mix, 
reporting) is needed 

• Urinary and FI often coexist; continence care 
workers (e.g. nurse specialists) should be trained 
in identification and management of fecal as well 
as urinary incontinence in older people 

• Key requirements to improving detection in the 
practice setting should be implemented:  

o education of health care workers to embed both 
a sense of value in identifying FI, plus confidence 
that the condition can be treated 

o protocols should be in place clarifying all details 
of screening enquiry (who will ask, how to ask, 
when to ask, and who to ask) 

o patients and caregivers should have access to 
educational materials at the point of enquiry 

1.5. Evaluation of FI in frail older adults 
The algorithm contained in this chapter delineates a 
systematic approach to the clinical evaluation of frail 
older people with FI.  

An initial assessment can be undertaken by any suit-
ably trained health care practitioner, often this will be 
by either a physician or clinical nurse specialist. In the 
majority of cases, a clinical history of bowel symp-
toms, dietary assessment, [1031] and symptom eval-
uation will provide sufficient diagnostic information 
upon which to base further management. There are 
available questionnaires which can assist in this pro-
cess, although psychometric validation of specific in-
struments to asses FI severity and impact on quality 
of life in frail older adults compared to healthy adults 
are not available. Bowel diaries, including assess-
ments of stool consistency, may also be useful to di-
agnose the type and frequency of FI [1032]. Self re-
ports of bowel symptoms are reliable and reproduci-
ble in older people, including those in long term care 
[1033]. 

The use of formal testing is hampered by both lack of 
relevant data from frail older people and the poor cor-
relation between symptoms and abnormalities [971, 
972, 977, 1034-1036]. Evidence that the assessment 
of faecal incontinence in older people is poorly done 
despite the existence of guidelines has been a per-
sistent finding throughout the history of this chapter 
[361, 1037]. What actions need to be taken to ensure 
that older people receive assessments which are 
consistent with current guidelines remain to be de-
fined.  

Digital rectal examination can assess resting anal 
sphincter tone, muscle isolation, and squeeze pres-
sure and appears to be as good as sphincter manom-
etry in discriminating continent from incontinent peo-
ple, although not the frail elderly [1038]. Constipated 
patients with an empty rectum on digital examination 
may have high impaction and need further radiologi-
cal evaluation. Abdominal radiographs to assess the 
extent of faecal loading and to rule out an obstruction 
or sigmoid volvulus could be considered.  For adults 
with FI, it is important that current guidelines for colon 
cancer screening be followed, along with careful con-
sideration of screening in older adults with limited life 
expectancy [1039, 1040].  While a change in bowel 
habits with weight loss, anaemia, rectal pain and rec-
tal bleeding should raise the suspicion of an underly-
ing malignancy, prior review of colonscopy findings 
and discussion with gastroenterologists for further 
testing may be warranted. The symptom of FI and 
chronic constipation does not usually warrant colono-
scopic investigation, however, little data exist to guide 
evaluation in frail older adults. Given the increased 
difficulty of adequately preparing frail older people for 
either endoscopy or barium studies and potential in-
creased risks of hyponatraemia with hospitalisation 
[1041, 1042]; CT colonography may be considered as 
an alternative investigation where available [1040]. 

Evaluation of the capacity to successfully toilet should 
include an assessment of mobility, visual acuity, man-
ual dexterity and cognition. If acceptable to the older 
person, observing the process of transferring to the 
toilet, manage their clothing, redress and leave the 
lavatory is a good measure of ability. Caregivers 
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should additionally be aware of the surroundings in 
which the frail older person lives in terms of access, 
lighting, distance and clutter. The design of com-
modes should also be considered in the light of the 
individual’s capabilities.  

Faecal incontinence is also associated incontinence-
associated dermatitis and with the development of 
pressure ulcers in older people with impaired mobility 
although whether this is a causal association is de-
batable, [1043, 1044] however, an assessment of 
skin integrity and provision of appropriate pressure 
relief is important. A pelvic examination to rule out 
rectal prolapse and posterior compartment vaginal 
prolapse is also important given the association be-
tween FI and prolapse in women [1045-1047]. 

1.6. Treatment of FI in frail older adults 

Quality of data 
Trials discussed are based prior chapter findings, 
Cochrane reviews for nonsurgical and surgical treat-
ments for FI, [1048-1052] clinical practice guidelines, 
[920, 992] expert consensus statements, [1053] 
meta-analysis, [1054] and systematic reviews, includ-
ing a recent Agency for Healthcare Research and 
Quality Systematic Review that included studies and 
case series published from 1980 to June 2015 [1055-
1057].  No trials were identified on the prevention of 
FI in high risk, older adults.  Many FI intervention 
studies have small sample sizes, inadequate power 
to detect clinically meaningful difference in outcomes, 
and biased methodology along with low strength of 
evidence ratings. Given these limitations, FI treat-
ments applicable to older adults were considered and 
include:  multi-component behavioural treatments for 
FI, pharmacological treatments for FI, treatments 
aimed at specific populations of older adults (e.g. 
nursing home populations and neurological condi-
tions), anal bulking injections, transcutaneous and 
percutaneous tibial nerve stimulation, bowel-control 
devices, and less-invasive surgical options.  Issues 
related to more invasive surgery, containment with 
absorptive products, and skin care are discussed in 
other chapters.  

Multi-component biofeedback and behavioural 
treatments for FI.  Given the multifactorial causes for 
FI in older adults, few studies exist in the literature 
involving multi-component interventions. In 2012 and 
2013 the Cochrane group updated three reports 
showing a limited number of trials for FI with method-
ological weaknesses do not allow for a definitive as-
sessment of the role of pelvic floor muscle training 
and/or biofeedback, pharmacological therapy in the 
treatment of FI, or the treatment of FI and constipation 
in adults with central neurological diseases [1048, 
1050, 1051]. 

The Cochrane report on biofeedback and sphincter 
exercises also noted that some evidence does exist 
that biofeedback and electric stimulation may en-
hance the outcome to treatment with pelvic floor mus-
cle exercises compared to exercises alone or sham 

treatment [1050]. In a 2016 AHRQ systematic review 
report, 63 nonsurgical studies were identified with 38 
being randomised controlled trails (RCTs). Of the 38 
RCTs, 13 evaluated biofeedback and pelvic floor 
muscle therapy (PFMT) [1055]. The AHRQ report 
concluded that PFMT and biofeedback with electrost-
imulation was no more effective than PFMT with bio-
feedback alone. The report also concluded that more 
research is needed to establish whether PFMT and 
biofeedback works for FI.  Outcome measures varied 
considerably in the RCTs and did not allow further 
evaluation with meta-analysis. Few RCTs exist that 
treat frail, older adults with PFMT-BF. 

Pharmacological treatments for FI.  New low-
strength evidence exists that psyllium may be benefi-
cial compared to placebo for improving FI episodes 
(n=206, mean age 55-60 years per randomisation 
group) [1058] and psyllium was better tolerated while 
having no differences in efficacy compared to 
loperamide for improving FI episodes (n=80, mean 
age 61 ±10 years) [1059].  Overall, the AHRQ report 
identified few trials with outcomes past 3- or 6-
months. Most RCTs evaluated symptoms in middle-
aged women. According to the AHRQ review evi-
dence was treatment benefit was insufficient for 
loperamide, topical phenylephrine, zinc-aluminum 
ointment, oestrogen cream, and valproate sodium.  
Clonidine given orally was not effective for improving 
FI severity compared to placebo (n=44). One small 
RCT (n=64 women, median age 58, range 27-78 
years) evaluated biofeedback compared to 
loperamide then both groups had combined treat-
ment [1060]. The authors concluded that combined 
treatment was superior to either treatment alone, but 
variable times for the interventions and sample size 
limit these conclusions [1060]. 

Small studies have also evaluated the safety of a new 
adrenergic alpha-1 receptor agonist suppository, 
NRL001, for FI treatment in adults, with safety data in 
older participants [1061, 1062]. Results from a 4 
group parallel designed placebo-controlled RCT 
(n=446, mean age 62.1 years) did show difference in 
FI severity scores after 8 weeks of treatment with 3 
different dosages of the alpha-1 receptor agonist sup-
pository compared to placebo [1063].  Evidence for 
pharmacological treatments for improving FI in com-
munity-dwelling frail older adults with cognitive or 
functional impairment was not found.  

Treatment of FI in long-term care/nursing home 
settings.  Treatments for FI in long-term care settings 
also involved the treatment of constipation and faecal 
loading or faecal impaction.  In a French study among 
206 nursing home residents in 4 different homes, lac-
tulose alone was compared to lactulose plus daily 
suppositories along with weekly tap-water enemas for 
reducing FI episodes. Although there were no differ-
ences between the two groups, residents that 
achieved complete rectal emptying also reduced the 
number of FI episodes by 35% while also reducing 
staff workload by 42% (soiled laundry counts) [1010]. 
Schnelle et al (2010) completed a multi-centre, multi-
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component intervention for improving FI and consti-
pation in cognitively impaired nursing home residents 
(n=112, mean age 86 ± 10 years) [955]. In this con-
trolled trial in 6 United States nursing homes (n=112), 
the intervention was compared to a usual care control 
group. The intervention group received toileting as-
sistance, exercise, and choice of food/fluid snacks 
every 2 hours for 8 hours/day for 3 months.  Partici-
pants in the intervention group compared to the usual 
care control group had improvements in bowel move-
ment frequency and the percentage of bowel move-
ments in the toilet (p<0.01), but not the frequency of 
FI episodes determined by direct checks from re-
search staff. Urinary incontinence episodes also im-
proved with this intervention (p<0.05). Among the 29 
nursing home residents who had anorectal manom-
etry, a dyssynergic defaecation pattern was identified 
in 89%.  The authors concluded that this multi-com-
ponent intervention improved some factors associ-
ated with FI in nursing home residents, but further 
work to improve stool consistency and treatments for 
dyssynergia may be warranted.  

Additional work is ongoing to improve nursing educa-
tion, evaluation, and treatment of FI in long-term care 
settings [1064, 1065].  By improving knowledge of 
nursing staff, outcomes related to FI management 
and treatment may also improve [1064].  

Treatment of FI in Adults with Neurological Con-
ditions The 2013 Cochrane report on the treatment 
of FI and constipation in adults reviewed evidence 
from 20 clinical trials involving 902 adults [1048]. 
From this review, the conclusion was “remarkably lit-
tle research” and “low methodological quality” evi-
dence exists on bowel management in specific neu-
rologic conditions. Most of trials are single-site, meas-
uring outcomes against control and without compara-
tive effectiveness data. Individuals trials did report 
symptom improvement using bulk-forming laxative 
(psyllium) in Parkinson’s disease, an isosmotic mac-
rogol laxative to manage bowel symptoms, ab-
dominal massage, electrical stimulation and an anti-
cholinesterase-anticholinergic drug combination (ne-
ostigmine-glycopyrrolate) in spinal cord injury com-
pared to no treatment or controls. There was also ev-
idence in favour of transanal irrigation (compared to 
conservative management) in spinal cord injury, oral 
carbonated (rather than tap) water, and abdominal 
massage with lifestyle advice (compared to lifestyle 
advice alone) in stroke survivors [1048]. In a 2015 
RCT among 200 bedridden acute care patients with 
neurological impairments such as cerebral infarction, 
traumatic or spontaneous cerebral haemorrhage, in-
tracranial infection, myelitis, and brain tumour, a sus-
pension positioning system similar to that used for im-
mobilised patients with pelvic fractures was evaluated 
for improvements in FI compared to usual care. Usual 
care consisted of nursing care for dietary modifica-
tions, health education, and social support for care-
givers and family treating FI. Rates of perianal faecal 
contamination, skin breakdown, incontinence associ-
ated dermatitis, pressure ulcer development, and uri-
nary tract infection (UTI) were significantly lower in 

the suspension positioning system than in the usual 
care group (p<0.05) at 6-months after treatment 
[1066]. 

Perianal injectable bulking agents for the treatment 
of FI have data limited to healthy adult populations 
with limited data related to older, frail adults [1052, 
1055]. Use of dextranomer tissue-bulking injections 
were more effective than sham injections for improv-
ing FI-free days, 50% reductions in FI episodes and 
quality of life (n=206, mean age 61 years, age range 
for recruitment 18-75 years), but not more effective 
than pelvic floor muscle exercises and biofeedback 
(n=126) [1055, 1067, 1068]. 

Percutaneous tibial nerve stimulation (PTNS) for 
FI compared to sham stimulation has RCT evidence 
(n=227) [1069]. After 12-weeks of treatment, PTNS 
(n=115) and sham (n=112) groups had improvements 
in participants (mean age 58 years) who had at least 
a 50% reduction in FI episodes without any difference 
between the groups (38% vs 31%, respectively, 
p=0.4). However, participants in the PTNS did have 
some improvements in the total number of FI epi-
sodes (p=0.02) and the urge FI episodes (p=0.02) 
compared to those in the sham stimulation group. In 
one other pilot study in older adults (mean age 84.2 ± 
10 years), transcutaneous posterior tibial nerve stim-
ulation (TPTNS) or sham stimulation was given 
weekly for 12-weeks to older adults (n=30) in residen-
tial care homes.  Lower urinary tract symptoms im-
proved during the pilot study, but the rates of improve-
ment in bowel leakage did not meet thresholds for 
statistical improvement (47% in the TPTNS group, 
27% in the sham group, p=0.11) [1070]. 

Other Nonsurgical Management Options include 
use of anal plugs and a vaginal bowel control device.  
Anal plugs (n=76) [1071] and a new vaginal bowel 
control device (n=110) [1072] have prospective trial 
data showing improvements in 50% reduction of FI 
episodes, overall FI episodes, and quality of life. But, 
sub-group analyses of older adults in either study 
were not described. 

Less invasive surgical management for FI in-
cludes sacral nerve modulation and antegrade conti-
nence enemas. Sacral Nerve Stimulation has pro-
spective multi-centre trial data showing significant im-
provements in FI episodes, symptoms, and quality of 
life compared to baseline measurements [1073].  In 
the larger studies with data at 2- and 3-years, the 
mean ages were 54.3 ± 11.3 and 60.5 years (range 
30-88 years) without subgroup data from older age 
participants [1074-1076]. Evaluating and selecting 
older adults and adults with specific neurological con-
ditions who may benefit from permanent implantation 
is an important consideration [1077, 1078]. Data on 
sacral neuromodulation for FI and surgical outcomes 
including adverse events for frail, older adults are lim-
ited [1079]. Other less invasive surgical options in-
clude the antegrade continence enemata involving 
the creation of a proximal colonic stoma to use for the 
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enema to promote lower bowel evacuation [1057]. 
There are no data on older adults. 

Summary of evidence treatment of FI in frail older 
people 

• Current evidence shows that stimulant laxatives, 
osmolar laxatives (PEG and lactulose), supposi-
tories and enemas can be effective in treating 
faecal impaction in older people at risk of over-
flow [LoE2] .  Included in 5th ICI chapter 

• Complete rectal clearance is required to reduce 
overflow FI [LoE2] but may be hard to achieve in 
frail older patients [LoE 2].  

• Structured multi-component approaches to 
bowel care did not reduce the frequency of FI in 
the nursing home setting, but did improve bowel 
frequency and number of bowel movements in 
the toilet [LoE 2]  

• Older people with FI may benefit from biofeed-
back and sphincter strengthening exercises if 
they are able to comply [LoE 3] 

• Loperamide can reduce frequency of FI, particu-
larly when associated with loose stool (once in-
fection and other causes have been excluded) 
but should be used with caution [LoE 2] 

• Additional fibre supplementation to loperamide 
may not improve FI outcomes [LoE 2] 

• Multi-component structured nurse-led assess-
ment and intervention can improve bowel symp-
toms and alter bowel-related habits in older 
stroke patients [LoE 2]. 

• More data are needed on the use of sacral neu-
romodulation in specific higher risk older age 
populations. 

Recommendations: treatment of FI in frail older 
people 

All following recommendations are Grade C 

• Patients identified as having constipation with 
overflow should have effective bowel clearance 
(using a combination of laxatives and enemas), 
and then maintenance therapy with stimulant or 
osmotic laxatives Included from 5th ICI chapter 

• Suppositories are useful in treating rectal outlet 
delay and preventing recurrent rectal impaction 
with regular use 

• Loperamide is a useful treatment in FI, in the ab-
sence of constipation, but should be used with 
caution in older adults 

• Causes of loose stool must be identified and 
treated.  

• All frail older people with FI should have struc-
tured multidisciplinary assessment and treat-
ment of their bowel problem.  

• Patient and caregiver education (using verbal 
and written materials) should be undertaken to 
promote self-efficacy and other coping mecha-
nisms, and where appropriate self-management 
(e.g. reducing risk of constipation and impaction 
through dietary and lifestyle measures, advice on 
how to take loperamide). Advice on skin care, 
odour control, and continence aids is also im-
portant. 

• Privacy and dignity of care during defecation 
should be afforded to all older people in insi-
tutionalised settings. Particular attention should 
be paid to this in patients with FI, as privacy may 
be relatively overlooked in their care. 

• Greater emphasis needs to be placed on sys-
tematic and effective management of FI in older 
people backed up by sound communications be-
tween all health care providers, especially in the 
nursing home and acute hospital setting. 

• Education of health care providers with regards 
to heightening awareness of the problem plus 
methods of identification, assessment and man-
agement of FI in older people should be broad-
ranging and include geriatricians, general practi-
tioners, hospital physicians, hospital, community, 
general practice and long-term care nurses, and 
related disciplines (physiotherapists, occupa-
tional therapists, dieticians, pharmacists). 

• Cyclical national audit with provider accountabil-
ity, of current practice in managing FI in older 
people is needed to lay the ground-work for 
standardised care, and provide a culture of con-
tinuous quality improvement. Such audit tools 
should be developed using standardised con-
sensus methods. Incentives to providers could 
be benchmarking their practice against national 
averages, opportunities to share successful 
practice change strategies, and professional val-
idation linked to good practice. 

Recommendations for research 

• Trials of laxative and nonpharmacological treat-
ment and prevention of faecal impaction and 
overflow are needed to optimise standards of 
prescribing and care.  

• Multicomponent interventions to treat FI in frail 
older people should be evaluated to assess ef-
fective ways of FI management in acute care set-
tings 

• Multidisciplinary study assessing the feasibility 
and efficacy of a step-wise approach to the man-
agement of dementia-related FI in nursing home 
residents (prompted toileting in those with mild to 
moderate dementia, scheduled toileting plus 
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suppositories next step, and a bowel programme 
of controlled evacuation in those with persistent 
incontinence) would provide useful evidence  

• it is important to balance feasibility and practical-
ity in clinical trials versus high strength interven-
tion, i.e. a team of specialist continence nurses 
in nursing homes are likely to have an impact, 
but at what cost, and what carry-over will there 
be when they are gone? Other methods (e.g. 
pre-post with multivariate case-mix adjustment) 
should also be considered. 

• Evaluation of case-finding methods for FI in dif-
ferent settings including the fundamentals of staff 
education, screening protocols, patient’s educa-
tional information would be very informative.  

• Testing the feasibility of providing an integrative 
approach to assessment of FI in the frail older 
person, including a range of health and social 
care providers and different health care settings 
(acute, intermediate or sub-acute, long-term care 
and community) would be relevant to national im-
plementation of bowel care improvement pro-
grammes. 

• Examination of the variability of FI rates between 
nursing homes within single nation states, (tak-
ing into consideration case-mix) will highlight 
problems areas both organisationally and clini-
cally. Nursing home administrative factors such 
as resident:nurse staff ratios should be evalu-
ated as a contributing factor to FI. 

• Further epidemiological studies are required to 
document causes of FI in frail older people in dif-
ferent health care settings. Such studies should 
include evaluation of unmet need for patients 
and caregivers. 

• Evaluation of aetiologies, and in particular the 
pathophysiological basis for high prevalence of 
FI in older men. Evaluation of potentially prevent-
able causes of loose stools in institutionalised 
older people, and impact of their treatment on FI. 

• Nurse-led initiatives are needed to develop care 
pathways for assessing of bowel problems in frail 
older people with a view to establishing inte-
grated service delivery.  

• Examine the research question, ‘Do educational 
interventions by health care providers to informal 
caregivers of home-dwelling older people with FI 
reduce caregiver burden and improve quality of 
life for patient and caregiver?’ 

 CONTINENCE AT THE END OF 
LIFE 

1.1. Background 
Excluding those who die suddenly, most people will 
experience UI at the end of life [1080-1082] and many 
will experience FI [1083-1085]. In this section, we 
consider the specific incontinence issues faced by 
these patients and their caregivers, focusing on the 
last weeks and days of life.  

Although incontinence is experienced by most people 
at the end of life, very little is known about the impact 
that it has or about preferences for care. We found no 
evidence to support any particular approach to as-
sessment or any management or care interventions. 
Care at the end of life has much in common with care 
of the frail elderly, including a focus on maintaining 
quality of life, and much of this chapter is relevant to 
end of life care. However, end of life care is charac-
terised by an increasing prevalence of incontinence 
or toileting difficulties [1084, 1085] and is likely to pro-
gressively focus on symptom management and com-
fort, rather than actively treating underlying causes. 

1.2. Quality of data 
Given the overall low level of research in end of life 
care and the methodological difficulties faced by re-
searchers are well acknowledged [1086-1088], the 
lack of studies on incontinence at this life stage 
should not be surprising. The only area where rele-
vant large scale studies were found was in the as-
sessment of prevalence of incontinence at the end of 
life. The only literature found to focus on the assess-
ment or management of incontinence at the end life 
were local audits, expert opinions and literature re-
views. 

1.3. Prevalence and impact 
High rates of incontinence at the end of life are asso-
ciated with functional and cognitive decline, with ad-
ditional impact from curative and palliative treatment 
[1089-1091]. Prevalence of UI and FI in the last 
weeks and months of life varies by diagnosis and 
proximity to death, with significant correlation with 
both physical and cognitive functional decline [1080].  

In a study of over 7000 community dwelling adults in 
the last year of life from 1998 to 2010, Singer and col-
leagues (2015) [1082] found that in the last year of 
life patients experiencing a period of at least one 
month with UI or FI ranged from 43.9 to 47.6. Preva-
lence varied by decedent, with sudden death associ-
ated with lowest rate (range 28.6-37.0%) and frailty 
the highest (65.3 – 67.2%). For patients with demen-
tia, McCarthy et al (1997)[1092] reported a rate of 
72% of a sample of 170 patients experienced UI in 
the final year of life. 

Closer to the point of death, rates of incontinence rise.  
In a retrospective review of medical notes for the last 
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3 months of life for 229 patients, Jakobsson and col-
leagues (2008) [1080] found 56.8% experienced uri-
nary incontinence, rising to 72.5 for those who were 
ADL dependent and 71.4 for those with cognitive im-
pairment for the three month period.  A study of 198 
nursing home residents with dementia in the Nether-
lands found 89% were incontinent of urine in the last 
month of life [1081]. Another study focusing on the 
impact of caring for the terminally ill (n=151) found the 
number of patients who required assistance with toi-
leting rose from 37% at 1-3 months before death to 
67% in the month before death [6]. In an acute pallia-
tive care unit for people with advanced cancer 
(n=203), Hui et al [1084] reported urinary inconti-
nence increased in last 7 days of life from 30 to 65%, 
with faecal incontinence rising from 10 to 30%.  

Fewer studies report on the impact of incontinence.  
Hoben and colleagues [1083] reported on the preva-
lence and burden of symptoms in the last quarter be-
fore death for over 6000 nursing home residents. The 
two most prevalent symptoms were urinary inconti-
nence (at least twice per week) (79.7%) and faecal 
incontinence (at least once per week) (66.7%). The 
burden (as rated by care providers) of both urinary 
and faecal incontinence was found to be medium, 
with the cost of urinary incontinence rated as high and 
faecal incontinence rated medium.  Veerbeek and 
colleagues [1093] reported on the patient symptom 
burden (rated post-death by a nurse closely involved 
in care) for the last three days of life in different care 
settings.  The burden was found to be higher for non-
cancer patients and for patients dying in their own 
home or a nursing home (compared to an acute set-
ting). For patients dying in their own home or a nurs-
ing home, the burden of incontinence was rated 
higher than that of pain [1093].  

It should be noted that, although the prevalence of UI 
increases in the final few days of life, urine output of-
ten decreases. Indeed, decreased urine output is as-
sociated with high likelihood of death within three 
days (Likelihood Ratio 15.2 95% CI: 13.4–17.1) 
[1094]. 

1.4. Assessment and management options 
for urinary or faecal incontinence at the 
end of life 

Assessment 
Assessment at the end of life should be focused on 
thorough investigation of the patient’s experience of 
their symptoms, changing needs and preferences 
and planning ahead, including a holistic assessment 
of the impact of symptoms [1095, 1096]. No validated 
assessment or outcome measurement tools focusing 
on end of life incontinence were found. Despite the 
high prevalence of incontinence at the end of life, ge-
neric assessment tools assessing a broad range of 
symptoms at the end of life often exclude reference 
to incontinence (for example Edmonton Symptom As-
sessment Scale or Memorial Symptom Assessment 
Scale). Although many elements of generic inconti-
nence questionnaires discussed in Chapter 6 such as 

the Kings Health Questionnaire are unlikely to be rel-
evant at the end of life, they may offer prompts for 
assessing the impact of incontinence on patients’ 
quality of life.   

As patients’ ability to communicate deteriorates in the 
last days and hours of life and many care settings im-
plement a ‘dying phase’ care pathway to manage 
symptoms [1097]. A recent Cochrane review of these 
pathways concluded that there is currently limited ev-
idence to support their use [1098].  In the UK, there 
has been considerable activity to replace the now 
withdrawn Liverpool Care Pathway with more individ-
ualised care, including the Royal College of Physi-
cians “End-of-Life Care in the Acute Care Setting 
[1099] and NICE Guideline “Care of dying adults in 
the last days of life” [1096]. Neither of these resources 
refer to incontinence.  

Management Options 
No studies or guidelines that report on management 
options at the end of life were found. Generic end of 
life guidance states that symptom management 
should focus on minimising the impact of symptoms 
to maintain quality of life in accordance with the pa-
tient’s values and preferences [1095, 1096, 1100]. 
Suitability of active treatment (rather than contain-
ment) should be judged on remaining life expectancy, 
patient preferences and care goals as described ear-
lier in this chapter. 

There is no evidence to support any of the pharma-
cological, lifestyle or behavioural interventions de-
scribed earlier in this chapter for people in the last 
days and weeks of life.  It is unlikely that most will be 
apposite, although behavioural interventions such as 
prompted voiding could have benefits with some pa-
tients for a limited time before mobility deteriorates. 

Although no studies were found to support interven-
tions with long-term staff and care givers and the end 
of life population, some of the principles described 
earlier in this chapter might be relevant. In particular, 
recommendations for educational support for care 
givers, adaption of interventions to the local context 
and individual patients and the use of a multi-compo-
nent, interdisciplinary and person-cantered approach 
are likely to be valid. 

It is likely that management in the last days and 
weeks will include the use of appropriate absorbent 
products or containment devices (Chapter 20).  IDCs 
are commonly used, but there is uncertainty about 
what constitutes best practice at the end of life re-
garding IDC insertion [1101]. Guidelines widely ac-
cept comfort at the end of life as a valid reason for 
placing a catheter [1102]. An audit of patients who 
died on two oncology wards in the UK showed that 
63% of patients had an IDC during their admission 
[1103]. According to the findings of another study, in-
volving 61 patients with terminal illness due to cancer 
admitted to a palliative care unit (PCU), IDCs may be 
used in up to 75% of such patients [1104]. In this 
study, 38% (n=23) admitted to the PCU had an IDC 
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in situ prior to their admission and another 36% 
(n=22) were catheterised during their admission. 
Complications associated with the use of IDCs in this 
cohort included: bacteriuria (n=28), encrustation 
(n=8), bladder spasms (n=4), fever (n=2), and urethri-
tis (n=2). Despite these complications, staff cited ‘pa-
tient comfort’ as the main rationale for the use of an 
IDC. Clearly, further research is warranted to guide 
clinical care in this area. 

1.5. Special considerations: Care 
preferences, place of dying and informal 
caregivers. 

Very little is known about patients’ preferences for in-
continence care at the end of life, however, more 
widely, we do know that place of death and mainte-
nance of dignity are viewed as important to patients 
and their informal caregivers [1095].  

The majority of people wish to die at home [1105, 
1106], but most do not achieve this wish [1107]. This 
can be due to the lack of support available in commu-
nity settings and even in countries where palliative 
care provision is advanced, the lack of “dying out of 
hours” services leads to the burden of care falling to 
informal caregivers [1095, 1100]. As the population 
ages, healthcare policy makers are increasingly sup-
porting caring for terminally ill patients at home, with 
the potential for substantial impact on informal care-
givers [1085]. 

The provision of continence care by informal caregiv-
ers at the end of life has been found to be potentially 
problematic for both the patient and the caregiver. 
Patients often worry about becoming a burden and 
might not want intimate care provided by family mem-
bers [1108] and coping with incontinence problems 
has been demonstrated to greatly add to distress and 
workload for carers [1109, 1110]. Caregivers have re-
quested more practically focused information to help 
avoid crises [1111] and report feeling unprepared and 
unsupported in their role [1112]. To achieve the goal 
of allowing people to die at home, information, sup-
port and guidance for both patient and caregivers 
needs to be improved [1113]. This should include 
continence care. 

Recommendations for practice 

1. Physical and cognitive function will often vary 
from day-to-day.  Regular assessment and indi-
vidual management plans are required, taking in 
to account patient preferences and the context of 
care. 

2. Timely environmental or behavioural interven-
tions might be of benefit for individual patients for 
a limited period dependent on the illness trajec-
tory.  

3. Caregivers (professional and informal) should be 
educated in supporting the changing incontinence 
needs of dying patients. 

Recommendations for research 

Further research is required to: 
1. Explore the patients’ preferences for the manage-

ment of UI and FI at the end of life.  

2. Explore how carers (professional and informal) 
can be supported to care for the incontinence 
needs of people dying in different settings. 

3. Identify the risks and benefits of using IDCs to 
provide comfort at the end of life. 

Evaluate the impact of environmental and behav-
ioural interventions to improve comfort and quality of 
life.  
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 INTRODUCTION 
Conservative management of urinary incontinence 
(UI) or pelvic organ prolapse (POP) is defined as any 
intervention not involving surgical or pharmacological 
approaches (1). These comprise lifestyle modifica-
tion, pelvic floor muscle training (PFMT) (either alone 
or with the addition of biofeedback), vaginal cones, 
electrical stimulation, magnetic stimulation, posterior 
tibial nerve stimulation, scheduled voiding regimens, 
complementary/alternative medicines and supportive 
rings/pessaries. In this chapter, we cover studies that 
provide comparative data between a conservative 
management approach and the absence of treatment 
or placebo, between two conservative management 
approaches or between a conservative management 
approach and medications or surgery.  

Conservative management approaches are consid-
ered relatively low cost and non-invasive, with mini-
mal adverse effects that are typically guided by a 
healthcare professional and depend on user partici-
pation. It is generally accepted that conservative in-
terventions are part of initial management at the pri-
mary care level for individuals suffering from either UI 
or POP. Conservative intervention is also indicated 
for those for whom other treatments are inappropri-
ate, for example, those unwilling to undergo or unfit 
for surgery and women who plan future pregnancies. 
Other indications include individuals awaiting surgery 
or who wish to delay surgery and those whose symp-
toms are not severe enough for surgical intervention. 

The research base on which to judge the effective-
ness of conservative interventions is growing alt-
hough some aspects, such as lifestyle modification 
interventions and alternative and complementary 
medicines in particular, require considerably more 
well-designed trials. In this chapter we add to the 
2013 5th Edition ICI chapter on conservative manage-
ment (2), integrate the evidence and upgrade the rec-
ommendations from the 5th ICI. We also add a new 
section on posterior tibial nerve stimulation with its 
levels of evidence and recommendation.  

The updated literature search covered publications 
from July 1st, 2011 to September 9th, 2015 according 
to the following search strategy: 

• Cochrane Incontinence systematic reviews 

Relevant Cochrane systematic reviews were identi-
fied, for each section of this Chapter, by two of the 
authors (CD, SW) assessing the full list of reviews 
(Cochrane Incontinence (3) or on request).  The leads 
for each section were given lists of these relevant re-
views. Additional searches of the Cochrane Inconti-
nence Specialised Register were provided to each 
section author to bring the searches up to date or, if 
there was a gap in review coverage, a full search of 
the Register was conducted (search date: September 
9th,  2015).   

• Additional searches for this ICI Chapter 

Electronic searches 

We identified relevant trials from the Cochrane Incon-
tinence Specialised Register. For more details of the 
search methods used to build the Register please see 
the Group's module in the Cochrane Library (4). The 
Register contains trials identified from the Cochrane 
Central Register of Controlled Trials (CENTRAL), 
MEDLINE, MEDLINE In-Process, ClinicalTrials.gov, 
WHO ICTRP, UK Clinical Research Network Portfolio 
and hand searching of journals and conference pro-
ceedings. The search covered: 

• For sections covered by existing Cochrane re-
views – from the date of last search for the pub-
lished version of the review to September 9th, 
2015. 

• For sections not covered by existing Cochrane 
reviews – complete search of all contents of the 
Register on September 9th, 2015. 

• Searching other sources 

We searched the reference lists of relevant articles 
for other relevant trials.  

We did not impose any language or other limitations 
on any of the searches described above. 
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In continuity with the last edition of the ICI chapter on 
conservative management and to ensure consistency 
throughout the chapter, the primary outcomes to be 
reported were patient-reported outcomes: cure and 
cure and improvement, UI-specific or POP-specific 
quality of life or symptoms-validated questionnaire 
and/or number of leakages (as per the diary). Cure 
and improvement were based on patients' self-report 
when available; if not, cure and improvement based 
on quantifiable measures such as a diary and pad 
tests were reported.  

Secondary outcomes were clinician-reported out-
comes (pad test, POPQ score, etc.). These were cho-
sen in relation to each subsection’s specificity and in 
continuity with our previous chapter.  

Each subsection concludes with the level of evi-
dence, grade of recommendations and factors affect-
ing outcome. Separate chapters in this 6th Edition ad-
dress incontinence in the frail older person, children, 
pessaries and products for continence, those with 
neurological conditions and those suffering from fae-
cal incontinence. 

Where summary statistics are presented, the raw 
data from which these are derived can be found in the 
tables within each subsection, in trial reports and sys-
tematic reviews cited in the chapter. The Chapter is 
intended as a stand-alone document and adds to the 
comprehensive reports from previous ICI editions.  

 URINARY INCONTINENCE IN 
WOMEN 

1. LIFESTYLE MODIFICATION 
INTERVENTIONS  

Lifestyle modification Interventions for women  

A number of lifestyle factors may play a role in either 
the development or resolution of UI. Lifestyle modifi-
cation interventions are defined as application of in-
terventions in management of lifestyle-related health 
problems (1). They are low cost, non-invasive altera-
tions in lifestyle such as weight loss; dietary changes; 
fluid intake modification; reduction in caffeinated, car-
bonated and alcoholic drinks; avoidance of constipa-
tion; stopping smoking; and physical activity.  

As reported in the 5th ICI (2013) evidence for the effi-
cacy of lifestyle modification interventions for urinary 
incontinence is lacking, there are few lifestyle modifi-
cation interventions that have received scrutiny in 
randomised controlled trials, although weight loss 
and dietary factors have been examined and pro-
spective studies and observational studies have been 
undertaken for diet, smoking and constipation. For 
more details, refer to ICI 5th Edition (2).  

This review section updates the evidence on the use 
of lifestyle modification interventions to improve in-
continence and related symptoms in females. It re-
vealed 10 potentially eligible new trials. Table 1 illus-
trates the number of studies included in the 5th ICI 
edition as well as the new studies identified in the cur-
rent update. Characteristics of each new trial are pre-
sented in subsequent tables for each lifestyle modifi-
cation intervention for which there is new data. 

 

Table 1 Studies included in the updated review 2016 

Lifestyle modification 
Interventions ICI 2013 ICI 2016 Total 

Weight loss 3 RCT  
4 prospective cohort 
7 cross sectional cohort 
1 retrospective cohort 
1 case control study 
  

2 RCT 
1 cohort study 
1 meta-analysis 
1 prospective longitudinal 
study 

5 RCT  
13 cohort studies 
1 case control study 
1 meta- analysis 
1 prospective longitudinal 
study 

Physical activity 2 prospective cohort 
2 observational cohort 

1 prospective cohort study 
1 case control study  
 

3 prospective cohort studies 
2 observational cohort study 
1 case control study 

Smoking 2 case control studies 1 RCT (pilot, secondary 
analysis)  

1 RCT pilot 
2 case control studies 

Dietary factors   3 observational studies 1 case control study 
1 prospective cohort study 
1 cross sectional cohort 
study 

3 observational studies 
1 case control study 
1 prospective cohort study 
1 cross sectional cohort 
study 
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Questions addressed are: 

• Are lifestyle modification interventions (e.g. 
weight loss, increased/decreased physical activ-
ity/ smoking cessation/ dietary or fluid change) 
effective in the prevention of UI? 

• Are lifestyle modification interventions (e.g. 
weight loss, increased/decreased physical activ-
ity/ smoking cessation/ dietary or fluid change) 
better than no treatment, placebo or control in 
the treatment of UI? 

• Is one lifestyle modification intervention (e.g. 
weight loss, increased/decreased physical activ-
ity/ smoking cessation/ dietary or fluid change) 
better than another? 

In 2015 a Cochrane review was published (5) which 
included all available trials of lifestyle modification in-
terventions for urinary incontinence. These trials are 
included in this review, along with new trial data since 
the Cochrane search was undertaken (October 27th, 
2014) as well as other cohort evidence where no trial 
data are available. 

1.1. Prevention 
Are lifestyle modification interventions (e.g. 
weight loss, increased/decreased physical activ-
ity/ smoking cessation/ dietary or fluid change) 
effective in the prevention of UI? 

In the last ICI chapter (5th ICI, 2013), there were no 
trials on prevention of UI. No new trials have been 
published.  

Based on the clear lack of evidence in the literature 
of RCTs or observational studies of lifestyle modifica-
tion interventions to prevent UI, no evidence based 
recommendations can be made.  

Prevention should be an area for future research in-
vestment and comprise robust economic evaluation 
to determine the benefits of prevention strategies in 
specific age groups. 

1.2. Treatment 

1.2.1 Weight Loss by Obese or Overweight 
Women 

Urinary incontinence and obesity are both common 
problems for women. It is recognised that obese 
women have higher intra-abdominal pressures than 
non-obese women, and it has been suggested that 
this chronically elevated pressure may predispose to 
incontinence by weakening pelvic floor support struc-
tures (6).  

One new trial was identified which examined weight 
loss in overweight/obese women (7) (Table 2). The 
study was conducted to determine the effect of an in-
tensive weight loss programme over 4 years on a 
subset of female participants (n=2739), previously 

outlined in the Look AHEAD trial(7). All participants 
were randomised to an intensive weight loss pro-
gramme or a diabetes support and education group. 
Self-report of incontinence, nocturia and daytime 
voiding frequency were recorded at baseline and 1 
year. Each kilogramme of weight loss reduced the 
odds of developing UI at one year by 3% (OR 0.97, 
95% CI (0.95-0.99); p=0.1). There was uncertainty 
over the risk of selection bias for several key param-
eters, including: random sequence generation and al-
location concealment. Performance bias was unclear 
as the blinding of participants and staff was not un-
dertaken. The study ensured the blinding of outcome 
assessment but did not provide complete outcome 
data and provided only selective reporting indicating 
possible reporting bias.  

A single study not identified in our previous searches 
from 2008 was discovered (8). This prospective lon-
gitudinal study examined the effect of weight loss of-
fered as part of a weight reduction programme which 
included low calorie diet and exercise, 64 obese in-
continent women were included. Weight loss of ≥5% 
of baseline weight was associated with significant re-
duction in pad test loss (median difference, 19 g; 95% 
confidence interval, 13-28 g; p < 0.001). They also 
report a statistically significant improvement in quality 
of life measures. They suggest that weight reduction 
of 5% of initial body weight can improve UI severity 
and its effects on quality of life in obese women. 
There was uncertainty over the risk of bias in all pa-
rameters for this study due to the poor reporting style. 

Further analysis on the effect of weight loss on 
changes in health-related quality of life are reported 
by Pinto et al. 2012 (9). In a study conducted for the 
Programme to Reduce Incontinence by Diet and Ex-
ercise (PRIDE), a longitudinal cohort analysis was 
undertaken of 338 obese and overweight women with 
UI and health related quality of life assessed at base-
line, 6 and 18 months. They concluded that weight 
loss and increased physical activity but not reduction 
in frequency of UI were strongly associated with im-
provements in QoL. 

More recently in 2014 a systematic review and meta-
analysis of non-surgical weight loss interventions in 
overweight women was published by Vissers et al. 
(10) drawing on the studies from the ICI 2013 chapter 
and the more recent Cochrane review (2015); this 
concluded that whilst few (n=6) studies were availa-
ble, non-surgical weight loss should be considered 
standard practice for overweight women with UI. This 
review did not identify any additional studies for inclu-
sion here. It is important to note that this review 
sought to determine the effect of non-surgical weight 
loss interventions on urinary incontinence in over-
weight women, but, in fact, included studies of both 
obese and overweight women. 
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Table 2 Summary of data on weight loss  

1. Phelan S, Kanaya AM, Subak LL, Hogan PE, Espeland MA, Wing RR, et al. Weight Loss Prevents Urinary Incontinence in Women With Type 2 Diabetes: Results 
From the Look AHEAD Trial. Journal of Urology. 2012;187(3):939-44. 

2. Breyer BN, Phelan S, Hogan PE, Rosen RC, Kitabchi AE, Wing RR, et al. Intensive Lifestyle Intervention Reduces Urinary Incontinence in Overweight/Obese Men 
with Type 2 Diabetes: Results from the Look AHEAD Trial. Journal of Urology. 2014;192(1):144-9. 

3. Auwad W, Steggles P, Bombieri L, Waterfield M, Wilkin T, Freeman R. Moderate weight loss in obese women with urinary incontinence: a prospective longitudinal 
study. Int Urogynecol J Pelvic Floor Dysfunct. 2008;19(9):1251-9. 

4. Pinto AM, Subak LL, Nakagawa S, Vittinghoff E, Wing RR, Kusek JW, et al. The effect of weight loss on changes in health-related quality of life among overweight 
and obese women with urinary incontinence. Quality of Life Research. 2012;21(10):1685-94. 

Author, 
year Comparator N Study    

population Age Outcomes/results Follow up Notes (side effects, loss of follow up, 
risk of bias) 

Phelan 
2012(1) 

Intensive weight-loss vs a 
structured education 
programme on weight 
loss 
 

2994 Women in a 
diabetes trial 

Group 1 
57.8 
Group 2 
58.1 

Decrease of at least 2 incontinence 
episodes a week assessed by a 
validated self report questionnaire. 
Mean weight loss at 1 year Group 1 : 7.7 
group 2 0.7; p value<0.0001 

12 months Random sequence generation: unclear 
Allocation concealment – unclear 
Blinding of participants – high risk 
Blinding of outcome assessment – low risk 
Incomplete outcome data – unclear risk 
Selective reporting – unclear risk 

Breyer 
2014(2)  

Intensive weight loss 
versus a structured 
education programme on 
weight loss 

1910 Men in a 
diabetes trial 

59.9 Decrease in incontinence episodes or 
cure assessed by a validated self-report 
questionnaire 
 

12 months Random sequence generation : unclear 
Allocation concealment – unclear 
Blinding of participants – high risk 
Blinding of outcome assessment – low risk 
Incomplete outcome data – unclear risk 
Selective reporting – unclear risk 

Auwad 
2008(3) 

Commercial programme 
of diet and exercise 
versus no control group 

64 Obese women 
with 
urodynamically 
proved urinary 
incontinence 

52.2 Decrease in pad test loss 18 months Blinding of outcome assessment – unclear 
risk 
Incomplete outcome data – unclear risk 
Selective reporting – unclear risk 

Pinto 
2012(4) 

Behavioural weight loss 
intervention versus a 
structured education 
programme on weight 
loss 

338 Overweight and 
obese women 
with UI 

53 +- 11 
years 
(SD) 

Health related QoL 18 months Secondary analysis of data: 
Random sequence generation : low risk 
Allocation concealment – low risk 
Blinding of participants – high risk 
Blinding of outcome assessment – low risk 
Incomplete outcome data – low risk 
Selective reporting – unclear risk 
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Summary 

Evidence from 1 RCT, 2 cohort studies and one meta-
analysis support lifestyle modification interventions 
promoting weight loss as a tool to reduce urinary in-
continence in women who are overweight or obese. 
Weight loss of 5% of initial body weight has an impact 
on the reduction of urinary incontinence symptoms 
and the odds of developing UI at one year can be re-
duced by 3% for every kilogram lost by overweight 
and obese women. (Level of Evidence: 1) 

Recommendations 

Weight loss as a non-surgical intervention, should be 
recommended to obese and overweight women with 
UI. (Grade of Recommendation: A) 

1.2.2 Physical Activity 
No new RCT data have been published on either the 
benefits of moderate physical activity or the adverse 
effect of strenuous activity on UI in women. One rele-
vant prospective cohort study (11) and one case con-
trol study have been reported since the last review 
Table 3. 

The prospective cohort study (11) determined that 
low physical activity may be a causal factor in the de-
velopment of overactive bladder. This study devel-
oped a hypothetical causative model for OAB involv-
ing secondary analysis from the Leicestershire UK 
MRC Incontinence study and included 3411 women 
free from OAB and 277 incident cases aged 40+. The 
study used graphical chain modelling to EStimate the 
associations between variables and identify the likely 
causal pathways. Low physical activity was a direct 
risk factor linked to the development of over active 
bladder (OAB) with incontinence (RR 2.47;95% CI 
1.82, 3.36). They identified the need for further re-
search to demonstrate a causal link between lifestyle 
and OAB. This study was difficult to combine as it 
used sophisticated statistical modelling to determine 
a causative model for use in future research. This re-
search indicated that poor lifestyle factors causally 
linked to diabetes and obesity and suggest that this 
may contribute to the onset of OAB. The authors iden-
tify that low physical activity could be an important 
modifiable causal factor for OAB operating via path-
ways involving obesity or diabetes. 

Summary 

Non RCT evidence is building which suggests that 
moderate exercise decreases the incidence of UI alt-
hough the level of evidence remains low (Level of 
Evidence: 3).  

Recommendations:  

In the absence of robust randomised controlled trials 
(Grade of Recommendation: C) 

1.2.3 Strenuous Physical Activity 
The previous ICI identified no research evidence 
which suggested that strenuous exercise causes UI. 
Minimal uncontrolled data did suggest that women 
engaged in occupations which involved heavy lifting 
may be predisposed to genital prolapse or UI (12). A 
case control study conducted by Nygaard et al. (13) 
to determine lifetime physical activity and stress in-
continence enrolled 1528 women between the ages 
of 39-65. Each participant underwent a Pelvic Organ 
Prolapse Quantification examination, 213 cases were 
identified and matched 1:1 to controls. Physical activ-
ity was measured using the Lifetime Physical Activity 
Questionnaire in which women recall their past phys-
ical activity. Lifetime strenuous activity was not asso-
ciated with SUI (OR, 1.11; 95% CI, 0.99-1.25) and in-
creased lifetime activity did not affect the odds of de-
veloping SUI (OR, 1.11; 0.99-1.25; p=0.06) (Table 3). 

Summary 

Evidence for the association between strenuous 
physical activity and incontinence need to be repli-
cated using larger populations and more robust de-
sign before recommendations can be made. No fur-
ther data was identified. (Level of Evidence: 3) 

Recommendations:  

In the absence of robust randomised controlled trials 
(Grade of Recommendation: C) 

1.2.4 Smoking 
In 2014, a pilot study investigated the effect of smok-
ing cessation on overactive bladder symptoms (14). 
The authors explored the hypothesis that smoking 
abstinence would be associated with improvements 
in OAB symptoms. The sample was randomised to 
one of three arms: 1) very low nicotine cigarettes; 2) 
very low nicotine cigarettes and a 21g nicotine patch; 
3) patch alone. All participants had at least one OAB 
symptom including urinary frequency, urgency, noc-
turia or urgency urinary incontinence, smoked 10-40 
cigarettes a day for a year and were in good physical 
and mental health. The ICIQ-OAB was used at base-
line and 12 weeks, 6 weeks after completion of the 
trial intervention. Outcomes included self-report of 
smoking cessation and OAB symptoms and score. 96 
(47%) of the 202 participants met the inclusion criteria 
for this secondary analysis and 57 (59%) (37 women 
and 20 men) completed the study and were included 
in the analysis. Data was not presented separately for 
women and men. Those who were abstinent from 
smoking at 12 weeks were more likely to have a re-
duction in urinary frequency (p=0.042) and the ICIQ-
OAB score showed no change for those who were 
abstinent or those who resumed smoking (4.6+0.5 vs 
4.3+0.3, respectively, p=ns). The authors conclude 
that smoking cessation and its effect on OAB would 
need to undergo more rigorous evaluation in further 
trials with larger sample size to determine the effect 
of smoking abstinence on OAB symptoms (Table 4). 
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Summary  

Data suggest that smoking increases the risk of more 
severe UI. This small new study indicates that urinary 
frequency may be improved by smoking abstinence. 
(Level of Evidence: 3) 

Recommendations 

There remains a need for further prospective studies 
of smoking cessation for urinary symptoms (Grade of 
Recommendation: C) 

1.2.5 Dietary Modification (Elimination Diet) 
Dietary factors can be divided into three groups: Diet; 
Fluid Intake and Caffeine. There have been no new 
published RCTs evaluating the effect of diet or fluid 
intake on urinary incontinence, but one small new 
RCT (15), three new observational studies (1 case 
control study, 1 prospective cohort study, 1 cross sec-
tional cohort study) examining the effect of caffeine 
on urinary incontinence, one in men presented in sec-
tion IV (16), one in women (17) and one in both men 
and women (18) (Table 5).  

A small double blind randomised crossover study by 
Wells et al. of 14 patients with OAB was conducted in 
which women were allocated to one of two groups. 
Group A were allocated to a 14 day caffeinated drink 
period followed by a 14 day de-caffeinated period. 
Groups B were allocated to a 14 day de-caffeinated 
period followed by a 14 day caffeinated period. Both 
were preceded by a 14 day run-in period. The primary 
outcome was reported episodes of urgency, fre-
quency and volume per void recorded in a 3 day di-
ary. Secondary outcomes included OAB symptom se-
verity and health related quality of life (QOL). Of the 
eleven women who completed the study, a significant 
reduction of urgency (p<0.1) and frequency (p<0.5) 
were reported. Risk of bias was minimised using a 
double blind design, but conclusions must be cau-
tious due to the very small sample size (15). 

Three studies examined the association between caf-
feine and UI, Gleason et al. (2013) (17) examined the 
association in women in the US and Hyrayama et al. 
(2012)(18) in men and women in Japan and Davis et 
al. (2012)(16) in a male sample in the US.  

In the cross sectional female US survey study, UI sta-
tus was collected using the Incontinence Severity In-
dex and food diaries were used to collect data on caf-
feine intake in 4309 women aged 20 or over. This 
study found an association between caffeine con-
sumption in the highest quartile (>204mg day) was 
associated with any UI (prevalence odds ratio 1.47, 
95% CI 1.07, 2.01), but not moderate or severe. Caf-
feine consumption at the very highest level was found 
to be associated with UI in a very large sample of US 
women. All parameters in terms of risk of bias report-
ing were unclear or high risk. The blinding of partici-
pants and personnel and blinding of outcome assess-
ment were at high risk of bias and the likelihood of 

incomplete outcome data and selective reporting was 
also high. 

Hirayama and Lees study comprised a sample of 683 
men and 298 women (results for men are reported 
separately) aged 40-75 who completed a food fre-
quency questionnaire and the Consultation on Incon-
tinence short Form (ICI-SF). The data showed a slight 
increase in the risk of UI at the highest level of caf-
feine consumption (similar to the US data), but this 
was not significant after adjusting for confounding 
factors with OR: 95% CI, 1.12 (0.57-2.22) for women. 
The risk of bias reporting was largely unclear in this 
study with blinding of participants and personnel and 
blinding of outcome assessment, incomplete out-
come data and selective reporting all of high risk. The 
sample of women did not show an association be-
tween caffeine and UI, they suggest the need for fur-
ther larger samples to explore any association fur-
ther.  
Summary  

There have been no new data on dietary content 
modification and UI since 2013, the existing evidence 
suggests that dietary content may play a role in uri-
nary incontinence (Level of Evidence: 3).  

Minimal evidence exists on the role of macronutrient 
intake and reduction of UI. Fluid intake may play a 
minor role in the pathogenesis of UI (Level of Evi-
dence: 2).  

Caffeine consumption is likely to play a role in exac-
erbating UI and related symptoms such as urgency 
and frequency. Small clinical trials suggest that de-
creasing caffeine intake improves continence. (Level 
of Evidence: 2), new epidemiological evidence from 
a large cross sectional study supports this conclusion 
however it does not change the Level of Evidence: 
Level 2. 

Recommendations 

Recommendations for fluid intake and dietary intake 
have not changed (Grade of Recommendation: B). 
Further RCTs to assess the role of diet in UI are war-
ranted.  

A reduction in caffeine intake is recommended for 
those with incontinence and related symptoms 
(Grade of Recommendation: B) Larger RCTs to as-
sess the effect of caffeine and other dietary factors 
are feasible and important. 
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Table 3 Summary of data on physical activity 

1. McGrother CW, Donaldson MMK, Thompson J, Wagg A, Tincello DG, Manktelow BN. Etiology of overactive bladder: A diet and lifestyle model for diabetes and 
obesity in older women. Neurourology and Urodynamics. 2012;31(4):487-95. 

2. Nygaard IE, Shaw JM, Bardsley T, Egger MJ. Lifetime physical activity and female stress urinary incontinence. American Journal of Obstetrics and Gynecology. 
2015;213(1). 

Table 4 Summary of data on smoking cessation 

1. Wyman J, Allen A, Hertsgaard L, Overson E, Allen S, Hatsukami D. Effect of Smoking Cessation on Overactive Bladder Symptoms in Adults: A Pilot Study. 
Neurourology and Urodynamics. 2014;33(6):866-7 

Table 5 Summary of data on caffeine consumption 

Author, year Comparator N Study population age Outcomes/results Follow 
up 

Notes (limitations) 

Davis 2013 (1) Association 
between caffeine 
and UI in US men 

3960 Publically available data 
from the National Health 
and Nutrition 
Examination Surveys 

20+ Incontinence Severity 
Index (ISI) 
Structured dietary 
recall 

no Cross sectional design means that no 
causation can be determined. The ISI needs 
additional validation for use in men. 25% of 

Author, 
year 

Comparator 
groups N Study population Age Assessment Follow 

up Outcomes 

McGrother 
2012(1) 

Development of a 
Causative model 
for OAB 

3411 Women in a UK 
epidemiological study of 
UI free from OAB at 
baseline 

40+ Food frequency questionnaire 
and OAB recorded in a postal 
questionaire 

no Low physical activity linked to the onset of 
OAB. Older women reporting less activity 
than their peers had more than double the 
risk of developing OAB. 

Nygaard  
2015 (2) 

Case control study 1538 Women seeking 
gynaecological primary 
care 

39-
65 

POP assessment, severity 
index score (indicating SUI), 
Lifetime physical activity 
questionnaire 

no SUI odds increased with overall lifetime 
activity (OR 1.20 per 70 additional metabolic 
equivalent of task-h/wk; 95% CI, 1.02-1.41. 

Author, year Comparator N Study 
population Age Outcomes/results Follow 

up 
Notes (side effects, loss of follow up, 
risk of bias) 

Wyman et al.  
2014 (1) 

Low nicotine cigarette 
alone vs low nicotine 
cigarette combined with 
21mg nicotine patch vs 
patch alone 

202 Subset of adult 
participants in a 
smoking 
cessation trial 

18-70 ICIQ-OAB 
Self-reported smoking 
status and cessation 

12 weeks Subset of participants: 
Random sequence generation: uncertain 
Allocation concealment – uncertain 
Blinding of participants – uncertain 
Blinding of outcome assessment – 
uncertain 
Incomplete outcome data – low risk 
Selective reporting – unclear risk 
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Author, year Comparator N Study population age Outcomes/results Follow 
up 

Notes (limitations) 

2005-2006 and 2007-
2008 in men 

the sample was excluded due to missing UI 
and dietary data. 

Gleason 2013 (2) Association 
between caffeine 
and UI in US 
women 

4309 Publically available data 
from the National Health 
and Nutrition 
Examination Surveys 
2005-2006 and 2007-
2008 in women 

20+ Incontinence Severity 
Index (ISI) 
Structured dietary 
recall 

no The cross sectional design means that no 
causation can be determined. Analysis 
depended on self report. Questions for UI 
type were not validated and data was not 
analysed according to UI type or severity. 

Hirayama 2012(3) Association 
between caffeine 
use and UI in 
Japanese adults 

981 Community dwelling 
Japanese men and 
women 

40-75 ICIQ-SF 18 
months 

Cross sectional study: No cause-effect 
relationship could be established due to the 
study design. Classification of urine loss was 
based on self report 
 

Wells 2014 (4)  Group A were 
allocated to a 14 
day caffeinated 
drink period 
followed by a 14 
day de-caffeinated 
period. Groups B 
were allocated to 
a 14 day de-
caffeinated period 
followed by a 14 
day caffeinated 
period. 

14 
community 
dwelling 
women 

Women patient with 
OAB  

18+ Reported episodes of 
urgency, frequency 
and volume per voids 
recorded in a 3 day 
diary 

no Small double blind randomised crossover 
study 

1. Davis NJ, Vaughan CP, Johnson TM, Goode PS, Burgio KL, Redden DT, et al. Caffeine Intake and its Association with Urinary Incontinence in United States Men: 
Results from National and Nutrition Examination Surveys 2005-2006 and 2007-2008. Journal of Urology. 2013;189(6):2170-4. 

2. Gleason JL, Richter HE, Redden DT, Goode PS, Burgio KL, Markland AD. Caffeine and urinary incontinence in US women. International Urogynecology Journal. 
2013;24(2):295-302. 

3. Hirayama F, Lee AH. Is caffeine intake associated with urinary incontinence in Japanese adults? J Prev Med Public Health. 2012;45(3):204-8. 
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1.2.6 Constipation 
No new trials on constipation were found. Therefore, 
the evidence remains the same (small observational 
studies) suggesting that chronic straining may be a 
risk factor for the development of UI (Level of Evi-
dence: 3).  

Recommendation  

Further research is needed to define the role of strain-
ing in the pathogenesis of UI.  

1.3. Other LUTS 
No data were found.  

1.4. Factors Affecting Outcome 
No data were found.  

2. PELVIC FLOOR MUSCLE 
TRAINING (PFMT) 

Pelvic floor muscle training (PFMT) is defined as ex-
ercise to improve PFM strength, endurance, power, 
relaxation or a combination of these parameters (1). 
PFMT remains a key factor in the treatment of UI. Be-
cause pelvic floor muscle (PFM) integrity appears to 
play an important role in the continence mechanism 
(see report from Chapter 4: Pathophysiology), there 
is a biological rationale to support the use of PFMT in 
preventing and treating SUI in women (19-21). The 
role of PFMT in the treatment of UUI came later, when 
it was recognized that PFM contraction can also be 
used to occlude the urethra to prevent leakage during 
detrusor contraction, as well as inhibit and suppress 
detrusor contraction (22, 23). More details about the 
biological rationale regarding PFMT for SUI and UUI 
can be found in the last edition of this chapter (2). 

PFMT is an intervention that involves the understand-
ing of PFM activation and the pursuit of a repeated 
PFM exercise programme over time. Because effec-
tiveness depends on the participant's adherence dur-
ing the intervention and afterwards (in the mainte-
nance phase), a better understanding of adherence 
mechanisms and how they can be promoted is of ma-
jor importance. The 2011 International Continence 
Society State of the Science Seminar on Adherence 
produced 4 papers and a Consensus Statement re-
viewing present literature and making recommenda-
tions to increase PFMT adherence that could be use-
ful, both in the clinical and research settings UI (24-
28)  

This section presents evidence for the use of PFMT 
in the prevention and treatment of UI in women. 
Questions addressed are: 

• Is PFMT effective in the prevention of UI? 

• Is PFMT better than no treatment, placebo or 
control treatments in the treatment of UI? 

• Is one type of PFMT programme better than an-
other in the treatment of UI? 

• Is PFMT better than other treatments in the treat-
ment of UI? 

• Does the addition of PFMT to other treatments 
add any benefit in the treatment of UI? 

• What factors might affect the outcome of PFMT 
in the treatment of UI? 

• What is the effect of PFMT on other lower urinary 
tract symptoms (LUTS)? 

2.1. Prevention and Treatment (Pregnant 
and Postnatal Women Only) 

This subsection specifically considers PFMT for the 
prevention and treatment of UI in pregnant and post-
natal women (called childbearing women). As the 
physiological changes of childbearing can affect PFM 
function, it is possible that the effect of PFMT might 
differ in this group compared to non-childbearing 
women; therefore, this group is treated separately.  

Since the last ICI (2013), 11 randomised controlled 
trials aiming at prevention and/or treatment of UI were 
identified and reviewed for this subsection (29) (30) 
(31) (32) (33) (34) (35) (36) (37) (38) (39) (Table 6). 
An updated Cochrane review was published in 2012, 
analysing data from 22 trials involving 8485 women 
(40). Trials in this section have been grouped in 3 ar-
eas: 1) trials of PFMT for prevention of UI (performed 
in women without UI symptoms when randomised); 
2) trials of PFMT for treatment of UI; and 3) trials of 
PFMT for the prevention and treatment of UI (partici-
pants with and without UI symptoms enrolled). Trials 
were further separated into those beginning during 
pregnancy (antenatal) or postnatal.     

The primary outcome of interest was self-reported UI 
(cure, improvement, number of leakage episodes). 
Other outcomes of interest included adherence 
measures. 

2.1.1 Is PFMT Effective in the Prevention of 
UI in Childbearing Women? 

This section addresses the question of PFMT effec-
tiveness for primary and secondary prevention of UI 
in childbearing women. Clinically it can be difficult to 
effectively screen trial participants to ensure that a 
disease process is altogether absent (for primary pre-
vention studies) or present, although asymptomatic 
(for secondary prevention). Trials investigating pre-
vention of UI usually enrol people purely on the basis 
of the absence of symptoms. Thus, the trials in this 
section likely represent a combination of primary and 
secondary prevention effects.  

Since last chapter edition three new prevention trials 
were found (30, 36, 38) (Table 6) adding to the six 
previously existing trials.  

Two studies (30) (38) recruited nulliparous or primip-
arous women during pregnancy, and one recruited 
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"pregnant women" (36). Primigravidae were recruited 
at weeks 6-9 (30), 10-14 (38) and 14-20 (36). In all 
trials, PFMT began during pregnancy while controls 
received usual antenatal care, which may have in-
cluded advice on PFMT, from their maternity caregiv-
ers (30) (36) (38) There were some variations in the 
PFMT parameters (intensity and supervision) (Table 
6). 

Quality of data  

Two were RCTs (30, 38), while one was a quasi-ran-
domized trial (36). Allocation concealment appeared 
adequate only in the trial by Pelaez (2014) (38). The 
outcome assessors were not blinded in the trials by 
Kocaoz (2013) (36) and Pelaez (2014)(38), while 
Barakat (2011)(30) gives no information about blind-
ing of evaluators. Dropout rates were 16% (30), 10-
14% (38) and 22% (36), and quite similar in both 
study groups. Outcomes were measured at various 
times: outcome in late pregnancy was measured only 
after delivery (30), 36 weeks of pregnancy (38); 28 
and 32 weeks of pregnancy then at three months 
postpartum (36). None of the trials applied intention-
to treat analysis. 

Results  

• Late pregnancy (34 weeks or later): Pelaez (38) 
found a statistically significantly lower frequency 
of UI (p<0.001) in the intervention group com-
pared to the control group between 36 and 40 
weeks of pregnancy, and concluded that PFMT 
was effective in primary prevention of UI in pri-
miparous pregnant women, while Barakat (30) 
reported no difference in frequency of urine loss 
between the exercise (supervised moderate 
physical exercise including PFMT) and control 
groups in late pregnancy.  

• Mid postpartum (three to six month postpartum): 
Kocaoz (36) reported a statistically significant 
difference between the intervention and control 
groups in terms of development of stress urinary 
incontinence at the 28th and 32nd weeks of preg-
nancy and the 12th postpartum week (p<0.05). 

Summary  

Two studies documented the effectiveness of PFMT 
on primary prevention of UI during pregnancy (36, 
38). One study included only nulliparous women and 
reported UI in late pregnancy (38). The other study 
also included multiparous women and reported UI in 
late pregnancy and 12 weeks postpartum (36). (Level 
of Evidence: 1) 

Recommendations  

Offer continent, pregnant women a supervised (in-
cluding regular health professional contact) and in-
tensive strengthening PFMT programme to prevent 
antepartum and postpartum UI (Grade of Recom-
mendation: A) 

Research recommendation 
Additional trials with long-term follow-up (more than 
12 months postnatal) are needed to determine long-
term benefits of antenatal PFMT.  

The only study including multiparous women is a 
quasi-randomized trial. Thus, large and good-quality 
RCTs are needed to investigate the effect of antepar-
tum PFMT on preventing postpartum UI in multipa-
rous women. 

2.1.2 Is PFMT Effective in the Treatment of UI 
in Childbearing Women? 

Since last chapter edition two trials assessing the 
treatment effect of postnatal PFMT were found (29) 
(34) (Table 6) adding to the four previously existing 
trials.  

Kim (2012) recruited a mix of primiparous and multip-
arous incontinent women less than six weeks (34) af-
ter delivery, while Åhlund (2013) recruited only pri-
miparous women 10-16 weeks after delivery (29). 
The control group in the trial by Åhlund received 
standard care, which included ante and postpartum 
advice on PFMT (1), whereas the control group/unsu-
pervised training group in Kim’s study were instructed 
in PFMT and followed the same PFMT programme as 
the supervised training group (34). The PFMT inter-
ventions varied (Table 6).  

Quality of data  

Both studies were RCTs, but random allocation con-
cealment was inadequate. In one trial (34) evaluators 
were blinded to group allocation. Åhlund (2013) and 
Kim (2012) reported an 8% and 1% loss to follow up, 
respectively. Similar dropout rates were found in both 
study groups in both trials. Outcomes were meas-
ured, before, 3 months after delivery (34) and 6 
months after delivery (29). Kim did not report analysis 
by intention-to-treat, while information is lacking in the 
trial by Åhlund. 

Results  

In the trial by Åhlund the results showed significantly 
improved continence in both groups, however there 
was no between group comparison. Kim reported sig-
nificant difference in UI symptoms in favour of the su-
pervised PFMT group. 

Summary  

Data from one trial showed significantly better treat-
ment effect of supervised PFMT compared to unsu-
pervised PFMT. The other trial did not compare dif-
ference in treatment effect between groups. The ad-
dition of the new trials does not change the level of 
evidence. (Level of Evidence: 1)  

Recommendations  

PFMT should be offered as first line conservative 
therapy to women with persistent UI symptoms three 
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months after delivery. (Grade of Recommendation: 
A)  

An ‘intensive’ PFMT programme (in terms of supervi-
sion and exercise content) is likely to increase the 
treatment effect. (Grade of Recommendation: B) 

Research recommendation 

There is a need for at least one large, pragmatic, well-
conducted and explicitly reported trial with long term 
follow-up (five plus years) of postpartum PFMT that 
investigates the long term effect of ‘intensive’ PFMT. 

2.1.3 Is PFMT Effective in the Mixed Preven-
tion and Treatment of UI in Childbear-
ing Women? 

Since last chapter edition six mixed prevention and 
treatment trials were found adding to the ten previ-
ously existing trials. Five trials assessed the effect of 
antenatal PFMT (31) (35) (37) (39) (32), and one the 
effect of postnatal PFMT (33) (Table 6).  

In five trials, nulliparous, primiparous or multiparous 
women were randomised to either supervised ante-
partum PFMT or usual antepartum care (31) (32) (35) 
(37) (39). One study randomised nulliparous women 
to supervised postpartum PFMT or usual postpartum 
care (33). Ko (2011) and Miguelutti (2013) recruited 
nulliparous women and Stafne (2012) multiparous 
women between 16-24 weeks’ gestation. Bø’s study 
(2011) differed in that the primary aim was to assess 
the effect of regular exercise on weight gain in preg-
nancy. Primiparous, sedentary women within the first 
24 weeks of pregnancy were recruited. Fritel (2015) 
included nulliparous women between 20-28 weeks of 
gestation. 

i) Antepartum PFMT versus usual care 

The PFMT interventions varied (Table 6). 

Quality of data  

• Antepartum PFMT versus usual care: The four 
RCTs had adequate random allocation genera-
tion and concealment and thus had a low risk of 
bias (31) (32) (37) (39). In two of the trials a 
blinded method of collecting patient-reported in-
continence symptom data was used (32) (39). 
Sample sizes varied between 105 and 855 
women (31) (39), and the proportions of lost to 
follow up were 20%, 2%, 33% and 11% respec-
tively (31) (37) (32) (39). Losses to follow up in 
intervention and control groups were quite simi-
lar in all trials. Intention-to-treat analysis was per-
formed by all, except for Bø (2011). 

• Postpartum PFMT versus usual care or no 
PFMT: Random allocation generation and con-
cealment was adequate and a blinded method of 
collecting patient-reported incontinence symp-
tom was used in the trial by Hilde (2013) (33). 
Lost to follow up was 9%, in the control 14% and 

in the exercise group 3%. Analysis was by inten-
tion-to-treat. 

Results  

i) Antepartum PFMT versus usual care 

Ko (2011), Miquelutti (2013) and Stafne (2012) 
showed that women who were randomised to ante-
partum PFMT had significantly less risk of UI in late 
pregnancy compared to a group receiving usual care 
in late pregnancy.  

Three of the new five new mixed prevention and treat-
ment trials assessing the effect of antenatal PFMT 
(35) (37) (39), reported a significant effect of PFMT 
during pregnancy, and 3 months after delivery (35). 
Bø (2011) found no difference in late pregnancy and 
3 months postpartum, between a group following an 
aerobic fitness class including PFMT and a control 
group. While Fritel (2015) showed no difference in 
prevalence or severity of UI between a group receiv-
ing written instructions and a group receiving an ad-
ditional eight PFMT sessions with a midwife or phys-
iotherapist in late pregnancy, 2 and 12 months post-
partum. 

Some adherence outcomes were included for four 
antepartum (31) (35) (32) (39) trials; >80% of the 
PFMT women attended every group session, and at 
36 gestational weeks, 87% reported PFMT practice 
at least 75% of the time (35); 40% of the exercise 
group attended >80% of the weekly exercise classes 
(31); 67% of the women in the intervention group and 
40% in the control group performed PFMT three times 
per week or more (39); 54% in the intervention and 
63% in the control group performed postpartum 
PFMT (32). 

ii) Postpartum PFMT versus usual care or no PFMT  

The only new mixed prevention and treatment trial as-
sessing the effect of postnatal PFMT (33), found no 
differences in the prevalence of UI between a super-
vised PFMT group and a control group receiving in-
structions in correct PFM contractions and written in-
formation. Adherence was 96% in the intervention 
group (33). 
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Table 6 Summary of PFMT data on prevention and treatment (pregnant and postnatal women) 

Author, 
year 

Comparator N Study population  Modality details or parameters Outcomes/results Follow 
up 

Notes (side effects, 
loss of follow up…)  

Ahlund 
2013(1) 

Control group (n=49): 
instructions and control of 
correct PFM contractions 
and written information 
about PFMT. 
 
Intervention group (n=49): 
instructions and control of 
correct PFM contractions, 
written information about 
PFMT and follow up by 
midwife 

N=98 
 

Primiparous women 
with SUI, 10-16 
weeks after delivery 
 
Multi centre 
Sweden 

Three visits with midwife during the 
intervention period. A 6 months home 
PFM program including three fast 
contractions, three times 8-12 slow 
velocity (6 seconds), close to maximum 
contractions 

Significantly (p<0.05) 
improved continence 
score (0-20) in both 
groups at 6 months 
postpartum. 
Difference between 
groups was not reported.  

no Loss to follow up: 16%  
CG: 7/49 
IG: 9/49 

Bo 2011 
(2) 

Control (n=53): standard 
care 
 
Intervention (n=52): 12-16 
wk’ aerobic fitness class 
including PFMT 

N= 
105 
 

Nulliparous, 
sedentary women 
within the first 24 
weeks of pregnancy  
With and without UI 
at inclusion. 
 
Single centre 
Norway 

12 -16 weeks of aerobic exercise classes 
twice per week during pregnancy, 
including intensive PFMT (in a group) led 
by aerobic instructor. Additional home 
exercises 10 max contractions (each held 
for six seconds) and to the last 4 were 3-
4 fast contractions added x 3, per day. 
Correct VPFMC was not checked at 
enrolment. 

No significant difference 
between groups: 
 
Self reported UI at 36-38 
weeks of pregnancy: 
Control: 7/53 
Intervention: 9/52 
 
Self reported UI at 3 
months postpartum: 
Control: 6/53 
Intervention: 5/52 

 
no 

oss to follow up: 20%  
CG: 11/53 
IG: 10/52 
 

Barakat 
2011 (3) 

Control group (n=40): 
standard care 
 
Intervention group (n=40): 
Physical conditioning 
program 45 minutes 3 
times per week from 
inclusion to week 38-39. 
PFMT included during the 
last trimester. 

N= 80 
 

Sedentary women 
within 6-9 weeks of 
pregnancy.  
Without UI at 
inclusion. 
 
Single centre 
Spain 

Exercises to strengthen the PFM included 
in a general exercise program with 45 
minutes sessions x 3 per week, during 
the last trimester. No further details about 
the PFMT program.  

No significant difference 
in frequency of urine loss 
(CIQ-SF Incontinence 
classification) in late 
pregnancy. 
(Questionnaire answered 
after delivery). 

no Loss to follow up: 16%  
CG: 6/40 
IG: 7/40 
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Author, 
year 

Comparator N Study population  Modality details or parameters Outcomes/results Follow 
up 

Notes (side effects, 
loss of follow up…)  

Fritel 2015 
(4) 

Control group (n=142): 
standard care including 
written instructions about 
PFMT 
 
Intervention group 
(n=140): Individual 
supervised PFMT 

N=282 
 

Nulliparous women 
between 20-28  
weeks of gestation. 
With and without UI 
at inclusion. 
 
Multicentre 
France 

The PFMT group received eight individual 
training sessions supervised by a midwife 
or a physiotherapist, once per week 
between the sixth and eight month of 
pregnancy. Each session lasted 20-30 
minutes and included evaluation of pelvic 
floor muscle contraction. Sessions 
consisted of standing contractions (5 
minutes), lying contractions (10 minutes) 
and learning how to start a pelvic floor 
muscle contraction just before exerting 
intraabdominal pressure (the Knack). 
Women were encouraged to perform 
daily PFMT. No specific instructions on 
the number or intensity of the 
contractions were given. 

No significant difference 
between groups in UI 
severity (ICIQ-UI SF 
score) and prevalence at 
2 and 12 months 
postpartum: 
UI severity at 2 months 
postpartum (mean, SD): 
Control: 2.3 (±3.4) 
Intervention 1.7 (±2.9) 
 
UI severity at 12 months 
postpartum: 
Control: 2.1 (±3.3) 
Intervention: 1.9 (±3.7) 
 

Yes 
12 
months 

Loss to follow up: 33%  
CG: 45/142 
IG: 47/140 

Hilde 2013 
(5) 

Control group (n=88): 
receiving instructions in 
correct PFM contractions 
and written information 
 
Intervention group (n=87): 
supervised PFMT  
 

N=175 Singleton 
primiparous women 
Who delivered 
vaginally after more 
than 32 weeks of 
gestation 
 
Single centre 
Norway 

PFMT in groups supervised by 
physiotherapist once per week in 16 
weeks (starting 6-8 weeks after delivery), 
and daily home training with three sets of 
8 to 12 contractions close to maximum 

No significant differences 
in the percentage of 
women with UI at six 
months postpartum 
between a supervised 
PFMT group and a 
control group receiving 
instructions in correct 
PFM contractions and 
written information.  
UI 6 months postpartum: 
Control: 39% 
Intervention: 35% 

no Loss to follow up: 9%  
CG: 3/88 
IG: 12/87 
 

Kim 2012 
(6) 

Control (n=10): 
unsupervised PRMT 
 
Intervention (n=10): 
Supervised PFMT 

N=18, 
 

Mix of primiparous 
and multiparous 
incontinent women 
less than six weeks 
after delivery. All with 
UI at inclusion. 
 
Single centre 
Korea 

PFMT in various positions (20 repetitions 
with 10 second holding), abdominal 
strengthening exercises and trunk 
stabilisation using a therapeutic ball. 
Twenty three one-hour sessions of 
training with physiotherapist, three times 
per week in an 8 week period. Additional 
daily home training program 

Significant difference 
(p=0.001) in change in 
values for UI symptoms 
((BFLUTS) between 
groups, in favour of the 
IG 
(mean, SD): 
Control: -18 (± 5.5)  
Intervention: -27 (± 6.2)          

no Loss to follow up: 10%  
CG: 9/10 
IG: 9/10 
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Author, 
year 

Comparator N Study population  Modality details or parameters Outcomes/results Follow 
up 

Notes (side effects, 
loss of follow up…)  

Ko 
2011 (7) 

Control: Routine 
antenatal care. 
 
Intervention: Individual 
PFMT with 
physiotherapist once per 
week between 20-36 
weeks pregnancy with 
additional home exercises 
3 sets of 8 contractions 
(each held for 6 seconds) 
repeated twice daily. 
Instructed to contract the 
PFM when coughing or 
sneezing. 

N=300  
 

Nulliparous women 
recruited at 16-24 
weeks of pregnancy.  
With and without UI 
at inclusion. 
 
Single centre, 
Taiwan 

The PFMT group met individually with a 
physical therapist for instruction and 
assessment of correct contraction. The 
PFMT included three sets of eight 
contractions repeated twice daily. 
Additional group therapy occurred weekly 
in 45 minute sessions over a 12 week 
period. 

Self reported UI at 36 wk’ 
pregnancy p<0.01: 
Control: 76/150 (51%)  
Intervention: 52/150 
(34%)                
Self reported UI at 3days 
postpartum p=0.06: 
Control:62/150 (41%)  
Intervention:46/150 (30%) 
Self reported UI at 6 
weeks postpartum 
p=0.06: 
Control: 53/150 (35%)  
Intervention: 38/150 
(25%) 
Self reported UI at 6 
months postpartum 
p=0.04: 
Control: 42/150 (27%)  
Intervention:  
25/150 (16%) 

Yes 
6 
months 

Loss to follow up: 0%  
 

Kocaoz 
2013 (8) 
 
 

Quasi randomized trial  
Control group (n=68): ? 
 
Intervention group (n=68): 
Instructions in PFMT and 
information. 

N=136 Continent, pregnant 
women at week 14-
20 of pregnancy. 
Without UI at 
inclusion. 
 
Single centre 
Turkey 

Correct voluntary PFM contraction was 
checked prior to training 
Daily PFMT, three sets of 10 
contractions. Maximal contraction of the 
PFM and hold for 10 seconds, and quick 
contractions 

A statistically significant 
difference was found 
between control and 
intervention group in SUI 
development at 28th and 
32nd weeks of gestation 
and the 12th week 
postpartum. 

yes 
12th 
week 
postpar
tum 

Loss to follow up: 25%  
CG: 18/68 
IG: 16/68 
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Author, 
year 

Comparator N Study population  Modality details or parameters Outcomes/results Follow 
up 

Notes (side effects, 
loss of follow up…)  

Miquelutti 
2013 (9) 

Control group (n=100): 
standard care 
 
Intervention group (n=97): 
Additional physical and 
educational activities 
including information 
about PFMT. 

N=205 Nulliparous low risk 
women at 18 weeks 
of gestation. 
With and without UI 
at inclusion. 
 
Multi centre 
Brazil 

On the days of prenatal visits; consisted 
of physical exercises, educational 
activities and instructions on exercises to 
be performed at home. The PFMT should 
be performed daily at home and included 
rapid (30 times) and sustained maximal 
contractions (20 times holding for 10 
seconds) in sitting and standing positions. 
 

The risk of UI was 
significantly lower in the 
intervention group at 30 
 weeks of pregnancy: 
CG 62% 
IG 43%  
RR 0.69 (95% CI 0.51-
0.93) 
and 36 weeks of 
pregnancy: 
CG 68% 
IG 41% 
RR 0.60 (95% CI 0.45-
0.81) 

no Loss to follow up: 2%  
CG: 2/102 
IG: 6/103 
 

Pelaez 
2014 (10) 

Control group (n=96) 
 
Intervention group (n=73) 

N=169 
 

Healthy, primiparous 
pregnant women in 
gestational week 10-
14. 
Without UI at 
inclusion. 
 
Single centre 
Spain 

Correct voluntary PFM contraction was 
checked prior to training 
The intervention consisted of 70-78 group 
sessions; 10 minutes of PFMT three 
times per week in 22 weeks  
 

At 36 weeks of pregnancy 
there was statistically 
significant (p=0.001) 
difference in frequency of 
UI and in ICIQ-UI SF 
score in favour of the 
intervention group. 
CG 2.7 (SD4.1) 
IG 0.2 (SD 1.2) 

no Loss to follow up: 16%  
CG: 7/96 
IG: 10/73 
 

Stafne 
2012 (11) 

Control group (n=426): 
standard care 
 
Intervention group 
(n=429): 12 weeks of 
PFMT 

N=855 Multiparous women 
between 16-24 
weeks gestation. 
With and without UI 
at inclusion. 
 
Multi centre 
Norway 

The PFMT group met individually with a 
physical therapist for instruction and 
assessment of correct contraction, and 
PFMT protocol was similar to that 
described previously by Mørkved (1997, 
2003), including three sets of eight 
contractions repeated twice daily. 
Additional group therapy occurred weekly 
in 45 minute sessions over a 12 week 
period. 

Self-reported UI at 34-38 
weeks of pregnancy: 
Any UI (p=004):  
CG 192/365 (53%) 
IG 166/397 (42%) 
 
UI once per week or more 
(p=0.004): 
CG 68/365 (19%) 
IG 44/397 (11%) 

no Loss to follow up: 11%  
CG: 61/426 
IG: 32/429 
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Summary  

The effect of antepartum PFMT or postpartum PFMT, 
in groups of women where some did and some did 
not have prior UI symptoms, varied by study with 
some showing a benefit on UI prevalence whereas 
others did not. The characteristics of the new trials, 
all methodologically robust, that demonstrated re-
duced UI prevalence in late pregnancy (35) (37) (39) 
and six months postpartum (35), were high adher-
ence to a supervised PFM strength training program 
and home exercises. (Level of Evidence: 2) 

However, a similar training protocol in postpartum 
women by Hilde (2013) did not show any difference 
between groups. Even if the combined results from 
the published trials still are not conclusive, the benefit 
of PFMT in the majority of the studies and the lack of 
adverse effects of PFMT should be taken into ac-
count.  

Recommendations  

Health providers should carefully consider the 
cost/benefit of population-based approaches to 
health professional taught antepartum or postpartum 
PFMT, that is, health professional instruction to all 
pregnant or postpartum women regardless of their 
current or prior continence status  

(Grade of Recommendation antepartum PFMT: A) 

(Grade of Recommendation postpartum PFMT: B) 

Where a population approach is used, the ‘best’ evi-
dence to date suggests the following: (a) an interven-
tion comprising of a daily home PFMT and weekly 
physiotherapist-led exercise classes for 12 weeks, 
starting at 16-24 weeks’ gestation for pregnant 
women, and (b) an individually taught strengthening 
PFMT programme that incorporates adherence strat-
egies for postpartum women who have had a forceps 
delivery or a vaginal delivery of a large baby (4000g 
or more). (Grade of Recommendation: C) 

2.2. Prevention (Other Women) 
Although there are multiple trials of PFMT for preven-
tion of UI in peri-partum women (see section II.2.1) 
and in men undergoing prostatectomy (see section 
IV.2), there is little research on prevention of UI in 
non-childbearing women. A single randomised trial 
(41) was found that investigated the preventive ef-
fects of a multi-component behavioural modification 
program, including PFMT, Bladder Training (BT), and 
other behavioural skills, compared to no intervention 
in 359 older women who were essentially continent 
(0-5 days of incontinent episodes in previous year). 
The intervention was a 2-hour class followed 2-4 
weeks later with an individualized session to test 
PFMT technique and reinforce adherence. After 12 
months, continence status was the same or better in 
56% of the prevention group compared to 41% of the 
control (p=0.01).  

In this trial, randomisation was conducted prior to eli-
gibility assessment, leading to a relatively high rate of 
non-completion (97/238 in the treatment group and 
65/242 in the control group; 162/480 overall). Analy-
sis was not ITT. The method of randomisation was 
not described but the randomization block size was 
set at 16 to minimize the chance of prior recruiter 
knowledge of subject assignment. The assessors 
were not blinded. 

Summary  

There is preliminary evidence that PFMT may help 
prevent UI in older women. (Level of Evidence: 2) 

However, more definitive trials are needed to clarify 
the effects of this multi-component program or other 
approaches to using PFMT as a prevention strategy 
in older women.  

Recommendations 

Without robust randomised controlled trials on the 
preventive effect of PFMT on UI the Grade of Rec-
ommendation is Grade C (New).  

With limited new data on the effects of preventive 
PFMT on UI in older women, this association should 
be investigated further. 

2.3. Treatment (Other Women) 

2.3.1 Is PFMT Better than No Treatment, a 
Placebo, or a Control Group Treat-
ment? 

This updated literature review identified 19 new trials 
that compared PFMT to no treatment, sham treat-
ment, or control treatment. Six trials were excluded 
from this summary because they selected women 
with “OAB,” “lower urinary tract symptoms,” or “pelvic 
floor dysfunction,” thereby including women without 
urinary incontinence (42-47). Some included conti-
nent women, while others did not provide sufficient 
information to determine the continence status of par-
ticipants. One additional trial was excluded due to in-
sufficient detail about the intervention needed to dis-
cern whether PFMT was part of the treatment (48), 
and one was not considered because the sample 
consisted of residents in long-term care facilities (49). 
The 11 additional trials included in the analysis were 
diverse and included studies from 10 countries (See 
Table 7). Samples included young, nulliparous volley-
ball athletes, older women, peri-and post-menopau-
sal women, obese women, and gynaecological can-
cer survivors. Most samples were drawn from com-
munity-dwelling populations. 

PFMT Details 

Most trials involved 12 weeks (3 months) of interven-
tion, but some were of 6 weeks (50) or 8 weeks dura-
tion (51). Most involved supervised PFMT accompa-
nied by a regimen of home-based exercises by a 
physiotherapist or nurse. One study tested a new 
smart phone application (52) with no face-to-face 
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contact. In several trials, PFMT was delivered on an 
individual basis (50, 53-57), while others were con-
ducted in a group class (51, 58). Some trials were re-
stricted to PFMT with or without functional PFM con-
traction to prevent SUI episodes (stress strategies, 
the Knack) (50, 57), while in others, PFMT was em-
bedded in a multi-component programme with other 
behavioural or exercise components (Table 7). One 
trial included PFMT in a broader programme of gen-
eral physical exercise (58).  

Risk of Bias 

Some of these 11 trials may have been limited by 
small sample size. Only 3 included more than 100 
women, 3 included 50-100 women, and 5 had fewer 
than 50 participants. Two trials reported intent-to-
treat analysis (52, 55). Three reported the method of 
randomisation (54, 55, 58); five reported concealment 
(52, 55, 58-60); and two reported using blinded out-
come assessors (55, 58). Two studies were reported 
as abstracts making it difficult to assess some as-
pects of the methods and data quality (52, 55). 

Results 

A variety of outcome measures were used, including 
bladder diaries, validated questionnaires, global pa-
tient ratings, and pad test. Most trials used multiple 
measurements to evaluate outcomes. 

Bladder diaries were used in 7 studies to assess 
change in incontinent episode frequency (52, 54-59). 
In all studies, reductions in incontinence episode fre-
quency were significantly greater in the treatment 
group. 

The UDI or UDI-6 was used in 4 trials to report 
change in urinary symptoms (54, 55, 57, 60). Signifi-
cant differences were found in the two larger trials 
(54, 55). The ICIQ-UI was used as an outcome meas-
ure in two trials (51, 52), both demonstrating greater 
benefit for PFMT compared to control.  

In 4 trials, the IIQ-7 was used to assess change in 
impact of UI. Two found significant between group dif-
ferences (54, 59); one found significant change in the 
treatment group, but not in the control group; and the 
third did not observe improvement on this condition-
specific quality of life measure (60). 

The PGI-I was the primary outcome in one study that 
found 80% of women in the treatment group and 40% 
in the control group were “much better” or “very much 
better” (60). Similarly, in another trial, 55.7% of 
women in the treatment group were “better” com-
pared to 5% in the control group (52). 

 

Urine loss, assessed by 1-hour pad test (with provo-
cation), was the primary outcome for one trial (50). 
Reductions in urine loss were greater in both treat-
ment groups (individualized PFMT and group admin-
istered PFMT) compared to the control group. In four 
other studies that used a pad test as a secondary out-
come, significant reduction and group differences 

were reported in two (54, 56), no differences in a third 
(55), the within and between group differences did not 
reach statistical significance (57). 

Summary 

PFMT is effective as a stand-alone therapy, as part of 
multi-component therapies embedding PFMT with 
concomitant behavioural strategies, lifestyle 
changes, and as part of more general physical exer-
cise programmes to improve physical function in 
older women.  

Results expand the evidence base to include PFMT 
implemented by mobile technology, with a potentially 
broader reach, cost savings, and impact on rural 
health.  

Benefits are shown across age cohorts and UI type, 
in various cultural contexts, using several different 
training regimens, and assessed by multiple outcome 
measures. (Level of Evidence: 1) 

Recommendations 

Supervised PFMT should be offered as a first-line 
conservative therapy for women of all ages with uri-
nary incontinence (Grade of Recommendation: A). 

2.3.2 Is One Type of PFMT Programme Better 
than Another? 

A number of factors can influence the outcome of a 
PFMT programme such as the way it is taught and/or 
supervised, the parameters of the actual exercises, 
and adherence to the training regimen. What, there-
fore, is the most effective PFMT programme? 

This updated search revealed 24 new potentially eli-
gible RCTs to address this question. Of them, one 
was excluded due to insufficient information on the 
incontinence outcome and inter-group comparison 
(61) and three because they did not report any incon-
tinence outcomes but focused on PFM outcomes (62-
64). Table 8 shows the studies included in the previ-
ous edition as well as those identified in this update. 
Characteristics of each new RCT are presented in Ta-
ble 9. 
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Table 7 Summary of data on PFMT vs no treatment, a placebo or a control group treatment 

Study Comparator N Study Population Intervention Outcomes/Results Notes 

Abdulaziz 
2012 (1) 

No therapy N=56 
Tx: 29 
CG: 27 

Obese, older, peri-
menopausal Saudi 
women with SUI (40-
50 years) 
 

3 months of supervised PFMT taught 
at physio clinic; 10 repetitions of 8 
maximal contractions each, progressed 
to 12; 36 sessions  

Fewer UI episodes on self-report 
(not BD) and better score on VAS 
(but p>0.05 for group diff) 
Tx group: significant change and 
90% cured 
CG: no change and 19% cured 

Small N may have affected 
results 

Asklund 
2015 
Abstract 
(2) 

Delayed treatment N=123  
Tx: 62  
CG: 61 

Women with weekly 
SUI (>18 years; mean 
45 years) 
 

3 months of Smart phone app; PFMT 
exercises at different levels (6 basic 
and 6 advanced); graphic support and 
functions for statistics and reminders. 
No face-to-face contact  

Web-based questionnaires and 2-
day leakage diary; ICIQ-UI-SF, 
PGII, IEF, ICIQ-LUTSqol, use of 
incontinence aids, patient 
satisfaction (Tx group only). 
Tx group showed greater 
improvements on all outcomes 
(p<0.001). 

ITT analysis 
Allocation concealment with 
sequentially numbered 
envelopes 
 
 

Celiker 
2015 (3) 
 

Wait-list N=130  
Tx: 65  
CG: 65 
 

Women with SUI/MUI 
Excluded weak 
muscles 

12-weeks of PFMT, 30 min sessions, 
supervised by physiotherapist, X3 per 
week initially, taught by perineal 
palpation, individually prescribed, 
home-based exercise. Included advice 
on bladder hygiene 

UDI-6, IIQ-7, 3-day bladder diary, 
stop test, pad test.  
Tx group showed significant 
improvement on all outcomes and 
greater improvements than CG 
(p<0.0001). 

Not ITT; randomization 
computer generated; 
allocation concealment 
Tx included 
behavioral/lifestyle advice. 

Dumoulin 
2011 (4) 
Abstract 

Education 
program on 
osteoporosis (3 
hours) and follow-
up phone calls 

N=48 
Tx: 24  
CG: 24 

Postmenopausal 
women with 
osteoporosis and SUI, 
UUI, or MUI 
(55+ years) 
 

12 weeks of Individualized PFMT, 
weekly 30-min PT sessions; daily 
home exercise; BF, urge control, BT, 
dietary advice and constipation advice. 

7-day BD, 24-hour pad test, UDI. 
Post-treatment, Tx group had 
greater improvements on IEF 
(p=0.04) and UDI (p=0.04), but not 
pad test. 
At 1-year follow up, there were 
significant differences on IEF 
(p=0.04), UDI (p=0.03) and pad 
test (p=0.01). 

Randomization computer 
generated 
Allocation concealment 
ITT analysis 
Blinded assessors 
No adverse events 
Tx included 
behavioral/lifestyle advice. 

Ferreira 
2014 (5) 

Summary of 
PFMR education 
program via 
pamphlet 

N=32  
Tx: 16  
CG: 16 

Nulliparous, female 
volleyball athletes with 
SUI (13-30 years) 
 

3 months of PFMR; “educational 
action,” awareness of PFM, and 
informational pamphlet; weekly visits; 
home exercise - 30 sustained 
contractions and 4 quick contractions 
daily; daily bladder diary for awareness 

7-day BD and pad test (15 min 
during practice).  
Tx group showed greater 
reductions on IEF (p<0.001) and 
pad test (P<0.001). 

Randomization by lottery 
(participant drawing paper 
from a box) 
Small N 
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Study Comparator N Study Population Intervention Outcomes/Results Notes 

Karger 
2015 (6) 

No Tx N=50 
Tx: 25 
CG: 25 

Elderly women with 
SUI (60-74 years) 

Two months; eight 45-min group 
training classes taught by a nurse; 8-
12 contractions in each of 3 positions, 
6-8 second contractions with 3-4 fast 
contractions added; home exercise: 8-
12 high intensity contractions, X3 daily. 
Strength, awareness, and relaxation 
training for other muscle groups. 

ICIQ-UI and self-esteem.  
Group differences observed on 
ICIQ-UI (p=0.001), and on 
individual items of frequency, 
amount of leakage, and QoL.  

Tx included other types of 
exercise. 

Kim 2011 
(7) 

General health 
class monthly for 3 
months 

N=127  
Tx: 63  
CG :64 

Elderly Japanese 
women with SUI, UUI, 
or MUI 
(70+ years) 
 

3 months, multi-dimensional exercise 
Tx; twice weekly group classes, PFM 
and general strength exercise. 
PFMT: 10 fast contractions (3 sec), 10 
sustained contractions (8-10 sec); 
lying, sitting, and standing positions. 
One-hour class X1/month during 7-
month follow-up. Home exercise: 2-3 
sets as learned in class, at least 
X3/week for 30 min/day 

Primary outcome was cure based 
on 7-day BD and ratings on 5-point 
scale (in BD); ICIQ  
Tx group showed greater change 
in urine leak score (p=0.007) and 
cure.  
Tx group 44.1% cure rate post-Tx 
and 39.3% at 7-month follow up vs 
1.6% and 1.6% in CG (p<0.001).  

Not ITT 
Computer generated 
randomization  
Randomization procedure 
blinded 
Blinded assessors 

Leong 
2015 (8) 

Advice and 
pamphlet on 
management of UI 

N=56 
Tx: 27  
CG: 28 

Older Chinese women 
with SUI, UUI, or MUI 
(55+ years) 
 

12-week PT program, 30-min individual 
training sessions, 8 sessions taught 
with manual palpation and verbal 
feedback; progressive exercise 
program starting with 10 slow 
submaximal contractions (5 sec) 
increasing to 25 per session; urge 
suppression + bladder training (BT). 

7-day BD, IIQ-SF-7, 11-point VAS 
for perception of improvement and 
satisfaction. 
Tx group showed greater 
improvement in IEF (p<0.001) and 
IIQ-7 (p=0.001) and greater 
perception of improvement 
(p=0.004) and satisfaction 
(p=0.001). Reductions significant in 
Tx group only.  

Computer generated 
randomization and 
allocation concealment 
Tx accompanied by urge 
suppression and bladder 
training 

McLean 
2013 (9) 

No treatment N=40 
Tx: 20  
CG: 20 

Women with 
predominant SUI 
(18+ years) 
 

12-week individualized PFMT program 
with weekly 30-min sessions; PFMT 
taught by manual palpation; home 
exercise: 3 sets of 12 PFM 
contractions daily 

3-day BD, pad test, IIQ-7, UDI-6. 
Tx group showed greater changes 
on IEF (intragroup p=0.007) and 
IIQ-7 (intragroup p=0.0003); 
Neither group had significant 
change on pad test or UDI-6 

Randomization by 
automated computer 
algorithm. 
Primary purpose of the 
study was to examine 
urethral morphology and 
mobility. Measures of UI 
were secondary outcomes. 
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Study Comparator N Study Population Intervention Outcomes/Results Notes 

Pereira 
2011 (10) 

No treatment N=49 
Group: 
17 
Individ: 
17 CG:15 

Women with SUI only 
(18+ years) 
 

6 weeks PFMT in group or individual 
sessions; two 1-hour sessions weekly 
(12 sessions); taught by vaginal 
palpation in both Tx groups; 3 s and 5-
10 s contractions; repetitions and 
duration progressed; average of 100 
contractions per session. 

Primary outcome: pad test; 
secondary King’s questionnaire 
and satisfaction.  
Both Tx groups showed greater 
improvement on pad test than CG 
(p<0.0001). Improvements shown 
in both Tx groups but not CG. 

Randomization was by 
participants drawing 
envelope from a box; 
assessments not blinded; 
not ITT 
Purpose of the study was to 
examine group vs individual. 
No adverse events. Small N 

Rutledge 
2014 (11) 

Usual care 
(no handout) 

N=40 
Tx: 20 
CG: 20 

Gyn cancer survivors 
with UI 
(37-79 years) 
 

12 weeks; single 15-min training 
session; taught using levator ani 
palpation; 10 contractions 5 s duration; 
handout on behavioral management 
tips: fluid intake, reduction of caffeine 
and bladder irritants; constipation 
management; Home exercise: 3 sets of 
exercises daily for 12 weeks. 

PGI-I and UDI-6 
PGII: 80% in Tx group vs 40% in 
CG were “much better” or “very 
much better” (p=0.02).  
UDI-6: Groups not significantly 
different: Tx 70% vs CG 50% 
reported lack of bother (p=0.62). 

Randomization generated 
by random number table. 
Allocation concealment 
Not ITT analysis 
Treatment included 
behavioral/lifestyle advice. 

1. Abdulaziz K, Hasan T. Role of pelvic floor muscle therapy in obese perimenopausal females with stress incontinence: A randomized control trial. The Internet 
Journal of Gynecology and Obstetrics. 2012;16(2):34-42. 

2. Asklund I, editor Treatment of stress urinary incontinence via a smartphone application. Report from an ongoing randomised controlled study. Medicine 20 Confer-
ence; 2014: JMIR Publications Inc., Toronto, Canada. 

3. Tosun OC, Mutlu EK, Ergenoglu A, Yeniel A, Tosun G, Malkoc M, et al. Does pelvic floor muscle training abolish symptoms of urinary incontinence? A randomized 
controlled trial. Clinical rehabilitation. 2015;29(6):525-37. 

4. Dumoulin C, Sran M, Lieblich P, Wilson P. Physiotherapy significantly reduces leakage in postmenopausal women with osteoporosis and urinary incontinence: 
result of a parallel randomised controlled trial. Neurology & Urodynamics. 2011;30(6):985. 

5. Ferreira S, Ferreira M, Carvalhais A, Santos PC, Rocha P, Brochado G. Reeducation of pelvic floor muscles in volleyball athletes. Revista da Associação Médica 
Brasileira. 2014;60(5):428-33. 

6. Jahromi MK, Talebizadeh M, Mirzaei M. The Effect of Pelvic Muscle Exercises on Urinary Incontinency and Self-Esteem of Elderly Females With Stress Urinary 
Incontinency, 2013. Global journal of health science. 2015;7(2):71. 

7. Kim H, Yoshida H, Suzuki T. The effects of multidimensional exercise treatment on community-dwelling elderly Japanese women with stress, urge, and mixed 
urinary incontinence: a randomized controlled trial. International journal of nursing studies. 2011;48(10):1165-72. 

8. Leong B, Mok N. Effectiveness of a new standardised Urinary Continence Physiotherapy Programme for community-dwelling older women in Hong Kong. Hong 
Kong Medical Journal 2015;21(1):30-7. 

9. McLean L, Varette K, Gentilcore‐Saulnier E, Harvey MA, Baker K, Sauerbrei E. Pelvic floor muscle training in women with stress urinary incontinence causes 
hypertrophy of the urethral sphincters and reduces bladder neck mobility during coughing. Neurourology and urodynamics. 2013;32(8):1096-102. 



 

 
 

1466 

10. Pereira VS, Correia GN, Driusso P. Individual and group pelvic floor muscle training versus no treatment in female stress urinary incontinence: a randomized 
controlled pilot study. European Journal of Obstetrics & Gynecology and Reproductive Biology. 2011;159(2):465-71. 

11. Rutledge TL, Rogers R, Lee S-J, Muller CY. A pilot randomized control trial to evaluate pelvic floor muscle training for urinary incontinence among gynecologic 
cancer survivors. Gynecologic oncology. 2014;132(1):154-8. 

 

Table 8 Studies comparing different PFMT programs included in the previous review (5th ICI) and current update (6th ICI) 

 Studies included in the previous 
review (5th ICI) 

New studies identified in this update 
(6th ICI) Total 

1. Supervision of training: amount of contact with health professionals 6 4 10 

2. Supervision of training: individual versus group supervision 6 2 8 

3. Exercise program: direct versus indirect exercises 6 2 8 

4. Exercise program: generic versus individualized exercises 1 0 1 

5. Exercise program: submaximal versus near maximal contractions 1 
 

0 1 

6. Exercise program: daily versus three times per week 1 0 1 

7. Exercise program: addition of upright exercise position 1 0 1 

8. Exercise program: addition of strength training to motor learning 1 1 2 

9. Exercise program: addition of abdominal or hip muscle exercises 1 3 4 

10. Exercise program: addition of intravaginal resistance device 3 2 5 

11. Exercise program: addition of adherence strategy 2 0 2 

12. Exercise program: addition of biofeedback 9 6 15 
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Table 9 Summary of data on different PFMT programs comparisons  

Author, year Comparator N Study population Modality details or parameters Outcomes/Results Follow-up Notes 

Cruz et al. 
2014 (1) -
Abstract 

Supervised PFMT 
(43) 
vs 
Unsupervised (36) 

79 Primigravidas with UI 
at 21-26 weeks of 
pregnancy 

Supervised group – 5-6 biweekly 
sessions supervised by a 
physiotherapist 
 
Unsupervised group: same 
treatment protocol 

Self-reported cure: 
Non- sign. difference btw groups in 
cure rate (p=0.052) 
Supervised 16/20 (74%) 
Unsupervised 10/21 (48%) 
ICIQ-SF :  
Supervised group pre-Tx8.1±3.7 to 
post-Tx1.2±2.5 
Unsupervised PFMT group pre-
Tx7.7±5.0 to post-Tx 4.7±5.6 
Sign. difference btw treatments 
(p=0.016) 

3 weeks Large dropout 
rate: 
23/43 
supervised 
PFMT 
15/36 
unsupervised 
PFMT 
 

Delgado et al. 
2013 (2) 
 
Abstract was 
included in the 
ICI 5th edition 

PFMT (24) 
vs 
PFMT + resistance 
device (28) 

52 Women with SUI or 
MUI (stress 
predominant) 

PFMT: As below without device  
PFMT +resistance; 5 quick and 5 
slow (sustained), high-intensity 
contractions daily. Advised to hold 
contractions as long as possible, 
relaxing their PFM for an 
equivalent time before repeating 
the process. Intravaginal 
resistance: instructions to use the 
Pelvic-Toner Device concurrently 
whilst exercising. Two clinic visits 
and one phone call 

Reported cure (based on the Q11 of 
the ICIQFluts) 
PFMT 0/13 
PFMT+resistance 1/15 
Non-sign. difference btw groups 
(p=0.429) 
Improvement (post-Tx) 
PFMT 10/19 
PFMT+resistance 11/21 
Non-sign. difference btw groups 
 

16 weeks of 
treatment, 
outcomes 
assessed at 
post-Tx and at 
6 month 
follow-up 

Dropouts (at 6 
month) 
PFMT 9/24 
PFMT + 
resistance 
15/28 
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Author, year Comparator N Study population Modality details or parameters Outcomes/Results Follow-up Notes 

Donahoe-
Filmore et al. 
2011 (3) 

PFMT (5) 
vs 
PFMT + hip 
muscle training (6) 
 

11 11 women with SUI 
(urodynamic 
diagnosis) 

PFMT: 10 repetitions of 10s PFM 
contraction/5-10s rest, 10 
repetitions of 1-2s contraction 10s 
contraction, PFM and transverse 
abdominis contraction 
PFMT + hip muscle training:  
PFMT training while performing 
resisted hip contraction with a ball 
/elastic band, 10 repetitions of 5s 
(PFM contraction+TrA+squeezing 
a ball) and 10 repetitions of 5s 
(PFM contraction+TrA+hip 
external rotation resisted with an 
elastic band) 
Both groups were instructed to 
perform the exercises twice a day, 
7 days/week for 12 weeks. Both 
also had 3 sessions supervised 
with a physiotherapist 

ICIQ-IU-SF 
Delta between treatments -5.0±4.7 
(p=0.35) 
UDI-6 
Delta between treatments 10.25±3.5 
(p=0.043) in favor of combined 
treatment 
Incontinence severity index 
Delta between treatments -5.25±2.48 
(p=0.139) 

12 weeks of 
treatment, 
outcomes 
assessed 
post-Tx 

Dropouts: 
PFMT (1/5) 
PFMT + hip 
muscle 
training (4/6) 
 
Results should 
be interpreted 
with caution 
(n=11) 
 

Ferreira et al. 
2012(4) 
(pilot RCT) 

Supervised PFMT 
(20) 
vs 
Unsupervised 
(home) PFMT (18) 

38 Women with mild to 
moderate SUI 
(urodynamic 
diagnosis) 

Both groups received a leaflet and 
attended a 1h educational session 
including verification of adequate 
PFM contraction 
Supervised PFMT:  
Same as home program + weekly 
45 min session 
Unsupervised (Home) PFMT:  
8-10 PFM contraction, 10s 
contraction followed by four quick 
contractions/5-10s rest, three 
times a day, in different positions 
for 6 months with monthly 
motivational phone call 

Self-reported cure/improvement:  
The rate of women who thought they 
were cured, almost cured, or feeling 
better was 100% in supervised PFMT 
and 64.7% in home PFMT (p=.018) 
7-day bladder diary:  
Supervised PFMT pre-Tx 11.3±5.1 to 
post-Tx 4.5±5.1 (p<.05) 
Unsupervised PFMT pre-Tx 11.3±5.7 to 
post-Tx 6.4±7.5 (p<0.05) 
Similar reductions on pad test were 
registered in both groups (p=0.125) 
Pad test: 
Supervised PFMT pre-Tx 3.6±1.9 to 
post-Tx 1.90±1.5 (p<0.05) 
Unsupervised PFMT pre-Tx 3.8±3.0 to 
post-Tx 2.0±2.0 (p<0.05) 
Similar reductions on pad test were 
registered in both groups (p=0.530) 

6 month of 
treatment, 
outcomes 
assessed 
post-Tx 

Dropout 
Supervised 
PFMT 3/20 
Unsupervised 
PFMT 1/18 
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Author, year Comparator N Study population Modality details or parameters Outcomes/Results Follow-up Notes 

Fitz et al. 2015 
(5)- abstract 

Supervised (25) 
vs 
Unsupervised (25) 

63 Women with 
predominance of SUI 
and more than 2 g of 
leakage (pad test) 

Supervised: 24 sessions, twice 
weekly. 3 sets of 30 contractions 
followed by 3 fast-twitch 
contractions 
 
Unsupervised: Same exercise 
protocol, appointment once a 
month for exercise adjustment 

Bladder diary: 
Post-Tx score in supervised 0.6±0.9 
and unsupervised group 0.9±1.4 
Non-sign. difference btw groups 
(p=0.944) 
Pad test 
Supervised 3.8±6.6 and unsupervised 
16.0±28.2 
Sign. difference btw groups (p=0.026) 
QoL 
Non sign. difference btw groups (0.661) 

3 months of 
treatment, 
outcome 
assessed at 
post-Tx 

13 dropouts 
(on is not 
mentioned in 
which group) 
 

Galea et al. 
2013 (6) 

PFMT (11) 
vs 
PFMT+BF (clinic) 
(12) 

23 Women with SUI or 
UUI 
 
(over 60 years old) 

PFMT: correct PFM contraction 
was verified through vaginal 
palpation at the first visit 
 
PFMT+BF: Ultrasound imaging 
was used as a visual BF. The 
visual feedback was progressively 
reduced throughout sessions 

King’s health questionnaire 
Non-sign. difference btw groups 
7-day bladder diary 
PFMT pre-Tx 2(5) to post-Tx 2(3)  
PFMT+BF pre-Tx 8(8) to post-Tx 3(5) 
Non-sign. difference btw groups 
(p=0.868) 
Pad test 
PFMT pre-Tx 2.1(11.3) to post-Tx 
0.2(4.2) 
PFMT+BF pre-Tx 6(54) to post-Tx 
0(4.8) 
Non-sign. difference btw groups 
(p=0.428) 

10 weeks of 
treatment, 
outcomes 
assessed at 3 
month post-Tx 

PFMT 0/11 
PFMT+BF 
1/12 
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Hirakawa et al. 
2013 (7) 

PFMT (23) 
vs 
PFMT +BF (home 
and clinic) (23) 

46 Women with SUI  
(more than 1 
episode per week) 

PFMT: 5 individually supervised 
sessions over 12 weeks of 
treatment. PFM contraction taught 
with palpation of the perineal 
body.10 repetitions of 5s 
contraction/10s rest, 10 repetitions 
of 2s contraction/4s rest, Knack, 
twice daily 
 
PFMT +EMG biofeedback: same 
as above but with EMG BF at 
home and at the clinic 

ICIQ-UI-SF: 
PFMT pre-Tx 12.0±3.5 to post-Tx 
8.3±3.5 (p<0.001) 
PFMT+BF: pre-Tx 11.2±3.9 to post-Tx 
7.8±3.3 (p=0.002) 
Non-sign. difference btw groups 
King’s health questionnaire 
Non-sign. difference btw groups 
Bladder diary 
PFMT pre-Tx 1.9±1.8 to post-Tx 
1.2±1.4 (p=0.028) 
PFMT+BF: pre-Tx 1.2±0.7 to post-Tx 
0.8±1.2 (non-sign.) 
Non-sign. difference btw groups 
Pad test: 
PFMT pre-Tx 11.7±18.9 to post-Tx 
7.7±15.4 (non-sign.) 
PFMT+BF: pre-Tx 21.3±38.2 to post-Tx 
9.9±15.1 (non-sign.) 
Non-sign. difference btw groups 

12 weeks of 
treatment, 
outcomes 
assessed 
post-Tx 

Dropouts: 
PFMT 3/23 
vs 
PFMT +BF 
4/23 
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Author, year Comparator N Study population Modality details or parameters Outcomes/Results Follow-up Notes 

Jordre et al. 
2014 (8) 

Resisted hip 
rotation training 
(14) 
vs 
PFMT (16) 

30 30 SUI women (with 
at least 2 SUI 
episodes per month) 

Resisted hip rotation: 
-10 hip external/internal rotation 
during breathing 
-10 repetitions each of hip external 
rotation (resistance band) and 
internal rotation (with a ball) 
No PFM contraction 
PFMT: 
20 5s contraction and 20 quick 
flicks 
Vaginal palpation was performed 
only when required 
 
 
Both programs were performed 
twice daily. 
Weekly recheck were scheduled 
(in person or over the phone) 

Subjective improvement 
Hip training 69.6±21.4 post-Tx 
PFMT 52.8±32.2 post-Tx 
Non-sign. difference btw groups 
(p=0.24) 
UDI 
Hip training: pre-Tx 142.3±69.8 to post-
Tx 79.8±56.6 (p=0.02) 
PFMT: pre-Tx 145.2±54.0 to post-Tx 
77.7±60.4 (p<0.01) 
Non-sign. difference btw groups 
(p=0.90) 
IIQ 
Hip training: pre-Tx 151.3±77.2 to post-
Tx 122.5±68.2 (p=0.03) 
PFMT: pre-Tx 140.7±39.4 to post-Tx 
119.8±59.6 (p<0.01) 
Non-sign. difference btw groups 
(p=0.70) 
Bladder diary  
Hip training: pre-Tx 5.2±6.2 to post-Tx 
0.1±0.1 (p<0.01) 
PFMT: pre-Tx 3.3±3.5 to post-Tx 
1.1±3.4 (p<0.01) 
Women received hip training had sign. 
more reduction of UI episodes (p=0.03) 

6 weeks of 
treatment, 
outcomes 
assessed 
post-Tx 

Dropout 
Resisted hip 
rotation 2/14 
vs 
PFMT1/16 
 

Jungin et al. 
2014 (9) 

PFMT with bladder 
neck effective 
relearning (42) 
vs 
PFMT (38) 
 

80 Women with SUI or 
MUI 

PFMT with bladder neck effective 
relearning: PFM contraction and 
Knack taught with ultrasound 
biofeedback 
3 sessions supervised over 3 
months of treatment 
PFMT: PFMT with EMG 
biofeedback - 3 supervised 
sessions. 
PFM contractions (80% of the 
maximum, 8s contraction/10 s rest, 
for 10 min) 

Improvement: 
PFMT with bladder neck effective 
10(28%) had some improvement and 
15 (42%) reported great improvement 
PFMT 12 (46%) and 8 (31%) had some 
and great improvement, respectively 
Non-sign. difference btw the two 
groups (p=0.365) 
There were 14 women in the PFMT 
group who switch group after trial 
completion 

3 months of 
treatment, 
outcomes 
assessed 
post-Tx 

Dropouts: 
PFMT with 
bladder neck 
effective 
relearning 
6/42 
PFMT 7/38 
 



 

 
 

1472 

Author, year Comparator N Study population Modality details or parameters Outcomes/Results Follow-up Notes 

Kashanian et 
al. 2011 (10) 

PFMT (50) 
vs 
PFMT + resistance 
device (41) 

91 Women with SUI or 
MUI 

PFMT: 6-8s contraction/6s rest 
Twice daily for 15 min 
 
PFMT + resistance device: twice 
daily for 15 min 

Number of UI (self-reported) 
The data were categorized in ranges of 
different frequencies. 
Sign. changes in both groups 
(p<0.0001) 
Non-sign. difference btw groups 
UDI 
PFMT pre-Tx 45.1±15.5 to post-Tx 
71.8±11.2 (p<0.0001) 
PFMT + resistance pre-Tx 39.9±13.5 to 
post-Tx 69.9±10.1 (p<0.0001) 
Non-sign. difference btw groups 
(p=0.418) 
IIQ 
PFMT pre-Tx 44.7±23.0 to post-Tx 
67.7±20.20 
(p<0.0001) 
PFMT+resistance pre-Tx 37.2±12.10 to 
post-Tx 62.52±12.13 
(p<0.0001) 
Non-sign. difference btw groups 
(p=0.162) 

12 weeks of 
treatment, 
outcomes 
assessed 3 
month post-Tx 

Dropouts: 
PFMT 4/50 
PFMT + 
resistance 
device 2/41 
 

Kim et al. 2012 
(11) 

Supervised PFMT 
+ trunk 
stabilization (10) 
vs 
Unsupervised 
PFMT + trunk 
stabilization (10) 
 

20 Women with 
postpartum UI 

Supervised PFMT and trunk 
stabilization: 23 1-h sessions, 3x/ 
week, for eight weeks; PFM 
contractions in different positions 
 
Unsupervised: same protocol but 
only one demonstration session 

Bristol Female Lower Urinary Tract 
Symptom questionnaire – 
Urinary symptoms  
(changes) 
Supervised –27.22±6.20 
Unsupervised–18.22±5.49 
Quality of life 
Supervised–5.33±2.96 
Unsupervised –1.78±3.93) 
Total score 
Supervised –32.56±8.17 
Unsupervised –20.00±6.67) 
All outcomes favored the supervised 
group (P<0.05) 

8 weeks of 
treatment, 
outcomes 
assessed 
post-Tx 

Dropout: 
Supervised 
1/10 
Unsupervised 
1/10 
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Konstantinidou 
et al. 2013 
(12)- abstract 
 
 
Results were 
also presented 
in two other 
abstracts 
(13, 14) 
It should be 
underlined that 
lower sample 
size were 
reported in the 
2011 abstract. 

PFMT (25) 
vs 
PFMT + transverse 
abdominis 
exercises (21) 
 

46 Women with SUI or 
MUI (stress 
predominant) 
 
(minimum of 7 
episodes per week 
and a 3-4 score at 
the Oxford scale) 

PFMT monotherapy 
 
Transverse abdominis exercises 
combined with PFMT 
 
Limited information was provided 
about the training protocol 

KHQ 
PFMT: pre-Tx 342.9±28.2 to post-Tx 
198.3±18.4 (p<0.0001) 
PFMT+TrA : pre-Tx 327.1±38.4 to post-
Tx 193.1±24.7 (p=0.0003) 
Non-sign. difference btw the two 
groups (p=0.76) 
Bladder diary 
PFMT: pre-Tx 4.36±0.6 to post-Tx 
1.8±0.3, (p<0.0001) 
PFMT+TrA : pre-Tx 3.4±0.4 to post-Tx 
1.2±0.2 (p<0.0001) 
Non-sign. difference btw groups 

3 months of 
treatment, 
outcomes 
assessed 
post-Tx 

Dropouts are 
not reported 
 

Lamb et al. 
2009 (15) 

Group PFMT (111) 
vs 
Individual PFMT 
(63) 

174 Women with SUI 
and/or UUI 

Group PFMT: Three 1h session for 
3 weeks, 
average of 10 women per class, 
individual assessment with PFM 
examination if required 
 
Individual PFMT: Same as group 
intervention but individually 
supervised 

Symptoms severity index 
Group changes from baseline 
2.34±0.44 
Individual changes from baseline 
1.71±0.57 
Non-sign. difference btw groups 
(p=0.38) 
Self-rated assessment of treatment 
benefit 
Group changes from baseline 
5.37±0.29 
Individual changes from baseline -
6.34±0.38 
Higher perceived benefit for individual 
treatment (p=.0462) 
Incontinence related QoL 
Group changes from baseline -
14.40±1.75 
Individual changes from baseline -
14.81±2.50 
Non-sign. difference btw groups (p=.89) 

3 weeks of 
treatment, 
outcomes 
assessed 6 
months after 
randomisation 

Dropout: 
Group PFMT 
13/111 
Individual 
PFMT 3/63 
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Liebergall-
Wischnitzer et 
al. 2013 (16) 
 
(This is a 
follow-up of the 
2009 study) 

Paula method 
(119) 
vs 
PFMT (126) 

245 Women with SUI Paula : 12 individual 45-min 
session 
 
PFMT : 6 group sessions over 12 
weeks 
 

Frequency of UI 
(low or high) 
No sign. deterioration of UI in 6 months 
in both groups 
Paula method: 25 (39.7%)  
reported a low frequency rate of 
UI episodes  
PFMT: 18 (22.8%) in the PFMT group 
reported a low frequency 
Sign. difference btw groups (p=0.03) 
 
 

12 weeks of 
treatment, 
follow-up at 6-
month post-Tx 

Dropout 
Paula 55/119 
PFMT 47/126 
 
The two 
groups 
differed 
according to 
the amount of 
supervision 
received 
(PFMT had 
group 
supervision 
and less 
sessions). 

Manonai 2013 
(17) -abstract 

PFMT  
vs 
PFMT +BF (home) 
 
(sample size in 
each group not 
specified) 

61 Women with SUI PFMT: verbal instruction about 
PFM contraction, 15 min of PFM 
exercises, three times a day for 16 
weeks 
 
PFMT+BF: same as above but 
with pressure BF 

Incontinence related QoL 
PFMT pre-Tx 51.1±15.9 to post-Tx 
70.6±15.5 (sign.) 
PFMT+BF: pre-Tx 53.9±18.3 to post-Tx 
72.6±10.81 (sign.) 
Non-sign. difference btw groups 

16 weeks of 
treatment, 
outcomes 
assessed 
post-Tx 

Dropouts: one 
in each groups 
 

Marques et al. 
2014 (18)- 
abstract 
 
(19) protocol 

PFMT (15) 
vs 
PFMT + hip 
muscle training 
(20) 

35 Women with SUI 
(urodynamic 
diagnosis) 

Both groups received 20 
individually supervised sessions, 
twice a week 
 
PFMT:  
PFM contraction verified by 
vaginal palpation in the first 8 
sessions 
 
PFMT: same PFMT program with 
the addition of hip muscle 
strengthening (with progressive 
increases in loads) 
 
 

Bladder diary (5 days) 
Non-sign difference btw the two groups 
(p=0.172) 

10 weeks of 
treatment, 
outcomes 
assessed 
post-Tx 

Dropout not 
reported 
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Pereira et al. 
2011 (20) 

Group PFMT (17) 
vs 
Individual PFMT 
(17) 
vs 
Control (15) 
 

49 Women with SUI Group PFMT: Two 1h weekly 
sessions for 6 weeks. 
Approximately 100 contractions 
(3s contraction/6s rest and 5-10 s 
contraction/10-20 rest). 
Contraction taught individually at 
baseline 
 
Individual PFMT 
Same as above but individually 
supervised 
 
Control (15) 
No treatment 

1-h pad test: 
Group: pre-Tx 1.88±2.85 to post-Tx 
0.46±0.45 (p=0.05) 
Individual: pre-Tx 4.22±5.21 to post-Tx 
0.45±0.90 (p=.0006) 
Non-sign. difference btw groups 
King health questionnaire 
Only the personal relationships and 
emotion differed btw the two groups 
and favored individual PFMT (p.043) 

6 weeks of 
treatment, 
outcomes 
assessed 
post-Tx 

Dropout: 
Group PFMT 
2/17 
Individual 
PFMT 2/17 
Control 0/15 
 
No adverse 
effects 
reported 
 

Ong et al. 2015 
(21) 
 
Results also 
presented in 
the following 
abstracts (22, 
23) 

PFMT (19) 
vs 
PFMT+ BF (home 
and clinic) (21) 

40 Women with SUI PFMT: 4 sessions individually 
supervised (20-min), 3-5 sets of 10 
repetitions (3-10s contraction/ 3-
10s rest). 3-5 sets of 10 repetitions 
(2s contraction/2s rest) 
 
PFMT + biofeedback: 
Same as above but with use of the 
Vibrance device at home and in 
the clinic  

Subjective cure (based on the Q6 of 
the Australian pelvic floor 
questionnaire) 
PFMT 10/16 
PFMT+BF 12/21 
Non-sign. difference btw groups 
(p=.742) 
 
Australian pelvic floor questionnaire 
(total score) 
PFMT post-Tx 7.8±5.1 
PFMT+BF post-Tx 11.3±8.3 
Non-sign. difference btw groups 
(p=0.157) 

16 weeks of 
treatment, 
outcomes 
assessed at 4 
weeks of 
treatment and 
post-Tx 

Dropouts: 
PFMT 3/19 
PFMT+ 
biofeedback 
0/21 
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Prudencio 
2014 
(24) abstract 

PFMT (51) 
Vs 
PFMT+VC (55) 
Vs 
PFMT+BF (clinic) 
(50) 

156 SUI women The 3 groups received 20 sessions 
of 45 min (twice a week for 3 
months). 
PFMT included isolated rapid and 
sustained contractions of the PFM 
and at the end functional exercises 
with contraction of the same 
muscle group by differentiating just 
the use or not of associated 
instruments. 
 
(No further information was 
provided on treatment in the 
abstract) 

Cure of SUI 
Non-sign. difference btw groups 
(p=0.267) 
PFMT 39.2% (20/51continent) 
PFMT+BF 44% (22/50continent) 
KHQ: 
The 3 groups significantly improved 
from baseline (p<0.001) 
PFMT preTx74±18 to postTx43±17 
(p<0.001) 
PFMT+BF preTx70±21 to postTx50±15 
Sign. Difference btw groups (p<0.001). 
It is not specified which groups differ 
 

3 months Dropout not 
specified 
 

Shin et al. 
2012 (25) 
 
Results also 
presented in 
the following 
abstracts  
(26, 27) 

PFMT (30) 
vs 
PFMT+BF (home) 
(30) 

60 Women with UI (type 
not specified) 

PFMT: 20 min, twice a day, 
5x/week for 6 months 
 
PFMT +BF: same as above but 
with the pressure device 

ICIQ-SF: 
PFMT pre-Tx 8.8±4.7 to post-Tx 
8.2±5.1 (non-sign.) 
PFMT+BF: pre-Tx 9.0±3.9 to post-Tx 
7.0±2.7 (p<0.05) 
KHQ 
PFMT pre-Tx 6.84±15.9 to post-Tx 
59.2±19.2 (non-sign.) 
PFMT+BF: pre-Tx 69.5±14.2 to post-Tx 
48.7±12.3 (p<0.001) 
Bladder diary 
PFMT pre-Tx 9.7±3.3 to post-Tx 
8.0±3.2 (non-sign.) 
PFMT+BF: pre-Tx 8.6±4.0 to post-Tx 
5.1±4.6 (p<0.001) 
Comparison btw groups not reported. 
Sign. reduction of leakage frequency, 
KHQ and ICIQ occurred in BF group 
but not in PFMT group 

6 months of 
treatment, 
outcomes 
assessed at 6 
weeks and 6 
months 

Dropouts : 
PFMT 6/30 
vs 
PFMT+BF 
(home) 0/30 
 

1. Cruz C, Riesco ML, Zanetti M. Supervised pelvic floor muscle training to treat urinary incontinence during pregnancy: A randomized controlled trial. Neurourol 
Urodyn. 2014;33(6(Abstract#403)):867-8. 

2. Delgado D, White P, Trochez R, Drake MJ. A pilot randomised controlled trial of the pelvic toner devicein female stress urinary incontinence. Int Urogynecol J 
2013;24:1739-45. 



 

 
 

1477 

3. Donahoe-Fillmore B, Chomy W, Brahler CJ, Ingley A, Kennedy J, Osterfeld V. A comparison of two pelvic floor muscle training programs in females with stress 
urinary incontinence: A pilot study. The Journal of Applied Research. 2011;11(2):73-83. 

4. Ferreira M, Clara P, Duarte JA, Rodrigues R. Exercise programmes for women with stress urinary incontinence. Primary Health Care. 2012;22(3):24-7. 

5. Fitz FF, Stupp L, Costa TF, Sartori MG, Girao MJ, Castro RA. Supervised versus non-supervised pelvic floor muscle training for stress urinary incontinence: 
Randomized controlled trial. Int Urogyn J. 2015;26(Suppl1):145-6. 

6. Galea M, Tisseverasinghe S, Sherburn M. A randomised controlled trial of transabdominal ultrasound biofeedback for pelvic floor muscle training in older women 
with urinary incontinence. Australian and New Zealand Continence Journal. 2013;19(2):38-44. 

7. Hirakawa T, Suzuki S, Kato K, Gotoh M, Yoshikawa Y. Randomized controlled trial of pelvic floor muscle training with or without biofeedback for urinary incontinence. 
International Urogynecology Journal. 2013;24(8):1347-54. 

8. Jordre B, Schweinle W. Comparing resisted hip rotation with pelvic floor muscle training in women with stress urinary incontinence: A pilot study. J Womens Health 
Phys Therap. 2014;38(2):81-9. 

9. Junginger B, Metz M, Baessler K. Comparison of a bladder neck effective pelvic floor rehabilitation program and EMG-biofeedback augmented pelvic floor muscle 
training: a randomized controlled trial Neurourology and Urodynamics 2014;33(6):970-1. 

10. Kashanian M, Ali SS, Nazemi M, Bahasadri S. Evaluation of the effect of pelvic floor muscle training (PFMT or Kegel exercise) and assisted pelvic floor muscle 
training (APFMT) by a resistance device (Kegelmaster device) on the urinary incontinence in women "comparison between them : a randomized trial". European 
Journal of Obstetrics & Gynecology and Reproductive Biology. 2011;159(1):218-23. 

11. Kim EY, Kim SY, Oh DW. Pelvic floor muscle exercises utilizing trunk stabilization for treating postpartum urinary incontinence: randomized controlled pilot trial of 
supervised versus unsupervised training. Clinical Rehabilitation. 2012;26(2):132-41. 

12. Konstantinidou E, Kalaitzi M, Mytilekas K, Mikos T, Ioannides E, Hatzichristou D. Is there a role for training of the transversus abdominis muscles in the physiotherapy 
schemes applied in the treatment of female urinary incontinence? . Proceedings of the 43rd Annual Meeting of the International Continence Society (ICS). 2013. 

13. Konstantinidou E, Kalaitzi M, Mytilekas K, Ioannides E-I, Hatzichristou D, Apostolidis A. Does the type of physiotherapy affect the quality of life and clinical outcomes 
in female urinary incontinence? A comparative study of two physiotherapy schemes European Urology Supplements 2013;12(1):e733. 

14. Konstantinidou E, Mikos T, Kalaitzi M, Oeconomou A, Mytilekas K, Papameletiou V. Real-time ultrasonographic evaluation of the levator ani and transversus 
abdominis muscles: is there a role in female urinary incontinence? . Neurourology and Urodynamics 2011;30(6):1111-2. 

15. Lamb SE, Pepper J, Lall R, Jorstad-Stein EC, Clark MD, Hill L, et al. Group treatments for sensitive health care problems: a randomised controlled trial of group 
versus individual physiotherapy sessions for female urinary incontinence. BMC Womens Health. 2009;9:26. 

16. Liebergall-Wischnitzer M, Paltiel O, Lavy Y, Shveiky D, Manor O, Hochner-Celnikier D. Long-term efficacy of Paula method as compared with pelvic floor muscle 
training for stress urinary incontinence in women. J Wound Ostomy Continence Nurs. 2013;40(1):90-6. 

17. Manonai J, Kamthaworn S, Petsarb K, Wattanayingcharoenchai R. Development of a pelvic floor muscle strength evaluation device Neurourology and Urodynamics. 
2013;32(6):657-8. 



 

 
 

1478 

18. Marques S, Haddad J, Passaro A, Silveira S, Baracat E, Ferreira E. Effectiveness of the strengthening of pelvic floor muscles, adductors of hip, gluteus maximus 
and gluteus medius in the treatment of stress urinary incontinence: blind randomized clinical trial - partial results. Proceedings of the 44th Annual Meeting of the 
International Continence Society (ICS). 2014. 

19. Marques S. Comparison of the Efficacy of Two Kinesiotherapy Protocols for Stress Urinary Incontinence in Women: Randomized Blind Clinical Trial. Ref ID: 61587 
Trials registry number(s): NCT01948713. 2013. 

20. Pereira VS, Correia GN, Driusso P. Individual and group pelvic floor muscle training versus no treatment in female stress urinary incontinence: a randomized 
controlled pilot study. European Journal of Obstetrics & Gynecology and Reproductive Biology. 2011;159(2):465-71. 

21. Ong TA, Khong SY, Ng KL, Ting JRS, Kamal N, Yeoh WS, et al. Using the Vibrance Kegel Device With Pelvic Floor Muscle Exercise for Stress Urinary Incontinence: 
A Randomized Controlled Pilot Study. Urology. 2015;86(3):487-91. 

22. Jesse T, Teng A, Azad R, Keng L, Su Y, Prevathe P, et al. A randomized control trial to compare the effectiveness of pelvic floor exercises with the vibrance kegel 
device compared to standard kegel pelvic floor exercises for the treatment of stress urinary incontinence in females International Journal of Urology 2012;19 (Suppl 
A1):214. 

23. Ng K, Ting J, Ong T, Khong S, Razack A. Randomised controlled trial comparing standard pelvic floor muscle exercises versus vibrance kegel device enhanced 
pelvic floor muscle exercises in women with urinary stress incontinence. BJU International. 2013;111(Suppl 1):107. 

24. Prudencio C, Barbosa A, Derobio AL, Anezio A, Vesentini G, Almeida AP, editors. Comparison of three physiotherapy methods for treatment of stress urinary 
incontinence: impact in quality of life and muscle function. Proceedings of the 44th Annual Meeting of the International Continence Society (ICS), 2014 Oct 20-24, 
2014; 2014; Rio de Janeiro, Brazil. 

25. Shin J, Sul C, Na Y, Song K, Lim J, Yun C, et al. Effectiveness of perinometer biofeedback pelvic floor muscle exerciser with ExTT-101tm in female stress urinary 
incontinence. Proceedings of the 42nd Annual Meeting of the International Continence (ICS) (Beijing, China). 2012. 

26. Shin J, Song K, Na Y, Lim J, Sul C, Hwang E, et al. Effectiveness of Biofeedback Training with EXTT-101TM in Female Stress Urinary Incontinence. Urology. 
2011;78(3):S399. 

27. Na Y, Lim J, Song K, Sul C, Shin J, Oh T, et al. Effectiveness of biofeedback training with ExTT-101 (trademark) in female stress urinary incontinence: Portable self 
education system. International Urogynecology Journal. 2011;22(3):S1819. 

 



 

 
URINARY INCONTINENCE IN WOMEN  1479 

 

Quality of data 

Of the 20 RCTs, 12 provided sufficient detail support-
ing adequate randomisation and allocation conceal-
ment methods (34, 50, 65-74). Of these, seven RCTs 
stated that the outcome assessors were blinded (34, 
65-70). Pereira et al. (50) reported adequate random-
isation and concealment but the evaluators were not 
blinded. Of the remaining eight RCTs, seven did not 
report sufficient information on allocation conceal-
ment methods and had unblinded assessors (75-81). 

None of the included trials was large and half (10/20) 
included only 20 to 51 participants per group (65, 68, 
69, 72, 74, 75, 77, 79-81). Eight had fewer than 20 
participants per comparison group (34, 50, 70, 71, 73, 
76, 78, 82). Six of the eight were reported as a pilot 
study (70-73, 76, 78). Only two RCTs had a larger 
sample size involving a total of 174 (66) and 245 
women (67). 

In four RCTs, a dropout rate of more than 46% in one 
study arm was reported. For instance, Dohanhoe et 
al. (78) reported 60% dropout in the PFMT combined 
with hip training and 20% in the PFMT group. 
Delgado et al. (72) had 37% and 57% in the PFMT 
group and PFMT combined with resistance, 
respectively. Liebergall-Wischnitzer et al. (67) 
reported a 46% and 37% dropout rate in the paula 
and PFMT group, respectively while Cruz et al. (65) 
had 42-53% dropout in the supervised and 
unsupervised PFMT group. The results of these 
RCTs should therefore be interpreted with extreme 
caution (65, 67, 72, 78). 

Ongoing RCTs 

Based on a research on protocol registry database, 
there is currently one ongoing large non-inferiority 
RCT comparing group versus individual supervised 
PFMT (83) (comparison 2). Involving 364 elderly 
women with SUI or MUI, this study is expected to be 
completed by March 2017. Moreover, the study of 
Buen et al. (84) is also ongoing and will compare the 
efficacy of PFMT and Pilates in preventing and 
treating UI (N=80) (comparison 3). The study of 
Navarro et al. (85) will evaluate the efficacy of 
hypopressive exercises in 78 women with various 
pelvic floor disorders including UI (comparison 3). 
Expected in July 2017, the study of Radlinger et al. 
(51) will assess the benefit of adding motor learning 
to PFMT in 96 women suffering from SUI or MUI 
(Comparison 8). Rao et al. (86) undertook a study 
comparing the addition of abdominal muscle training 
to PFMT in 300 women (Comparison 9). Three 
upcoming RCTs will assess the benefit of adding 
clinic-based BF to PFMT (87-89).  

Results 

• Comparison 1. Supervision of training: amount of 
contact with health professionals? 

Subgroup 1.1: additional group supervision 

No further studies investigated the effect of adding an 
additional supervised group exercise session. 

Subgroup 1.2: additional phone calls 

No new studies investigated the effect of adding su-
pervisory phone calls to PFMT programmes. 

Subgroup 1.3: individual supervision versus no su-
pervision 

Four new RCTs were included in this comparison (34, 
65, 71, 75). The PFMT programmes evaluated dif-
fered with regard to the amount of health-professional 
contact but were similar in type and quantity of PFM 
exercises. 

Self-reported cure: Women in the supervised group 
were more likely to report cure in comparison with 
women following unsupervised PFMT (71). Although 
non-statistically significant, Cruz et al. (65) also re-
ported a higher cure rate in the supervised group. 

Improvement: Two RCTs reported improvement in UI 
symptoms as assessed with validated questionnaires 
(34, 65). Both showed that women receiving super-
vised treatment reduced their UI symptoms signifi-
cantly more than women in the unsupervised arm (34, 
65). 

Leakage episodes: There was no statistically signifi-
cant difference in the number of leakage episodes 
when comparing supervised and unsupervised PFMT 
in women (71, 75). 

Pad tests: Two of the four RCTs measured UI severity 
with pad testing (71, 75). Fitz et al. (13) showed that 
supervised treatment resulted in a more significant 
reduction of leakage than unsupervised PFMT while 
Ferreira et al. (71)  reported a non-significant differ-
ence. 

• Comparison 2. Supervision of training: individual 
versus group  

Two new RCTs were included in this comparison; 
both studies used the same PFMT program and dif-
fered only according to the type of supervision (group 
vs individual). It should also be underlined that Pe-
reira et al. (50) conducted an individual assessment 
of the PFM to teach active PFM contraction to all 
women prior to class training while Lamb al. (66) in-
cluded this assessment only when required. 

Self-reported cure: No data were reported. 

Improvement: Non-significant differences in the 
symptom severity index were found between group 
and individual PFMT in the study of Lamb et al. (66) 
However, both Lamb et al. (66) and Pereira et al. (50) 
favoured individual treatment with regard to self-rated 
treatment benefits and the impact of UI (personal re-
lationships and emotion domains), respectively. The 
study of Pereira et al. (50) involving 17 women per 
group, may be insufficiently powered to detect signif-
icant difference between groups. In the study of Lamb 
et al. (66), a large sample was included (n=174). 
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However, the information was limited in regard to 
whether this sample was sufficient to conclude treat-
ment equivalence (as per sample size calculation in 
non-inferiority design). 
Leakage episodes: No data were reported. 

Pad test: Only the study of Pereira et al. (50) used the 
pad test and reported a non-significant difference be-
tween the two groups. 

• Comparison 3. Exercise programme: direct ver-
sus indirect exercises 

This comparison encompassed six subgroups evalu-
ating direct versus indirect training. In “direct” PFMT, 
women specifically performed voluntary contractions 
of the pelvic floor muscles while in the “indirect” 
PFMT, women focused on other muscle groups in or-
der to facilitate or stimulate pelvic floor muscle con-
tractions. 

Subgroup 3.1: PFMT versus sham/imitation 

No new studies were found comparing PFMT to sham 
or imitation PFMT treatments (e.g. crossing the an-
kles and pulling the legs apart). 

Subgroup 3.2: PFMT versus the 'Paula method' 

The previous ICI chapter on conservative manage-
ment included the study of Liebergall-Wischnitzer et 
al. (90) comparing PFMT to the Paula method. The 6-
month follow-up of this study was included in the cur-
rent review (67). It should be emphasized that the two 
groups did not receive the same amount of supervi-
sion by a health professional because the Paula 
group was individually supervised and the PFMT 
group had group teaching. 

Subgroup 3.3: PFMT versus the 'Sapsford' approach 

Our search revealed no new RCTs evaluating incon-
tinence outcomes for this subgroup. 

Subgroup 3.4: PFMT versus Pilates 

No new RCT were found evaluating Pilates treatment 
in comparison to PFMT. 

Subgroup 3.5: PFMT versus hip rotator training 

One RCT was included in this subgroup evaluating 
the effectiveness of hip external and internal rotator 
training compared to PFMT (76). 

Subgroup 3.6: PFMT versus hypopressive training 

Our search revealed no RCT including hypopressive 
training conducted in women with UI. 

Self-reported cure: No data were reported in the dif-
ferent sub-groups. 

Improvement: Liebergall-Wischnitzer et al. (67) in 
subgroup 3.2 showed that UI results were maintained 
at the 6-month follow-up in both the Paula method 
and the PFMT groups. Women who received the 
Paula method intervention were more likely to report 

a lower rate of UI than women after PFMT. In sub-
group 3.5, non-significant differences were found be-
tween hip rotator training and PFMT with regard to 
subjective UI improvement and UI symptoms and re-
lated impact (76). 

Leakage episodes: Jordre et al. (76), subgroup 3.5, 
reported that women who received hip training had 
significantly fewer UI episodes than women in the 
PFMT group. 

Pad test: Neither of the two new RCTs used pad-test-
ing measurements. 

• Comparison 4. Exercise programme: generic 
versus individualized exercises 

No further evidence was available. 

• Comparison 5. Exercise programme: submaxi-
mal versus near maximal contractions  

No further evidence was available. 

• Comparison 6. Exercise programme: daily ver-
sus three times per week. 

No further evidence was available. 

• Comparison 7. Exercise programme: addition of 
upright exercise position.  

No further evidence was available. 

• Comparison 8. Exercise programme: addition of 
strength training to motor learning. 

Junginger et al. (68) evaluated PFMT and motor re-
learning taught with ultrasound imaging in compari-
son to regular PFMT using EMG biofeedback in 
women with SUI or MUI. Both groups had the same 
amount of contact with health professionals. 

Self-reported cure: No data were reported. 

Improvement: There was no difference between the 
two groups in the number who reported ‘some’ or 
‘great’ improvement. However, women in the PFMT 
group were more likely to switch to the motor relearn-
ing group at RCT completion. 

Leakage episodes: No data reported. 

Pad tests: The pad-testing measure was not included 
(68). 

• Comparison 9. Exercise programme: addition of 
abdominal or hip muscle exercises. 

This comparison encompassed two subgroups eval-
uating the addition of either abdominal muscle (sub-
group 9.1) or hip muscle (subgroup 9.2) training to 
PFMT. 

Subgroup 9.1: PFMT vs PFMT+ abdominal muscle 
exercises 
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One new RCT evaluates the effectiveness of adding 
transverse abdominis exercises to PFMT (77). Lim-
ited information was available about the training pro-
tocol in this abstract report. 

Subgroup 9.2: PFMT vs PFMT+ hip muscle exercises 

Two RCTs investigated the addition of hip muscle ex-
ercises to PFMT in women with SUI (78, 82). The 
same amount of health-professional supervision was 
given to each group (78, 82). 

Self-reported cure: No trial reported this outcome. 

Improvement: There was no significant benefit of 
adding abdominal muscle exercises to PFMT in the 
study of Konstantinidou et al. (77) (subgroup 9.1). 
Likewise, Donahoe-Fillmore et al. (78) showed a non-
significant difference between adding hip muscle ex-
ercises to PFMT training as assessed with the King’s 
health question and the Incontinence Severity Index 
(sub-group 9.2). Results from the UDI-6 question-
naire, favoured the combined treatment (78). These 
findings should be interpreted with caution given the 
small sample size of Donahoe-Fillmore et al.’s study 
(78) (n=11).  

Leakage episodes: Non-significant differences in 
leakage episodes were found when adding ab-
dominal muscle (77) or hip muscle exercises (82). 

Pad and paper towel tests: No data were reported. 

• Comparison 10. Exercise programme: addition 
of intravaginal resistance device 

The study of Delgado et al. (2009) (91), presented as 
an abstract, was included in the previous ICI edition. 
The complete published manuscript has now been in-
cluded in the current review (72) along with a new 
study evaluating the addition of an intravaginal re-
sistance device to PFMT in women with SUI or MUI 
(69). Both RCTs were the same in all aspects except 
that one group used an intravaginal device designed 
to increase resistance to the PFM contraction. In both 
RCTs, the resistance device was composed of a 
spring-loaded device with two limbs (69, 72). 

Self-reported cure: There was no statistically signifi-
cant difference between the groups in terms of the 
number of women who indicated they were ‘cured’ 
(72). 

Improvement: There was no statistically significant 
difference between the groups in terms of self-re-
ported improvement and reduction of symptoms as 
assessed with standardised questionnaires (69, 72). 

Leakage episodes: No data were reported for this 
outcome. 

Pad and paper towel tests: No data reported. 

• Comparison 11. Exercise programme: addition 
of adherence strategy 

No new RCTs investigated the efficacy of adding ad-
herence strategies to PFMT. 

• Comparison 12 Teaching programme: Addition 
of biofeedback (BF)  

Six new RCTs compared PFMT alone to PFMT as-
sisted with BF (70, 73, 74, 79-81). In these RCTs, the 
comparison groups were similar according to the 
amount of supervision and the intensity of training; 
they differed only with regard to the addition of bio-
feedback. 

Two RCTs investigated clinic-based BF using pres-
sure perineometry (79) and ultrasound imaging (70). 
Prudencio et al. (79) included women with SUI while 
Galea et al. (70) also evaluated women with UUI. Du-
ration of treatment varied from 10 weeks (70) to 3 
months (79). 

Four RCTs evaluated home-based biofeedback using 
a Vibrance device (73), EMG BF (74) and pressure 
BF (80, 81). Of these, three were conducted in 
women with SUI (73, 74, 81) and one did not specify 
the type of UI of women included (80). In all RCTs, 
the same PFMT program was used in the comparison 
groups and differed only with regards to the addition 
of BF. Treatment duration varied from 12 weeks (74), 
16 weeks (73, 81) and 6 months (80). 

Self-reported cure: There was no statistically signifi-
cant difference in terms of the number of women who 
indicated they were ‘cured’ between PFMT alone or 
combined with home-based (73) or clinic-based BF 
(79).  

Improvement: Galea et al. (70) reported a non-signif-
icant benefit of adding clinic-based BF as assessed 
with the King’s health questionnaire. Using the same 
questionnaire, Prudencio et al. (79) conversely re-
ported a significant difference between groups but did 
not reveal which of the three treatment arms differed. 
With regard to home-based BF, three of the four 
RCTs reported a non-significant difference between 
PFMT combined or not with BF. Shin et al. (44) did 
not conduct any inter-group comparisons but re-
ported a significant reduction of incontinence only in 
the group which received BF. 

Leakage episodes: Galea et al. (70) found a non-sig-
nificant difference in leakage episodes in women re-
ceiving or not clinic-based BF. Likewise, non-signifi-
cant benefits were found when adding home-based 
BF to PFMT (74). 

Pad and paper towel tests: Galea et al. (70) reported 
a non-significant benefit of adding clinic-based BF to 
PFMT as assessed with pad-testing measurements. 
Also, Hirakawa et al. (74) found a non-significant dif-
ference between women receiving or not home-
based BF. 
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Summary 

Based on current evidence, PFMT with regular (e.g. 
weekly) supervision is better than PFMT with little or 
no supervision (Level of Evidence: 1). However, 
data were unclear as to whether supervision was 
more effective in individual or group settings. Suffi-
ciently powered studies using appropriate design 
should be undertaken to investigate this comparison. 

Based on limited evidence (6 previous RCTs and 2 
new RCTs), 'indirect' methods of PFMT (e.g. the 
'Paula method' or 'Sapsford' approach) are not better 
than direct PFMT, However, some data were con-
founded by differences in the amount of contact time 
with health professionals or the small sample size, 
which made it difficult to detect clinically significant 
differences (Level of Evidence 2: unchanged). 

No robust recommendation can be made with regard 
to the type or specification of training (i.e. generic ver-
sus individualized exercises, submaximal versus 
near maximal contractions, daily versus three times 
per week, addition of upright exercise position).  

There remains insufficient evidence as to whether the 
combination of PFMT with other treatment modalities 
(i.e. motor learning, abdominal- or hip-muscle train-
ing, intra-vaginal resistance device) could increase its 
efficacy.  

With regard to clinic-based BF, new evidence (2 stud-
ies) reported no statistically significant differences be-
tween BF-assisted and non-BF groups for self-re-
ported cure, improvement, or frequency of leakage 
episodes (Level  of Evidence: 1).  

Likewise, there is no statistically significant differ-
ences between home BF and non-BF groups for self-
reported cure, improvement, frequency of leakage 
episodes and pad-test measures in women with SUI 
(Level of Evidence:  2). 

Recommendations 

Clinicians should offer and provide the most intensive 
health professional-led PFMT programme possible 
within service constraints. (Grade of Recommenda-
tion: A).  

Although studies are limited, there does not appear to 
be clear benefit for adding other modalities (i.e. motor 
learning, abdominal- or hip-muscle training, intra-vag-
inal resistance device) to PFMT (Grade of Recom-
mendation: B) 

There is no clear benefit from adding clinic- (Grade 
of Recommendation: A) or home-based BF (Grade 
of Recommendation: B) to a PFMT program. 

Implications for research 

Comparisons of PFMT approaches are, de facto, 
comparisons of two active treatments. It is therefore 
difficult to determine which approach is best unless 
(a) the differences in outcome are large or (b) the 
RCTs are designed with sufficient sample size to find 

small to moderate differences. Finding the best ap-
proach to PFMT remains among the highest research 
priorities. Future studies should be sufficiently pow-
ered to detect clinically important differences. 

2.3.3 Is PFMT Better than Other Treatments? 
Trials were considered for inclusion in this section if 
they compared PFMT with another stand-alone inter-
vention, e.g. vaginal cones, bladder training, drug 
therapy. The 2013 ICI review concluded that PFMT is 
better than EStim, BT, or vaginal cones for women 
with SUI and better than duloxetine because of its 
side-effects. PFMT and surgery were both effective, 
but PFMT was recommended as first-line therapy be-
cause it is less invasive. For women with UUI or MUI, 
PFMT and BT were both deemed effective, with some 
evidence to suggest an advantage for PFMT. Evi-
dence was sparse for a comparison between PFMT 
and drug therapies  

Seven new trials were found that compared PFMT to 
another stand-alone treatment.  

PFMT was compared to vaginal cones (92-94), sur-
gery (95), continence pessary, (96, 97), drug therapy 
(98), and bladder training (98). One trial was a head-
to-head comparison of PFMT to surgery (95). The 
other trials had more than two arms. They included 
PFMT alone and another treatment alone, but were 
also designed to evaluate combinations of treatments 
(See Tables 10 and 13). 

Trials addressed the following comparisons: 

i) PFMT versus vaginal cones (VC):  

One recent Cochrane review compared PFMT to VC 
(92). This review considered the eleven studies in-
cluded in this consultation along with two other RCTs 
(93, 94). Moreover, our literature search revealed the 
study of Golmakani et al. (60). Details of these new 
trials are presented in Table 13.  

ii) PFMT versus EStim:  

No new trials have been published.  

iii) PFMT versus Bladder training (BT):  

The Kafri trial examined the effects of PFMT alone 
and BT alone in the context of its 4-arm design (98). 
All groups had significant improvement at 3 and 12 
months on all parameters, including UUI episodes. 
But, no significant time X group interactions were 
found that would indicate a difference between PFMT 
and BT (Table 10). 

iv) PFMT versus drug therapy:  

The trial by Kafri and colleagues examined the effects 
of PFMT alone compared to anticholinergic drug ther-
apy alone in the context of a 4-arm design (98). All 
groups had significant improvement at 3 and 12 
months on all parameters, including UUI episodes 
but, no significant time X group interactions were 
found that would indicate a difference between PFMT 
and drug therapy (Table 10).  
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v) PFMT versus surgery:  

The single trial of surgery compared PFMT to mid-
urethral sling in women with stress predominant UI 
(95). It was a multi-site trial involving 23 medical cen-
tres and 83 physiotherapists (Table 10).  

vi) PFMT vs continence pessary:  

A single new trial compared PFMT to continence pes-
sary in women with stress predominant UI (96, 97). It 
was a multi-site trial conducted by the Pelvic Floor 
Disorders Network of the National Institute on Child 
Health and Human Development (NICHD) (Table 10). 

Quality of data 

i) PFMT versus VC:  

Randomization and adequate allocation concealment 
were reported in the three new RCTs (93, 94, 99). Of 
these, two indicated that outcome assessors were 
blinded (93, 99). In the third study, the evaluator was 
unblinded (94). Sample sizes were small ranging 
from 15 to 30 women with SUI per group (93, 94, 99). 
Dropout rates were higher in the VC groups in two 
studies (93, 99); no loss to follow up was reported in 
the study of Pereira et al. (94). Substantial attrition 
occurred in the study of Harvey et al. (93) with drop-
outs reaching 41% in the PFMT group and 72% in the 
VC group. Follow-up beyond the post-treatment eval-
uation was reported by Pereira et al. (94) in a subse-
quent publication with a 12-month post-treatment as-
sessment (100). 

ii) PFMT versus EStim: Not applicable.   

iii) PFMT versus BT:  

Risk of Bias - This trial was not a head-to-head com-
parison of PFMT and drug therapy, but rather a com-
parison of four treatment approaches including BT 
and combined therapy. Randomization method and 
allocation concealment were described. Analysis was 
conducted by ITT. It was not clear whether assessors 
were blinded. 

iv) PFMT versus drug therapy:  

This trial was not a head-to-head comparison of 
PFMT and drug therapy, but rather a comparison of 
four treatment approaches including BT and com-
bined therapy. Randomization method and allocation 
concealment were described. Analysis was con-
ducted by ITT. It was not clear whether assessors 
were blinded. 

v) PFMT versus surgery:  

Randomization method and allocation concealment 
were reported. Analysis included ITT and other ap-
proaches. It was not clear whether assessors were 
blinded. Fifteen women in the surgery group and 28 
in the PFMT group did not start treatment after ran-
domization. The ITT analyses did not include these 
individuals. Nineteen women in the surgery group 
and 28 in the PFMT group were lost to follow-up after 
starting treatment. 

vi) PFMT vs continence pessary: 

Randomization method and allocation concealment 
were reported. Analyses were performed by ITT. 

Results and Summary 

i) PFMT versus VCs:  

As underlined in Herbison et al.’s meta-analysis (92)  
comprising 13 RCTs, most studies had a small sam-
ple size and differed according to the PFMT regimen 
(92). There was also limited overlap between out-
comes. No statistically significant differences be-
tween PFMT and VC were found in subjective im-
provement or cure (reported in six RCTs) (Risk ratio 
(RR) for failure 0.97, 95% CI 0.75 to 1.24) (92). There 
were no significant differences in subjective cure (re-
ported in five RCTs) (RR for failure 1.01, 95% CI 0.91 
to 1.13) (92). Pooled data from these RCTs showed 
substantial heterogeneity. Likewise, inconsistency 
between RCTs was noted in relation to leakage epi-
sodes whereas a non-significant difference between 
treatments was observed (mean difference 0.00, 95% 
CI -0.20 to 0.20) (92). With regard to improvement in 
pad test, non-significant differences were found in the 
meta-analysis based on six RCTs (RR for failure 1.00, 
95% CI 0.76 to 1.31). However, the new study of 
Golmakani et al. (60) favoured PFMT when using the 
1-h pad test and the leakage index. With regard to 
quality of life improvement, the three new RCTs found 
a non-significant difference between PFMT and VC 
treatments (93, 94, 99). Three RCTs included in the 
Herbison review as well as the study of Golmakani et 
al. (60) reported the inability for some women to use 
VCs and adverse effects such as pain, vaginitis, 
bleeding and a sense of unpleasantness or inconven-
ience.  

In the 14 RCTs (13 from the new Cochrane review, 
11 of which were discussed in the previous ICI chap-
ter edition and 1 additional RCT) that compared 
PFMT with VC in women with SUI, limited evidence 
suggests that VC appear to have similar effects or are 
not superior to PFMT (Level of Evidence: 1). There 
were no statistically significant differences between 
interventions in subjective improvement or cure (re-
ported in six RCTs), subjective cure (reported in five 
RCTs), or leakage episodes per day (reported in four 
RCTs), and no improvement in the pad test (reported 
in six RCTs). The additional RCT favoured PFMT us-
ing both the 1-h pad test and the leakage index. VC 
treatment may be inappropriate in some cases due to 
the inability to use and potential side effects as re-
ported in four RCTs (i.e. pain, vaginitis, bleeding and 
a sense of unpleasantness or inconvenience). 

ii) PFMT versus EStim:  

No new trials were found. Previous pooled data 
demonstrated that self-reported cure and cure/im-
provement were more likely in PFMT than in EStim 
groups (Level of Evidence: 1). 



 

 
1484  COMMITTEE 12. ADULT CONSERVATIVE MANAGEMENT 
 

iii) PFMT versus BT:  

There is evidence for an advantage of PFMT over BT 
for women with SUI (Level of Evidence: 2). 

There does not appear to be a significant difference 
between PFMT and BT in UUI and MUI women 
(Level of Evidence: 2). 

iv) PFMT versus drug therapy:  

There is weak evidence that PFMT is more beneficial 
than drug therapy, but not enough evidence to 
change previous recommendations (Level of Evi-
dence: 2). 

v) PFMT versus surgery:  

On the primary outcome, PGI-I at 12 months, per-
ceived improvement was significantly greater in the 
surgery group compared to the PFMT group: 90.8% 
of women in the surgery group reported being “much 
better” or “very much better” compared to 64.6% in 
the PFMT group. Change in the UDI UI domain and 
OAB domain were also significantly greater with sur-
gery and a higher proportion of women in the surgery 
group had subjective and objective cure. 

The one new trial of PFMT compared to surgery ap-
peared well-designed and adequately powered, 
providing evidence that mid-urethral sling may be 
more effective than PFMT for treatment of SUI in 
women (Level of Evidence: 2). 

vi) PFMT vs continence pessary: 

The PFMT/behavioural group had better outcomes 
on the PFDI SUI subscale and greater patient satis-
faction. The groups were not significantly different on 
the PGI-I, UI episode frequency, or outcome 
measures, including domains of the PFDI and PFIQ. 

There may be some benefit for PFMT over conti-
nence pessary alone, the evidence is not strong 
enough to recommend one treatment over the other 
(Level of Evidence: 2; Grade of Recommendation:  
D). 

Recommendations 

For women with SUI: 

• PFMT and VC are both effective as conservative 
therapy, although PFMT is better because inabil-
ity of use and side effects are experienced with 
VC in some women (Grade of Recommenda-
tion: B). 

• PFMT is better than EStim as first line conserva-
tive therapy (Grade of Recommendation: B). 

• PFMT is better than BT as first line conservative 
therapy (Grade of Recommendation: B). 

• PFMT and drug therapy are both effective as first 
line therapy, although PFMT is better because of 
side effects experienced with drug therapy 
(Grade of Recommendation: B). 

• Surgery is more effective than PFMT, but poten-
tial benefit should be weighed against potential 
adverse events. PFMT should be offered as first 
line therapy due to its being less invasive. 
(Grade of Recommendation: B New).  

• PFMT and continence pessary are both effective 
in first line conservative therapy (Grade of Rec-
ommendation: B New). 

For women with SUI or MUI: 

• VC do not appear to be better than PFMT in the 
treatment of UI. PFMT should be recommended 
as first-line conservative therapy (Grade of Rec-
ommendation: B).  

VC with supervised training sessions by a trained 
health professional can be offered to women who can 
and are prepared to use them (Grade of Recommen-
dation: B). 

VC may be inappropriate for some women due to in-
ability to insert or retain the cone or because of side 
effects and discomfort.  

For women with UUI or MUI: 

• PFMT and BT are effective first-line conservative 
therapy (Grade of Recommendation: B). 

• PFMT is better than oxybutynin as first line ther-
apy (Grade of Recommendation: B). 

For women with UUI 

• PFMT and BT are effective first line conservative 
therapy (Grade of Recommendation: B). 

Research recommendation 

Larger, good quality trials are needed to address 
each of the above comparisons if these are of interest 
to women. In planning comparisons researchers 
should consider carefully the potential impact of dif-
ferent levels of supervisory intensity between groups, 
particularly in comparisons of conservative therapies.  
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Table 10 Summary of data on PFMT vs other treatments 

Author, 
year Comparator N Study 

Population Intervention Outcomes/Results Notes 

Kafri 
2013 (1) 
 

Drug therapy 
(anticholinergic) 
BT 
 
 

N=164 
DT: 42 
BT: 41 
PFMT: 40 
Conbined: 41 

Women with 
UUI, No SUI 
(45-75 years) 
 
 

PFMT based on National 
Institute for Health and Clinical 
Excellence (NICE) 
recommendations.  
Included behavioral guidance 
3 sets of 8-12 slow maximal 
contractions sustained for 6-8 
s in different positons.  
Daily home-based exercise 
prescribed.  

Number of voids and UUI episodes, 
QOL-ruI, Urogyn VAS. 
All groups had significant improvement at 
3 and 12 months on all parameters 
(p<0.001). 
No significant timeXgroup interactions 
(except favoring combination group) 

Comparison was in the context of 
4-arm trial, including arm for 
combined Tx. 
Randomization method and 
allocation concealment described.  
ITT analysis  
Not clear whether assessors were 
blinded 
 

Richter 
2010 (2) 
Kenton 
2012 (3) 

Intravaginal 
pessary 

N=446 
PFMT: 146 
Pessary: 149 
Combined: 
151 

Women with 
predominant 
SUI 
(18+ years) 

12 weeks of supervised PFMT 
and behavioral strategies 
(PFM pre-contraction for SUI; 
urge suppression for 
concomitant UUI). 
Implemented in 4 visits at 2-
week intervals. Home exercise: 
written prescriptions X3 daily 
exercise between visits. 

Primary: PGI-I and SUI subscale of the 
PFDI at 3 months (FU 6 & 12 months) 
Secondary: Satisfaction, PFDI, PFIQ  
PFMT/behavioral group had better 
outcomes on the PFDI SUI subscale 
(49% vs 33% reporting no bothersome 
SUI symptoms, p=0.006) and greater 
satisfaction (75% vs 63%, p=0.02). 
Groups not significantly different on the 
PGI-I (49% vs 40% “much better” or 
“very much better,” (p=0.09), UI episodes 
on bladder diary, or other outcome 
measures including other domains of the 
PFDI and PFIQ. 

Comparison was in context of 3-
arm trial, including arm for 
combined Tx 
Multi-site trial 
Randomization method and 
allocation concealment reported  
ITT analysis  
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Author, 
year Comparator N Study 

Population Intervention Outcomes/Results Notes 

Labrie 
2013 (4) 

Mid-urethral sling N=460 
PFMT: 230 
Surgery: 230 

Women with 
predominant 
SUI 
(35-80 years) 
 

Supervised, somewhat 
individualized program 
conducted by 83 PTs 
according to Dutch guidelines. 
Treatments given at 1-week or 
2-week intervals with an 
intended 9 sessions in 9-18 
weeks. Goal to build up to 8 to 
12 maximal contractions X3 
per day. Use of touch, tapping, 
massage, BF, or functional 
electrical stimulation allowed to 
increase muscle awareness as 
needed. 

Assessed at 12 months 
Primary: PGI-I, 90.8% in surgery group 
were “much better” or “very much better” 
vs 64.4% in PFMT. 
Secondary: UDI, IIQ, PGI-S 
Both groups had significant improvement 
in UDI and IIQ domain scores. Change in 
UDI greater for surgery than PFMT on UI 
and OAB domains (P<0.001, .02) 
Subjective cure: (single question) 85.2% 
in surgery vs 53.4% in PFMT 
Objective cure: (cough test) 76.5% in 
surgery vs 58.8% in PFMT 
After 12 months, 99 women (49.0%) had 
crossed over to surgery after a mean 
31.7 weeks. 

Multi-site trial (23) 
Randomization computerized on 
central server 
Allocation not concealed 
Not clear whether assessors were 
blinded. 
65 adverse events reported - all in 
surgery group. 
Analysis included modified ITT and 
other approaches. 
15 in surgery group and 28 in 
PFMT group did not start treatment 
after randomization. 
19 in surgery group and 28 in 
PFMT group were lost to follow-up 
after starting Tx. 
 

1. Kafri R, Deutscher D, Shames J, Golombp J, Melzer I. Randomized trial of a comparison of rehabilitation or drug therapy for urgency urinary incontinence: 1-year 
follow-up. Int Urogynecol J. 2013;24(7):1181-9. 

2. Richter HE, Burgio KL, Brubaker L, Nygaard IE, Ye W, Weidner A, et al. Continence pessary compared with behavioral therapy or combined therapy for stress 
incontinence: a randomized controlled trial. Obstet Gynecol. 2010;115(3):609-17. 

3. Kenton K, Barber M, Wang L, Hsu Y, Rahn D, Whitcomb E, et al. Pelvic floor symptoms improve similarly after pessary and behavioral treatment for stress inconti-
nence. Female Pelvic Med Reconstr Surg. 2012;18(2):118-21. 

4. Labrie J, Berghmans BL, Fischer K, Milani AL, van der Wijk I, Smalbraak DJ, et al. Surgery versus physiotherapy for stress urinary incontinence. N Engl J Med. 
2013;369(12):1124-33. 
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2.3.4 Does the Addition of PFMT to Other 
Treatments Add Benefit? 

Six trials addressed the following comparisons (Table 
11): 

i) PFMT+VC vs VC: Both the Herbison et al. meta-
analysis (92)  and the ICI 5th edition (2) included two 
studies comparing combined PFMT∕ VC versus VC. 
No new RCTs with the same comparators were iden-
tified. 

ii) PFMT + EStim vs EStim: A single trial examined 
the effects of adding PFMT to vaginal EStim in 48 
women with SUI (101). No significant differences 
were found between the groups. 

iii) PFMT+ BT vs BT: Two trials examined the effects 
of adding PFMT to BT, one in 108 women with SUI, 
UUI, or MUI (102), the other in 164 women with UUI 
(no SUI) (98). In the first, significantly more patients 
in the combined therapy group reported cure or im-
provement and greater improvements on several sec-
ondary outcomes. In the second trial, all groups had 
significant improvement, but there were no significant 
interactions indicating differential group effects.  

iv) PFMT + drug therapy vs drug therapy alone: A sin-
gle trial examined the effects of adding PFMT to in-
travaginal oestriol in 206 postmenopausal women 
with SUI and vaginal atrophy (103). Combined ther-
apy resulted in significantly greater improvement than 
oestriol only. 

v) PFMT + continence pessary vs continence pes-
sary:  

A single trial examined combined pessary + PFMT to 
pessary alone in 446 women with stress predominant 
UI (97). The combined therapy group had significantly 
better outcomes on the PGI-I and the PFDI and re-
ported greater satisfaction with treatment.  

vi) PFMT + surgery vs surgery: 

A single, multi-centre trial examined the effects of 
perioperative behavioural and pelvic floor muscle 
training (BPMT) in 374 women undergoing surgery to 
treat both apical prolapse and SUI (104). The group 
receiving BPMT resulted in no greater improvements 
in urinary symptoms compared to usual peri-opera-
tive care at 6 or 24-month follow up. 

Summary 

The literature on the effect of adding PFMT to another 
stand-alone therapy remains relatively small.  

There is no evidence of benefit in adding PFMT to VC 
in women with SUI (Level of Evidence: 2).  

There may be some benefit for adding PFMT when 
using a continence pessary (Level of Evidence: 2).  

PFMT may add benefit in terms of reducing SUI over 
intravaginal estrogen alone when treating women 
with vaginal atrophy (Level of Evidence: 2).  

There is some evidence that there may be benefit in 
adding PFMT to BT (Level of Evidence: 2).  
There is no evidence of improved outcomes with peri-
operative PFMT for women undergoing surgery for 
apical prolapse and SUI, or for adding PFMT to EStim 
in women with SUI (Level of Evidence: 2).  

Recommendation 

In women using VC, it does not appear to help to add 
PFMT (Grade of Recommendation: C).  

For the treatment of SUI, UUI, or MUI in women, con-
sider a combination of PFMT and BT rather then BT 
alone (Grade of Recommendation: C).  

For treatment of UUI (tolterodine) but not for SUI (du-
loxetine), consider adding PFMT to drug therapy 
(Grade of Recommendation: B),  

When treating women with SUI and vaginal atrophy, 
consider combining PFMT and intravaginal oestrogen 
over estrogen alone (Grade of Recommendation: C 
New).  

Note, many of these recommendations are based on 
single RCTs of variable quality. Larger, good-quality 
RCTs are needed to address each of the above com-
parisons. Furthermore, these studies examine the ef-
fects of combining therapies as an initial approach. 
Less is known about the effects of combining thera-
pies in a stepped fashion when women do not 
achieve the desired outcomes with a single therapy 
(i.e. active PFMT than resisted PFMT with cones 
such as in progressive muscle training overload). 



 

 
 

1488 

Table 11 Summary of data on PFMT + another treatment vs the other treatment  

Study Comparator N Study Population Intervention Outcomes/Results Notes 

Richter 2010 
(1) 
 
 
 
 
 
 

Continence 
pessary alone 

N=446 
  

Women with stress 
predominant UI 

Pessary + behavioral training  
Behavioral training program - 
supervised PFMT + 
behavioral strategies: PFMT 
pre-contraction for SUI and 
urge suppression for 
concomitant UUI. Treatment 
implemented in 4 visits at 2-
week intervals and included 
written prescriptions for home 
exercise X3 daily between 
visits. 
 

Primary: PGI-I and SUI subscale of 
UDI at 3 months 
Results - Combined therapy group 
had significantly better outcomes on 
the PGI-I (53.3% vs 39.6% reporting 
“much better” or “very much better,” 
p=.02) and the PFDI (44.0% vs 
32.9% reporting no bothersome SUI 
symptoms (p=.05). Combined group 
also reported greater satisfaction with 
treatment (78.7% vs 63.1%, p=.003). 
The groups were not significantly 
different on number of UI episodes on 
bladder diary. Group differences not 
sustained to the 12-month follow up. 

Multi-site trial conducted by the 
NICHD Pelvic Floor Disorders 
Network with randomization to 3 
arms: pessary alone, behavioral 
training alone, combined Tx 
Data quality – Randomization 
method and allocation 
concealment were reported. 
Analysis conducted by ITT 
 

Barber 2014 
(2)  
 
 
 
 
 

Surgery alone 
for prolapse and 
SUI 
 
 
 

N=374 Women undergoing 
surgery to treat both 
apical vaginal prolapse 
and SUI 

Surgery + perioperative 
behavioral and pelvic floor 
muscle training (BPMT) 
PFMT program - Single 
session 2-4 weeks prior to 
surgery; 4 postoperative visits 
(2, 4-6, 8, & 12 weeks) 
Individualized, supervised 
program of progressive home 
PFME, education on healthy 
bladder and bowel habits, and 
behavioral strategies to 
reduce UI episodes (PFM 
pre-contraction for SUI, urge 
suppression for UUI) Home 
PFME prescribed for X3 daily 
with duration increasing to 10 
sec. 

Primary: UDI at 6 months 
Results – Perioperative BPMT not 
associated with greater improvements 
in urinary symptoms at 6 months or 
24-month follow-up 

Multi-center 2X2 factorial trial 
with 2 distinct randomizations: 
First: to perioperative BPMT or 
usual care 
Second: to one of 2 surgical 
approaches for prolapse, each 
with concomitant retropubic 
midurethral sling for SUI. 
Data quality – Randomization 
method and allocation 
concealment reported. 
 

Capobianco 
2012 (3) 
 
 
 

Intravaginal 
estrogen alone  
(estriol ovules, 
1m daily for 2 

N=206 
 

Postmenopausal 
women with SUI and 
vaginal atrophy, no DO 

Estrogen + PFMT with EStim 
(per Castro, 25) 
PFMT was for 6 months and 
included EStim. Further 
details lacking, but per 

Outcome based on change in patient 
rating of SUI as none, mild, moderate, 
or severe before and after 6 months 
of treatment.  

Data quality - Randomization 
method not described.  
Group allocation was concealed. 
Analysis was by ITT 
AEs were reported 
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Study Comparator N Study Population Intervention Outcomes/Results Notes 

 
 

wks, then 2.wk 
for 6 months) 

reference to a previous 
article, PFMT was conducted 
in 45-minute group sessions 
X3 per week under the 
supervision of a 
physiotherapist. 

Results - Combined therapy resulted 
in significantly greater improvement 
than estriol only. 73.5% (61/83) of 
treated and 9.7% (10/103) showed 
improvement in UI (p<.01) 
  

Not clear all women actually had 
SUI.  

Kafri 2013 (4) 
 
 
 
 

BT alone N=164 Women with UUI, no 
SUI 
(ages 45-75) 

Bladder training + PF rehab 
and behavioral. 
PFMT program based on the 
National Institute for Health 
and Clinical Excellence 
(NICE) recommendations. 
Women practiced 3 sets of 8-
12 slow maximal contractions 
sustained for 6-8 s in different 
positons. Daily home-based 
exercise was prescribed, and 
urge suppression using PFM 
contraction was taught. 

Number of voids and UUI episodes, 
voids/24 hours, QoL-rUI, Urogyn 
VAS, number of pads 
Results - analysis was by repeated 
measures ANOVA with all four 
groups, including tests for main 
effects and group X time interactions. 
However, statistical analysis did not 
include comparisons between 
individual groups.  
All groups had significant 
improvement at 3 and 12 months on 
all parameters, (p<.001) but there 
were no significant interactions. UI 
episodes decreased by 1.7/day in BT 
and 4.0/day in combined therapy, but 
a test of this difference was not 
conducted. Only CPFR showed 
significant reduction in voids/24 
hours. 

Comparison was in context of 4-
arm trial: BT alone, PFMT alone, 
drug therapy alone, and 
combined Tx. 
Data quality –Randomization 
method and allocation 
concealment described. Analysis 
conducted by ITT.  
Not clear whether assessors 
were blinded. 
 

Kaya 2015 
(5)   
 
 
 
 
 
 

BT alone N=108 
 

Women with SUI, UUI, 
MUI 

BT + PFMT for 6 weeks 
High-intensity PFMT program 
conducted in 4 visits across 6 
weeks by an experienced 
physical therapist. Home-
based exercise regimen 
initiated with 5 sets of 
exercises per day and 
progressed to 30 sets per day 
(600 PFM contractions).  
 

Primary: global rating of improvement 
on a 4-point scale (worse, 
unchanged, improved, cured). 
Secondary: UI severity, symptom 
distress, QOL, UI episodes, 
voids/day.  
Results – Significantly more patients 
in the combined therapy group 
reported cure or improvement (100% 
vs 82.7%, p=.001). Greater 
improvements observed for combined 
therapy on secondary outcomes, 
including severity of UI (ISI; p=.001), 

Data quality –Randomization 
method and allocation 
concealment described. Analysis 
conducted by ITT.  
Not clear whether assessors 
were blinded. 
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Study Comparator N Study Population Intervention Outcomes/Results Notes 

UDI-6 (p=.001), IIQ-7 (p=.005), and 
incontinent episode frequency per 
bladder diary (p=.024). 

Furst 2014 
(6) 

EStim alone 
Vaginal probe; 
two 30-min 
sessions per 
week; 
frequencies of 
4Hz and 50Hz; 
fixed intensity 
(20mA); 4 s 
stimulation/rest 
cycles 

N=48 Women with SUI 
(Mean age 49.6) 

EStim + PFMT for 3 months 
PFMT program – individually 
designed by PT, 2 30-min 
sessions per week. 
PFMT and EStim conducted 
on alternate days. 
No home PFME program 

Improvements in urinary symptoms, 
IEF per bladder diary, satisfaction 
(perception of need or not to repeat 
or change Tx); assessments at 3, 12 
and 96 months. 
Results – Both groups showed 
improvement in leakage episodes and 
voiding intervals. 
No significant between group 
differences. 

Data quality – Randomization 
method described; allocation 
concealed. 
Analysis not conducted by ITT 
(only included patients who had 
not received any additional 
therapy) 

1. Richter HE, Burgio KL, Brubaker L, Nygaard IE, Ye W, Weidner A, et al. Continence pessary compared with behavioral therapy or combined therapy for stress 
incontinence: a randomized controlled trial. Obstet Gynecol. 2010;115(3):609-17. 

2. Barber MD, Brubaker L, Burgio KL, Richter HE, Nygaard I, Weidner AC, et al. Comparison of 2 transvaginal surgical approaches and perioperative behavioral therapy 
for apical vaginal prolapse: the OPTIMAL randomized trial. JAMA. 2014;311(10):1023-34. 

3. Capobianco G, Donolo E, Borghero G, Dessole F, Cherchi PL, Dessole S. Effects of intravaginal estriol and pelvic floor rehabilitation on urogenital aging in postmen-
opausal women. Archives of gynecology and obstetrics. 2012;285(2):397-403. 

4. Kafri R, Deutscher D, Shames J, Golombp J, Melzer I. Randomized trial of a comparison of rehabilitation or drug therapy for urgency urinary incontinence: 1-year 
follow-up. Int Urogynecol J. 2013;24(7):1181-9. 

5. Kaya S, Akbayrak T, Gursen C, Beksac S. Short-term effect of adding pelvic floor muscle training to bladder training for female urinary incontinence: a randomized 
controlled trial. International Urogynecology Journal. 2015;26(2):285-93. 

6. Furst MC, Mendonca RR, Rodrigues AO, Matos LL, Pompeo AC, Bezerra CA. Long-term results of a clinical trial comparing isolated vaginal stimulation with combined 
treatment for women with stress incontinence. Einstein. 2014;12(2):168-74. 
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3. WEIGHTED VAGINAL CONES (VC) 

Weighted vaginal cones (VC) were developed as a 
method for testing PFM function and to provide pro-
gressive muscular overload during PFM strengthen-
ing exercises (105). In theory, when a cone is inserted 
into the vagina, the sensation of ‘losing the cone’ pro-
vides strong sensory feedback that prompts the PFM 
to contract to prevent the cone from slipping out. 
Women start in a standing position with a weighted 
cone held inside the vagina for at least one minute, 
incrementally adding time and increased cone weight 
whilst standing or walking. The goal is to walk around 
for 20 minutes without losing the cone; the gradual 
increase in cone weight maintains muscle overload 
over the course of the exercise programme.  

There are various cone weights and sizes (Figure 1). 
However, the effectiveness of the VC training method 
is unclear. Because orientation of the vagina is not 
completely vertical, some women can retain the cone 
without actually contracting the pelvic floor. Radiology 
has also demonstrated that the cones can rest in a 
transverse position (106). Depending on the axis of 
the vagina, women need to produce different force in-
tensities to retain the cone. Thus, using VC as a 
measure of PFM function may not be a valid method. 
Finally, some women may find it impossible to insert 
the cones due to a narrowed vaginal opening or, con-
versely, to retain it due to an enlarged vaginal open-
ing, prolapse, or an insufficient PFM contraction, one 
incapable of holding even the lightest cone. 

This section examines the evidence for VC in the pre-
vention and treatment of UI in women. Questions ad-
dressed: 

• Are VC better than no treatment, placebo or con-
trol for the prevention of UI? 

• Are VC better than no treatment, placebo or con-
trol for the treatment of UI? 

• Are VC as effective as other treatments for the 
treatment of UI? 

• Are VC combined with PFMT better than PFMT 
alone for the treatment of UI? 

3.1. Prevention 
No previous (prior to last Consultation) or new RCT 
investigating either the primary or secondary preven-
tion effects of training with VC for women with UI were 
found. 

3.2. Treatment 
A Cochrane review specifically addressing the effec-
tiveness of VC in the treatment of UI was updated in 
March 2013 (92) This meta-analysis and four new 
studies form the basis of this subsection (79, 99, 107, 
108). Table 12 illustrates the number of studies in-
cluded in the 5th ICI and in the Cochrane review of 
Herbison et al. (92)  as well as the new studies iden-
tified in the current update. Characteristics of each 
RCT not included in the previous ICI are presented in 
Table 13. 

 

 

 
Figure 1 Weighted vaginal cones 
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Table 12 Studies of VC included in the previous review (5th ICI), in the Cochrane meta-analysis of Herbison et al. and current update (6th ICI) 

 Studies included in the previous 
review (5th ICI) 

Studies included in the Cochrane 
review of Herbison et al. 

New studies identified in this update 
(6th ICI) 

PFMT vs VCs 
(section II.2.3.3i) 

11 13 1 

PFMT/VCs vs VCs 
(section II.2.3.4i) 

2 2 0 

VCs vs no treatment, placebo or control 
treatments 

4 5 0 

VCs vs EStim 5 6 0 

PFMT/VCs vs PFMT 2 2 3 
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Table 13 Summary of data on VC 

Author, 
year Comparator N Study 

population 
Modality details or 
parameters Outcomes/Results Follow-up Notes 

Golmakani 
2014 (1) 
 
 

PFMT (30) 
vs 
VCs (30) 

60 Women with SUI 
(at least 3 
episodes per 
week) 

Behavioral Intervention 
including PFMT: 10 to 40 
repetitions daily, 
Knack and urge, suppression 
technique, 
Bladder training 
 
VCs:  
6 cones (20 to 70 g) 
Cone held passively (without 
PFM contraction) for 15 min 
twice a day 
Active PFM contractions with 
the cone inserted (30 x 5-s 
contractions) 
Supervision included weekly 
phone call and in-person 
assessment every 2 weeks 

Detection SUI severity questionnaire 
(mild/moderate/severe): 
Sign. reduction in both groups (p≤0.04) 
Non-sign. difference btw treatments 
(p=0.52) 
Leakage index: 
Sign. reduction in both groups 
PFMT pre-Tx 16.2±4.5 to post-Tx 3.2±0.15 
(p<0.001) 
VCs pre-Tx 16.6±4.8 to post-Tx 6.1±2.5 
(p<0.001) 
Greater changes in PFMT than VCs 
(p=0.001) 
7-day diary 
Sign. reduction in both groups 
PFMT pre-Tx 1.2±1.3 to post-Tx 0.5±0.5 
(p=0.001) 
VC pre-Tx 1.0±1.0 to post-Tx 0.8±0.7 
(p=0.001) 
Non-sign. difference btw treatments 
(p=0.52) 
1-h pad test  
Sign. reduction in both groups 
PFMT pre-Tx 35.8±6.8 to post-Tx 12.8±3.8 
(p<0.001) 
VC pre-Tx 36.1±7.1 to post-Tx 19.5±5.2 
(p<0.001) 
Greater change in PFMT than VC 
(p=0.008) 
Incontinence QoL and King’s Health 
questionnaires: 
Sign. improvement in both groups. 
Non-sign. difference btw treatments 

12 weeks of 
treatment, 
treatment, 
outcomes 
assessed post-
Tx 

Dropouts: 
VCs 5/30 
PFMT 4/30 
 
 
Side effects reported 
for VCs: Candida 
vaginitis and difficulty 
with the device 
reported in 5 women 
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Author, 
year Comparator N Study 

population 
Modality details or 
parameters Outcomes/Results Follow-up Notes 

Harvey 
2006 
(2) -  
abstract 

PFMT (19) 
vs 
VCs (25) 

44 Women with 
urodynamically 
proven SUI 

PFMT: 10 weekly sessions of 
biofeedback with trained nurse 
VCs: Hold for 15 min daily 

Cure (based on pad test): 
PFMT 2/19 
VCs 2/25 
Women from both groups decreased their 
pad weight, but 
the difference btw groups was non-sign. 
(p=.39) 
PFMT:6.0 g, 95% CI −2.3 to 14.3 
VCs: 3.0 g 95% IC 0.3 to 5.7 
UDI-6: All women 
had reduced scores, but the changes were 
neither clinically nor statistically significant 
I-QoL: Subjects in both arms showed an 
improvement on I-QoL, with no difference 
btw 
groups (p=0.86) 

10 weeks, 
outcomes 
assessed at 6 
months post-Tx 

Dropout 
PFMT: 12/29 
VCs 18/25 
 
High dropout rate- No 
potential explanations 
provided 

Pereira 
2012 
(3) 

VCs (15) 
vs 
PFMT (15) 
vs 
Control (15) 

45 Postmenopausal 
women with SUI 
(at least 1 
episode of 
urinary leakage 
in the previous 
month) 

VCs: 12 sessions, 2x 40 
min/week, 5 cones 20-100 g, it 
is reported that the same 
exercises as the PFMT group 
were achieved with the cone 
inserted 
PFMT: 100 
contractions/session, 6 weeks 
with twice-weekly sessions of 
40 min, 3s contraction/6s rest 
and some help for 5-10s/ 10-
20s rest 
Control: no treatment for 6 
weeks, after which they 
received physiotherapy 

1-h pad test: 
VCs pre-Tx7.36±8.76 to FU 0.36±0.38 
(p<.001) 
PFMT pre-Tx3.70±4.35 to FU 0.19±0.27 
(p<.001) 
Control pre-Tx3.87±5.56 to post Tx 
3.65±4.94 (p=.19) 
Non-significant difference btw the VC and 
PFMT groups (p=.10) 
Significant difference btw the VCs and 
control group (p<.001) 
King’s Health Questionnaire (quality of life 
- incontinence impact) 
VCs pre-Tx75.56±32.0 to FU 17.78±17.2 
(p<.001) 
PFMT pre-Tx55.82±39.32 to post-Tx 
7.69±14.6 (p<.001) 
Control pre-Tx59.98±33.81 to post Tx 
57.84±29.48 (p=.39) 
Non-significant difference btw the VC and 
PFMT groups (p=.32) 
Significant difference btw the VC and 
control groups (p<.001) 

6 weeks of 
treatment, 
outcomes 
assessed 6 
weeks after 
treatment 
 

Dropout 
VCs: 0/15 
PFMT:2/15 
Control: 2/15 
 
No adverse effects 
reported in the three 
groups 
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Author, 
year Comparator N Study 

population 
Modality details or 
parameters Outcomes/Results Follow-up Notes 

Porta Roda 
2013 
(4) abstract 
and poster 

VC+PFMT (37) 
vs 
PFMT (33) 

70 SUI or stress 
predominant 
MUI in parous 
women 

VCs (vaginal sphere, pelvic 
gym) and PFMT twice/day, 5 
days/week 
PFMT same as above 
Both treatment arms were 
supervised (5 sessions) 

Subjective cure/improvement 
VC+PFMT 24/30  
PFMT 26/35 
RR 1.08 95% CI 0.83 to 1.40 (non-sign. 
difference btw groups) 
ICIQ-UI-SF: 
Sign. improvement in both groups 
(improvement occurred earlier in the 
PFMT+VC group) 
VC+PFMT pre-Tx 8.6±2.6 to post-Tx 
4.8±3.5 (p<0.01) 
PFMT pre-Tx 8.9±2.3 to post-Tx 5.7±3.5 
(p<0.01) 
PFMT+VCs showed higher improvement 
than PFMT at the 3-month visit (p<0.05) 
(non-sign. for the 6-month visit) 
1-hour pad-test: 
Sign. improvement in the PFMT+VC group 
pre-Tx3.3±4.8 to post-Tx 1.9±3.7 (p<0.01) 
Non-sign. improvement in the PFMT group 
PFMT pre- Tx 1.5±3.0 to post-Tx 1.9±3.3 
(non-sign.) 
Non-sign. difference btw treatments 
King’s Health Questionnaire (KHQ): 
Non-sign. difference from baseline and btw 
treatment 
PFMT+VC showed higher adherence to 
treatment than PFMT alone 

6 months of 
treatment, 
outcomes 
assessed at 
each visit as well 
as post-Tx 

Dropouts:  
PFMT +VCs: 2/37 
PFMT: 3/33 
 
 
Mild adverse events at 
the beginning of 
treatment (i.e. second 
treatment visit). 4 in 
PFMT + VCs 
1 in PFMT 
No events were 
reported in the 
subsequent visits 
The nature of the 
events is not specified 
 

Prudencio 
2014 
(5) abstract 

PFMT (51) 
vs 
PFMT+VCs (55) 
vs 
PFMT+BF (50) 

156 SUI women 3 groups received: 20 sessions 
of 45 min (twice a week for 3 
months) 
PFMT included isolated rapid 
and sustained contractions and 
functional exercises 
(differentiating just the use or 
not of associated instruments) 
(no further information was 
provided on VCs in the 
abstract) 

Cure of SUI 
PFMT+VCs 30/55 
PFMT 20/51 
RR 1.39 95% CI .91 to 2.11 
KHQ: 
All groups significantly improved from 
baseline (p<0.001) 
PFMT pre-Tx74±18 to post-Tx 43±17  
PFMT+VCs pre-Tx62±17 to post-Tx31±8 
Difference btw groups (p<0.001). It is not 
specified which of the 3 groups differed 

3 months of 
treatment, 
outcomes 
assessed post-
Tx 

Dropout not specified  
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Author, 
year Comparator N Study 

population 
Modality details or 
parameters Outcomes/Results Follow-up Notes 

Santos 2009 
(6) 

VCs (21) 
vs 
EStim (24) 

45 Women with SUI 
(urodynamic 
diagnosis) 

VCs: Participants attended 2 
sessions of 45 min per week. 
Cones 20-100 g 
EStim: 2x 20-min weekly 
session for 4 months 
supervised by a 
physiotherapist. Intravaginal 
EStim, Frequency 50 Hz, 
Intensity10-100 mA and pulse 
duration 1 ms  

Subjective cure or improvement: 
VCs 13/21 vs EStim 14/24 
RR: 1.06 (0.66-1.71) 
Leakage episodes per day: 
VCs 0.21 (0.24) vs EStim 0.33 (0.79) 
Mean difference -0.12 (-0.45 to 0.21) 
Improvement on pad test: 
VCs 10/21 vs EStim 12/24 
RR 0.95 (0.52- 1.73) 

4 months of 
treatment with 
outcomes 
assessed post-
Tx 

No loss to follow-up 
 

Stupp 2011 
(7) abstract 

PFMT (22) 
 
vs 
 
PFMT+ 
proprioception 
and awareness 
training 
(including VC) 
(22) 

44 Women with SUI 
or MUI 

PFMT (3 sets of 8 contractions. 
6s contraction: 8s rest and 3 
fast contractions) verbal 
commands given by a 
physiotherapist 
PFMT + proprioception and 
awareness training, including 3 
additional sessions with a 
physiotherapist 
a) session 1: education 
(anatomy and function of the 
PFM), diaphragmatic 
breathing, visualization with a 
mirror 
b) session 2: proprioceptive 
technique with a VC 
c) session 3: PFMT contraction 
during increases in intra-
abdominal pressure (Knack) 

Subjective cure (SUI during cough): 
Combined treatment group 12/21 
PFMT alone 7/21 
RR 1.71 95% CI 0.84 to 3.48 
KHQ: 
Sign. improvement in several domains of 
the KHQ in women in the combined 
treatment. Non- sign. improvement in the 
PFMT group 
Statistical comparisons btw group are not 
reported 
 

12 weeks of 
treatment 
outcomes 
assessed post-
Tx 

Dropouts 
PFMT: 1/22 
 
PFMT + proprioception 
and awareness training 
1/22 
 

1. Golmakani  N, Khadem N, Arabipoor A, Kerigh BF, Esmaily H. Behavioral Intervention Program versus Vaginal Cones on Stress Urinary Incontinence and Related 
Quality of Life: A Randomized Clinical Trial. Oman Med J. 2014;29(1):32-8. 

2. Harvey MA, Johnston SL. A randomized, single-blind, prospective trial comparing pelvic floor physiotherapy with biofeedback versus weighted vaginal cones in the 
treatment  of female genuine stress urinary incontinence: a pilot study. Int J Urogyn J. 2006;17(Suppl 2):S235-S6. 

3. Pereira VS, de Melo MV, Correia GN, Driusso P. Vaginal cone for postmenopausal women with stress urinary incontinence: randomized, controlled trial. Climacteric. 
2012;15(1):45-51. 

4. Porta Roda O, Simo Gonzalez M, Reula Blasco MC, Diaz Lopez MA, Diaz Bellido P, Vara Paniagua J. Use of a vaginal spheres device in the conservative treatment 
of stress urinary incontinence: a randomized controlled trial Neurourol Urodyn. 2013;32(6):661-3. 
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5. Prudencio C, Barbosa A, Derobio AL, Anezio A, Vesentini G, Almeida AP, editors. Comparison of three physiotherapy methods for treatment of stress urinary 
incontinence: impact in quality of life and muscle function. Proceedings of the 44th Annual Meeting of the International Continence Society (ICS), 2014 Oct 20-24, 
2014; 2014; Rio de Janeiro, Brazil. 

6. Santos PF, Oliveira E, Zanetti MR, Arruda RM, Sartori MG, Girao MJ, et al. [Electrical stimulation of the pelvic floor versus vaginal cone therapy for the treatment of 
stress urinary incontinence]. Rev Bras Ginecol Obstet. 2009;31(9):447-52. 

7. Stupp L, Yamamoto D, Fonseca T, Resende AM, Ploger C, Oliveira E. Proprioception and awareness training prior pelvic floor muscle exercises for treatment of 
urinary incontinence: randomized controlled trial. Int Urogyn J. 2011;22(Supp 1):S162-S4. 
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3.2.1 Are VC Better than No Treatment, Pla-
cebo or Control Treatments? 

The meta-analysis published by Herbison et al. (92)  
comprised 5 RCTs comparing VC to a control treat-
ment. Except for Pereira et al. (94) (presented in Ta-
ble 13), these studies were part of the ICI previous 
edition. Our literature search identified no further 
RCT. 

Quality of data 

In the study of Pereira et al. (94), adequate allocation 
concealment and randomisation was reported. The 
evaluator was however not blinded to patient assig-
nation. No attrition was reported in the VC group while 
13% dropped out from the control group. No adverse 
effects were reported in this RCT. 

Results 

As discussed in Herbison et al.’s meta-analysis (92), 
women in the VC groups were more likely to report 
they were cured than the controls (RR for failure 0.84, 
95%CI 0.76 to 0.94). VCs were also better than con-
trol treatment in the subjective reporting of cure or im-
provement (RR for failure 0.72, 95%CI 0.52 to 0.99). 
Further, Pereira et al. (94) reported better inconti-
nence-related QOL and a significant reduction in the 
1-h pad test for women in the VC group compared to 
the control treatment. 

Summary 

VCs with supervised training sessions by a trained 
health professional are better than control treatments 
for subjective reporting of cure or cure/improvement 
and the QOL impact on the treatment of SUI (Level 
of Evidence: 1).  

However, VC treatment may be inappropriate in 
some cases due to potential reported side effects 
(92). 

Recommendations 

For women with SUI, VCs with supervised training 
sessions by a trained health professional may be of-
fered as a first-line conservative therapy to those who 
can and are prepared to use them (Grade of Recom-
mendation: B) 

Trained health professional assessment is recom-
mended. VC may be inappropriate in some cases due 
to inability to insert or retain the cone or because of 
side effects and discomfort. (Grade of Recommen-
dation: D). 

3.2.2 Are VC As Effective as Other Treat-
ments? 

VC have been compared with PFMT and EStim, but 
not with other therapies such as drug treatment, BT 
or surgery. 

i) VC versus PFMT 

This comparison is addressed in Section II.2.3.3. De-
tails of the VC and PFMT programs for each trial are 
presented in Table 13.  

ii) VC versus EStim 

Since the last ICI edition, a meta-analysis update was 
published. (92) It comprised the same trials as in the 
ICI 5th edition as well as the study of Santos et al. 
(109) (presented in Table 13). Our literature search 
revealed no further trials. 

Quality of data 

i) VC versus PFMT: See Section II.2.3.3.  

ii) VC versus EStim  

In the study of Santos et al. (109), participants were 
randomly assigned to treatments while blinding of as-
sessors and allocation concealment were not clearly 
reported. No losses to follow-up were reported (109). 

Results 

i) VC versus PFMT: See Section II.2.3.3. 

ii) VC versus EStim 

As reported in the Herbison et al. meta-analysis (92), 
there was no statistically significant difference be-
tween VC and EStim in the pooled data of three trials 
with regard to self-reported cure (RR for failure 1.26 
95% CI 0.85 to 1.87). Non-significant differences also 
emerged from the pooled data of three RCTs with re-
spect to improvement in pad test (RR 1.21 95%CI 
0.90 to 1.63) and leakage episodes (Mean difference 
-0.05 95% CI -0.27 to 0.17). Herbison et al. (92)  re-
ported discomfort or side effects associated to both 
EStim and VC (VC: abdominal pain, vaginitis, bleed-
ing, motivational problems and difficulties using the 
VC. EStim: tenderness and bleeding, discomfort or 
motivational and other difficulties in using the EStim).  

Summary 

The meta-analysis of Herbison et al. (92)  including 
six RCTs revealed no significant difference between 
VCs and EStim in terms of self-reported cure, 
cure/improvement, improvement in pad test or the 
number of leakage episodes; both the VC and EStim 
groups reported adverse events.  

VC and EStim seem equally effective in the treatment 
of SUI and MUI. (Level of Evidence: 1). Side effects 
and discomfort appear to limit their utility in clinical 
practice. (Grade of Recommendation: D). 

3.2.3 Are VC Combined with PFMT Better 
than PFMT Alone? 

Both Herbison et al.’s meta-analysis(92)  and the ICI 
5th edition relied on two RCTs comparing combined 
PFMT/VC to PFMT alone. Our search revealed three 
additional studies presented as published abstracts 
(79, 107, 108). Details of the PFMT/VC and PFMT are 
presented in Table 13. 
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Quality of data 

Limited information on method and results were avail-
able from these published abstracts (79, 107, 108). 
Although participants were randomly assigned, no in-
formation on allocation concealment and blinding of 
assessors was provided. The sample sizes were  rel-
atively small with no more than 39 patients per treat-
ment arm. Dropouts ranged from 0 (79) to 13% (108) 
in the PFMT group and 0% (79, 108) to 5% (107) in 
the combined treatment. 

Results 

Including two RCTs, Herbison’s meta-analysis re-
ported no significant differences between PFMT/VC 
and PFMT alone for either cure or cure/improvement. 
Likewise, the results from the three additional RCT 
failed to show any significant difference between 
treatments in terms of subjective cure (79, 108) and 
subjective cure/improvement (107). Porta Roda et al. 
reported that improvement occurred earlier in the 
combined group (after 3 months of treatment) but this 
was not maintained at the end of the treatment (6 
months of treatment) (107). 

Summary 

Limited evidence suggests no benefit from adding 
VCs to PFMT for women with SUI (Level of Evi-
dence: 2). 

Recommendations 

No recommendation is possible for combination inter-
vention. Adequately powered studies are needed to 
confirm or refute the advantages of adding VCs to 
PFMT (No Recommendation).   

3.3. Other Lower Urinary Tract Symptoms 
(LUTS) 

In the previous ICI, two RCTs reported data on the 
efficacy of VC on urgency and nocturia (Williams et 
al. 2006) and nocturia (Gameiro et al. 2010). Our 
search revealed no new RCTs on other lower urinary 
tract symptoms. 

3.4. Factors Affecting Outcome 
None of the RCTs above addressed the effect of age 
or other factors on the outcome of VC training. None-
theless, in the 22 RCTs included here, on average, 
22% of the women being treated with VCs (range 0 to 
63%) withdrew from the study or dropped out. Alt-
hough few RCTs examined the causes of attrition, 
among those that reported causal factors low compli-
ance, motivational problems, unpleasantness, aes-
thetic dislike, discomfort, and bleeding were impli-
cated although no one reason predominated. 

4. ELECTRICAL STIMULATION 
(ESTIM) 

The theoretical basis of neuromuscular electrical 
stimulation (EStim) interventions has emerged with 
increasing understanding of the neuroanatomy and 
physiology of the central and peripheral nervous sys-
tems. The mechanisms of action vary depending on 
the cause(s) of UI and the structure(s) being targeted 
e.g. PFM or detrusor, peripheral or central nervous 
system. In general, the aim of EStim for SUI appears 
to be to increase proprioception and/or to improve the 
muscle function of an atrophied or weak PFM, while 
for UUI the objective seems to be to inhibit detrusor 
overactivity (DO) (1).  

EStim is provided by clinic-based mains powered ma-
chines or portable battery powered stimulators (Fig-
ure 2) with a seemingly infinite combination of current 
types, waveforms, frequencies, intensities, electrode 
types and placements (Figure 3). Without a clear bio-
logical rationale, it is difficult to make choices about 
different ways of delivering EStim. Additional confu-
sion is created by the relatively rapid developments 
in the area of EStim, and a wide variety of stimulation 
devices and protocols that have been developed 
even for the same condition.  

 
Figure 2 Neuromuscular electrical stimulation equip-
ment 

 
Figure 3 Neuromuscular electrical stimulation elec-
trodes 
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Finally, the nomenclature used to describe EStim re-
mains inconsistent. EStim has not only been de-
scribed based on the type of current being used (e.g. 
faradic, interferential), but also on the structures tar-
geted (e.g. neuromuscular), the current intensity (e.g. 
low-intensity, or maximal stimulation), and the pro-
posed mechanism of action (e.g. neuromodulation). 
In this section, EStim type and parameters are re-
ported in line with International Continence Society 
definitions (1). 

This section presents the evidence for the use of ES-
tim in the prevention and treatment of UI in women. 
Questions addressed are:  

• Is EStim effective in the prevention of UI? 

• Is EStim better than no active treatment (pla-
cebo, sham, control or no treatment) for treat-
ment of UI? 

• Is one type of EStim better than another in the 
treatment of UI? 

• Is EStim better than other treatments in the treat-
ment of UI? 

• Does the addition of EStim to other treatments 
add any benefit in the treatment of UI? 

• What is the effect of EStim on other LUTS? 

• What factors might affect the outcome of EStim 
in the treatment of UI? 

Eligible interventions were non-invasive EStim with-
out implanted electrodes. (Magnetic stimulation and 
posterior tibial nerve stimulation are described in Sec-
tions II.5 and II.6). Other criteria for inclusion were (1) 
randomised or quasi-randomised (alternate alloca-
tion) trial design, (2) women with UI or other LUTS, 
(3) no participants with incontinence due to neurolog-
ical or cognitive impairment and (4) no pregnant or 
postpartum women (within 12 months of childbirth). 
Trial data reported in conference abstracts as well as 
full-text papers were included. EStim compared with 
PFMT and vaginal cones are covered in previous sec-
tions (sections II.2.3.3 and II.3.2.2). This section fo-
cuses on EStim compared with no active treatment or 
other conservative treatments.  

The primary outcomes were cure rates (the number 
of women with no urinary incontinence episode at 
time of assessment) and improvement rates (the 
number of women improved, including cure). There 
was considerable variability in the way these out-
comes were measured. Women’s self-report was 
given priority but for studies in which it was not re-
ported, the rate based on diaries was used as a 
proxy; where diary data were also not reported, the 
rate based on pad tests or any other definitions cho-
sen by the trialists was used (110). Data on health-
related quality of life and adverse effects were also 
extracted. Data at the end of the prescribed treatment 
phase, or at the first outcome measurement, if later, 
were used in the analysis. Any treatment effects 

shown are likely to reflect maximum effect of each in-
tervention. Data from further follow-up were also rec-
orded.  

Due to the small number of available studies per in-
tervention, data were sub-grouped by dominant type 
or pattern of incontinence: (1) studies with all or at 
least 50% of participants having SUI alone or a pre-
dominant symptom of SUI (as defined by trial investi-
gators), (2) studies with all or >50% of participants 
having UUI alone or a predominant symptom of UUI 
(as defined by trial investigators), (3) other studies of 
participants with UI in which neither stress- or ur-
gency-UI represented a predominant symptom in the 
study population (‘UI all types’ hereafter), and (4) 
studies of overactive bladder (OAB) or DO in which it 
was unclear whether all participants had UI.  

Single EStimates with 95% confidence intervals (CI) 
were derived for each study comparison using odds 
ratios (OR) for dichotomous variables or mean differ-
ence (MD) for continuous variables. Summary ESti-
mates were calculated using random effects models 
if there was more than one study reporting the same 
outcome (meta-analysis).  

‘Risk of bias’ in the included studies was assessed for 
allocation concealment (selection bias) and com-
pleteness of outcome data (attrition bias), using rele-
vant items in a standard tool developed by the 
Cochrane Urinary Incontinence Group (111). Risk of 
bias regarding blinding to the allocated intervention 
was high in most included studies: blinding of partici-
pants and care providers is not always feasible (other 
than the use of sham EStim), and blinding of outcome 
assessors is equally difficult for self-reported out-
comes such as cure, improvement and quality of life.  

Description of intervention in included studies of 
EStim 

Nine new trials were identified for this update, making 
a total of 42 trials included in this section. All new tri-
als targeted women with SUI or predominant SUI. No 
new studies for predominant UUI, DO or OAB (incon-
tinent or not) were found for this update. Findings for 
UUI, UI all types, DO and OAB are therefore un-
changed from 5th ICI. The number of included studies 
by dominant type or pattern of incontinence is sum-
marised in Table 14. 

In addition, there was one study, published in Portu-
guese, which was a three-arm trial comparing EStim 
and PFMT (N = 24), PFMT (N = 25) and control (N = 
22) (112). This trial could not be incorporated here, 
as an English translation was not available.  

The EStim parameters and protocols in this section 
are summarised in Table 15. Some approaches to 
treatment are now less common, such as the use of 
interferential current or external electrodes. There 
was considerable variation in the intervention proto-
col. Although the biological rationale and purpose of 
EStim might be different depending on diagnosis, 
there was no consistency in the EStim protocols used 
for women with SUI, UUI, UI all types, or DO.  
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4.1. Prevention 
No published trials were found. 

 



 

 
 

1502 

Table 14 Studies of EStim included in the previous review (5th ICI) and current update (6th ICI) 

 Studies included in the previous 
review (5th ICI) 

New studies identified in this 
update (6th ICI) Total 

EStim vs No active treatment 
    SUI or predominant SUI 
    UUI or predominant UUI 
    UI all types 
    DO/OAB (dry or wet) 

 
9 
3 
2 
3 

 
4 
0 
0 
0 

 
13 
3 
2 
3 

One type of EStim vs another 
    SUI or predominant SUI 
    UUI or predominant UUI 
    DO/OAB (dry or wet) 

 
2 
0 
2 

 
4 
0 
0 

 
6 
0 
2 

EStim vs other treatment 
    SUI or predominant SUI 
    UUI or predominant UUI 
    DO/OAB (wet or dry) 

 
1 
1 
4 

 
No study found 
 

 
1 
1 
4 

EStim+PFMT vs PFMT 
    SUI or predominant SUI 
 
    UUI or predominant UUI 
    UI all types 

 
8 (no BF) 
2 (with BF) 
0 
2 (no BF) 

 
2 (no BF) 
1 (with BF) 
0 
0 

 
10 
3 
0 
2 

BF = biofeedback 

Table 15 Summary of EStim protocols 

Author, year Current Current 
Intensity 

Pulse Shape & 
Duration Frequency (Hz) Duty Cycle Electrodes Treatment 

Duration Target UI 

Alves 2011 (1) Biphasic Max tolerable 
intensity 

Study arm 1: 
100ms; 
Study arm 2: 
700ms 

Study arm 1: 
medium frequency 
2000Hz; 
Study arm 2: low 
frequency 50Hz 

Single ratio: 1:2 (4s on, 
8s off) 

Single vaginal electrode 20min session, 2x 
a week: 6wks 

SUI 
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Author, year Current Current 
Intensity 

Pulse Shape & 
Duration Frequency (Hz) Duty Cycle Electrodes Treatment 

Duration Target UI 

Correia 2014 (2) 
 

Biphasic  Max tolerable 
intensity 

Duration: 
700µsec 

Single freq: 50Hz Single ratio: 1:2 (4s on, 
8s off) + 2s rise, 2s fall 

Study arm 1: 4 electrodes 
(2 in the suprapubic 
region and 2 medial to 
the ischial tuberosity); 
Study arm 2: Single 
vaginal electrode 

20min session, 2x 
a week, by 
physiotherapist: 
6wks 

SUI 

Huebner 2011 (3) 
 

NR Range 20-
80mA 

NR Single freq: 50Hz Study arm 1: Active 
contracting of PFM 8s. 
After reaching the 
maximum contraction, 
electrical stimulation was 
added for 8s. Resting 
15s; 
Study arm 2: Stimulation 
8s. Resting 15s. Active 
contracting of PFM 8s. 
Resting 15s. 

Single vaginal electrode 15min session, 2x 
a day, home 
treatment with 5 
clinic visits: 12wks 

SUI 

Jeyaseelan 2003* 
(4) 

NR NR NR Range not defined A longer duty cycle than 
is traditionally used 

NR NR SUI 

Lopès 2014 (5) Rectangular 
biphasic 

NR Duration: 
400µsec 

3 frequencies 
available: 50Hz for 
SUI, 20Hz for MUI, 
12.5Hz for pure 
urgency 

NR Vaginal electrode 20min session, 3x 
a day, home 
treatment: 6mths 

SUI 

Maher 2009* (6) NR NR NR NR NR Study arm 1: external 
electrodes; Study arm 2: 
single vaginal electrode 

30min session, 4x 
a week, home 
treatment: 8wks 
(outcome 
reported at 4wks) 

SUI 
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Author, year Current Current 
Intensity 

Pulse Shape & 
Duration Frequency (Hz) Duty Cycle Electrodes Treatment 

Duration Target UI 

Patil 2010 (7) 
 

Interferential Max tolerable 
intensity 

NR Freq range: 0-
100Hz 

NR 4 electrodes (2 flat 
electrodes placed 
anteriorly over the 
obturator foramen, and 2 
electrodes placed 
posteriorly medial to 
ischial tuberosity on 
either side of the anus) 

First session 
15min, other 
sessions 30min, 
3x a week, by 
physiotherapist: 
4wks. 

SUI 

Pereira 2012 (8) 
 

NR Max tolerable 
intensity 

Duration: 
700µsec 

Single freq: 50Hz Single ratio: 1:2 (4s on, 
8s off) 

4 electrodes (2 in the 
suprapubic region and 2 
medial to the ischial 
tuberosity) 

20min session, 2x 
a week, by 
physiotherapist: 
6wks 

SUI 

Terlikowski 2013 
(9) 

NR NR 200 to 250µsec Freq range: 10-
40Hz 

Single ratio: 1:2 (15s on, 
30s off) 

Single vaginal electrode 20min session, 2x 
a day, home 
treatment: 8 
weeks..  

SUI 

* abstract only. 

Footnotes: EStim = electrical stimulation, freq= current frequency, PFM = Pelvic floor muscle, PFMC= Pelvic floor muscle contraction, VPFMC= voluntary Pelvic floor 
muscle contraction 

1. Alves PG, Nunes FR, Guirro EC. Comparison between two different neuromuscular electrical stimulation protocols for the treatment of female stress urinary inconti-
nence: a randomized controlled trial. Revista Brasileira de Fisioterapia. 2011;15(5):393-8. 

2. Correia GN, Pereira VS, Hirakawa HS, Driusso P. Effects of surface and intravaginal electrical stimulation in the treatment of women with stress urinary incontinence: 
randomized controlled trial. European Journal of Obstetrics and Gynecology and Reproductive Biology. 2014;173(1):113-8. 

3. Huebner M, Riegel K, Hinninghofen H, Wallwiener D, Tunn R, Reisenauer C. Pelvic floor muscle training for stress urinary incontinence: a randomized, controlled 
trial comparing different conservative therapies. Physiother Res Int. 2011;16(3):133-40. 

4. Jeyaseelan S, Oldham JA. Can the effects of pelvic floor muscle exercises be enhanced with a new pattern of electrical stimulation in women with stress incontinence 
(Abstract). Proceedings of the World Confederation for Physical Therapy (WCPT), 14th International Congress, 7-12 June, Barcelona. 2003. 

5. Lopès P, Rimbault F, Scheffler M, Andre C, Cappelletti MC, Mares P. [Multicentric prospective randomized and controlled study assessing effectiveness of intravaginal 
electrostimulation at home compared to usual care in female patients with urinary incontinence and prior perineal reeducation]. [French]. Gynecologie, Obstetrique & 
Fertilite. 2014;42(11):779-86. 

6. Maher RM, Crowe L, Caulfield B. Comparison of two methods of electrical muscle stimulation training of pelvic floor musculature in the treatment of stress urinary 
incontinence (Abstract). Journal of Women's Health Physical Therapy. 2009;33(1):24. 
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7. Patil SP, Nagrale AV, Ganvir SD. Additive effect of interferential therapy over pelvic floor exercises. International Journal of Therapy & Rehabilitation. 2010;17(11):596-
602. 

8. Pereira VS, Bonioti L, Correia GN, Driusso P. [Effects of surface electrical stimulation in older women with stress urinary incontinence: a randomized controlled pilot 
study]. [Spanish]. Actas Urologicas Espanolas. 2012;36(8):491-6. 

9. Terlikowski R, Dobrzycka B, Kinalski M, Kuryliszyn-Moskal A, Terlikowski SJ. Transvaginal electrical stimulation with surface-EMG biofeedback in managing stress 
urinary incontinence in women of premenopausal age: a double-blind, placebo-controlled, randomized clinical trial. International Urogynecology Journal. 
2013;24(10):1631-8. 

Table 16 Summary of data on EStim vs no active treatment 

Author, year Comparator N 
randomised Study population Duration 

(months) Outcome** 

SUI or predominantly SUI 

Correia 2014 (1) ES (31)  
vs  
No treatment (17)  

48 SUI alone 1.5 Cure: NR Improvement: NR 
QoL via KHQ 
Surface ES vs no treatment, N = 32, mean difference 54.45 lower, 95% 
CI 73.44 to 35.46 lower; 
Vaginal ES vs no treatment, N = 32, mean difference 56.67 points 
lower, 95% CI 75.30 to 38.04 lower 
Adverse effects: NR 

Lopès 2014 (2) ES (78)  
vs  
No treatment (86) 

164 SUI or SUI-
predominant MUI 

6 Cure: NR 
Self-reported improvement: 63/76 vs 58/85 
QoL via ICIQ: N = 161, mean difference in change from baseline 3.10 
lower, 95% CI 4.39 to 1.81 lower 
Adverse effects: reported with no detail  

Pereira 2012 (3) ES (7)  
vs  
No treatment (7) 

14 SUI alone 1.5 Cure: NR Improvement: NR 
QoL via KHQ: N = 14, mean difference 42.95 lower, 95% CI 70.74 to 
15.16 lower 
Adverse effects: no events noted 

Terlikowski 2013 (4) ES + BF† (68)  
vs  
Sham ES + BF† (34) 

102 USI alone 2 Self-reported cure: 29/64 vs. 2/29 
Self-reported improvement: 41/64 vs 6/29 
QoL via I-QoL: N = 93 at 8 weeks (end of treatment), mean difference 
22.3 higher, 95% CI 15.52 to 29.08 higher; N = 93 at 16 weeks (8 8 
weeks after treatment), mean difference 30.20 higher, 95% CI 22.18 to 
38.22 higher 
Adverse effects: smarting and discomfort 

Note: For modality details or parameters, see Table 14. 
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NR = not reported; ICIQ = International Consultation of Incontinence Questionnaire (higher scores indicate greater impact on QoL, i.e. a higher score indicates a lower 
QoL); I-QoL = Incontinence Quality of Life Questionnaire (higher scores indicate higher QoL); KHQ = King’s Health Questionnaire (higher scores indicate greater impair-
ment);  

**Source of cure and improvement outcome: women’s self-report was given priority but for studies in which it was not reported, quantification of outcomes based on 
diaries, pad tests or any other definitions chosen by trialists were used as a proxy.  
† Electromyography-assisted biofeedback 

1. Correia GN, Pereira VS, Hirakawa HS, Driusso P. Effects of surface and intravaginal electrical stimulation in the treatment of women with stress urinary incontinence: 
randomized controlled trial. European Journal of Obstetrics and Gynecology and Reproductive Biology. 2014;173(1):113-8. 

2. Lopès P, Rimbault F, Scheffler M, Andre C, Cappelletti MC, Mares P. [Multicentric prospective randomized and controlled study assessing effectiveness of intravaginal 
electrostimulation at home compared to usual care in female patients with urinary incontinence and prior perineal reeducation]. [French]. Gynecologie, Obstetrique & 
Fertilite. 2014;42(11):779-86. 

3. Pereira VS, Bonioti L, Correia GN, Driusso P. [Effects of surface electrical stimulation in older women with stress urinary incontinence: a randomized controlled pilot 
study]. [Spanish]. Actas Urologicas Espanolas. 2012;36(8):491-6. 

4. Terlikowski R, Dobrzycka B, Kinalski M, Kuryliszyn-Moskal A, Terlikowski SJ. Transvaginal electrical stimulation with surface-EMG biofeedback in managing stress 
urinary incontinence in women of premenopausal age: a double-blind, placebo-controlled, randomized clinical trial. International Urogynecology Journal. 
2013;24(10):1631-8. 
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4.2. Treatment 

4.2.1 Is EStim Better than No Active Treat-
ment (Placebo, Sham, Control or No 
Treatment) for Treatment of UI? 

Four new studies including 267 women with SUI or 
predominant SUI (113-116). Participants in one of 
these studies were women who had responded posi-
tively to physiotherapy treatment for their UI (10-15 
sessions), with EStim used to maintain the benefit of 
initial physiotherapy (114). One study (115) was a pi-
lot study for a newly identified study (113).  

Characteristics of the new studies comparing EStim 
with no active treatment are presented in Table 16. 
No active treatment consisted of no treatment (113, 
115), sham EStim (116) or usual care (114). One 
study was a three-arm trial. Two of the arms using 
surface and intravaginal EStim (N = 31) were com-
bined and compared with the ‘no treatment’ arm (N = 
17) (113). 

Quality of data 

Three studies reported adequate methods of alloca-
tion concealment, namely third party involvement 
(113, 116) or opaque (and sealed) envelopes with 
third party involvement (115) in the allocation proce-
dure. One study did not describe methods used for 
allocation concealment (116). Trial results were re-
ported for everyone who entered the trial in one study 
(115) but this was not done in the others. One study 
is funded by the manufacturer of the study stimulator 
(114).  

Results 

SUI or predominant SUI. When adding new studies 
to those previously reported, pooled data suggest 
that cure rates were, on average, higher for EStim 
compared with no active treatment but the difference 
was not statistically significant (N = 434, 22% vs 5%, 
OR 2.43, 95% CI 0.89 to 6.60) (116-123). Improve-
ment rates were statistically significantly higher for 
EStim compared with no active treatment (N = 613, 
53% vs 30%, OR 3.64, 95% CI 1.82 to 7.27) (114, 
116-118, 120-124), although there was some evi-
dence of statistical heterogeneity for the improvement 
rate (I-squared = 45%). The result of this meta-anal-
ysis using additional data from newly identified stud-
ies remains similar to the analysis performed in the 
5th ICI, except that effect size was larger and confi-
dence interval for cure was wider, and effect size was 
smaller and confidence interval was narrower for im-
provement.  

Quality of life was reported in seven studies, using di-
verse measures. Six studies, including 4 new studies, 
found statistically significant differences favouring 
EStim compared with no active treatment (113-116, 
118, 119), and one previous study found no signifi-
cant differences between the groups (125). All new 
studies that reported this outcome favoured EStim: 
one (114) used the International Consultation on In-
continence Questionnaire (ICIQ), one (116) used the 

Incontinence Quality of life (I-QoL) questionnaire, and 
two used the King’s Health Questionnaire (KHQ) 
(113, 115).  

Adverse effects appeared uncommon. One new 
study reported bleeding in one and discomfort in 
three of 64 participants using the active EStim device 
and none of 29 participants in the sham EStim device 
(116). This is in line with two previous studies that re-
ported tenderness and bleeding (118), and vaginal ir-
ritation, pain or infection (123) associated with the de-
vice. Another study reported that one participant each 
in the treatment (N = 78) and control (usual care; N = 
86) groups was lost to follow-up due to adverse ef-
fects (no further detail was provided) (114). 

Summary 

A total of 21 studies assessed the effect of EStim 
compared with no active treatment, including 13 in 
women with SUI or predominant SUI, three in UUI or 
predominant UUI, two in all types of UI, and three in 
DO/OAB (incontinent or no). 

Findings from update analysis using the additional 
data from newly identified studies were broadly simi-
lar to those from the 5th ICI. Included studies were 
generally assessed as having a high risk of bias.  

EStim might be more effective than no treatment in 
improving symptoms and quality of life in women with 
SUI and improving symptoms in women with UUI, alt-
hough this may not result in cure (Level of Evidence: 
2).  

Information on quality of life was sparsely reported 
particularly for UUI or DO, and the limited data that 
were available were not consistent. Adverse effects 
appear uncommon but some women experienced 
discomfort with the treatment device. Scant data were 
available on long-term performance.  

Recommendations 

EStim might be better than no treatment to improve 
symptoms and quality of life in SUI women (Grade of 
Recommendation: B).  

EStim may be considered for treatment to improve 
symptoms for UUI (Grade of Recommendation: B).  

However, this recommendation should be viewed 
with caution until the findings are supported or refuted 
in further trials; it would be particularly useful if further 
trials used validated and reliable quality life measures 
as a primary outcome indicator particularly for UUI. 

4.2.2 Is One Type of EStim Better than An-
other in the Treatment of UI? 

Four new studies including 145 women with SUI and 
predominant SUI (113, 126-128) were found. The 
characteristics of the new studies comparing one type 
of EStim with another are presented in Table 17. Dif-
ferent variants of EStim were assessed, either alone 
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(113, 126, 128) or as an adjunct to PFMT and bio-
feedback (127).

Table 17 Summary of data on different types of EStim comparisons  

Author, 
year Comparator N 

randomised 
Study 
population 

Duration 
(months) Outcome** 

SUI or predominantly SUI 

Alves 2011 
(1) 

Medium 
frequency ES 
vs 
Low frequency 
ES (number 
per group not 
reported) 

24 SUI alone 1.5 Cure based on pad test: 10/10 vs 
10/10 
Improvement: NR 
QoL: NR 
Adverse effects: NR 

Correia 
2014 (2) 

Surface ES 
(15) 
vs  
Vaginal ES 
(16) 

31 SUI alone 1.5 Cure: NR 
Improvement: NR 
QoL via KHQ: N = 30, mean 
difference 2.22 higher, 95% 6.95 
lower to 11.39 higher 
Adverse effects: NR 

Huebner 
2011 (3) 

Dynamic ES +  
PFMT + BF† 
(36) 
vs  
Conventional 
ES + PFMT + 
BF† (36) 

72 SUI or SUI-
predominant 
MUI 

3 Cure: NR 
Improvement: NR 
QoL via KHQ: N = 61, mean 
difference in change from baseline 
4.10 lower, 95% CI 6.77 to 1.43 
lower 
Adverse effects: allergic reaction to 
lubricant 

Maher 
2009* (4) 
(ongoing) 

External ES  
vs  
Vaginal ES  
(number per 
group not 
reported) 

18 SUI alone 2 (outcome 
measured 
at 1 month) 

Cure: NR 
Improvement: NR 
QoL: NR 
Adverse effects: NR 

Note: For modality details or parameters, see Table 14. 

NR = not reported; KHQ = King’s Health Questionnaire (higher scores indicate greater impairment); 

* abstract only;  

**Source of cure and improvement outcomes: women’s self-report was given priority but for studies in which it 
was not reported, quantification of outcomes based on diaries, pad tests or any other definitions chosen by 
trialists was used as a proxy.  
† Electromyography-assisted biofeedback 

1. Alves PG, Nunes FR, Guirro EC. Comparison between two different neuromuscular electrical stimulation 
protocols for the treatment of female stress urinary incontinence: a randomized controlled trial. Revista 
Brasileira de Fisioterapia. 2011;15(5):393-8. 

2. Correia GN, Pereira VS, Hirakawa HS, Driusso P. Effects of surface and intravaginal electrical stimulation 
in the treatment of women with stress urinary incontinence: randomized controlled trial. European Journal 
of Obstetrics and Gynecology and Reproductive Biology. 2014;173(1):113-8. 

3. Huebner M, Riegel K, Hinninghofen H, Wallwiener D, Tunn R, Reisenauer C. Pelvic floor muscle training 
for stress urinary incontinence: a randomized, controlled trial comparing different conservative therapies. 
Physiother Res Int. 2011;16(3):133-40. 

4. Maher RM, Crowe L, Caulfield B. Comparison of two methods of electrical muscle stimulation training of 
pelvic floor musculature in the treatment of stress urinary incontinence (Abstract). Journal of Women's 
Health Physical Therapy. 2009;33(1):24. 
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One study comparing external and vaginal EStim for 
women with SUI, available only as an abstract, did 
not report any of the specified outcomes and thus did 
not contribute to the analysis (128). Since there is lit-
tle duplication of EStim interventions, it was not 
thought appropriate to combine study findings.  

Quality of data  

Allocation concealment was adequate in one study 
which involved a third party in the allocation proce-
dure (113). The other three studies did not mention 
allocation concealment (126-128). Data were re-
ported only for those who completed the trial in two 
studies (126, 127) but it was unclear in the other two 
studies if trial results were reported for everyone who 
entered the trial (113, 128).  

Results 

SUI or predominant SUI. One new small study com-
paring medium and low frequency EStim found no dif-
ference for cure rates (126). The results for improve-
ment rates are as reported in two previous studies 
(129, 130).  

While no information was available on quality of life 
and adverse effects in the 5th ICI, two new studies re-
ported quality of life using the KHQ. The first study 
comparing ‘dynamic’ EStim (contract pelvic floor 
muscles, and then add stimulation at maximal con-
traction) with ‘conventional’ EStim (perform stimula-
tion, rest, and contract pelvic floor muscles) found a 
statistically significant difference favouring ‘dynamic’ 
ES, although study authors considered the difference 
to be small and not clinically important (127). The sec-
ond study comparing surface and vaginal EStim 
found no statistically significant difference between 
the groups (113).  

One new study in which EStim was performed as an 
adjunct to PFMT and biofeedback reported that one 
of 72 participants had an allergic reaction to biofeed-
back lubricant and withdrew from the study, although 
it was unclear in which group these adverse effects 
occurred (127).  

Summary 

A total of eight studies assessed the effect of one ap-
proach of EStim compared with another, with six in 
women with SUI and predominant SUI and two in 
women with DO. No study focusing on UUI or pre-
dominant UUI was identified.  

Findings from an updated analysis using the addi-
tional data from newly identified studies were broadly 
similar to those from the 5th ICI. Included studies gen-
erally had a high risk of bias. There were eight small 
trials comparing different EStim protocols; the clinical 
heterogeneity between studies meant it was not ap-
propriate to pool the data.  

Based on a single trial (130) for women with SUI, 
maximal clinic-based stimulation may be more effec-
tive than low-intensity home-based stimulation in im-
proving symptoms, although no data were available 
on cure rates, quality of life and adverse effects 
(Level of Evidence: 2).  
The other studies did not find clinically important dif-
ferences between stimulation groups for the specified 
outcomes; the studies were small and may have been 
underpowered. Further comparisons of EStim proto-
cols are needed. 

Recommendations  

For women with SUI maximal clinic-based EStim 
might be better than daily low-intensity home-based 
EStim in improving symptoms (Grade of Recom-
mendation: B).  

There is a need for studies to elucidate the purpose 
and biological rationale for EStim in different diagnos-
tic groups, so these can then be tested and compared 
in clinical trials. 

4.2.3 Is EStim Better than Other Treatments 
for UI? 

No new study was found that investigated whether 
EStim is better than other treatments for UI. The level 
of evidence and recommendations remains un-
changed from the previous review (5th ICI) formed on 
the basis of six studies (124, 131-135).  

Summary 

The 5th ICI included six studies, including one in 
women with SUI, one in women with predominant 
UUI, and four in women with OAB/DO (wet or dry).  

Included studies were generally assessed as having 
a high risk of bias. With small numbers per compari-
son group available, there is insufficient evidence to 
determine if EStim is better than vaginal oestrogens 
in women with SUI, propantheline bromide in women 
with UUI, or oxybutynin and tolterodine for DO (Level 
of Evidence: 2).  

Recommendation 

Based on current limited evidence, EStim could be 
considered as an alternative to medical treatment. 
Medical treatments (drugs) appear to be no more ef-
fective than EStim (Grade of Recommendation: B). 
These findings need to be investigated further with 
high quality trials, if it is a clinical question of interest 
to women.  

4.2.4 Does the Addition of EStim to Other 
Treatments Add Any Benefit in the 
Treatment of UI? 

Three new studies including 52 women including 
women with SUI and predominant SUI were found 
(127, 136, 137). The characteristics of these new 
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studies are presented in Table 18. Two studies (136, 
137) combined EStim with PFMT (EStim + PFMT vs 
PFMT), while the other (127) combined EStim with 

PFMT and biofeedback (EStim + PFMT + BF vs 
PFMT + BF).. 

Table 18 Summary of data on EStim + another treatment vs the other treatment 

Author Comparator N randomised Study 
population 

Duration 
(months) Outcome** 

SUI or predominantly SUI 

Jeyaseelan 
2003* (1) 

ES + PFMT 
(6?)  
vs  
PFMT (7?) 

13? SUI alone 2 Cure: NR 
Improvement: NR 
QoL via IIQ (% change from 
baseline): N = 6, median -27%, 
range -63 to 0, vs. N = 7, median 
0%, range -67 to 200 
QoL via UDI (% change from 
baseline): N = 6, median -32%, 
range -50 to -18, vs. N = 7, 
median 0%, range -43 to 180 
Adverse effects: NR 

Patil 2010 (2) ES + PFMT 
(55) 
vs  
PFMT (55) 

13 USI alone 1 Cure: NR 
Improvement: NR 
QoL via IIQ: N = 102, mean 
difference 12.53 lower, 95% CI 
19.45 to 5.61 lower 
Adverse effects: NR 

Huebner 2011 
(3) 

ES + PFMT + 
BF† (72) 
vs  
PFMT + BF† 
(36) 

26 SUI or SUI-
predominant 
MUI 

3 Cure: NR 
Improvement: NR 
QoL via KHQ  
Dynamic ES+PFMT+BF vs 
PFMT+BF: N = 55, mean 
difference in change from baseline 
4.60 lower, 95% CI 7.43 to 1.77 
lower;  
Conventional ES+PFMT+BF vs 
PFMT+BF: N = 60, mean 
difference in change from baseline 
0.50 lower, 95% CI 3.22 lower to 
2.22 higher 
Adverse effects: allergic reaction 
to lubricant  

Note: For modality details or parameters, see Table 14. 

NR = not reported; IIQ = Incontinence Impact Questionnaire (lower scores indicate better QoL); KHQ = King’s 
Health Questionnaire (higher scores indicate greater impairment); UDI = Urogenital Distress Inventory (higher 
scores indicate greater discomfort);  

**Source of cure and improvement outcome: women’s self-report was given priority but for studies in which it 
was not reported, quantification of outcomes based on diaries, pad tests or any other definitions chosen by 
trialists were used as a proxy.  

† Electromyography-assisted biofeedback 

1. Jeyaseelan S, Oldham JA. Can the effects of pelvic floor muscle exercises be enhanced with a new pattern 
of electrical stimulation in women with stress incontinence (Abstract). Proceedings of the World Confed-
eration for Physical Therapy (WCPT), 14th International Congress, 7-12 June, Barcelona. 2003. 

2. Patil SP, Nagrale AV, Ganvir SD. Additive effect of interferential therapy over pelvic floor exercises. Inter-
national Journal of Therapy & Rehabilitation. 2010;17(11):596-602. 

3. Huebner M, Riegel K, Hinninghofen H, Wallwiener D, Tunn R, Reisenauer C. Pelvic floor muscle training 
for stress urinary incontinence: a randomized, controlled trial comparing different conservative therapies. 
Physiother Res Int. 2011;16(3):133-40. 
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One study was a three-arm trial that included both 
‘dynamic’ EStim (stimulation added at maximum con-
traction of pelvic floor muscles) and ‘conventional’ 
EStim (stimulation followed by rest and pelvic floor 
muscle contraction) as two of the study arms (127). 
These arms were combined in the analysis. One 
study is a pilot study, available only as abstract, with 
limited information (136). 

Quality of data  

Allocation concealment was inadequate in one study 
which used opaque sealed envelopes but with no in-
dication of third party involvement in the allocation 
procedure (137). The other two studies did not men-
tion allocation concealment (127, 136). In two stud-
ies, data were reported only for those who completed 
the trial (127, 137) and it was unclear in the other 
study if trial results were reported for everyone who 
entered the trial (136). 

Results 

i) EStim + PFMT vs PFMT 

SUI or predominant SUI. Two new studies assessing 
EStim as an adjunct to PFMT compared with PFMT 
alone, contributed no additional data in terms of cure, 
improvement and adverse effects. The 5th ICI previ-
ous analysis  for these outcomes therefore remains 
unchanged.  

Three studies reported data on quality of life with in-
consistent results. One previous study found no sta-
tistically significant differences between the group 
(138), whereas one new study using the Incontinence 
Impact Questionnaire (IIQ) found a statistically signif-
icant difference favouring the group which combined 
EStim with PFMT (137). The results from another new 
study based on either the IIQ or the Urogenital Dis-
tress Inventory were inconclusive, due to the pilot na-
ture of the study and small sample size (N = 13) (136). 

ii) EStim + PFMT with biofeedback vs PFMT with bi-
ofeedback 

SUI. One new study assessed EStim as an adjunct to 
PFMT and biofeedback compared with PFMT and bi-
ofeedback alone. This was a three-arm trial, as-
sessing a combination of either ‘dynamic’ or ‘conven-
tional’ EStim with PFMT and biofeedback, compared 
with PFMT and biofeedback alone (127).  

This study did not provide any data on cure and im-
provement rates (127). Thus, the 5th ICI analysis of 
improvement rates based on two studies (129, 130) 
remains unchanged, with no available information on 
cure rates.  

While no information was available on quality of life 
and adverse effects for this comparison in the 5th ICI, 
the new study (127) reported that quality of life scores 
based on the King’s Health Questionnaire improved 
statistically significantly for the group which combined 

‘dynamic’ EStim with PFMT and biofeedback, com-
pared with PFMT and biofeedback alone, although 
study authors did not consider the difference to be 
clinically important. No significant difference was 
found for the group combining ‘conventional’ EStim 
with PFMT and biofeedback, compared with PFMT 
and biofeedback alone.  

In the same study (127), one of 72 participants had 
an allergic reaction to biofeedback lubricant and with-
drew from the study, although it was unclear in which 
group this occurred.  

Summary 

A total of 15 studies assessed the effect of EStim as 
an adjunct to another treatment, compared with the 
other treatment alone. All but two studies included 
women with SUI or predominant SUI. No study focus-
ing on UUI or predominant UUI was identified.  

Findings from update analysis using the additional 
data from newly identified studies were broadly simi-
lar to those from the 5th ICI. For comparisons of EStim 
with PFMT versus PFMT alone, there was no clear 
evidence of a difference between the groups in 
women with SUI or predominantly SUI in terms of 
cure and improvement. Evidence for quality of life out-
comes was not consistent across studies (Level of 
Evidence: 2). There was also no evidence to suggest 
that the addition of EStim to a BF-assisted PFMT was 
more effective than BF-assisted PFMT in women with 
SUI (Level of Evidence: 2). A few women experi-
enced adverse effects with EStim. There is no evi-
dence to draw any conclusion about the effect of add-
ing EStim to PFMT for women with UUI.  

Recommendations  

The addition of EStim to PFMT or BF-assisted PFMT 
programmes does not appear to add benefit (Grade 
of Recommendation: B); combinations of tech-
niques need to be investigated further with high qual-
ity trials if this is a clinical/research question of inter-
est to women. 

4.3. Other LUTS 
In the 5th ICI, there were no trials that analysed the 
effect of EStim in women with other LUTS alone.No 
new published trials were found. 

4.4. Factors Affecting Outcome 
None of the included trials addressed the effect of 
age, or any other factor, on outcomes of EStim. There 
was no clear indication from the included trials that 
EStim could not be tolerated by elderly. There is no 
reason, therefore, to either exclude older women from 
studies of EStim, or not to offer EStim as part of a 
conservative management programme, except where 
recognised precaution with use of intra-vaginal elec-
trodes in women with vaginal atrophy and contraindi-
cations such as a cardiac pacemaker are present. 
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One newly identified study including elderly women 
(over 60 years old) highlighted the potential embar-
rassment perceived by the elderly with regard to con-
ventional intra-vaginal stimulation and suggested that 
surface EStim may be a more acceptable method for 
this population (115).  

Of note, in a prospective cohort of 3,198 women 
treated with home-managed EStim in Norway during 
1992-1994, there was no association between self-
reported improvement and age (139). In the same co-
hort, success rates as defined by clinicians were 
higher in younger individuals but this effect was not 
significant after controlling for other factors.  

Aside from age, other factors may have the potential 
to mitigate treatment outcome. On the basis of trial 
reports to date, it appeared that there was considera-
ble variation in EStim protocols with no consistent 
pattern emerging. EStim protocols are also often 
poorly reported, lacking detail of stimulation parame-
ters, devices and methods of delivery. The wide 
range of protocols that have been tested may have 
affected the effect EStimates reported in this section. 
ICS/IUGA has produced a physiotherapy interven-
tions terminology paper in the last year, and authors 
are encouraged to refer to this paper when reporting 
EStim parameters in a publication (1). 

It is not clear whether one diagnostic group may ben-
efit more than another from EStim. It has been hy-
pothesised that, in women with SUI who cannot vol-
untarily contract the PFM to begin a PFMT pro-
gramme, EStim might help initiate or substitute for a 
voluntary contraction. However, most studies focus-
ing on the efficacy of EStim do use EStim to initiate 
or substitute for a voluntary PFM contraction (140). 
To date, there has been no trial addressing this hy-
pothesis.  

As with all conservative therapy modalities, one of the 
key factors to the success or failure of EStim is treat-
ment adherence. Some authors commented on ad-
herence or reported adherence data. Of the new 
studies identified for this 6th ICI update, one study re-
ported that adherence to EStim was satisfactory 
(116) and another reported that the EStim regimen 
was adhered to by over >75% of participants (114). 
However, adherence measures were highly variable, 
making comparison across studies difficult. 

5. POSTERIOR TIBIAL NERVE 
STIMULATION (PTNS) 

Posterior tibial nerve stimulation (PTNS) is a form of 
peripheral neurostimulation targeted towards symp-
tom relief of OAB and UUI (141). Indirect access to 
the sacral plexus is achieved by intermittent, electri-
cal stimulation of the posterior tibial nerve, which lies 
behind the medial malleolus. PTNS may be minimally 
invasive, involving insertion of a fine needle close to 
the nerve (Percutaneous PTNS), or non-invasive, us-
ing skin surface electrodes applied to the medial mal-
leolar area (Transcutaneous PTNS)(141). 

PTNS aims to stimulate the sacral nerve plexus 
through the afferent fibres of the posterior tibial nerve, 
a mixed nerve containing L5-S3 fibres (142). The S3 
nerve root contains sensory fibres from the pelvic 
floor and parasympathetic motor efferent fibres to the 
detrusor as well as the pelvic sphincters and the pel-
vic floor muscles. Afferent nerve stimulation can 
therefore lead to activation of inhibitory sympathetic 
neurons and suppression of detrusor contraction 
through a direct sacral route. Urodynamic studies 
have shown that electrical stimulation of the posterior 
tibial nerve increases cystometric capacity and sup-
presses detrusor contraction (143-145). The full 
mechanism of action of treatment effect for PTNS is 
not yet understood, however it is thought that the ob-
served effects may be related to a neuroplastic reor-
ganisation of sacral spinal reflexes and regulation of 
cortical excitability (146, 147). 

Percutaneous PTNS is performed as an outpatient 
procedure. It involves inserting a 34-gauge needle 3–
5 cm cephalad to the medial malleolus. The needle is 
connected to a low-voltage stimulator device, and a 

grounding pad is placed on the bottom of the foot just 
below the smallest toe. Transcutaneous PTNS may 
be delivered either in clinic or self-administered at 
home. Self-adhesive electrodes are placed behind 
the medial malleolus and 10cm proximal to this. The 
positive lead is connected to the proximal electrode 
and the negative to the distal electrode and both are 
connected to a portable battery-powered stimulator. 
The intensity level of the stimulation current for per-
cutaneous PTNS and transcutaneous PTNS is deter-
mined once correct positioning has been established 
by noting sensory and motor (hallux) reaction (Figure 
4). 

This section presents the evidence for the use of 
PTNS in the prevention and treatment of UI in 
women. Since this is a new section for the Conserva-
tive Management chapter, the same search strategy 
as EStim section was used although no date re-
strictions have been applied to the literature search.   

 

 
Figure 4 PTNS equipment 
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Table 19 Summary of PTNS protocols 

Author, year Current Current Intensity Pulse Shape & 
Duration 

Frequency 
(Hz) Duty Cycle Electrodes Treatment 

Duration Target UI 

Bellette 2009 (1) NR NR NR NR NR NR 2 months OAB 

Finazzi-Agrò 
2010 (2) 

NR 0 – 10 mA; increased 
until flexion of big toe 
or fanning of all toes 
become noticeable 

200 
microseconds 

20 Hz NR One surface electrode on 
the medial aspect of the 
calcaneous 

3 months UUI 

Manriquez 2013* 
(3) 

NR NR NR 
 
 
 

NR NR NR 3 months OAB 

Marques 2008* 
(4) 

Biphasic VIF (variation of 
intensity and 
frequency) 

200 
microseconds 

10 Hz NR Two transcutaneous 
electrodes 

1 month OAB 

Peters 2010* (5) NR NR NR NR NR NR 3 months OAB 

Preyer 2007* (6) NR NR NR NR NR NR 3 months UUI 

Preyer 2015 (7) NR NR NR NR NR NR 3 months OAB 

Sancaktar 2010 
(8) 

NR 0.5 – 10Ma; adjusted in 
accordance to patient’s 
tolerance 

0.2 milliseconds 20 Hz NR NR 3 months OAB 

Schreiner 2010 
(9) 

Continuou
s mode 

10 – 50mA; according 
to sensitivity and hallux 
mobilisation 

200 milliseconds 10 Hz NR Negative electrode on 
medial malleolus and the 
positive electrode was 
10cm proximal to this on 
the right leg along the nerve 
path 

3 months UUI 

Souto 2014 (10) NR NR 250 
microseconds 

10 Hz NR Negative surface electrode 
placed behind medial 
malleolus and positive 
electrode placed 10cm 
above it 

3 months OAB 
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Author, year Current Current Intensity Pulse Shape & 
Duration 

Frequency 
(Hz) Duty Cycle Electrodes Treatment 

Duration Target UI 

Vecchioli-
Scaldazza 2013 
(11) 

NR NR NR NR NR NR 1.5 months OAB 

* abstract only. 

NR = not reported 
1. Bellette PO, Rodrigues-Palma PC, Hermann V, Riccetto C, Bigozzi M, Olivares JM. [Posterior tibial nerve stimulation in the management of overactive bladder: a 

prospective and controlled study]. [Spanish]. Actas Urologicas Espanolas. 2009;33(1):58-63. 

2. Finazzi-Agrò E, Petta F, Sciobica F, Pasqualetti P, Musco S, Bove P. Percutaneous tibial nerve stimulation effects on detrusor overactivity incontinence are not due 
to a placebo effect: a randomized, double-blind, placebo controlled trial. Journal of Urology. 2010;184(5):2001-6. 

3. Manriquez VI, Naser ME, Gomez M, Guzman R, Valdevenito R, Lecannelier J, et al. Transcutaneal tibial nerve stimulation versus long release oxibutinin in the 
treatment of patients with overactive bladder. A randomize control trial (Abstract number 013). International Urogynecology Journal and Pelvic Floor Dysfunction. 
2013;24(Suppl 1):S14. 

4. Marques A, Herrmann V, Ferreira N, Bellette P. Transcutaneous posterior tibial nerve stimulation in overactive bladder (Abstract number 471). Proceedings of the 
38th Annual Meeting of the International Continence Society (ICS), 2008 Oct 20-24, Cairo, Egypt. 2008. 

5. Peters K, Carrico D, Perez-Marrero R, Khan A, Wooldridge L, Davis G, et al. 12 week results from the SUMIT trial: percutaneous tibial nerve stimulation vs validated 
sham in those exposed to pharmacologic therapy (Abstract number 125). Neurourology and Urodynamics. 2010;29(6):988-9. 

6. Preyer O, Gabriel B, Mailath-Pokorny M, Doerfler D, Laml T, Umek W, et al. Peripheral tibial neurostimulation (PTNS) versus tolterodine in the treatment of women 
with urge urinary incontinence and urge symptoms (Abstract number 246). International Urogynecology Journal and Pelvic Floor Dysfunction. 2007;18(Suppl 1):S139-
S40. 

7. Preyer O, Umek W, Laml T, Bjelic-Radisic V, Gabriel B, Mittlboeck M, et al. Percutaneous tibial nerve stimulation versus tolterodine for overactive bladder in women: 
a randomised controlled trial. European Journal of Obstetrics, Gynecology, & Reproductive Biology. 2015;191:51-6. 

8. Sancaktar M, Ceyhan ST, Akyol I, Muhcu M, Alanbay I, Mutlu EC, et al. The outcome of adding peripheral neuromodulation (stoller afferent neuro-stimulation) to anti-
muscarinic therapy in women with severe overactive bladder. Gynecological Endocrinology. 2010;26(10):729-32. 

9. Schreiner L, dos Santos TG, Knorst MR, da Silva Filho IG. Randomized trial of transcutaneous tibial nerve stimulation to treat urge urinary incontinence in older 
women. International Urogynecology Journal. 2010;21(9):1065-70. 

10. Souto SC, Reis LO, Palma T, Palma P, Denardi F. Prospective and randomized comparison of electrical stimulation of the posterior tibial nerve versus oxybutynin 
versus their combination for treatment of women with overactive bladder syndrome. World Journal of Urology. 2014;32(1):179-84. 

11. Vecchioli-Scaldazza C, Morosetti C, Berouz A, Giannubilo W, Ferrara V. Solifenacin Succinate versus Percutaneous Tibial Nerve Stimulation in Women with Over-
active Bladder Syndrome: Results of a Randomized Controlled Crossover Study. Gynecologic & Obstetric Investigation. 2013;75(4):230-4. 

Table 20 Summary of data on PTNS vs no active treatment 
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Author, year Intervention N 
randomised Study population Duration 

(months) Outcome** 

UUI 

Finazzi-Agrò 2010 
(1) 

Percutaneous PTNS (18) vs Sham 
percutaneous PTNS (17) 

35 UUI 3 Cure: NR 
Improvement based on diary: 12/17 vs. 0/15 
QoL via I-QoL (mean): N = 17, change from pre 69.6 to 
post 81.3, p = 0.025 vs. N = 15, change from pre 69.5 
to post 70.6, p = 0.619 
Adverse effects: no serious events  

DO/OAB 

Bellette 2009† (2) Transcutaneous  PTNS (21) vs Sham 
transcutaneous PTNS (16) 

37 OAB 2 Not available† 

Marques 2008* (3) Transcutaneous   PTNS 
vs Sham transcutaneous PTNS  
(number per group not reported) 

43 OAB (some had SUI 
and UUI) 

1 Cure: NR 
Improvement: NR 
QoL: NR 
Adverse effects: NR 

Note: For modality details or parameters, see Table 19. 

NR = Not reported; I-QoL = Incontinence Quality of Life Questionnaire (higher scores indicate higher QoL); OAB-q = Overactive Bladder Questionnaire (higher scores indicating 
worse condition); 

* abstract only  

**Source of cure and improvement outcome: women’s self-report was given priority but for studies in which it was not reported, quantification of outcomes based on diaries, pad 
tests or any other definitions chosen by trialists were used as a proxy.  
† Publication in Spanish with English abstract. English translation of the main text was not available at the time of writing.  

1. Finazzi-Agrò E, Petta F, Sciobica F, Pasqualetti P, Musco S, Bove P. Percutaneous tibial nerve stimulation effects on detrusor overactivity incontinence are not due to a placebo 
effect: a randomized, double-blind, placebo controlled trial. Journal of Urology. 2010;184(5):2001-6. 

2. Bellette PO, Rodrigues-Palma PC, Hermann V, Riccetto C, Bigozzi M, Olivares JM. [Posterior tibial nerve stimulation in the management of overactive bladder: a prospective 
and controlled study]. [Spanish]. Actas Urologicas Espanolas. 2009;33(1):58-63. 

3. Marques A, Herrmann V, Ferreira N, Bellette P. Transcutaneous posterior tibial nerve stimulation in overactive bladder (Abstract number 471). Proceedings of the 38th Annual 
Meeting of the International Continence Society (ICS), 2008 Oct 20-24, Cairo, Egypt. 2008. 
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Questions addressed are:  

• Is PTNS effective in the prevention of UI? 

• Is PTNS better than no active treatment (pla-
cebo, sham, control or no treatment) for treat-
ment of UI? 

• Is one type of PTNS better than another in the 
treatment of UI? 

• Is PTNS better than other treatments in the treat-
ment of UI? 

• Does the addition of PTNS to other treatments 
add any benefit in the treatment of UI? 

• What is the effect of PTNS on other LUTS? 

• What factors might affect the outcome of PTNS 
in the treatment of UI? 

Eligible interventions were PTNS/neurostimulation/ 
neuromodulation, percutaneous or transcutaneous. 
Eligibility criteria for study participants and outcomes, 
as well as criteria used to assess ‘risk of bias’ in the 
included studies, were identical to those used in the 
previous section on EStim (Section II.4). 

Description of intervention in included studies of 
PTNS 

A total of 11 studies were eligible and are summa-
rised in Table 19 (148-158). 

5.1. Prevention 
No studies that investigated either primary or second-
ary prevention of UI or LUTS were identified.  

5.2. Treatment 

5.2.1 Is PTNS Better than No Active Treat-
ment (Placebo, Sham, Control or No 
Treatment) for Treatment of UI? 

Three studies compared PTNS with no active treat-
ment (Table 20) (148, 149, 151). One study included 
women with UUI (149) and two included women with 
OAB where some but not all participants had UI. No 
study focusing on SUI or predominant SUI was found. 

A placebo or a sham procedure was employed as a 
comparator in all three studies. In two studies, the 
sham procedure was described as having electrodes 
placed without turning on the electrical generator 
(148, 151). In another study (149), the electrical gen-
erator was turned on only for a few seconds to allow 
the patient to experience a mild sensation; prior to 
treatment, patients in both groups had been coun-
selled that the subsequent absence of the sensation 
was due to adaptation. The choice of a different nee-
dle position in the sham group was to eliminate any 
presumed response that could arise from the acu-
puncture effect from piercing the skin cephalad to the 
medial malleolus (149).  

Quality of data  

One study described using a computer generated 
randomisation list (149); other studies did not report 
randomisation techniques (148, 151). No study re-
ported information on allocation concealment. Re-
sults were reported for everyone who entered the trial 
in one study (148), and another study reported 5% 
attrition rate from PTNS group and 13% from the 
sham group and that the reasons for drop out from 
each group were unrelated to the treatment (149), 
however it was unclear whether the other study had 
missing data (151).  

Results 

(a) UUI. No included studies reported information on 
cure rates. One study (149) reported that improve-
ment rates were significantly higher for PTNS com-
pared with no active treatment (reported p value 
<0.001). I-Qol scores found a significant difference 
between the groups which was due to a lack of signif-
icant change after the sham procedure and to the sig-
nificant increase (improved quality of life) after PTNS 
(149). No serious adverse effects were reported in ei-
ther group but patients in both groups reported occa-
sional transient pain at the stimulation site (149).  

(b) DO/OAB. There was no information on cure rates.  

Summary 

The three included studies were small (35-43 partici-
pants). All were generally assessed as having a high 
risk of bias. Data pooling was not possible. Data avail-
able from two studies on women with UUI or OAB 
suggests PTNS may be more effective than no active 
treatment in improving symptoms and quality of life, 
although no data were available on cure (Level of 
Evidence: 2). The included studies reported no seri-
ous adverse effects associated with either active or 
sham treatment (Level of Evidence: 2). No evidence 
was available for women with SUI or predominant 
SUI.  

Recommendations 

For women with UUI or OAB, PTNS may be more ef-
fective than no active treatment in symptom control 
(Grade of Recommendation: C New).  

More studies with larger sample sizes and consistent 
and clear reporting of core outcomes would be bene-
ficial in reaching a conclusion on the effectiveness of 
PTNS over no active treatment.  

5.2.2 Is One Type of PTNS Better than An-
other in the Treatment of UI? 

No study was found for this comparison. 

5.2.3 Is PTNS Better than Other Treatments 
for Treatment of UI? 

Five studies compared PTNS with drug treatment 
(Table 21).  
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Table 21 Summary of data on PTNS vs other treatments 

Author, 
year Comparator 

N 
random-
ised 

Study 
popula-
tion 

Duration 
(months) Source of outcome** 

UUI 

Preyer 
2007* (1) 

Percutaneous 
PTNS (16) 
vs 
Tolterodine (15) 

31 UUI 3 Cure: NR 
Improvement: NR 
QoL via unspecified tool (higher scores 
indicate improvement): mean 4.4 higher, 
95% CI 1.7 to 7.1 higher vs mean 4.6 
higher, 95% CI 2.1 to 7.0 higher, 
reported p value = 0.93  
Adverse effects: unspecified events 
noted 

DO/OAB 

Manriquez 
2013* (2) 

Transcutaneous 
PTNS 
vs 
Oxybutynin 
(number per group 
not reported) 

56 OAB 3 Cure: NR 
Improvement: NR 
QoL via OAB-q: no significant difference, 
no data 
Adverse effects: NR 

Preyer 
2015 (3) 

Percutaneous 
PTNS (18) 
vs 
Tolterodine (18) 

36 OAB 
(wet or 
dry) 

3 Cure: NR 
Improvement: NR 
QoL via VAS, change from baseline, 
median [range]: N = 18, 1.9 [0 to 8] vs N 
= 18, 2.7 [0 to 8.5], reported p-value = 
0.07 
Adverse effects: pain, dry mouth, 
dizziness 

Souto 
2014 (4) 

Transcutaneous 
PTNS (25) 
vs 
Oxybutynin (25) 

50 OAB 3 Cure: NR 
Improvement: NR 
QoL via ICIQ-SF, mean [range]: 7.2 [0 to 
18] vs 9.8 [0 to 18] at 3 months 
(treatment end), 8.3 [0 to 20] vs 13.3 [8 
to 20] at 6 months (i.e. 3 month after 
treatment) 
QoL via ICIQ-OAB, mean [range]: 5.9 [1 
to 11] vs 4.6 [0 to 10] at 3 months, 6.1 [1 
to 20] vs 9.2 [4 to 13] at 6 months 
Adverse effects: NR 

Vecchioli-
Scaldazza 
2013† (5) 

Percutaneous 
PTNS (20) 
vs 
Solifenacin 
Succinate (SS) 
(20) 

40 OAB 
(some 
had 
UUI) 

1.5 Cure: NR 
Improvement: NR 
QoL via PGI-I (Wilcoxon test for paired 
sample, mean, SD): 
Group A (SSPTNS): post SS 2.9 (1.1), 
post PTNS 2.1 (0.7);  
Group B (PTNSSS): post SS 3.1 (1.0), 
post PTNS 2.3 (0.7) 
QoL via OAB-q: significant improvement 
in all groups both with SS and PTNS 
Adverse effects: NR 

Note: For modality details or parameters, see Table 19. 

NR = not reported; ICIQ-SF = International Consultation on Incontinence-Short Form (higher scores indicate 
increased severity); ICIQ-OAB = International Consultation on Incontinence-OAB (higher scores indicate in-
creased severity); OAB-q = Overactive Bladder Questionnaire (higher scores indicating worse condition); PGI-
I = Patient Global Impression of Improvement Questionnaire (lower scores indicate greater improvement); VAS 
= Global response assessment on visual analogue scale (higher scores indicate greater impact on QoL); 

* abstract only  
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**Source of outcome: women’s self-report was given priority but for studies in which it was not reported, quan-
tification of outcomes based on diaries, pad tests or any other definitions chosen by trialists was used as a 
proxy.  
† Crossover study with a three-month washout period for both groups.  

1. Preyer O, Gabriel B, Mailath-Pokorny M, Doerfler D, Laml T, Umek W, et al. Peripheral tibial neurostimu-
lation (PTNS) versus tolterodine in the treatment of women with urge urinary incontinence and urge symp-
toms (Abstract number 246). International Urogynecology Journal and Pelvic Floor Dysfunction. 
2007;18(Suppl 1):S139-S40. 

2. Manriquez VI, Naser ME, Gomez M, Guzman R, Valdevenito R, Lecannelier J, et al. Transcutaneal tibial 
nerve stimulation versus long release oxibutinin in the treatment of patients with overactive bladder. A 
randomize control trial (Abstract number 013). International Urogynecology Journal and Pelvic Floor Dys-
function. 2013;24(Suppl 1):S14. 

3. Preyer O, Umek W, Laml T, Bjelic-Radisic V, Gabriel B, Mittlboeck M, et al. Percutaneous tibial nerve 
stimulation versus tolterodine for overactive bladder in women: a randomised controlled trial. European 
Journal of Obstetrics, Gynecology, & Reproductive Biology. 2015;191:51-6. 

4. Souto SC, Reis LO, Palma T, Palma P, Denardi F. Prospective and randomized comparison of electrical 
stimulation of the posterior tibial nerve versus oxybutynin versus their combination for treatment of women 
with overactive bladder syndrome. World Journal of Urology. 2014;32(1):179-84. 

5. Vecchioli-Scaldazza C, Morosetti C, Berouz A, Giannubilo W, Ferrara V. Solifenacin Succinate versus 
Percutaneous Tibial Nerve Stimulation in Women with Overactive Bladder Syndrome: Results of a Ran-
domized Controlled Crossover Study. Gynecologic & Obstetric Investigation. 2013;75(4):230-4. 

 

PTNS was compared with solifenacin succinate in 
one (158), tolterodine in two (153, 154) and oxy-
butynin in two (150, 157). The target population had 
OAB (with UI in some but not all of the participants) 
except for one study (153) where it was UUI. No study 
focusing on SUI or predominant SUI was found. One 
study used a cross-over design (158). Another study 
was a three-arm trial comparing PTNS versus oxy-
butynin versus PTNS and oxybutynin; only the find-
ings for PTNS vs oxybutynin are reported here (157).  

Quality of data  

One study described using a computer generated se-
quence using adaptive randomisation, where alloca-
tion was centralised using telephone (154). Permu-
tated blocks were used in one study but it was unclear 
whether there was allocation concealment (150). 
Other studies did not report such information on allo-
cation concealment nor provided details on the ran-
domisation process (153, 157, 158). In one study 
there was a dropout rate of 11% in both groups (154). 
In another study (158), a two-arm crossover trial of 
PTNS and Solifenacin where group A had Solifenacin 
then PTNS after a washout period and group B had 
PTNS then Solifenacin, there was a dropout rate of 
30% from the group A and 20% from group B; the 
reasons were refusal of further treatment (10% vs 
5%), no indication for starting treatment (10% vs 
15%). A further 10% dropped out from group A as a 
result of adverse effects of treatment. Twenty-six per-
cent of participants were excluded from analysis in 
one study (157) because they failed to comply with 12 
weeks of treatment and/or did not attend follow up at 
six months; the reasons for non-compliance or miss-
ing data were not reported. In one study (150), it was 
unclear whether results were reported for everyone 

who entered the trial, while in another (153) the au-
thors did not account for all drop-outs. 

Results 

(a) UUI. There was no information on cure and im-
provement (153). Quality of life outcomes, measured 
using an unspecified tool, improved in both groups, 
although there was no statistically significant differ-
ence between them (153). One study reported un-
specified adverse events in one of 16  participants 
and six of 15 participants  in the PTNS and Toltero-
dine groups respectively; authors did not specify the 
nature of these adverse events (153). 

(b) OAB. Data on cure or improvement were not re-
ported. Quality of life outcomes were reported in four 
studies. Three of these found no significant difference 
between the groups, based on the Overactive Blad-
der Questionnaire in one study (150), OAB-q and the 
Patient Global Impression of Improvement (PGI-I) in 
another (158) and a visual analogue scale in the third 
(154). One study using ICIQ-SF and ICIQ-OAB re-
ported that post-treatment scores decreased (indicat-
ing symptom reduction) in both groups at 12 weeks of 
treatment, although the score increased (indicating 
symptoms worsened) significantly for the oxybutynin 
group in contrast to the PTNS group. The PTNS 
group maintained their scores at 6 months follow-up 
(12 weeks after the cessation of treatment) (157). 
One study reported that adverse events were ob-
served in three of 18 (17%) participants in the PTNS 
group (mainly pain at the puncture site) and nine of 
18 (50%) participants in the tolterodine group (mainly 
dry mouth and dizziness) (154).  
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Summary  

Five studies were included. These were small (36-56 
participants) and generally assessed as having a high 
risk of bias. There were limited and widely heteroge-
neous data. Two studies (one for UUI, one for OAB) 
reported that quality of life improved over time for both 
PTNS and drug treatment groups with no significant 
difference between them, while two other studies (for 
OAB) found no significant difference in quality of life 
between PTNS and drug treatment post-intervention 
(Level of Evidence: 2). However, one study on 
women with OAB found that the improvement in qual-
ity of life was longer lasting following the cessation of 
treatment with PTNS than after tolterodine (Level of 
Evidence: 2). Data available from two studies on 
women with UUI or OAB suggests that PTNS is as-
sociated with a lower rate of adverse events than 
tolterodine and when they occurred, there were not 
as bothersome as those associated with tolterodine 
(Level of Evidence: 2). No evidence was available 
for women with SUI or predominant SUI. 

Recommendations  

There is no significant difference between PTNS and 
tolterodine in terms of quality of life, however PTNS 
may be considered as both may improve quality of life 
(Grade of Recommendation: B New).  

PTNS may considered for women as it is associated 
with fewer and less bothersome adverse effects than 
those from drug treatment (Grade of Recommenda-
tion: B New).  

Recommendations  

More randomised controlled trials with large sample 
sizes and clear and consistent reporting of core out-
come data would be beneficial in reaching a firm con-
clusion on the effectiveness of PTNS over other treat-
ments. 

5.2.4 Does the Addition of PTNS to Other 
Treatments Add Any Benefit in the 
Treatment of UI? 

Three studies assessed the effect of PTNS as an ad-
junct to another treatment, compared with the other 
treatment alone or with PTNS alone (Table 22). One 
study included women with UUI (reported as OAB in-
continent) and combined PTNS with PFMT and blad-
der training (PTNS plus PFMT plus bladder training 
vs PFMT plus bladder training) (156). Two other stud-
ies included women with OAB (where some but not 
all participants had UI) and combined PTNS with a 
drug. One study combined PTNS using the Stoller af-
ferent neuro-stimulation (SANS) protocol with Tolter-
odine (PTNS plus Tolterodine vs Tolterodine) (155). 
The other study was a three-arm trial of PTNS versus 
Oxybutynin versus PTNS plus Oxybutynin; only the 
findings for PTNS plus Oxybutynin versus Oxybutynin 

are reported here (157). No study focusing on SUI or 
predominant SUI was found. 

Quality of data 

All studies reported adequate methods of randomisa-
tion, including the use of a list of random numbers 
(155), simple random number generator (156) and 
online randomisation (157). Allocation concealment 
was not mentioned in any of the study reports. In one 
study, there was 10% missing data from the group 
who had tolterodine alone, while there were no miss-
ing data in the combination therapy group (155). In 
another study, there was 5% missing data from the 
PTNS group only; the reported reason for the attrition 
was due to health problems unrelated to therapy 
(156). In the third study, 24% dropped out of the oxy-
butynin group while 16% were excluded from the 
analysis in the combination therapy group. The rea-
sons patients failed to complete the trial were not re-
ported and it is unclear whether they were related to 
treatment (157).  

Results 

(a) UUI. No information was available on cure rates. 
One study reported that improvement rates were sta-
tistically significantly higher for the group combining 
PTNS with PFMT and bladder training compared with 
PFMT and bladder training alone (156). None of the 
participants reported significant adverse effects 
(156). ICIQ-SF scores improved for both groups but 
the combination treatment group had a significantly 
greater improvement (156). Similar results were 
found for KHQ; the combination treatment group 
showed a significantly greater improvement (156).  

(b) OAB. No information was available on cure and 
improvement. Two studies reported quality of life out-
comes. One study using the short form of Inconti-
nence Impact Questionnaire (IIQ-7) reported that 
post-treatment scores decreased (indicating less im-
pact of UI on daily living) in both groups but this de-
crease in the group combining PTNS and drug was 
greater that the group using drug alone (155). An-
other study reported that ICIQ-SF scores decreased 
(indicating symptom reduction) in both groups at 12 
weeks of treatment, although the score increased (in-
dicating symptoms worsened) significantly for the 
group using drug alone compared with the group 
combining PTNS and drug at 6 month follow-up (12 
weeks after the cessation of treatment) (157). ICIQ-
OAB results from the same study found that the com-
bination treatment group had a greater improvement 
in OAB symptoms compared with the group using 
drug alone at 12 weeks of treatment; ICIQ-OAB 
scores increased (worsening in symptoms) for the 
group using drug alone in contrast to the other group 
that maintained their scores at 6-month follow-up 
(157). No information was available on cure and im-
provement.  

  



 

 
1520  COMMITTEE 12. ADULT CONSERVATIVE MANAGEMENT 
 

Table 22 Summary of data on PTNS + another treatment vs the other treatment 

Author, 
year Comparator N 

randomised 
Study 
population 

Duration 
(months) Outcome** 

UUI 

Schreiner 
2010 (1) 

Transcutaneous 
PTNS + PFMT + 
bladder training 
(26) 
vs  
PFMT + bladder 
training (26) 

52 UUI 3 Cure: NR 
Improvement based on diary: 19/25 vs 7/26 
QoL via ICIQ-SF, change from baseline, 
mean (SD): 7.2 (4.3) vs. 2.6 (3.3), reported 
p-value <0.001 
QoL via KHQ: reported p-value <0.05 
favouring the combination treatment group; 
no data  
Adverse effects: no events noted 

OAB 

Sancaktar 
2010 (2) 

SANS 
(Percutaneous) + 
Tolterodine (20) 
vs 
Tolterodine (20) 

40 OAB 
(some had 
UUI) 

3 Cure: NR 
Improvement: NR 
QoL via IIQ-7, mean (SD):  
SANS + Tolterodine, change from pre 19.0 
(2.0) to post 9.0 (0.8), p <0.001;  
Tolterodine, change from pre 18.1 (2.5) to 
post 11.2 (2.7), p <0.001 
Adverse effects: dry mouth, constipation, 
headache, local irritation of puncture site 

Souto 
2014 (3) 

TENS 
(Transcutaneous) 
+ Oxybutynin 
(25) 
vs 
Oxybutynin (25) 

50 OAB 3 Cure: NR 
Improvement: NR 
QoL via ICIQ-SF, mean [range]: 7.9 [0 to 
14] vs 9.8 [0 to 18] at 3 months (treatment 
end), 7.4 [0 to 14] vs 13.3 [8 to 20] at 6 
months (i.e. 3 month after treatment) 
QoL via ICIQ-OAB, mean [range]: 2.9 [0 to 
5] vs 4.6 [0 to 10] at 3 months, 3.0 [0 to 5] 
vs 9.2 [4 to 13] at 6 months 
Adverse effects: NR 

Note: For modality details or parameters, see Table 19. 

NR = not reported; ICIQ-SF = International Consultation on Incontinence-Short Form (higher scores indicate 
increased severity); ICIQ-OAB = International Consultation on Incontinence-OAB (higher scores indicate in-
creased severity); IIQ-7 = short form of Incontinence Impact Questionnaire (lower scores indicate better QoL); 
KHQ = King’s Health Questionnaire (higher scores indicate greater impairment); 

SANS = Stoller Afferent Nerve Stimulation of the posterior tibial nerve;  

TENS = Transcutaneous Electrical Nerve Stimulation of the posterior tibial nerve;  

TTNS = Transcutaneous Tibial Nerve Stimulation;  

**Source of cure and improvement outcome: women’s self-report was given priority but for studies in which it 
was not reported, quantification of outcomes based on diaries, pad tests or any other definitions chosen by 
trialists was used as a proxy.  

1. Schreiner L, dos Santos TG, Knorst MR, da Silva Filho IG. Randomized trial of transcutaneous tibial 
nerve stimulation to treat urge urinary incontinence in older women. International Urogynecology Journal. 
2010;21(9):1065-70. 

2. Sancaktar M, Ceyhan ST, Akyol I, Muhcu M, Alanbay I, Mutlu EC, et al. The outcome of adding peripheral 
neuromodulation (stoller afferent neuro-stimulation) to anti-muscarinic therapy in women with severe 
overactive bladder. Gynecological Endocrinology. 2010;26(10):729-32. 

3. Souto SC, Reis LO, Palma T, Palma P, Denardi F. Prospective and randomized comparison of electrical 
stimulation of the posterior tibial nerve versus oxybutynin versus their combination for treatment of 
women with overactive bladder syndrome. World Journal of Urology. 2014;32(1):179-84. 
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Adverse events were reported by one study compar-
ing PTNS plus tolterodine with tolterodine alone 
(155). In this study, severe dry mouth, severe consti-
pation, headache and local irritation at puncture site 
were reported in both treatment groups, and skin irri-
tation for the group using PTNS. Two of 18 partici-
pants (11%) experienced more than one adverse 
event in the tolterodine group compared with one of 
20 participants (5%) in the group combining PTNS 
with tolterodine.  

Summary  

Three small studies were included (40-52 partici-
pants). The included studies were assessed as hav-
ing a high risk of bias. No data were available on cure 
and improvement rates for this comparison. Data 
from one study suggests that the addition of PTNS to 
PFMT and bladder training was more effective in im-
proving symptoms and quality of life than PFMT and 
bladder training alone in women with UUI (Level of 
Evidence: 2).  

Data from two studies suggest that adding PTNS to 
drug treatment resulted in a greater improvement in 
quality of life than the drug treatment alone in women 
with OAB, and this effect was sustained for a longer 
term (6 months) for the treatment with PTNS than the 
treatment without PTNS (Level of Evidence: 2). Ad-
verse events appear uncommon for either group in 
the same study. No evidence was available for 
women with SUI or predominant SUI.  

Recommendations  

PTNS may be considered for symptom control when 
chosen in combination interventions by women with 
UUI or OAB (Grade of Recommendation: B New).  

This recommendation should be viewed with caution 
until these findings are supported or refuted in further 
trials.  

5.3. Other LUTS 
No trials were identified that analysed the effect of 
PTNS in women with other LUTS alone, e.g. fre-
quency of voiding, urgency and/or nocturia.  

5.4. Factors Affecting Outcome 
The included studies did not address the effect of fac-
tors that could potentially affect the response to treat-
ment with PTNS. A greater discussion of the factors 
that affect outcome is provided in the section on uri-
nary incontinence in men and women (see section 
V.1.4). 

6. MAGNETIC STIMULATION (MSTIM) 

MStim has been developed for “non-invasive” stimu-
lation of both central and peripheral nervous systems 
(159). MStim for the treatment of UI was reported for 
the first time in 1999 by Galloway (160). In contrast 
to EStim, extracorporeal magnetic innervation (more 

commonly called magnetic stimulation) stimulates the 
PFM and sacral nerve roots without insertion of an 
anal or vaginal probe (161). For treatment, the indi-
vidual is positioned in a chair. Within the seat is a 
magnetic field generator (therapy head) that is pow-
ered and controlled by an external power unit (Figure 
5). A concentrated steep gradient magnetic field is di-
rected vertically through the seat of the chair. When 
seated, the individual’s perineum is centred in the 
middle of the seat, which places the PFM and sphinc-
ters directly on the primary axis of the pulsing mag-
netic field (Figure 6). Because of their anatomical lo-
cation, it is thought that all tissues of the perineum 
can be penetrated by the magnetic field. According to 
Galloway (1999) no electricity, but only magnetic flux 
enters the body from the device. Goldberg (2000) has 
suggested that, in contrast to electrical current, the 
conduction of magnetic energy is unaffected by tissue 

 
Figure 5 MStim machine 

 
Figure 6 Pulsing magnetic field 
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impedance, creating a theoretical advantage in its 
clinical application compared to EStim. Conventional 
magnetic stimulators deliver, at frequencies of 10 to 
50 Hz, repetitive pulses of current lasting less than 
100 μsec (161) and 275 Φs (160) in duration. Size 
and strength of the magnetic field is determined by 
adjustments of this amplitude by the therapist (160). 

Possible advantages of MStim are that it is performed 
through clothing, needs no probes, skin preparation, 
or contact with the skin surface. On the other hand, 
the need for repeated clinic based treatment sessions 
is a potential disadvantage. In contrast to EStim, 
MStim lacks portability, although a study by But in 
2003 (162) reported the development of a portable 
small electromagnetic device (Pulsegen) for home 
use that fit into the underwear and was designed for 
continuous use for up to 8 weeks.  

The mechanism of action of MStim is not fully under-
stood (163). Some authors have suggested that in 
SUI stimulation of the PFM causes external sphincter 
contraction (164), acts as a passive PFMT exercise 
(165), and increases maximal urethral closure pres-
sure (162). In UUI, MStim might suppress DO through 
activation of pudendal nerve afferents blocking para-
sympathetic detrusor motor fibres at the spinal reflex 
arc, activation of inhibitory hypogastric sympathetic 
neurons, or a combination of both mechanisms (166). 
Stimulation of sympathetic fibres maintaining smooth 
muscle tone within the intrinsic urethral sphincter and 
modulation of pudendal nerve afferent branches stim-
ulating an inhibitory spinal reflex at the S3 nerve root, 
are also suggested to play a role in this mechanism 
of action (166). 

In this section the evidence is considered for the use 
of MStim for the prevention and treatment of UI in 
women. Questions addressed are: 

• Is MStim effective in the prevention of UI? 

• Is MStim better than no active treatment (pla-
cebo, sham, control or no treatment) for the 
treatment of UI? 

• Is one type of MStim better than another in the 
treatment of UI? 

• Is MStim better than other treatments in the treat-
ment of UI? 

• Does the addition of MStim to other treatments 
add any benefit in the treatment of UI? 

• What is the effect of MStim on other LUTS? 

• What factors might affect the outcome of MStim 
in the treatment of UI? 

Eligible interventions were non-invasive magnetic 
stimulations. Eligibility criteria for study participants 
and outcomes, as well as criteria used to assess ‘risk 
of bias’ in the included studies, were identical to those 
described in the previous sections on EStim and 
PTNS (Sections II.4 and II.5).  

Description of intervention  

In addition to eleven studies included in the 5th ICI, 
two new trials were identified for this update. The 
number of included studies by dominant type or pat-
tern of incontinence is summarised in Table 23. Table 
24 illustrates the intervention characteristics of the 
two new trials.  

6.1. Prevention 
In the last ICI chapter, there were no trials on preven-
tion of UI or LUTS. No new published trials were 
found.  

6.2. Treatment  

6.2.1 Is MStim Better Than no Active Treat-
ment (Placebo, Control or no Treat-
ment)? 

Two new studies including 162 women were identi-
fied (167, 168). In one study the majority of female 
participants had SUI (refractory to first-line manage-
ment) (167). The other study included all types of UI 
(168).  

Characteristics of the two new studies comparing 
magnetic stimulation with no active treatment are pre-
sented in Table 25. In both studies the no active treat-
ment consisted of sham treatment.One study as-
sessed the efficacy of a magnetic stimulator devel-
oped for home use (168), whereas in the other study 
treatment was provided in the outpatient clinic setting 
(167). Since there was little duplication of MStim in-
terventions, or sample populations, in the eleven tri-
als, it was inappropriate to combine study findings. 

Quality of data  

Allocation concealment was considered to be ade-
quate in one study that used an independent re-
search assistant in the randomisation process (168). 
The other study did not describe methods used for 
allocation concealment (167). In both studies, data 
were reported only for those participants who com-
pleted the study (167, 168). In particular, in the study 
by Wallis (2012), 19% (12/62) of participants from the 
intervention group and 15% (9/60) in the control 
group withdrew from the study (168).  

Results 

i) SUI. No additional data on cure and improvement 
were available for this update. The results for cure 
and improvement rates are as reported in two previ-
ous studies (169, 170).  

Information on quality of life was provided in three 
studies, including one new study (167), but the results 
were not consistent. Two previously reported studies 
found no significant differences between the groups 
(169, 170), whereas the new study reported better 
quality of life at 18 weeks after active treatment com-
pared with sham treatment, based on the Urge-Uri-
nary Distress Inventory and the Overactive Bladder 
Questionnaire (167).  
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Table 23 Studies of MStim included in the previous review (5th ICI) and current update (6th ICI) 

 Studies included in the 
previous review (5th ICI) 

New studies identified in 
this update (6th ICI) Total 

MStim vs No active treatment 
    SUI or predominant SUI 
    UUI or predominant UUI 
    MUI 
    UI all types 
    DO/OAB (wet or dry) 

 
3  
1  
1  
1  
3  

 
1 
0 
0 
1 
0 

 
4 
1 
1 
2 
3 

One type of MStim vs another 
    SUI or predominant SUI 
    UUI or predominant UUI 
    UI all types 

 
0 
0 
1 

 
No study found 

 
0 
0 
1 

MStim vs other treatment No study found No study found 0 

MStim+PFMT vs PFMT 
    SUI or predominant SUI 
    UUI or predominant UUI 

 
1 
0 

 
No study found 

 
1 
0 

Table 24 Summary of data on MStim 

Study Intervention description 
Tsai 2014 (1) A Magstim Rapid2 with a 70-mm figure-8 coil. Treatment administered over the 

bilateral third sacral roots, with the maximal tolerable intensity, which was typically 
70% to 80% of the maximal stimulator output, for 20 minutes each day for 12 
consecutive weekdays. The stimulation frequency and the stimulation-on time and -
off time were fixed at 5Hz, 10 seconds, and 20 seconds, respectively. 

Wallis 2012 (2) 
 

A commercially available undergarment incorporating 15 static magnets of 800-1200 
Gauss arranged anterior, posterior, and inferior to the pelvis. Women were asked to 
wear it for a minimum of 6 consecutive hours during the day and at least 6 hours 
overnight for 3 months. 

1. Tsai PY, Wang CP, Hsieh CY, Tsai YA, Yeh SC, Chuang TY. Long-term sacral magnetic stimulation for 
refractory stress urinary incontinence. Archives of Physical Medicine & Rehabilitation. 2014;95(12):2231-
8. 

2. Wallis MC, Davies EA, Thalib L, Griffiths S. Pelvic static magnetic stimulation to control urinary inconti-
nence in older women: a randomized controlled trial. Clinical Medicine & Research. 2012;10(1):7-14 

Two studies (one new) reported no adverse effects 
(167, 169).  

ii) All types of UI. One new study that provided stimu-
lation using an undergarment with embedded mag-
nets reported that improvement rates were statisti-
cally significantly higher for active compared with no 
treatment, although the result did not hold in sensitiv-
ity analysis (168). No information was available re-
garding cure rates.  

With respect to quality of life measures, no statisti-
cally significant difference was found based on the 
Bristol Female Lower Urinary Tract Symptoms 
(BFLUTS) questionnaire (168).  

In the same study, participants reported problems 
with comfort and wearability of the garment, which 
were considered by study authors to have contributed 
to a relatively high attrition rate of 20%. Commonly 
cited problems include the attraction to metal objects; 
embedded magnets sticking to each other and mak-
ing it difficult to put on; and also the garment being 
bulky and very warm to wear, especially in the sub-
tropical climate of the study area (168).  

Summary 

A total of 11 studies assessed the effect of MStim 
compared with no active treatment, including four fo-
cusing on SUI or predominant SUI, one on UUI, one 
on MUI, two on all types of UI, and three on OAB/DO 
(where only some but not all had UI).  

Findings, using the additional data from newly identi-
fied studies were broadly similar to those in the 5th 
ICI.  

For women with SUI, MStim might be more effective 
than sham in improving (not necessarily curing) 
symptoms (Level of Evidence: 2),  

Data from two small trials of MStim (12 and 6 ses-
sions) examining the effect on quality of life were con-
flicting (Level of Evidence: 2).  

For women with UUI, evidence from a small trial (171) 
suggests that active MStim might result in better qual-
ity of life than sham (Level of Evidence: 2), although 
there is some uncertainty surrounding this, as data 
was limited and no statistical test was performed.  
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Active MStim was associated with higher cure rates 
than sham in a small trial (172) with women with MUI 
(Level of Evidence: 2), and also higher cure and im-
provement rates in another small trial (162) with 
women with all types of UI (Level of Evidence: 2) but 
no such difference was observed for women with DO 
(wet or dry) (Level of Evidence: 2). In general, ad-
verse effects appear uncommon.  

Recommendations 

No recommendation is possible based on current 
conflicting evidence (Grade of recommendation D).  

6.2.2 Is One Approach to MStim Better than 
Another? 

No new study comparing one approach of MStim with 
another was found for this update. The level of evi-
dence and recommendations remains unchanged 
from the 5th ICI.  

Summary and Recommendation 

The 5th ICI included one study with women presenting 
UI symptoms (173). There is insufficient evidence to 
determine if one type of MStim is better than another 
(Level of Evidence: 2). No recommendation is pos-
sible (Grade of Recommendation: D).  

6.2.3 Is MStim Better than Other Treatments? 
There were no trials for this comparison in the 5th ICI 
chapter. No new published trials were found for this 
update.  

6.2.4 Does the Addition of MStim to Other 
Treatments Add Any Benefit in the 
Treatment of UI? 

No new study was found investigating the effect of 
adding MStim to other treatments compared with the 
other treatments alone. The level of evidence and 
recommendations remains unchanged. 

Summary and Recommendation 

The previous 5th ICI included one study in women with 
SUI (174). The addition of MStim to PFMT does not 
appear to be beneficial (Level of Evidence: 2). 

Adding MStim to PFMT does not appear to be bene-
ficial (Grade of Recommendation: C). This hypoth-
esis needs to be investigated further with high quality 
trials, if it is a clinical question of interest to women.  

6.3. Other LUTS 
No trials were identified that analysed the effect of 
MStim in women with other LUTS alone, i.e., fre-
quency of voiding, urgency and/or nocturia. 

6.4. Factors Affecting Outcome 
None of the included trials addressed the effect of 
age, or any other factor, on outcome of MStim. In one 
early prospective multi-centre study, factors predict-
ing success of MStim were included (160). Treatment 
success was associated with no prior hysterectomy, 
no prior anti-incontinence operations, UI symptoms 
for fewer than 10 years, and no use of medications 
known to cause UI. Brodak has suggested that detru-
sor response to MStim might be better in ‘thin’ indi-
viduals (presumably due to a shorter distance be-
tween the stimulating coil and the sacral nerve roots) 
and at low bladder volumes (175). Overall, little is 
known about the factors affecting the outcome of 
MStim. 

 

7. SCHEDULED VOIDING REGIMENS 

Scheduled voiding regimens 

This section examines the evidence on use of sched-
uled voiding regimens in cognitively intact, non-insti-
tutionalized women with UUI, SUI, and MUI and pro-
vides recommendations for their use in clinical prac-
tice. A summary of the search strategy and inclu-
sion/exclusion criteria for selecting studies for review 
is provided (see section I). The chapters on the Frail 
Elderly and Neurogenic Incontinence provide detailed 
review of scheduled voiding regimens that are used 
in those with cognitive impairment, or UI secondary to 
central nervous system or spinal cord disease (see 
chapter 11).  

Types of Scheduled Voiding Regimens  

Bladder training is a broad term often used to de-
scribe any type of a scheduled toileting intervention. 
This has created conceptual confusion in interpreting 
research reports where few details are provided other 
than the statement that bladder training was used. 
The types of scheduled voiding regimens can be cat-
egorised as: bladder training, timed voiding, habit 
training, and prompted voiding (176). Although these 
regimens share a common feature of a toileting 
schedule, they differ on the basis of adjustments to 
the voiding schedule, the active or passive involve-
ment of the patient, the nature of patient education 
including the teaching of strategies to control urgency 
and prevent stress leakage, the use of reinforcement 
techniques, and the nature of the interactions be-
tween clinicians and patients. In practice, however, 
scheduled voiding regimens may share aspects of 
one or more of these features. 
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Table 25 Summary of data on MStim vs no active treatment 

Author Comparator 
N 
random-
ised 

Study 
population 

Duration 
(months) Outcome** 

Predominantly SUI 
Tsai 2014 (1) MStim (20) 

vs 
Sham MStim 
(20) 

40 >50% of 
study 
sample 
had SUI 
alone 

 outcome 
measured 
at 4.5 
months 

Cure: NR 
Improvement: NR 
QoL: OQB-q: N = 30, mean difference 
23.80 lower, 95% CI 36.28 to 11.32 
lower 
QoL via Urge-UDI: N = 30, mean 
difference 1.80 lower, 95% CI 2.64 to 
0.96 lowerAdverse effects: no events 
observed 

All types of UI 
Wallis 2012 
(2) 

MStim (62) 
vs 
Sham MStim 
(60) 

122 SUI, UUI or 
MUI 

3 Cure: NR 
Self-reported improvement: 26/46 vs 
18/50 
QoL via BFLUTS (median change in 
score, IQR): UI symptoms, N = 101, 
1.5 (3.0) vs 1.5 (3.0), p = 0.80; Sexual 
function, N = 101, 0 (0.75) vs 0 (0), p 
= 0.80; Quality of life, N = 101, 1.0 
(5.0) vs 0 (5.0), p = 0.28 
Adverse effects: discomfort of the 
garment 

Note: For modality details or parameters, see Table 24. 

NR = not reported; BFLUTS = Bristol Female Lower Urinary Tract Symptoms (higher scores indicate more 
severe comlaints); OAB-q = Overactive Bladder Questionnaire (higher scores indicating worse condition); 
Urge-UDI = Urge-Urinary Distress Inventory (higher scores indicate worse condition);  

**Source of cure and improvement outcome: women’s self-report was given priority but for studies in which it 
was not reported, quantification of outcomes based on diaries, pad tests or any other definitions chosen by 
trialists was used as a proxy.  

1. Tsai PY, Wang CP, Hsieh CY, Tsai YA, Yeh SC, Chuang TY. Long-term sacral magnetic stimulation for 
refractory stress urinary incontinence. Archives of Physical Medicine & Rehabilitation. 2014;95(12):2231-
8. 

2. Wallis MC, Davies EA, Thalib L, Griffiths S. Pelvic static magnetic stimulation to control urinary inconti-
nence in older women: a randomized controlled trial. Clinical Medicine & Research. 2012;10(1):7-14. 

 

Bladder training 

Bladder training (also referred to as bladder drill, blad-
der discipline, bladder re-education, and bladder re-
training) involves a programme of patient education 
along with a scheduled voiding regimen with gradu-
ally progressive voiding intervals. Specific goals of 
bladder training are to correct faulty habit patterns of 
frequent urination (if present), improve control over 
bladder urgency, prolong voiding intervals, increase 
bladder capacity, reduce incontinent episodes, and 
restore patient confidence in controlling bladder func-
tion. The underlying mechanism of how bladder train-
ing achieves its effect is poorly understood. Several 
hypotheses have been proposed including improved 
cortical inhibition over detrusor contractions; im-
proved cortical facilitation over urethral closure during 
bladder filling; improved central modulation of affer-
ent sensory impulses; altered behaviour resulting 
from better individual awareness of the lower urinary 
tract function and circumstances that cause UI, and 

increasing the “reserve capacity” of the lower urinary 
tract system (177-179).  

Timed voiding 

Timed voiding is a fixed voiding schedule that re-
mains unchanged over the course of treatment (176). 
The goal is to prevent UI by providing regular oppor-
tunities for bladder emptying prior to exceeding blad-
der capacity. Timed voiding has been recommended 
for patients who cannot participate in independent toi-
leting (180). It also has applicability for use in outpa-
tient settings with incontinent women who have infre-
quent or irregular voiding patterns (181) and men who 
are independent in their voiding function (182).  

Habit training 

Habit training is a toileting schedule matched to the 
individual’s voiding pattern based on their voiding di-
ary. The toileting schedule is assigned to fit a time in-
terval that is shorter than the person’s normal voiding 
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pattern and precedes the time when incontinent epi-
sodes are expected. Thus, the voiding interval may 
be lengthened or shortened throughout the day de-
pending on the patient’s voiding pattern with the goal 
to pre-empt UI. Habit training is usually implemented 
by caregivers in institutional settings with cognitively 
and/or physically impaired adults, but it has also been 
tested in homebound older adults (183). It is poten-
tially useful for adults without cognitive or physical im-
pairment, who have a consistent pattern of UI (181).  

Prompted voiding 

Prompted voiding refers to a caregiver education pro-
gramme in combination with a scheduled voiding reg-
imen, typically every two hours. It is used to teach 
people with or without cognitive impairment to initiate 
their own toileting through requests for help and pos-
itive reinforcement from caregivers when they do so 
(184). It has been used primarily in institutionalized 
settings with cognitively and physically impaired older 
adults.  

Section Overview 

This section examines evidence for the use of blad-
der training and timed voiding for the prevention and 
treatment of UI in non-institutionalised women of all 
ages without cognitive or mobility impairment. How-
ever, the majority of evidence available pertains to the 
effects of bladder training, thus this is the focus of this 
section.  

Previously, no trials were identified that tested habit 
training or prompted voiding for UI in independent-liv-
ing women without cognitive or physical impairment, 
and no new trials meeting these criteria were identi-
fied in this update. Therefore, evidence for use of 
habit training and prompted voiding is not included in 
this section. 

Questions addressed in this section include: 

• Can scheduled voiding regimens prevent UI? 

• What is the most appropriate bladder training 
protocol? 

• Is bladder training better than no treatment, pla-
cebo or control treatments? 

• Is bladder training better than other treatments? 

• Can any other treatment be added to bladder 
training to add benefit? 

• Does the addition of bladder training to other 
treatments add any benefit? 

• Is timed voiding effective at treating UI? 

• What is the effect of bladder training on other 
LUTS? 

• What factors might affect the outcome of bladder 
training? 

7.1. Prevention 
Previously no trials had examined scheduled voiding 
regimens as a sole intervention in the prevention of 
UI. In this update, no further trial was identified.  

7.2. Treatment  
Previous recommendations related to bladder train-
ing as treatment for UI were based on review of indi-
vidual published trials and three systematic reviews 
that provided descriptive synthesis with evidence 
grading (180, 185, 186), including a published 
Cochrane review last updated in 2006 (185). In this 
ICI update, 5 additional trials were identified and are 
described in the relevant sections below (98, 102, 
156, 187, 188). 

7.2.1 What Is the Most Appropriate Bladder 
Training (BT) Protocol? 

Previously no trials were identified that compared two 
or more methods of bladder training (BT), and none 
were identified for this update. In the absence of trials 
comparing two or more approaches, a content analy-
sis was performed looking at the protocols used in tri-
als investigating the effects of BT. It has been up-
dated for this edition. Twenty-two trials on BT involv-
ing a total of 3194 women have been identified, in-
cluding 5 trials involving 732 women added since the 
last update (98, 102, 156, 187, 188). Several of the 
trials previously reviewed (189-194) and 2 of the new 
trials identified for this update (156, 187) provided no 
or minimal details regarding the specific BT protocol 
used. In trials that did provide some description, BT 
protocols were implemented in differing ways. In the 
following review of BT protocols, information from 
studies added in this update are integrated with infor-
mation from previously reviewed studies.  

All protocols involved some type of patient education, 
namely: 

• Brief verbal (191, 192) or written instructions 
(195, 196) 

• Verbal, written, and audio-visual instruction (177, 
179, 197) 

• Introduction to an individual who successfully 
completed BT (193)  

If specified, the education was provided by nurses 
(177, 179, 189, 190, 198, 199), general practitioners 
(200), or physiotherapists (98, 102, 188). 

Scheduling of voids varied in the following ways: 

• Assignment of the initial voiding interval varied 
from 30 minutes to two hours, with one hour be-
ing the most common interval based upon the 
participant’s voiding pattern or 30 minutes be-
yond the participant’s average (195, 201) or 
longest (102) voiding interval. 
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• Adjustments to the voiding interval varied from 
15 to 30 minutes, with 30 minutes the most com-
mon interval. Increases were made daily for in-
patient regimens (193), after 48 hours of dryness 
(202), every four to five days (201), or weekly if 
schedule was well-tolerated (102, 177, 179). 

• Goals for optimal voiding interval varied from 
three to four hours. 

• Voiding was ‘mandatory’ with restriction of void-
ing in between assigned toileting times even if UI 
occurred (193), a scheduled voiding regimen 
that allowed interruptions in the schedule if ur-
gency became unbearable (177, 179, 199), or 
self-scheduling of voiding with a target goal to 
reach (195). 

• Voids were not scheduled (allowed) during 
sleeping hours (193); none of the other protocols 
identified how voids were handled during sleep-
ing hours. 

In some protocols the scheduled voiding regimen was 
supplemented by specific strategies to control ur-
gency and/or stress leakage, including distraction 
and relaxation (102, 177, 179, 188, 195, 199), and 
pelvic floor muscle contraction (102, 177, 190, 196). 
In other studies there was encouragement to sup-
press urge but it was not clear what strategies were 
used (192, 200, 203). Feedback techniques included 
self-monitoring (177, 179, 191, 194, 199), goal setting 
with feedback of progress (198), and positive rein-
forcement (177, 179, 201). 

Several protocols included use of adjunctive treat-
ments: 

• Fluid and caffeine adjustments (197, 199, 203) 

• Fluids allowed up to a certain level (1,500 ml) 
(202) 

• No fluid modifications (102, 177, 179, 195, 200) 

• Advice on constipation prevention (199) 

Both in and outpatient BT programmes have been 
used. Early inpatient BT programmes involved five to 
13 days of hospitalisation to ensure strict protocol ad-
herence (193). Outpatient programmes are more 
commonly described and the amount of health pro-
fessional contact ranged from weekly visits for six 
weeks with fortnightly telephone calls for six addi-
tional weeks (177), to weekly visits (179, 188, 189), 
fortnightly visits (102, 201), and monthly visits (202). 
A “simplified” BT treatment with minimal to no health 
professional contact (instructions given to patients on 
a one page instruction sheet) has also been tested 
(195, 196). 

Overall, there is a lack of consistency in BT protocols. 
Based on the protocols described, a reasonable out-
patient BT protocol, based on expert opinion is shown 
in Figure 7.  

Typical Bladder Training Regimen 

• An initial voiding interval typically beginning at 
one hour during waking hours, which is in-
creased by 15 to 30 minutes per week depending 
on tolerance of the schedule (such as fewer in-
continent episodes than the previous week, min-
imal interruptions to the schedule, and the pa-
tient’s feeling of control over urgency and confi-
dence to expand the voiding interval), until a two 
to three hour voiding interval is achieved. A 
shorter initial voiding interval, e.g. 30 minutes or 
less, may be necessary for patient whose base-
line micturition patterns reveal an average day-
time voiding interval of less than one hour. 

• Education about normal bladder control and 
methods to control urgency such as distraction 
and relaxation techniques and PFM contraction.  

• Self-monitoring of voiding behaviour using dia-
ries or logs in order to determine adherence to 
the schedule, enhance self-awareness, evaluate 
progress, and determine whether the voiding in-
terval should be changed (for example, see Fig-
ure 7). 

• A supervising health care professional to monitor 
progress, suggest adjustments to the voiding in-
terval, and provide positive reinforcement to pa-
tient undergoing BT at least weekly during the 
training period. 

• If there is no improvement after three weeks of 
BT, re-evaluation is warranted and other treat-
ment options would be considered. Inpatient BT 
programmes may follow a more rigid scheduling 
regimen with progression of the voiding interval 
on a daily basis. 

Summary 

There is still no trial evidence to suggest the most ef-
fective method or specific BT parameters. For those 
undertaking BT it is likely that more health profes-
sional contact will be better than less, based on the 
developing evidence for PFMT, which like BT, re-
quires behavioural change (Level of Evidence: 4). 
The literature suggests several areas that could be 
investigated in future trials, including the instructional 
approach, supervisory intensity, strategies for con-
trolling urgency, scheduling parameters, frequency of 
schedule adjustments, length of treatment, and use 
of adjunctive treatments. 

Recommendations  

Clinicians and researchers are advised to refer to the 
operant conditioning and educational literature to pro-
vide a rationale for their choice of their approach to 
BT. The ICS Consensus statement and review pa-
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pers on Adherence and PFMT could be useful to cli-
nicians and researchers (24-27). (Grade of Recom-
mendation: D).  

Clinicians should provide the most intensive BT su-
pervision that is possible within service constraints 
(Grade of Recommendation: D).  

More research is needed to investigate which BT pa-
rameters, supervisory intensity, and adjunctive treat-
ments are most effective. Future trials should include 
outcomes that matter to patients, including the length 
and frequency of supervisory contact. 

7.2.2 Is BT Better than No Treatment, Pla-
cebo or Control Treatments? 

BT as sole therapy has been used in the treatment of 
DO, urodynamic SUI, MUI, UUI, UUI with a stable 
bladder, and OAB (also called urgency-frequency 
syndrome).  

No new trials were identified that addressed this 
question. Previously 5 RCTs reporting on 515 women 
were identified that compared the effect of BT to no 
treatment or control (179, 189, 194, 199, 200). Of 4 
trials with relevant analysable data (179, 189, 194, 
200), 3 reported improvements in the BT group com-
pared to the control group (179, 194, 200). The trial 
quality and detailed results were presented in previ-
ous editions of this chapter. 

Summary 

The few available trials (reviewed previously) were 
small and of variable quality. No new trials were iden-
tified in this update.  

There is  limited Level 1 evidence that BT may be an 
effective treatment for women with UUI, SUI, and MUI 
(Level of Evidence: 1). 

Recommendations  

BT should be recommended as first line conservative 
therapy for UI in women (Grade of Recommenda-
tion: A).  

Additional high quality studies are needed that exam-
ine the effect of BT versus no treatment in treatment 
of women with UUI, SUI, and MUI. 

7.2.3 Is BT Better than Other Treatments? 
This section, considered trials which compared BT 
alone versus another active therapy.  

For the comparison of BT versus PFMT see II.2.3.3. 

The only other comparison for which trials were found 
was BT versus drug therapy. One additional trial was 
identified for this update (98). Previously, two small 
trials were identified that randomized 131 women with 
UUI to BT or drug treatment (193, 201).  

Kafri et al. (98) randomized 184 women with UUI to 
one of four groups: BT, PFMT, tolterodine extended 
release 4 mg or combined behavioural therapy (BT 
and PFMT). Results from the BT and drug treatment 
group comparison are included here, while results of 

   
Figure 7 Bladder diary 
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the BT vs PFMT comparison are included in section 
II.2.3.3. 

Quality of data 

Kafri et al. (98, 201) was a single-blinded trial in which 
83 women were randomized to drug treatment or BT 
and followed up for 12 months. A power calculation 
and adequate random allocation concealment were 
reported. Drug tolerability and adverse events were 
assessed, but side effects were reported in a compo-
site outcome only. Intent-to-treat principles were fol-
lowed. Drop out at 3 months was higher in the drug 
treatment compared to BT group (36% vs 5%) (98).  

Results 

In Kafri (98), the number of self-reported UUI epi-
sodes in the past week significantly decreased at 3 
and 12 months in both the BT and drug treatment 
groups. Between group comparisons suggested no 
difference in outcomes. Differential dropout sug-
gested drug treatment was associated with more ad-
verse effects, but this was not clearly reported. These 
results were similar to one previously reviewed trial in 
short-term outcomes (201), but in that trial symptoms 
recurred more often after drug treatment than after BT 
at 6 months follow-up. Another older trial found BT 
superior to drug treatment at 3 months follow-up 
(193). Both previously reviewed trials found adverse 
effects common in the drug treatment groups, but not 
in BT groups. 

Summary 

Despite an additional trial, it remains unclear whether 
BT or drug therapy is more effective for women with 
DO or UUI (Level of Evidence: 1).  

This result is consistent with the findings of the 
Cochrane review (185), which concluded that there 
was not enough evidence to determine whether first 
line therapy should be BT or anticholinergic drugs. 

Recommendations  

When considering BT and anticholinergic drug for 
women with DO or UUI, either may be effective 
(Grade of Recommendation: B).  

BT may be preferred by women and clinicians be-
cause it is not associated with the drug related side 
effects (Grade of Recommendation: D). 

7.2.4 Can Any Other Treatment Be Added to 
BT to Add Benefit? 

To be included here, trials needed to investigate the 
effects of BT versus BT plus therapy A to address the 
additive benefit of therapy Three new trials were iden-
tified that tested the additional benefit of PFMT, drug 
therapy and tibial nerve transcutaneous electrical 
stimulation when added to BT (102, 156, 187). One 
trial addressed the added benefit of PFMT to BT (102) 
and is considered in the section on PFMT (II.2.3.4). A 
2010 randomized trial tested the additive effects of 

tibial nerve transcutaneous electrical stimulation in 51 
older women undergoing “routines of care” which in-
cluded BT and Kegel exercises (156). As BT was 
combined with pelvic floor exercise treatment in both 
groups and no details were provided about the BT 
protocol, it was not possible to determine the effects 
of BT alone, and it is not considered further here. The 
third trial tested the addition of oxybutynin, imipra-
mine or placebo to BT in 282 men and women with 
DO who had failed at least 8 weeks treatment of BT 
alone (187). However, very limited information is 
available on the methods and results (abstract only). 
This trial was also not considered further.  

Prior editions of this chapter identified trials address-
ing the additional benefit of caffeine reduction, PFMT, 
and drug therapy when combined with BT. The caf-
feine reduction trial was included in the Lifestyle In-
terventions (II.1) section (203), and the trial address-
ing additional benefit of PFMT when added to BT was 
included in the PFMT section (II.2.3.4) (177). Three 
trials previously identified tested the added benefit of 
drug therapy to BT treatment. One of these tested a 
drug that is no longer available (terodiline), and is not 
considered further (192). The remaining trials in-
cluded one that randomized 34 women and men with 
DO to BT or BT plus imipramine therapy (202), and 
another that randomized 60 women and men to BT 
and placebo or BT plus immediate release oxybutynin 
(191). No difference was seen in incontinence out-
comes between the groups in either trial, although 
subjective improvement was greater with addition of 
a drug in one (191). Data quality and detailed results 
from these trials were reviewed in past editions of this 
chapter.  

Summary 

No new trials contributed evidence in this area. In two 
small trials (reviewed in previous editions) comparing 
BT (or BT plus placebo) versus BT plus drug in DO, 
there was a suggestion that the effect of BT might be 
enhanced by active drug (Level of Evidence: 2). 
However, both trials were small, conducted in gen-
der-mixed sample populations, and outcomes were 
not common to both trials. Thus, there is insufficient 
evidence to derive a conclusion related to the effec-
tiveness of augmenting BT with drug therapy. 

Recommendations  

Direct comparisons of BT versus BT with drug for UI 
treatment are needed to address the question of 
whether the effect of BT can be augmented by drug 
therapy. No recommendation is possible (Grade of 
recommendation D). 

7.2.5 Does the Addition of BT to Other Treat-
ment Add Benefit? 

To be included here, trials needed to investigate the 
effects of Therapy A versus Therapy A plus BT to as-
sess the added benefit of BT over Therapy A alone. 
A search for trials that investigated the effects of 
PFMT alone versus PFMT plus BT, and drug therapy 
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alone versus drug therapy plus BT was performed. 
No new trials focused on this question were identified.  

Three trials were reviewed in previous editions of this 
chapter, including one older study that compared BT, 
PFMT and combination therapy in 204 community-
dwelling women with SUI and/or DO (177). Two larger 
RCTs compared a “simplified” BT (administered by 
providing participants with a 1 page written instruc-
tions on BT) plus drug therapy (tolterodine (2mg twice 
daily) (190, 195) and solifenacin (5/10mg daily)(195)) 
to drug therapy alone in women and men with OAB 
with or without UUI. UI outcomes were secondary 
endpoints in these trials. 

Summary 

A single trial found combining BT with PFMT im-
proved short-term outcomes compared to PFMT 
alone, but the added benefit did not persist three 
months later (Level of Evidence: 2).  

There is no evidence for an added benefit of combin-
ing brief written BT instructions with tolterodine (2mg 
twice daily) or solifenacin (5/10mg daily) compared to 
drug therapy alone for urgency incontinence (Level 
of Evidence: 2), although these trials were likely un-
derpowered to study UI outcomes.  

Recommendations  

With no new trials contributing evidence in this up-
date, the available evidence (single trial) supports the 
use of BT as a supplement to PFMT in improving 
short-term outcomes, but not longer-term results 
(Grade of Recommendation: C). 

Limited evidence suggests the addition of written in-
formation on BT for women with OAB taking an anti-
muscarinic drug does not further improve UI (Grade 
of Recommendation: B).  

More research is needed using an appropriately su-
pervised BT programme combined with drug therapy 
versus drug alone. 

7.2.6 Is Timed Voiding Effective at Treating 
UI? 

The Cochrane review on timed voiding for manage-
ment of UI in adults was last updated in 2010 (204). 
Ostaszkiewicz (2010) considered randomized and 
quasi-randomised trials only and identified two trials 
comparing timed voiding combined with additional in-
terventions (including medications) to usual care. 
Both trials were conducted in nursing homes and 
most participants were elderly women with cognitive 
impairment. Neither study recruited participants that 
met criteria for inclusion here. 

No new trials were identified that tested timed voiding 
for UI in women without cognitive or physical disabil-
ity. Previously, two older non-randomised studies, ex-
cluded from the Cochrane review, reported findings 
on the effects of timed voiding in women with UUI, 
stable bladders with UUI, and MUI (205, 206). One of 

these, a small, double-blind crossover study com-
pared timed voiding plus anticholinergic drug therapy 
(terodiline) to timed voiding plus placebo (205). As 
terodiline is no longer available, this study was not 
considered further. The second study was a small 
case series of 20 women with mild UI treated with 
timed voiding and followed from 6 weeks to 8 months 
after treatment (206). A successful outcome (not ob-
jectively quantified) was reported in 79% of partici-
pants.  

Summary 

There are no RCTs, or high quality observational 
studies, providing evidence on the effects of timed 
voiding for UI in cognitively intact, community-dwell-
ing women, and no new trials considering this were 
identified. Based upon the data from one small un-
controlled study, it seems a two-hour timed voiding 
schedule may be beneficial in treating women with 
mild UI, infrequent voiding patterns, and stable blad-
der function (Level of Evidence: 3). 

Recommendations  

Timed voiding with a two-hour voiding interval may be 
considered as a sole intervention for women with mild 
UI or infrequent voiding patterns (Grade of Recom-
mendation: C) Timed voiding may also be consid-
ered as an adjunct to other treatment.  

7.3. Other LUTS 
Two new trials were identified that reported frequency 
outcomes. Kafri et al. (98) compared BT to drug treat-
ment and reported on frequency outcomes (others re-
viewed in section II.7.2 above). A second trial ad-
dressed the added benefit of PFMT to BT (102) and 
reported frequency as a secondary outcome. This 
trial is considered in the section on PFMT (II.2.3.4).  

Older trials (from past editions of this chapter), which 
also contributed evidence related to other LUTS out-
comes, compared BT to drug therapy (190, 193, 201), 
BT to no treatment (179, 189, 194), BT plus placebo 
to BT and drug treatment (191), and additive effects 
of a simplified BT program to drug treatment (195, 
196).  

Quality of data 

The quality of data in the new trial that tested BT vs 
drug treatment was described earlier (II.VII.2c). 

Results  

i) Urgency: No new trials reported on urgency out-
comes. In previously reviewed trials, urgency results 
were conflicting. An older trial suggested BT was su-
perior to drug treatment (193), but another reported 
greater improvement in urgency after drug treatment 
or combined drug and BT treatment compared to BT 
alone (190). Two larger trials found no additional im-
provement in urgency when a simplified BT treatment 
was added to drug treatment for OAB (195, 196).  
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ii) Daytime (diurnal) frequency:  

A newly identified trial found frequency improved at 3 
and 12 months after treatment with BT, drug treat-
ment (tolterodine extended release 4 mg), or a com-
bined BT and PFMT group (98). On average, subjects 
reported 2 to 4 fewer voids per 24 hours after treat-
ment. Between group differences were not reported. 

In previously reviewed trials, frequency improved to a 
greater extent in BT groups compared to no treatment 
(179, 189, 194). In trials testing BT compared to drug 
treatment, frequency improved in both groups simi-
larly (190, 201), or to a greater extent in the BT group 
(193). In one trial testing the additive effect of drug 
treatment to BT, a greater reduction in frequency was 
reported in the BT plus drug treatment group com-
pared to BT plus placebo group (191). Lastly, two tri-
als found that “simplified” BT significantly augmented 
the effect of drug alone. BT with tolterodine had 
greater improvement in voiding frequency compared 
to drug alone (33% versus 25% improvement, re-
spectively; p<0.001) and BT with solifenacin reduced 
the number of voids in 24 hours to a greater extent 
compared to drug alone (2.8 versus 2.1 fewer voids 
in 24 hours; p<0.001) (195, 196). 

iii) Nocturia: No new trials were identified reporting on 
nocturia. Three previously reviewed trials reported 
data in comparisons of BT with no treatment, and 
found reductions in nocturia after BT but not in the 
control group (179, 189, 194). Four previously re-
viewed trials compared BT with drug therapy. Two 
smaller trials found BT superior compared to drug 
treatment in treating nocturia (193, 201). Another trial 
compared BT plus placebo versus BT plus drug (191) 
and found no difference in nocturnal micturition fre-
quency. Song (2006) reported that nocturia improved 
similarly in women with OAB treated with BT (56.1%), 
tolterodine (65.4%), and combined treatment (66.3%) 
(190).  

Summary 

No trials were identified which tested the effective-
ness of BT compared to no treatment or a control for 
urgency. It remains unclear whether BT or drug treat-
ment is more effective in treating urgency (Level of 
Evidence: 2).  

Several trials, including one newer study, suggest BT 
is effective at improving frequency, (Level of Evi-
dence: 1), but it is unclear whether BT or drug treat-
ment is more effective (Level of Evidence: 2). Two 
larger, higher quality trials show that the addition of 
“simplified” BT to drug treatment does not provide ad-
ditional benefit in treating urgency, but does improve 
frequency (Level of Evidence: 1). A few small, ran-
domized trials of variable quality suggest BT is effec-
tive at treating nocturia (Level of Evidence: 2). Addi-
tional small trials do not find that BT (or BT added to 
drug treatment) is more effective at treatment of noc-
turia than drug treatment, but evidence is limited 
(Level of Evidence: 2).  

Recommendations  
Insufficient evidence exists to support either the use 
of BT to treat urgency in women with UI and/or OAB, 
or to guide the choice of BT vs drug treatment as ini-
tial treatment aimed at urgency (Grade of Recom-
mendation: D).  

Routine addition of a “simplified” BT to drug therapy 
does not provide additional improvement in urgency, 
but should be considered in treatment of voiding fre-
quency in women with UI and OAB (Grade of Rec-
ommendation: B).  

BT should be offered as treatment for urinary fre-
quency and nocturia (Grade of recommendation: 
B), but in choosing between BT and an anticholiner-
gic drug for women with frequency, either may be ef-
fective (Grade of Recommendation: B). 

7.4. Factors Affecting Outcome 
Few trials on BT have examined predictors of treat-
ment response. New trials reviewed for this update 
did not contribute additional information related to 
predictors of timed voiding or BT treatment response. 

8. COMPLEMENTARY AND 
ALTERNATIVE MEDICINES 

There is limited, but growing evidence that comple-
mentary and alternative medicines (CAMs) may influ-
ence physiological function and/or health outcomes. 
CAMs include those therapies that are not part of the 
traditional biomedical model, such as meditation, im-
agery, hypnosis, acupuncture and naturopathic and 
herbal remedies.  

This section reviews the current evidence for the ef-
fects of CAMs on UI in cognitively intact, community-
dwelling women. Studies focused on UI in women 
with neurogenic aetiologies (for example, UI associ-
ated with stroke or multiple sclerosis) have been ex-
cluded. A summary of the search strategy used for 
selecting studies for review is provided in section I.  

In the 5th ICI, a single RCT focused on hand acupunc-
ture therapy was reviewed here. Given the lack of ev-
idence, no recommendations related to CAMs were 
made for women with UI. Since then, additional RCTs 
and a Cochrane review have been published. Many 
of these trials tested various acupuncture techniques 
for UI; these are reviewed and summarized below.  

Small individual trials testing other types of CAM ther-
apy (for example, meditation and relaxation therapies 
and natural supplements) for UI were identified in the 
current search, many labelled as pilot trials. As rec-
ommendations cannot be made based on the minimal 
evidence available for any individual type of CAM 
therapy, these are not formally reviewed here. As in-
terest in CAM therapies grows and more evidence ac-
crues, additional types of non-traditional therapies 
may be reviewed in future editions. 
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Acupuncture and UI 

Acupuncture and related techniques have been per-
formed as part of Eastern medicine for thousands of 
years. Related therapies may include body acupunc-
ture, hand acupuncture, electroacupuncture and acu-
pressure, amongst others. Their mechanisms of ac-
tion are not fully understood, but discussions of these 
mechanisms related to treatment of UI from tradi-
tional Chinese medicine and other perspectives are 
available (207, 208).  

8.1. Prevention 
In the 5th ICI, no trials examined acupuncture for the 
prevention of UI. In this update, no new trials were 
identified. 

8.2. Treatment 

8.2.1 Acupuncture for Treatment of SUI 
Previously, one low-quality RCT that studied the ef-
fect of hand acupuncture vs control (no treatment) for 
female SUI in 52 women (209) was identified. In this 
update, a recently-published Cochrane review of ac-
upuncture and SUI was reviewed (207), which in-
cluded one trial of acupuncture vs drug treatment for 
SUI (210). An additional trial of acupressure for the 
treatment of is included in this update (211).    

The 2013 Cochrane review considered evidence for 
acupuncture interventions from traditional Chinese 
medicine (body acupuncture, scalp acupuncture, 
electroacupuncture, warm acupuncture, fire needle 
and elongated needle), and did not consider trials of 
other interventions, such as hand acupuncture and 
acupressure (207). The authors searched and re-
viewed English and Chinese language publications. 
Only 1 trial was included (many were excluded be-
cause they combined acupuncture with other treat-
ments or compared different types of acupuncture). 
The single eligible trial randomized 60 women to ac-
upuncture vs a drug treatment (midrodine) and re-
ported subjective improvement and cure and adverse 
effects at 6 to 12 weeks (207).  

Chang et al. completed an RCT of 81 women with 
urodynamic SUI, randomized to 3 groups including 
acupressure, sham acupressure and “usual care” in-
cluding PFMT (taught at baseline) (211). The treat-
ment and sham groups underwent 3 weekly treat-
ment sessions for 10 weeks. No information was pro-
vided on performance of PMFT (or other treatments) 
in the “usual care” group (or the other treatment 
groups). Outcomes were assessed after the 10-week 
treatment period. The primary outcome was pelvic 
floor muscle strength. Numbers of urine leak epi-
sodes from a 4-day diary and a subjective assess-
ment of urine incontinence severity were also as-
sessed.  

Quality of data 

Randomization concealment was inadequate in both 
trials (207, 211). No blinding or partial blinding was 
performed. Few participants withdrew from the trials 

(<5%). Adverse effects were reported in 1 reviewed 
trial (207). 

Results  

More women reported improvement in the acupunc-
ture group (73% vs 33%; risk ratio 2.2 (95% CI 1.3-
3.8)) compared to drug treatment (207). Cure rates 
were low and not different between the groups (13% 
vs 7%; risk ratio 2.0 (95% CI 0.4, 10.1)). Adverse ef-
fects were reported in the drug group only (including 
headache, dizziness, and thirst).  

In the trial comparing acupressure, sham acupres-
sure vs PFMT alone, numbers of incontinence epi-
sodes were unchanged and did not differ between 
groups, although self-reported severity of leakage im-
proved to a greater extent in the acupressure com-
pared to the sham acupressure group (p=0.04) and 
to PFMT alone (p=0.01) (211).  Adverse effects were 
not reported. 

Summary 

A single trial suggests acupuncture may be better 
than drug treatment in SUI (Level of Evidence: 2), 
but the low quality and atypical comparator group lim-
its the impact of these results.   

A single trial suggests mixed results for acupressure 
compared to sham treatment or usual care in treat-
ment of SUI (Level of Evidence: 2), but the low qual-
ity and small numbers limit these findings.  There is 
inadequate evidence to know if acupuncture or acu-
pressure treatments are effective for SUI in women. 

Recommendations 

No recommendations can be made regarding the use 
of acupuncture or acupressure for SUI in women. 
High-quality RCTs are needed. 

8.2.2 Acupuncture for Treatment of OAB, UUI 
and Mixed UI 

In this update, two recently-published reviews were 
identified which focused on acupuncture for women 
with OAB, UUI or Mixed UI, as well as an additional 
trial (not included in the reviews) (208, 212, 213).  

Paik et al. (208) performed a systematic review of 
RCTs published in English or Korean language jour-
nals testing acupuncture and acupressure treatments 
for UI. Four small RCTs were found eligible for that 
review. One of these studied acupressure for SUI and 
is discussed in the section above (211), but 3 are con-
sidered in this section, all published before 2010 
(214-216). A second review focused on acupuncture 
and OAB in non-comparative and comparative trials 
(212).  This review identified 4 RCTs relevant to this 
section (comparative trials of acupuncture for women 
with UI), 3 of which were also included in the review 
by Paik et al. (214-217). Thus, in total 5 RCTs (four 
included in the recently published reviews and 1 ad-
ditional trial) are included in this edition. Study popu-
lations included  women with OAB and UUI (214, 
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215), OAB with or without UUI (217), MUI and UUI 
(216) and MUI (213). 

Two trials compared acupuncture to sham or placebo 
acupuncture (215, 216). One was a pilot RCT which 
tested acupuncture vs sham acupuncture (sham nee-
dles which did’nt puncture the skin were used) in 9 
women with mixed or urgency UI (216). The second 
trial randomised 74 women with OAB including UUI 
to acupuncture vs acupuncture performed at relaxa-
tion points (215). Two trials compared acupuncture to 
drug treatment, including an older trial that tested ac-
upuncture vs oxybutynin 5 mg twice daily in 39 
women with OAB with UUI (214). A recent, larger trial 
randomized 272 women with OAB with or without UUI 
to acupuncture or tolterodine 2 mg twice daily (217). 
Last, Jin et al. studied combination therapy with elec-
troacupuncture plus tolterodine 2 mg twice daily ver-
sus electroacupuncture alone in 71 women with MUI 
(213). 

Acupuncture techniques and regimens differed 
widely among the studies, including different acu-
puncture points treated. Treatments occurred 1 to 3 
times weekly, lasted 4 to 8 weeks and outcomes were 
assessed immediately after treatment or 2 to 12 
weeks later.  

Quality of data 

Randomization concealment was considered ade-
quate in 2 of 5 trials (215, 217), one testing acupunc-
ture vs placebo acupuncture and one comparing ac-
upuncture to drug treatment (tolterodine). Blinding of 
participants and assessors was done in the trials test-
ing acupuncture with a sham or placebo treatment 
(215, 216). Participants were not blinded in the 3 trials 
involving acupuncture and drug treatments (213, 214, 
217), and assessors were blinded in only 1 of these 
(217). Sample size calculations were reported in only 
one trial (215). Adverse effects were described in 4 of 
5 trials (214-217). 

Results  

Overall, no differences were seen in primary out-
comes when comparing acupuncture with sham or 
placebo treatment and when comparing acupuncture 
with drug treatment. One small trial comparing acu-
puncture vs sham acupuncture in women with MUI 
reported greater reductions in overall incontinence 
episodes and urgency incontinence episodes in the 
acupuncture group after 4 weeks of treatment (67.5% 
vs 16.7% and 75.2% vs 24.9%, respectively), but sta-
tistical significance was not reached (216). Another 
trial of acupuncture vs sham acupuncture (relaxation 
points) in women with OAB and with UUI found a non-
significant reduction in incontinence episodes (59 and 
40% in the treatment and placebo groups) (215). For 
acupuncture treatment compared to drug therapy (ox-
ybutynin or tolterodine) in women with OAB, no differ-
ence was seen in improvement in UUI episodes be-
tween treatment groups (214, 217). In one, frequency 
and urgency improved but UUI was unchanged and 
in the other, frequency, urgency and UUI improved, 

but no between group differences were reported 
(214). In the trial comparing combination treatment 
with electroacupuncture and tolterodine to electro-
acupuncture alone for MUI, both groups had signifi-
cant reductions in overall UI episodes and in urine 
leakage volume on pad test, but these outcomes did 
not differ between groups. Significantly more women 
in the combination treatment group had a more than 
50% improvement in number of UI episodes (76 vs 
59%, p<0.05) (213).   

No serious adverse effects occurred. Minor bruising 
and bleeding as well as some discomfort with needle 
placement were described (214-217). 

Summary 

Two trials (small to medium size) of varying quality 
found no or limited benefit in testing acupuncture to 
various sham treatments for MUI and OAB\UUI in 
women (Level of Evidence: 2).  

Several factors limit these results, including small 
sample size, risk of bias and heterogeneity of active 
and sham treatments. Two trials comparing acupunc-
ture to drug therapy in women with OAB, UUI and 
MUI found no difference between treatments (Level 
of Evidence: 2). One low quality trial suggested com-
bination therapy of electroacupuncture plus drug for 
MUI was superior to electroacupuncture alone (Level 
of Evidence: 2). 

Recommendations 

When choosing between acupuncture and anticholin-
ergic drug for women with OAB, UUI and MUI, either 
may be effective (Grade of Recommendation: B).  

There is insufficient evidence to make a recommen-
dation related to the effectiveness of augmenting 
electroacupuncture with drug therapy (Grade of rec-
ommendation: D). High-quality RCTs are needed, 
including standardized acupuncture treatment regi-
mens. 

Conclusions 

Limited evidence is available for the use of acupunc-
ture techniques for the treatment of UI in women. 
Challenges in this area (in performing research as 
well as in interpreting the literature) include a lack of 
consistency in acupuncture techniques and regimens 
and controversy regarding the best comparator 
(sham or placebo acupuncture) (218). Also, much of 
the literature is not published in English language 
journals. Given the limitations to the quality and the 
heterogeneous nature of evidence available, few for-
mal recommendations are possible related to use of 
acupuncture for SUI, UUI, MUI or overall UI in 
women. More rigorously-conducted RCTs are 
needed in this area. 
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9. FUTURE RESEARCH DIRECTIONS  

9.1. Summary 
Even with the number of reasonable trials on con-
servative management of UI in women, the standards 
of trial conduct and reporting varied considerably. It is 
strongly recommended that future RCTs on con-
servative management include power and sample 
size calculation, account for potential risk of bias, in-
tervention content and intensity, and choice of out-
come measures prior to conducting the trial. 

9.2. Recommendations for practice  
While some recommendations are underpinned by 
good and consistent evidence of effects, there re-
mains a need for further testing because of insuffi-
cient Level 1 and Level 2 evidence.  

9.2.1 Lifestyle Intervention 
Treatment:  

Nonsurgical weight loss should be considered a first 
line treatment to reduce UI in obese and overweight 
women (Grade of Recommendation: A).  

Moderate exercise may help in decreasing the inci-
dence of UI: this effect may be mediated by weight 
control (Grade of Recommendation: C). 

Caffeine reduction may help in improving inconti-
nence symptoms (Grade of Recommendation: B).  

Minor decrease of fluid intake (by 25%) may be rec-
ommended provided baseline consumption is not 
less than 30 ml/Kg a day (Grade of Recommenda-
tion: B). 

9.2.2 PFMT (Principal Recommendation) 
PFMT in the prevention of UI in childbearing 
women: Continent, pregnant women should be of-
fered a supervised (including regular health profes-
sional contact) and intensive strengthening antepar-
tum PFMT programme to prevent antepartum and 
postpartum UI (Grade of Recommendation: A). 

PFMT in the treatment of UI in childbearing 
women: PFMT should be offered as first line con-
servative therapy to women with persistent UI symp-
toms three months after delivery (Grade of Recom-
mendation: A). 

An ‘intensive’ PFMT programme (in terms of supervi-
sion and exercise content) is likely to increase the 
treatment effect (Grade of Recommendation: B). 

PFMT in the prevention/treatment of UI in 
childbearing women: Health providers should care-
fully consider the cost/benefit of population based ap-
proaches to health professional taught antepartum or 
postpartum PFMT, that is, health professional instruc-
tion to all pregnant or postpartum women regardless 
of their current or prior continence status (Grade of 

Recommendation antepartum PFMT: A). (Grade 
of Recommendation postpartum PFMT: B).  

Where a population approach is used, the ‘best’ evi-
dence to date suggests the following: (a) an interven-
tion comprising of a daily home PFMT and weekly 
physiotherapist-led exercise classes for 12 weeks, 
starting at 16-24 weeks’ gestation for pregnant 
women, and (b) an individually taught strengthening 
PFMT programme that incorporates adherence strat-
egies for postpartum women who have had a forceps 
delivery or a vaginal delivery of a large baby (4000g 
or more) (Grade of recommendation: C). 

i) Other women PFMT 

Prevention: 

There is preliminary evidence that PFMT may help 
prevent UI in older women.  (Grade of Recommen-
dation: C New). 

Treatment:  

Supervised PFMT should be offered as first line con-
servative therapy to women urinary incontinence 
(Grade of Recommendation: A). 

Clinicians should provide the most intensive health 
professional-led PFMT program possible within ser-
vice constraints because programs that are thaught 
and supervised by health-professionals are better 
than those with little or no supervision (Grade of Rec-
ommendation A).  

Although studies are limited, there does not appear to 
be clear benefit for adding other modalities (i.e. motor 
learning, abdominal- or hip-muscle training, intra-vag-
inal resistance device) to PFMT (Grade of Recom-
mendation: B) 

There is no clear benefit from adding clinic- (Grade 
of Recommendation B) or home-based BF (Grade 
of Recommendation B) to a PFMT program. The 
use of clinic or home-based BF should remain a ther-
apist/individual decision based on individual’s needs 
and service constraints. 

ii) Other women PFMT vs other intervention 

For women with SUI: 

• PFMT and VC are both effective as conservative 
therapy, although PFMT is superior (Grade of 
Recommendation: B). 

• PFMT is better than EStim as first line conserva-
tive therapy (Grade of Recommendation: B). 

• PFMT is better than BT as first line conservative 
therapy (Grade of Recommendation: B). 

• PFMT and drug therapy are both effective as first 
line therapy, PFMT avoids the adverse effects 
experienced with drug therapy (Grade of Rec-
ommendation: B). 

• Surgery is more effective than PFMT, but poten-
tial benefit should be weighed against potential 
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adverse events. PFMT should be offered as first 
line conservative therapy (Grade of Recom-
mendation: B New).  

• PFMT and continence pessary are both effective 
as first line conservative therapy (Grade of Rec-
ommendation: B New). 

For women with SUI or MUI: 

• VC does not appear to be better than PFMT in 
the treatment of UI. PFMT should be recom-
mended as first-line conservative therapy 
(Grade of Recommendation: B).  

VCs with supervised training sessions by a trained 
health professional can be offered to women who can 
and are prepared to use them (Grade of Recommen-
dation: B) 

VC may be inappropriate for some women due to in-
ability to insert or retain the cone or because of side 
effects and discomfort.  

For women with UUI or MUI: 

• PFMT and BT should be offered as effective first-
line conservative therapies (Grade of Recom-
mendation: B). 

• PFMT is better than oxybutynin as first line ther-
apy (Grade of Recommendation: B). 

For women with UUI 

PFMT and BT should be offered as effective first line 
conservative therapy (Grade of Recommendation: 
B). 

iii) Other women PFMT + other intervention vs PFMT 

In women using VC, it does not appear to help to add 
PFMT (Grade of Recommendation: C).  

For the treatment of SUI, UUI, or MUI in women, con-
sider a combination of PFMT and BT rather then BT 
alone (Grade of Recommendation: C).  

For treatment of UUI (tolterodine) but not for SUI (du-
loxetine), consider adding PFMT to drug therapy 
(Grade of Recommendation: B),  

When treating women with SUI and vaginal atrophy, 
consider combining PFMT and intravaginal oestrogen 
over estrogen alone may be better than estrogen 
alone (Grade of Recommendation: C New).  

9.2.3 Cones  
For women with SUI, VC with supervised training ses-
sions by a trained health professional may be offered 
as a first-line conservative therapy to those who can 
and are prepared to use them (Grade of Recommen-
dation: B).  

VC may be inappropriate in some cases due to ina-
bility to insert or retain the cone or because of side 
effects and discomfort. Trained health professional 
assessment is recommended (Grade of Recom-
mendation: D). 

VC and EStim seem equally effective in the treatment 
of SUI and MUI. Side effects and discomfort caused 
by both VC and EStim appears to limit their utility in 
clinical practice (Grade of Recommendation: B). 

If this combined intervention proves to be of interest 
to women, then adequately powered studies are 
needed to confirm or refute the advantages of adding 
VCs to PFMT (No Recommendation).   

9.2.4 EStim 
EStim might be better than no treatment to improve 
symptoms and quality of life in SUI women (Grade of 
Recommendation: B).  

EStim may be considered for treatment to improve 
symptoms for UUI (Grade of Recommendation: B).  

For women with SUI maximal clinic-based EStim 
might be better than daily low-intensity home-based 
EStim in improving symptoms (Grade of Recom-
mendation: B).  

Based on current limited evidence, EStim could be 
considered as an alternative to medical treatment. 
(Grade of Recommendation: B). 

The addition of EStim to PFMT or BF-assisted PFMT 
programmes does not appear to add benefit (Grade 
of Recommendation: B) 

9.2.5 PTNS 
For women with UUI or OAB, PTNS may be more ef-
fective than no active treatment in symptom control 
(Grade of Recommendation: C New).  

There is no significant difference between PTNS and 
tolterodine in terms of quality of life, however PTNS 
may be considered as both may improve quality of life 
and PTNS is less invasive (Grade of Recommenda-
tion: B New).  

PTNS may be considered for women as it is associ-
ated with fewer and less bothersome adverse effects 
than those from drug treatment (Grade of Recom-
mendation: B New).  

PTNS may be considered for symptom control when 
chosen in combination interventions such as with 
PFMT plus bladder training, or drug treatment by 
women with UUI or OAB (Grade of Recommenda-
tion: B New).  

9.2.6 Magnetic Stimulation 
No recommendation is possible based on current 
conflicting evidence (Grade of recommendation: 
D). 

No recommendation is possible regarding optimum 
type of MStim (Grade of Recommendation: D).  

The addition of MStim to PFMT in treatment of SUI 
does not appear to be beneficial (Grade of Recom-
mendation: C). 
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9.2.7 Bladder Training 
BT should be recommended as first line conservative 
therapy for UI in women (Grade of Recommenda-
tion: A).  

Clinicians should provide the most intensive BT su-
pervision that is possible within service constraints 
(Grade of Recommendation: D).  

Clinicians and researchers are advised to refer to the 
operant conditioning and educational literature to pro-
vide a rationale for their choice of their approach to 
BT. (Grade of Recommendation: D). 

When considering BT and anticholinergic drug for 
women with DO or UUI, either may be effective 
(Grade of Recommendation: B).  

BT may be preferred by women and clinicians be-
cause it is not associated with the drug related side 
effects (Grade of Recommendation: D). 

The available evidence (single trial) supports the use 
of BT as a supplement to PFMT in improving short-
term outcomes, but not longer-term results (Grade of 
Recommendation: C). 

Limited evidence suggests the addition of written in-
formation on BT for women with OAB taking an anti-
muscarinic drug does not further improve UI (Grade 
of Recommendation: B).  

Timed voiding with a two-hour voiding interval may be 
considered as a sole intervention for women with mild 
UI or infrequent voiding patterns (Grade of Recom-
mendation: C) Timed voiding may also be consid-
ered as an adjunct to other treatment. 

Insufficient evidence exists to support the use of BT 
to treat urgency in women with UI and/or OAB, or to 
guide the choice of BT vs, drug treatment as initial 
treatment aimed at urgency (Grade of Recommen-
dation: D).  

Routine addition of a “simplified” BT to drug therapy 
does not provide additional improvement in urgency, 
but should be considered in treatment of voiding fre-
quency in women with UI and OAB (Grade of Rec-
ommendation: B).  

BT should be offered as treatment for urinary fre-
quency and nocturia (Grade of recommendation: 
B), but in choosing between BT and an anticholiner-
gic drug for women with frequency, either may be ef-
fective (Grade of Recommendation: B). 

9.2.8 Complementary and Alternative Medi-
cine 

Acupuncture:  

The limited evidence available to date does not sup-
port the use of acupuncture when compared to sham 
or placebo treatment for women with OAB, UUI and 
MUI.  

When choosing between acupuncture and anticholin-
ergic drug for women with OAB, UUI and MUI, either 
may be effective (Grade of Recommendation: B).  

There is insufficient evidence to make a recommen-
dation related to the effectiveness of augmenting 
electroacupuncture with drug therapy (Grade of rec-
ommendation: D).  

High-quality RCTs are needed, including standard-
ized acupuncture treatment regimens. 

9.3. Future Research Direction 
All future trials must be designed, implemented and 
reported in ways that maximise their usefulness in 
practice; this includes being well powered, with longer 
term follow up, with evaluation of cost-effectiveness 
and planned secondary analysis of trial data to inves-
tigate predictors of effectiveness. Readers are re-
ferred to the revised CONSORT statement for guid-
ance (219). 

9.3.1 Lifestyle Modification Intervention  
Prevention should be an area for future research in-
vestment and comprise robust economic evaluation 
to determine the benefits of lifestyle modification 
strategies in women with UI. 

With limited new data on the effects of physical activ-
ity (moderate or strenuous), smoking cessation, diet 
modification and constipation, their association with 
UI development or symptom reduction should be in-
vestigated further. 

Separate investigation of the impact of lifestyle modi-
fication interventions on nocturia, diurnal frequency, 
urgency and UI should be undertaken. 

9.3.2 PFMT in Antenatal and Postnatal 
women  

• Additional trials with longer-term follow-up 
(greater than 12 months postnatal) are needed 
to determine long-term benefits of antenatal 
PFMT.  

• Large and good-quality RCTs are needed to in-
vestigate the effect of antepartum PFMT on pre-
venting postpartum UI in multiparous women. 

• Large and good-quality RCTs are needed to in-
vestigate the effect of intensive post-partum 
PFMT on preventing postpartum UI in women. 
Attention must be given to high risk subgroups. 

• There is a need for at least one large, pragmatic, 
well-conducted and explicitly reported trial with 
long term follow-up (five plus years) of postpar-
tum PFMT that investigates the long term effect 
of ‘intensive’ PFMT for persistent postnatal UI. 

9.3.3 PFMT in Women (Others) 
The effect of PFMT in the prevention of UI in women 
should be studied further.  
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Larger, good quality trials are needed to address 
comparisons between PFMT regimens, PFMT and 
other modalities or PFMT + another modality and 
PFMT alone, if these are of interest to women. In 
planning comparisons, researchers should consider 
carefully power calculation, intervention intensity and 
the potential impact of different levels of supervisory 
intensity between groups, particularly in comparisons 
of conservative therapies.  

9.3.4 Vaginal Cones  
Larger, good quality trials are needed to address 
comparisons between VC and other modalities, and 
VC+ other modalities compared to VC, if these are of 
interest to women. In planning comparisons re-
searchers should consider carefully power calcula-
tion, intervention intensity and the potential impact of 
different levels of supervisory intensity between 
groups, particularly in comparisons of conservative 
therapies. 

9.3.5 EStim/PTNS/MStim 
Larger, good quality trials are needed to address 
comparisons between EStim/PTNS/MStim and no 
treatment, EStim/PTNS/MStim and other modalities, 
EStim/PTNS/MStim + other modalities and ES-
tim/PTNS/MStim, if these are of interest to women. In 
planning comparisons researchers should consider 
carefully power calculation, intervention intensity and 
the potential impact of different levels of supervisory 
intensity between groups, particularly in comparisons 
of conservative therapies. 

9.3.6 Scheduled Voiding Regimen 
Larger, good quality trials are needed to address 
comparisons between BT and no treatment, BT and 
other modalities, BT + other modalities and BT, if 
these are of interest to women. In planning compari-
sons researchers should consider carefully power 
calculation, intervention intensity and the potential im-
pact of different levels of supervisory intensity be-
tween groups, particularly in comparisons of con-
servative therapies. 

 PELVIC ORGAN PROLAPSE 
(POP) 

Pelvic organ prolapse (POP) refers to the loss of sup-
port for the uterus, bladder, colon or rectum leading 
to prolapse of one or more of these organs into the 
vagina. Prolapse is characterised by a variety of pel-
vic floor symptoms (2), the most commonly reported 
being a sensation of bulging into the vagina. Treat-
ment depends on the severity of the prolapse and its 
symptoms, and the woman's general health (2). Con-
servative treatment is generally considered for those 
with a lesser degree of prolapse, those who wish to 
have more children, those with frailty or those unwill-
ing to undergo surgery. Conservative management, 
defined here as lifestyle modification interventions, 
PFMT and pessaries, was first reviewed in the 3rd ICI 

and in the 5th was recommended as first-line treat-
ment for prolapse. 

The aims of conservative treatment in the manage-
ment of POP include: 

• preventing the prolapse becoming worse; 

• decreasing the frequency or severity of symp-
toms caused by prolapse (pelvic pressure, vagi-
nal bulging, backache, urinary, bowel and sexual 
dysfunction); 

• aversion or delaying of the need for surgery. 

In this section the evidence is presented for the use 
of conservative management of POP, utilising infor-
mation from Cochrane systematic reviews (220-222), 
and literature identified via a search strategy summa-
rised in Section I. For included trials, risk of bias 
(RoB) was assessed using the Cochrane Collabora-
tions RoB tool (223). For other types of study, bias 
was assessed using the Critical Appraisal Skills Pro-
gramme (CASP) (224) checklist item relating to ad-
justment in analysis for potential confounding risk fac-
tors. 

1. LIFESTYLE MODIFICATION 
INTERVENTION 

Lifestyle modification interventions include weight 
loss, reducing exacerbating activities (e.g. lifting, 
coughing) and treating constipation, and are intended 
to avoid worsening of the prolapse by decreasing in-
tra-abdominal pressure. 

1.1. Prevention 

1.1.1 Quality of Data 
No trials of lifestyle modification interventions to pre-
vent prolapse were identified in this update. However, 
12 observational studies (retrospective reviews, pro-
spective surveys and case-control studies) that ex-
amined the association between modifiable lifestyle 
factors such as occupation (involving heavy lift-
ing/strenuous physical activity), bodyweight, smok-
ing, constipation, nutrition and the development of 
prolapse have been published since last review, 
which add to the 33 previously described (9 in 5th edi-
tion, 15 in 4th edition and 9 in 3rd edition). These are 
reported and summarised in Table 26. Studies often 
examined multiple risk factors and contribute evi-
dence to more than one section below. If modifiable 
lifestyle factors are established as risk factors for pro-
lapse these could be targeted with a view to preven-
tion. 

1.1.1.1 Association Between POP and Oc-
cupation and Physical Activity  

To date, the potential relationship between occupa-
tion and physical activity on prolapse has received 
scant attention (5 studies in 3rd edition (225), 5 in 4th 
edition(226), 3 in 5th edition(2)). A recent narrative lit-
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erature review (227) investigated the effect of physi-
cal activity and occupation on the development of 
prolapse. The review authors identified 10 studies, all 
of which have been reviewed in–depth in previous 
editions of this chapter. They concluded that the evi-
dence linking physical activity and occupation with an 
increased risk for POP was weak and inconclusive.  

Our systematic search identified a further 5 additional 
studies, included (228-232). The key characteristics 
of these studies are described in Table 26. 

Akmel et al. (2012) conducted a retrospective study 
of women in one Ethiopian hospital treated surgically 
for prolapse over three years (230). Medical interns 
extracted data from the women’s medical records on 
demographics, medical, surgical and obstetric his-
tory, symptoms and risk factors. Only univariate anal-
ysis was performed and therefore the study was 
judged to be at high risk of bias (Table 26). 

Bathla et al. 2014 (232) carried out a retrospective re-
view of case notes for women who presented with 
prolapse at mobile surgical camps in a remote village 
of Himachal Pradesh between 2009- 2013. Women 
underwent POP-Q assessment prior to surgery. The 
aim was to study the epidemiological risk factors for 
prolapse, including occupation and nutrition (see be-
low). The analysis was mainly descriptive although 
the authors report they did “correlation regression”, 
but it was not clear what this was, and therefore the 
results were difficult to interpret and at high risk of 
bias (Table 26). 

Gumanga et al. (2014) undertook a prospective study 
of women presenting with prolapse at gynaecological 
outpatients at a hospital in Ghana over two years 
(2010-2011), describing occupational, socio-cultural 
practices and obstetric characteristics and how they 
related to severity of prolapse (231). Data collected 
included demographics, reproductive history and pel-
vic examination findings. Women were included if 
they complained of a mass in the vagina and had de-
monstrable descent on pelvic examination. There 
was no control group so analysis of risk factors was 
not possible, thus the study was at high risk of bias 
(Table 26). 

Lonnée-Hoffmann et al. (2015) recently reported on a 
cross sectional study they undertook in women 30 
years or older in one Nordic county in the Nord-
Trøndelag Health Study (228). Outcome measures 
examined were self-reported prolapse surgery, age at 
survey, socio-demographic factors, and information 
on risk factors for prolapse (smoking, chronic obstruc-
tive pulmonary disease, asthma, constipation a dec-
ade previously, and measured body mass index) (see 
Table 26). Multivariable logistic regression was used 
for analysis thus the study was judged to be at low 
risk of bias. 

Nygaard et al. (2014) conducted a retrospective 
case-control study of women with prolapse (descent 
≥ 1 cm beyond the hymen) and without prolapse (de-
scent ≤ 1 cm above the hymen), age and site 

matched, to assess the impact of lifetime physical ac-
tivity on the risk of prolapse (229). Women were re-
cruited from primary care or community advertise-
ments, and were not seeking treatment for prolapse. 
Physical activity was measured using the Lifetime 
Physical Activity Questionnaire (LPAQ), which as-
sesses physical activity over four periods (start of 
menstruation to age 21, 22-34, 35-50, and 51-65 
years), and includes leisure activity, outdoor work, 
and housework. The Occupation Questionnaire (OQ), 
part of the LPAQ, was also used. Multivariable mod-
els were fitted to assess the effect of physical activity 
on prolapse indicating a low risk of bias for this study 
(Table 26). 

1.1.1.2 Association Between POP and Body 
Weight  

There has been little agreement on whether an in-
crease in weight (or increased waist circumference or 
higher BMI) is linked with an increased risk of POP. 
Seventeen studies have evaluated the effects of bod-
yweight on POP since the previous editions (4 in 5th 
edition, 5 in 4th edition, 6 in 3rd edition) (228, 233-248). 
In addition, two reviews have recently been published 
on this topic (249, 250) (Table 26). The former litera-
ture review included a study by Kudish and col-
leagues (2009) – which had not previously been in-
cluded in earlier editions of this chapter – it is there-
fore included here (251). 

1.1.1.3 Association Between POP and 
Smoking 

Three studies on the relationship between smoking 
and prolapse were identified (228, 232, 252). In addi-
tion, Kudish (2009) investigated smoking as a risk 
factor (251). 

Estanol and colleagues (252) studied female smok-
ers and non-smokers with and without prolapse in a 
cross-sectional study in one centre. Smokers and 
non-smokers without prolapse were age matched to 
smokers and non-smokers with prolapse. The aim 
was to examine the impact of smoking on collagen 
markers (MMP-9) and vitamin C, in those with and 
without prolapse. Women with prolapse had a bulge 
at or beyond the hymen on examination, and an-
swered positively to two Pelvic Floor Distress Inven-
tory (PFDI) questions on the feeling of a bulge or a 
visible bulge in the last 12 months. A univariate anal-
ysis of the associations was carried out, thus a high 
risk of bias was assumed (Table 26). 

A significant association between POP and smoking 
has also been reported in 2 studies above (228, 251). 
Bathla et al., (2014) also noted that 30-57% of their 
sample were smokers; collectively these studies sug-
gest that smoking is a risk factor for POP.  
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Table 26 Summary of data on lifestyle factors and POP 

Author, 
year 

Study design/ 
Comparator N Study population Modality details/methods 

employed Outcomes/results Follow up Notes (side effects, 
loss of follow up…) 

POP and Occupation/Physical activity 

Akmel 
2012 (1) 

Retrospective 
descriptive case note 
analysis 

129 Patients who were 
admitted and operated 
on in the gynaecology 
ward in one hospital in 
Ethopia. All the women 
with POP who were 
admitted and treated 
during the study period 
were included; no 
sampling technique was 
employed 

Demographic and medical 
characteristics were 
extracted based on the initial 
medical history and physical 
examination documentation 
in the case records 

Type of occupation was 
strongly associated with stage 
of prolapse. Housewives were 
more likely to have stage IV 
(vs stage III) prolapse 
compared to farmers. 
 

None Data was available for 
129 out of a possible 
143 women. No 
multivariate analysis to 
allow for other 
confounding variables. 

Bathla 
2014(2) 

Retrospective 
descriptive case note 
analysis  

157 157 women who had 
POP surgery conducted 
in 5 mobile surgical 
camps in Shillai, 
Himachal Pradesh from 
2009 to 2013 (“Project 
Prolapse”).  

Epidemiological data and 
POP-Q data were collected. 
 

Factors contributing to POP 
believed to be “poor nutritional 
status (mean weight 41.1 kg), 
multiparity (mean 3.5), early 
marriage (mean age 18.2 
years), unassisted home 
deliveries (100%), premature 
bearing down (23.8%), early 
postpartum resumption of 
strenuous activity (54.7%) and 
smoking (33%)” This was not 
based on statistical analysis. 

None “Statistical analysis was 
performed using 
correlation regression 
analysis”, but limited 
data presented. No 
multivariable analysis 
performed. 
 

Gumanga 
2014 (3) 

Prospective 
observational study 

118 POP cases, out-patients 
seen over 2-year study 
period at a teaching 
hospital in Ghana.  
 

Questionnaires and physical 
exam in patients whose 
main complaints included “a 
mass falling from the vagina” 
or “bulging mass” or 
“sensation of mass in the 
vagina”. 

Main occupations were 
trading of produce 66/118 
(55.9%) and farming 44/118 
(37.3%) 

None Authors report that 
occupational factors 
might contribute to the 
severity of POP in this 
sample. Analysis 
undertaken is unclear 
but appears not to be 
multivariable analysis. 
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Author, 
year 

Study design/ 
Comparator N Study population Modality details/methods 

employed Outcomes/results Follow up Notes (side effects, 
loss of follow up…) 

Lonnee-
Hoffmann 
2015 (4) 

Cross-sectional 
survey 
 

20,285 All women aged ≥ 30 
years in one Nordic 
county invited to take 
part 
 

Women were sent 
questionnaires and attended 
screening stations. Risk 
factors assessed: smoking, 
chronic obstructive 
pulmonary disease, asthma, 
constipation a decade 
previously, and measured 
BMI 

POP surgery was reported by 
1,123 (5.3 %). Only women 
reporting more lifting in 
addition to walking had 
significantly higher odds of 
reporting POP surgery 
compared with women with 
sedentary occupation in the 
age-adjusted model 

None Authors also report that 
constipation reported a 
decade prior, above-
normal BMI, and COPD 
were significant non-
obstetric risks for 
prolapse surgery. 
Multivariable analysis 
performed. 

Nygaard 
2014 (5) 

Retrospective case-
control study 

382 191 POP cases and 191 
age and recruitment-site 
matched controls, aged 
between 39-65 years, not 
seeking prolapse 
treatment  

Women were asked to 
complete Lifetime Physical 
Activity and Occupation 
Questionnaires based on 
self-reported activities 

No associations between 
odds of POP and overall 
lifetime physical activity, 
lifetime leisure activity, or 
lifetime strenuous activity 

None Authors suggest that 
strenuous activity 
during teenage years 
may have an 
association with POP, 
and recommend further 
prospective research in 
this area 
Multivariable analysis?? 

POP and Smoking (see also entries for Bathla 2014, Kudish 2009 and Lonnee-Hoffmann 2015) 

Estanol 
2015 (6) 

Cross-sectional 
study 

96 4 groups of women: 
smokers with POP 
(n=16), non-smokers 
with POP (n=16), 
smokers without POP 
(n=32) and non-smokers 
without POP (n=32) 

Fasting blood panel, 
including plasma 
procollagen 1-N propeptide 
(P1NP), matrix 
metalloproteinase 9 (MMP-
9), and vitamin C. These are 
markers of collagen 
metabolism. Smokers were 
defined as smoking 1 pack 
or more a day for at least 1 
year; non-smokers were 
defined as not having 
smoked for at least 7 years 

Comparing women with POP 
and without, there were no 
significant differences in 
vitamin C, P1NP and MMP-9 
levels, independent of 
smoking status. 
MMP-9 levels were higher and 
vitamin C lower in smokers 
compared to non-smokers.  

None Small sample size; was 
not sufficiently large to 
detect a true difference, 
particularly in those 
with prolapse. 
No multivariable 
analysis 
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Author, year Study design/ 
Comparator N Study population Modality details/methods 

employed Outcomes/results Follow up Notes (side effects, 
loss of follow up…) 

POP and Bowel function (see also entries for Kudish 2009 and Lonnee-Hoffmann 2015) 

Bezerra 2014 
(7) 

Cross-sectional 
survey 
 

172 

Participants referred to 
one tertiary 
urogynecology outpatient 
clinic with self-reported 
symptoms of PFD: POP 
[POP-Q ≥ stage II and/or 
UI] 

Medical history, series of 
questionnaires (ICIQ-SF; 
KHQ; PISQ-12), Cleveland 
Constipation Scale and 
physical exam using the 
PERFECT scheme.  

No differences in 
prolapse status between 
patients with and without 
anal incontinence and/or 
bowel disorders. 
 

None  No multivariable 
analysis 

Elbiss 2015 (8) 
 Cross-sectional 429 

Women attending family 
development centres in 
United Arab Emirates, 
29.6% reported POP 
symptoms 

Questionnaire included 
items for details of socio-
demographic, obstetrics, 
medical and surgical history. 
Presence of a lump in/out of 
vagina was taken as 
presence of POP. 

Chronic constipation and 
chest disease, level of 
education, occupation 
birth weight and BMI 
were independent risk 
factors for having POP 
symptoms. 
 

None 

Multivariable analysis 
was performed. Authors 
recommended 
additional healthcare 
campaigns to raise 
awareness about risk 
factors for POP 

POP and Nutrition (see also entries for Estanol, 2015) 

Navaneethan 
2015 (9) 

Prospective case-
control study 

120 Women with (n=51) or 
without (n=69) PFD on 
examination when 
attending outpatient clinic 
at one tertiary care 
centre in South India 

Medical history and clinical 
examination (POP-Q) were 
performed. Serum 25-
hydroxy vitamin D levels 
were measured in all 
participants 
 

23/51 had POP alone, 
9/51 had POP+SUI; 
vitamin D levels were not 
significantly associated 
with POP 

None Multivariable analysis 
performed to adjust for 
age. 
 

Parker-Autrey 
2012 (10) 

Retrospective chart 
review 

394 Women over 19 years 
old attending a 
Urogynecology Care 
Clinic from 2008 to 2010 
who had vitamin D 
measured. 

Diagnosis categorized as 
PDF (SUI, UUI, FI, POP) 
(n=268) or general GYN 
(n=126). Demographic and 
medical characteristics were 
extracted. PFDI-SF 20, IIQ-
7, Medical, Epidemiologic, 
and Social Aspects of Aging 
(MESA) questionnaire.  

Only higher IIQ-7 scores 
were significantly related 
to having insufficient 
vitamin D. 
 

None Multivariable logistic 
regression model used 
to adjust for age, BMI, 
ethnicity, and use of vit. 
D supplementation 
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Author, year Study design/ 
Comparator N Study population Modality details/methods 

employed Outcomes/results Follow up Notes (side effects, 
loss of follow up…) 

POP and body weight  

Myers et al., 
2012(11) 

Secondary data 
analysis of RCT 

338 Overweight and obese 
women with UI  

Women were randomised 
either into an intensive 6-
month weight loss or to the 
control group (educational 
program) 
Symptomatic prolapse was 
defined as a positive 
response to at least 1 
prolapse subscale question 
of the UDI. "Bother" was 
defined as responses of 
slight, moderate, or great. 

Increasing BMI was 
associated with only 
"feeling" a vaginal bulge. 
(13% of obese women 
reported feeling vaginal 
bulging compared with 
overweight women (0%). 

Evaluated for 
prolapse 
symptoms at 
baseline and 6 
months 

At 6 months, there were 
no significant 
differences in 
improvement of self-
reported bothersome 
prolapse symptoms in 
women in the weight 
loss or the control 
group 
Multivariable analysis 
was performed.  

Kudish 2009 
(12) 

Secondary analysis 
of a 5-yr clinical trial 

16608 Post-menopausal women 
aged 50-79 yrs 

Degree of prolapse 
assessed using the WHI 
Prolapse 
Classification System 

Prolapse risk in 
overweight and obese 
women (compared with 
the women with healthy 
BMI) increased by 32% 
and 48% for 
cystocele, by 37% and 
58% for rectocele, and by 
43% and 69% for uterine 
prolapse, respectively 

Annual pelvic 
exam over a 5 
year interval 

Being overweight or 
obese is associated 
with progression of 
POP. Authors reported 
that “weight loss was 
not significantly 
associated with 
regression of POP”, 
and argued that pelvic 
floor damage related to 
weight gain could be 
irreversible 
Multivariable analysis 
was performed. 

Abbreviations: PFDI-20: pelvic floor distress inventory short form 20, PFIQ-7: pelvic floor impact questionnaire short form; PFM: pelvic floor muscles; PFMT: pelvic floor 
muscle training; POP-Q; Pelvic Organ Prolapse Quantification system; PISQ-12: Pelvic organ prolapse/urinary incontinence sexual questionnaire’ POP-SS: pelvic organ 
prolapse symptom score; QoL: quality of life; RCT: randomized controlled trial; sEMG: surface electromyography; SR: systematic review; UI: urinary incontinence 

1. Akmel M, Segni H. Pelvic organ prolapse in jimma university specialized hospital, southwest ethiopia. Ethiop J Health Sci. 2012;22(2):85-92. 

2. Bathla S, Verghese G, Kalla V, Sharma TC, Dam S, Agarwal N, et al. Reaching the unreached: Mobile surgical camps in a remote village of Himachal Pradesh. J 
Midlife Health. 2014;5(3):139-42. 

3. Gumanga SK, Munkaila A, Malechi H. Social demographic characteristics of women with pelvic organ prolapse at the Tamale Teaching Hospital, Ghana. Ghana 
Med J. 2014;48(4):208-13. 
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4. Lonnee-Hoffmann RA, Salvesen O, Morkved S, Schei B. Self-reported pelvic organ prolapse surgery, prevalence, and nonobstetric risk factors: findings from the 
Nord Trondelag Health Study. Int Urogynecol J. 2015;26(3):407-14. 

5. Nygaard IE, Shaw JM, Bardsley T, Egger MJ. Lifetime physical activity and pelvic organ prolapse in middle-aged women. Am J Obstet Gynecol. 2014;210(5):477 
e1-12. 
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pelvic organ prolapse. Eur J Obstet Gynecol Reprod Biol. 2015;184:58-64. 

7. Bezerra LRPS, Vasconcelos Neto JA, Vasconcelos CTM, Karbage SAL, Lima AC, Frota IPR, et al. Prevalence of unreported bowel symptoms in women with pelvic 
floor dysfunction and the impact on their quality of life. International Urogynecology Journal and Pelvic Floor Dysfunction. 2014;25(7):927-33. 

8. Elbiss HM, Osman N, Hammad FT. Prevalence, risk factors and severity of symptoms of pelvic organ prolapse among Emirati women. BMC Urology. 2015;15(1):no 
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9. Navaneethan PR, Kekre A, Jacob KS, Varghese L. Vitamin D deficiency in postmenopausal women with pelvic floor disorders. J Midlife Health. 2015;6(2):66-9. 

10. Parker-Autry CY, Markland AD, Ballard AC, Downs-Gunn D, Richter HE. Vitamin D status in women with pelvic floor disorder symptoms. Int Urogynecol J. 
2012;23(12):1699-705. 

11. Myers DL, Sung VW, Richter HE, Creasman J, Subak LL. Prolapse symptoms in overweight and obese women before and after weight loss. Female pelvic medicine 
& reconstructive surgery. 2012;18(1):55-9. 

12. Kudish BI, Iglesia CB, Sokol RJ, Cochrane B, Richter HE, Larson J, et al. Effect of weight change on natural history of pelvic organ prolapse. Obstet Gynecol. 
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1.1.1.4 Association Between POP and 
Bowel Function 

Previously there were 8 studies that had examined 
the potential impact of bowel disorders/ or bowel dys-
function on prolapse (4 in 5th edition, 4 in 4th edition). 
This update adds a further 4 studies. Two are de-
scribed below; two have been described above (Lon-
nee-Hoffman et al., 2012; Kudish et al., 2009).  

Bezerra et al. (2014) undertook a cross-sectional 
study of women with pelvic floor disorders (POP-Q ≥ 
stage II and/or urinary incontinence) presenting at a 
tertiary urogynaecology clinic in Brazil (253). The aim 
was to report the prevalence, bother, and impact on 
quality of life (QoL) of unreported bowel symptoms, to 
improve the patient care. Those with and without def-
aecatory or anal continence problems were com-
pared. A number of measures were used depending 
on the presence/absence of bowel and urinary incon-
tinence symptoms: ICIQ-SF, King’s Health Question-
naire, PISQ-12, the Wexner score, Cleveland Clinic 
Florida Incontinence Scale, Cleveland Clinic Florida 
Constipation Scale (mild, moderate or severe). All 
women completed the SF-36 and had their pelvic 
floor assessed by a physiotherapist using the 
PERFECT scheme. Only univariate analysis was per-
formed, putting the study at a high risk of bias (Table 
26). 

Elbiss and colleagues (238) carried out a cross-sec-
tional study of parous Emirati women 30 years or 
older attending three family development centres in 
Al-Ain in one year. The objective was to EStimate the 
prevalence of prolapse and its risk factors. The study 
used a self-developed questionnaire, which was pi-
loted and revised before use. The questionnaire cov-
ered demographic, obstetrics, and medical history, 
prolapse symptoms (lump coming down in the 
vagina, lump coming out of vagina or lump felt or seen 
outside vagina), other vaginal symptoms and the 
need to digitate to empty bladder or bowel. Following 
univariate analysis, multivariable binary logistic re-
gression analysis (prolapse symptoms versus no pro-
lapse symptoms) was performed including all signifi-
cant variables to determine which were independent 
risk factors for prolapse (Table 26). This study was 
judged as having a low risk of bias. 

1.1.1.5 Association Between POP and Nu-
trition 

Two studies were identified in previous editions of the 
chapter that examined the effects of anaemia (4th edi-
tion) and vitamin D (5th edition) on prolapse. A further 
2 studies relating to vitamin D are included in this up-
date (Table 26).  

Navaneethan et al (2015) conducted a case-control 
study of postmenopausal women with and without 
pelvic floor disorders, in particular, symptoms of uri-
nary incontinence or prolapse. It was not clear how 
the women were selected but the study took place in 
a department of obstetrics and gynaecology in South 

India. A clinical and obstetric history was taken, ex-
amination performed (POP-Q and stress test) and vit-
amin D measured in all women. A multivariable lo-
gistic regression analysis was undertaken to assess 
the relationship between vitamin D and PFD adjusting 
for other variables (254). A low risk of bias was as-
sumed (Table 26). 

Parker-Autry et al. (2012) in Alabama, US, undertook 
a retrospective review of women who were new 
urogynaecology outpatients presenting over a two-
year period (2008 to 2010) and who then had vitamin 
D measured within one year of that visit. 25(OH)D < 
15 ng/ml was defined as being deficient in vitamin D, 
and 15 to 29 ng/ml as having insufficient vitamin D. 
Women were classified into two groups, either PFD 
(having SUI, UUI, FI or POP) or general gynaecology 
(no PFD) (Table 26). Demographic, medical, and la-
boratory data were extracted from the initial history 
and physical examination notes. Questionnaire re-
sponses from the clinic visit were also available 
(PFDI-SF 20 (including the UDI, CRADI, POPDI) and 
IIQ-7). Multivariable logistic regression was used to 
examine the association between vitamin D status 
and pelvic floor disorder symptoms, with adjustment 
for age, BMI, race/ethnicity, and the use of vitamin D 
supplementation. This study was judged to be at low 
risk of bias. 

1.1.2 Results 

1.1.2.1 Association Between POP and Oc-
cupation and Physical Activity  

In the Akmel et al. (2012) study, 143 prolapse cases 
were examined and complete data retrieved for 129 
cases. The mean age of the women was 42 years 
(range 22 to 72 years), mean parity was 6.5 (range 1 
to 14) and all had stage III (56%) or IV (44%) pro-
lapse. Significant univariate associations were found 
between age, parity and rurality and stage of pro-
lapse. Occupation was significantly associated with 
prolapse stage in that farmers were more likely to 
have a lower stage and housewives a higher stage of 
prolapse (230). 

In the retrospective case analysis described by 
Bathla et al. (2014), 192/490 surgical case presenta-
tions were gynaecological and 82% of these were 
prolapse (99% involving the anterior compartment). 
These women were aged between 30 and 70 (mean 
47 years), had mean parity of 3.5, and all had unas-
sisted home deliveries. Premature bearing down dur-
ing delivery was reported for 24%. Women on aver-
age resumed strenuous physical work and sexual ac-
tivity 20 days after giving birth. 33% were smokers 
and 55% lifted heavy weights uphill. The authors re-
ported non-significant correlations between POP-Q 
stage and parity, resumption of physical activity and 
weight (232). 

Out of 4403 outpatients, 118 cases (2.7%) of pro-
lapse were seen over the study period in the 
Gumanga (2014) paper, with a mean age of 46 years 
(SD 15 years) and mean parity 4.4 (SD 1.7). For 57% 
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of women their deliveries had been exclusively at 
home. Women were predominantly farmers (37%) or 
traders (56%) (231). 

Of all women in the county 30 years or older, 20,285 
(50.3%) were included in the Lonnee-Hoffman (2012) 
study; of which 1,123 (5.5%) reported having under-
gone prolapse surgery. In the multivariable models, 
the odds of having prolapse surgery were shown to 
be significantly greater for women with BMI of 25 or 
greater, and for those who reported “marked” consti-
pation (as compared to no or mild constipation). 
There was no relationship with smoking, asthma or 
occupation (228). 

One hundred and ninety-one cases and an equal 
amount of matched controls were recruited in the Ny-
gaard et al. (2014) study. The mean age of women 
was 50 years (SD 7). Cases tended to have a higher 
BMI than controls, and had significantly greater parity 
and more vaginal deliveries. Vaginal bulge was more 
prevalent in the cases than controls, but there was no 
difference in other pelvic floor symptoms. The authors 
found no evidence that physical activity (lifetime over-
all activity, leisure or strenuous physical activity) was 
associated with risk of prolapse in multivariable mod-
els. The exception was that strenuous physical activ-
ity in the teenage years showed a significant relation-
ship with the odds of prolapse, indicating an in-
creased risk of prolapse for those reporting 21 
hours/week or more of strenuous physical activity 
when a teenager (229). 

Elbiss (2015) found nature of occupation to be a sig-
nificant predictor of prolapse symptoms (see below); 
women with non-physical jobs were more likely to re-
port symptoms. 

1.1.2.2 Association Between POP and Body 
Weight 

Vergeldt et al. (2015) systematically identified 8 stud-
ies that examined the association of higher BMI and 
POP and presented the results in a narrative synthe-
sis. The authors reported that 4/8 studies identified 
that higher BMI was a significant risk factor for POP; 
3/8 found no relationship between high BMI and the 
development of primary POP and 1/8 study found that 
a “higher BMI slightly protective”. The authors re-
ported that the relationship between weight and POP 
was inconsistent; thus no conclusions can be reliably 
drawn (250). This well-conducted review was judged 
to be at low risk of bias. 

Kudish and colleagues (2009) explored the relation-
ship between prolapse progression (or regression) 
and weight change in 16,608 post-menopausal 
women (Table 26). This secondary analysis study 
was based on longitudinal data from the WHI E+P 
trial; a double-blinded RCT. Women aged between 
50 and 79 years received annual pelvic examinations 
over a 5-year interval. The majority of women enrolled 
in the study gained weight, and the overall prolapse 
prevalence (stage I-III) increased from 40.9% at 
baseline to 43.8% by year 5. The risk of all types of 

prolapse increased in overweight and obese women 
compared to post-menopausal women with normal 
BMIs (Table 26). When the data was adjusted for 
women diagnosed with prolapse at baseline and 
baseline BMI, a 10% weight loss was associated with 
minimal change in overall POP (251). This study was 
judged to be at low risk of bias. 

1.1.2.3 Association Between POP and 
Smoking 

In the Estanol (2015) study, a total of 96 women were 
recruited: 32 with prolapse (16 smokers, 16 non-
smokers) and 64 without prolapse (32 smokers, 32 
non-smokers) (252). Smokers with prolapse had 
lower levels of vitamin C and higher levels of MMP-9, 
compared to non-smokers with prolapse, but this re-
lationship was not statistically significant. However, 
comparing smokers without prolapse to non-smokers 
without prolapse, there were significant differences in 
both vitamin C and MMP-9, suggesting an impact of 
smoking on these collagen markers. Ignoring smok-
ing status, vitamin C and MMP-9 levels in women with 
prolapse were similar to those without prolapse. The 
authors suggest that the damage to connective tissue 
that leads to prolapse may be different from the harm 
caused by cigarette smoking.  

Lonnee-Hoffman et al. (2015) found no association 
between smoking and whether a woman reported 
having had prolapse surgery or not (228). Bathla et 
al. (2104) commented that 33% of the women having 
prolapse surgery were smokers (232). 

1.1.2.4 Association Between POP and 
Bowel Function  

Bezerra and colleagues reported that a total of 172 
women with prolapse and/or urinary incontinence 
participated and initially none of them reported defe-
catory problems or anal incontinence, although 
54.6% reported one or both on interview. Those with 
AI/defecatory problems were no more likely to report 
prolapse (sensation of a ball in the vagina) than those 
without these problems (68% versus 65%). Stage of 
prolapse was not associated with AI/defecatory prob-
lems either (253). 

Of the 482 eligible women in the Elbiss (2015) study, 
429 (89%) participated, of which 127 (29.6%) re-
ported prolapse symptoms. Those women with and 
without prolapse symptoms did not differ in terms of 
age. Of the factors significantly associated with pro-
lapse in the univariate analysis (BMI, education level, 
nature of occupation, history of chronic chest dis-
ease, constipation, diabetes, previous instrumental 
delivery, maximum birth weight, history of urinary in-
continence and previous surgery for urinary inconti-
nence) six were independent risk factors in the multi-
variable analysis: history of constipation, education 
level, chronic chest disease, nature of occupation, 
maximum birth weight and BMI. Women were more 
likely to have prolapse symptoms if they had chronic 
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chest disease or constipation, higher BMI or maxi-
mum birth weight, lower education level, and were a 
housewife or had a non-physical job (238). 

Lonnee-Hoffman et al (2015) found that marked con-
stipation (as compared to no or mild constipation) was 
significantly associated with having prolapse surgery 
(228). 

1.1.2.5 Association Between POP and Nu-
trition  

Navaneethan et al (2015) reported that of the 120 
women who participated: 42.5% had PFD (54.9% 
prolapse alone, 27.4% SUI alone, 17.6% SUI and 
prolapse) and 57.5% had no PFD. Multivariable anal-
ysis showed that, after adjustment for age, having any 
PFD was associated with having lower vitamin D lev-
els and being five years or more post-menopausal. 
However having prolapse was only associated with 
the latter, and there was no significant relationship 
with vitamin D (254). 

Of 550 women potentially eligible to participate in the 
Parker-Autry (2012b) study, 394 were included (268 
in the PFD group and 126 in the no PFD group). The 
prevalence of vitamin D insufficiency was 51% in the 
PFD group. Vitamin D insufficiency was inde-
pendently associated only with IIQ-7 score. That is, 
there was no relationship with prolapse symptoms 
(255).  

Summary 

• There remain no trials of lifestyle modification in-
terventions to prevent prolapse. Some new ob-
servational studies have added to our knowledge 
of potentially helpful ways to modify lifestyle risk 
factors.  

• Two new good quality observational studies 
(228, 229) suggested occupation and physical 
activity are not risk factors for prolapse surgery 
or prolapse 1cm or more beyond the hymen on 
examination. A third study however found 
women who were housewives or in a non-physi-
cal occupation were more likely to report pro-
lapse symptoms (238). The vast majority of stud-
ies reported in previous editions supported an 
association between current heavy occupational 
lifting and prolapse, overall therefore the evi-
dence seems to be conflicting, and this may be 
due to different ways of defining prolapse (Level 
of Evidence: 3; Grade of Recommendation: D 
Conflicting therefore no recommendation).  

• Recent evidence on the relationship between 
prolapse and bodyweight is conflicting. (Level of 
Evidence: 3; Grade of Recommendation:  D 
Conflicting therefore no recommendation). 

• Smoking was found not to be associated with 
prolapse in two studies: a matched case control 
study (Estanol) (high risk) and large cross-sec-
tional survey with multivariable analysis (Lon-
nee-Hoffman) (low risk). No studies were found 

in earlier editions (Level of Evidence: 3; No rec-
ommendation). 

• Evidence from previous editions regarding the 
association between constipation or straining at 
stool and prolapse was conflicting. Two new, low 
risk studies, which adjusted for covariates, con-
cluded that constipation was associated with 
both prolapse symptoms and having prolapse 
surgery, contributing more evidence of an asso-
ciation (Level of Evidence: 3; Grade of Recom-
mendation: C New; Majority evidence of an 
association).  

• Two new, low risk studies on vitamin D supported 
previous findings (1 study, 5th Edition) of no as-
sociation with prolapse (Level of Evidence: 3; 
Grade of Recommendation: C Majority evi-
dence of no association). 

1.2. Treatment  
Previously no studies that evaluated the effective-
ness of lifestyle modification interventions in the treat-
ment of women with POP had been identified. Sub-
sequently we have identified one trial, which meas-
ured prolapse outcomes after weight loss pro-
grammes (243). Not all trial participants had prolapse 
however, which limits the usefulness of this evidence 
(see Table 26). 

Quality of data 

Myers and colleagues (2012) performed a secondary 
analysis of data from the PRIDE trial of an intensive 
weight loss programme versus an educational pro-
gramme for urinary incontinence in overweight and 
obese women (243). Prolapse symptoms were meas-
ured at baseline and six months (post-intervention) 
using the prolapse items from the UDI. Any positive 
response to any questionnaire items indicated the 
presence of prolapse symptoms. A subgroup of 
women agreed to have urodynamics and POP-Q as-
sessment before and after intervention. Women were 
classified as overweight, obese or severely obese ac-
cording to their BMI. Women who had prolapse symp-
toms at baseline were analysed at 6 months for dif-
ferences between the randomised groups. The risk of 
bias was judged as low in relation to selection, detec-
tion and attrition for the original PRIDE trial (6) in a 
recent Cochrane review (5). 

Results 

Myers et al., (2012) reported that 338 women were 
randomised and 110 had urodynamics and POP-Q 
(243). Of the women randomised, 16% were over-
weight, 58% obese and 26% severely obese. At 
baseline 53% reported at least one prolapse symp-
tom, but this did not differ across BMI groups. A sig-
nificantly greater proportion of obese women reported 
feeling vaginal bulge compared to overweight women 
(10% severely obese vs 14% obese vs 0% over-
weight), but the mean number of prolapse symptoms 
did not differ across the BMI groups. The proportion 
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with prolapse beyond the hymen was 17% overall but 
did not differ across the BMI groups (24% overweight 
group, 17% obese group, 13% severely obese 
group). Post-intervention the intensive weight loss 
group had lost significantly more weight than the con-
trol group (mean 7.8kg vs 1.5kg). Over 70% reported 
cure or improvement in prolapse symptoms, although 
this was no different between the intensive weight 
loss group and the educational group. There was also 
no significant difference in prolapse beyond the hy-
men between weight loss intervention and educa-
tional groups. The findings would suggest a lack of 
relationship between weight loss and improvements 
in prolapse. However, the trial was designed for 
women with urinary incontinence rather than pro-
lapse, and the post-intervention comparison was not 
randomised. 

Summary  

Currently, there is evidence from secondary analysis 
of one robust trial regarding the role of weight loss in 
the treatment of POP. The trial however was in over-
weight and obese women with UI, some of whom had 
prolapse. It would appear that weight loss in both 
groups led to an improvement in prolapse, however 
there was no relationship between degree of weight 
loss (intensive vs normal weight loss programme). 
Any weight loss may improve prolapse in overweight 
or obese women and UI. (Level of Evidence: 2; 
Grade of Recommendation:  D).  

 

2. PELVIC FLOOR MUSCLE 
TRAINING 

The pelvic floor muscles play a critical role in giving 
structural support to the pelvic organs and pelvic 
openings. It is hypothesized that improving pelvic 
floor muscle function may improve this structural sup-
port for the pelvic organs.  

A programme of supervised PFMT includes assess-
ment of the woman’s pelvic floor muscles and her 
ability to contract these muscles; education about the 
pelvic floor muscles and how they support the pelvic 
organs; instruction in how to correctly perform pelvic 
floor muscle exercises and “the Knack” (pelvic floor 
muscle bracing against increased intra-abdominal 
pressure, for example when coughing and sneezing) 
(256). An individualised exercise programme is pre-
scribed for the woman to follow. Adjuncts to PFMT 
(such as biofeedback) or other physical therapies 
(such as neuromuscular EStim) may be used. These 
therapies aim to improve PFM strength, endurance, 
coordination and function. Other forms of physical 
therapy involving diaphragmatic aspiration are 
emerging. 

2.1. Prevention 
Quality of data 

Previously there were no trials of PFMT for prevention 
of prolapse, only evidence from cross-sectional stud-
ies of a possible association between pelvic floor 
muscle function and risk of prolapse. Two RCTs have 
now been identified that evaluate the role of PFMT in 
prevention of prolapse (257, 258). A summary of the 
setting, design and study population of prevention tri-
als is presented in Table 27. Blinding of patients is 
generally not possible in trials of PFMT so this is not 
taken into consideration in the risk of bias analysis. 

Bo et al (2013) (258) carried out a trial in primiparous 
women after vaginal delivery of a singleton infant af-
ter 32 weeks gestation, comparing supervised PFMT 
with written advice to do PFMT (control), to prevent 
and treat prolapse. All women had received written 
recommendations to perform PFMT in the delivery 
ward. The PFMT group attended a weekly PFMT 
class for 4 months starting at 6-8 weeks postpartum, 
and performed home-based exercise. The control 
group had no further supervision or follow-up. Out-
comes measured at 6 weeks and 6 months post-par-
tum included POP-Q stage, bladder neck position 
(transperineal ultrasound) and symptom of vaginal 
bulge (ICIQ-VS). The trial was judged as low risk for 
selection bias, performance and detection bias, attri-
tion bias and reporting bias. However, the trial was 
judged as unclear for other types of bias (Table 27).  

The PREVPROL trial, undertaken by Hagen and col-
leagues, compared PFMT versus lifestyle advice leaf-
let as secondary prevention for women with pre-clini-
cal signs of prolapse (257). Participants were women 
originally enrolled in a longitudinal follow-up of post-
natal incontinence (at 3 months, 6 and 12 years) after 
giving birth in 1993/94. Those, who had not sought 
treatment for prolapse, but who showed early signs of 
prolapse (POP-Q stage I, II or III) were invited to take 
part. They were randomised to receive either a pro-
gramme of PFMT (individualised physiotherapy ap-
pointments, maintenance via Pilates-based classes 
(progressive Pilates-based exercises, pelvic floor 
muscle training as given in the one-to-one interven-
tion, core exercises from the “Pelvicore Technique 
with Kari Bo” DVD) and annual one-to-one check-
ups) or a prolapse prevention lifestyle advice leaflet. 
Women were followed up at 1 and 2 years in terms of 
their prolapse symptoms (POP-SS), prolapse-related 
QoL, uptake of prolapse treatment, symptoms of uri-
nary incontinence (ICIQ-UI SF), anorectal or sexual 
dysfunction (PISQ-12), perceived health benefit, and 
cost-effectiveness.  

The trial was judged as low risk for selection bias, per-
formance and detection bias, attrition bias, reporting 
bias and other types of bias (Table 27).  

Results 

One hundred and seventy-five primiparous women 
were randomised in the Bo (2013) study, 87 to PFMT 
and 88 to control, mean age 30. At 6 months post-
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partum there was no difference between groups in 
the prevalence of symptoms of bulging either inside 
or outside the vagina. There was no difference be-
tween groups in the prevalence of stage II prolapse 
at 6 months, or in any of the individual POP-Q meas-
urements, or the bladder neck position (258).  

In the PREVPROL trial 414 women were randomised, 
207 to PFMT and 207 to control, mean age 46 years 
(257). There was a significantly lower POP-SS score 
at 2 years in the PFMT group compared to the control 
group, indicating fewer symptoms. Women in the 
control group were significantly more likely to have 
sought treatment for prolapse symptoms by 2 years. 
No significant difference was found between the 
groups in the percentage who experienced any urine 
leakage at 2 years, although there was a significant 
difference in favour of the intervention group in the 
ICIQ-UI short form score. Faecal urgency and leak-
age, and sexual function were not significantly differ-
ent between the groups at 2 years. Women in the in-
tervention group were more likely to say they felt a 
health-related benefit from the study compared to the 
control women. 

Summary 

Currently, there is evidence from two robust trials re-
garding the role of PFMT in the prevention of POP. 
The trials were in different populations of women 
however (postnatal women, 13% of whom had stage 
II prolapse, and middle-aged women with mild pro-
lapse, 55% with stage II or greater, who had not 
sought treatment) and drew differing conclusions. It 
would appear that in younger post-natal women 
PFMT does not influence the development of pro-
lapse by 6 months, whereas in older women, more 
than 12 years after giving birth, there was a significant 
benefit of PFMT in terms of fewer prolapse symptoms 
after 2 years and less uptake of treatment. PFMT can 
prevent symptoms of prolapse which develop in the 
longer term after childbirth but not immediately after 
giving birth. 

Postnatal: Level of Evidence: 1; Grade of Recom-
mendation:  B New; majority evidence from RCT 
of no effect for postnatal.  

12 years post-childbirth: Level of Evidence 1; 
Grade of Recommendation: B New; Majority evi-
dence from RCT of effect in the long term after 
childbirth. 

2.2. Treatment 
Quality of data 

Evidence from trials now exists relating to the role of 
PFMT in the treatment of prolapse. The role of PFMT 
as an adjunct to surgery or pessary has also been the 
subject of randomised studies. A Cochrane review 
specifically addressing this question was first pub-
lished in 2004 (259), and updated in 2011 (220) and 
2016 (in preparation) (221).  

2.2.1 PFMT Alone 
Thirteen trials now exist in this area, six of which were 
previously reported in previous consultations. Key 
characteristics of the seven new trials, and new pub-
lished information about two earlier trials, are summa-
rised in Table 28. Narrative descriptions of these trials 
are reported below.  

Alves and colleagues carried out a trial in post-men-
opausal women in which they compared a general fit-
ness programme (control) with a PFMT programme 
(intervention) (47). Both groups performed a fitness 
programme twice weekly for 6 weeks including global 
muscle stretching, endurance and functional exer-
cises. In addition, the intervention group took part in 
a physiotherapist-supervised PFMT programme in 
groups of seven, 30 minutes twice weekly for 6 
weeks. The control group women were taught about 
pelvic floor muscles and how to contract them cor-
rectly, but without any training. Outcomes were as-
sessed after the intervention at 6 weeks. The trial was 
generally judged as low risk for performance and de-
tection bias, attrition bias, reporting bias and other 
types of bias. However it was unclear if opaque enve-
lopes were used in the allocation process, and an in-
tention to treat analysis was not performed (Table 
28). 

Culligan and colleagues compared a standardised 
PFMT programme with a standardised Pilates pro-
gramme in community women with POP-Q stage I 
prolapse to see if they provided similar improvements 
in PFM strength (260). The PFMT programme, made 
up of twice weekly 1-hour sessions for 12 weeks, in-
cluded computerized biofeedback, vaginal manipula-
tion, neuromuscular re-education, and manual ther-
apy. Participants completing 20 or more of the 24 
possible sessions were defined as “successful”. The 
control group attended a Pilates programme with the 
same pattern of sessions where they were taught full-
body exercises focusing on the “core muscles”, and 
the pelvic floor in particular. Women were assessed 
at baseline and after the intervention at 12 weeks in 
terms of PFM strength and pelvic floor symptoms and 
impact (PFDI-20), Short Form Pelvic Floor Impact 
Questionnaire (PFIQ-7). The trial was judged as low 
risk for selection bias, attrition bias, reporting bias and 
other types of bias. However, performance and de-
tection bias was judged as unclear risk of bias as it 
was unclear if outcome assessors were blinded (see 
Table 28). 

Due et al. (2016) undertook a trial in women with 
symptomatic prolapse of stage II or greater, compar-
ing a structured lifestyle advice programme plus 
PFMT (combined group) with lifestyle programme 
alone (lifestyle group) (261). The PFMT included both 
group PFMT (6 sessions over 12 weeks) and individ-
ual home training after an assessment and individual 
instruction. Women were assessed using the Patient 
Global Index of Improvement scale (PGI-I), POP-Q, 
PFDI-20, PFIQ-7 and PISQ-12 at baseline, immedi-
ately post-intervention (3 months) and at 6 months. 
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The trial was judged as low risk for selection bias, per-
formance and detection bias, attrition bias, reporting 
bias and other types of bias (261) (see Table 28). 

Frawley et al. (2012) carried out a trial in four Austral-
ian centres involving women with symptomatic pro-
lapse stage I to III, randomised to PFMT or a lifestyle 
advice leaflet (control) (262). This trial protocol was 
based on that of the UK POPPY trial (263) described 
below with some slight adjustments and additional 
measurements. Women were assessed at baseline, 
6 and 12-month follow-up for PFM function (mano-
metric and digitally-assessed strength and endurance 
(ICS scale)), prolapse symptoms (POP-SS) and se-
verity/type (POP-Q). The trial was judged as low risk 
for selection bias, performance and detection bias, 
reporting bias and other types of bias. However, the 
trial was considered to have high risk of attrition bias. 
Communication with the author provided explana-
tions about the dropout observed (Table 28). 

Giraudo et al’s (2011) trial compared PFMT plus neg-
ative pressure abdominal work (intervention group) 
with PFMT plus abdominal hollowing exercise (con-
trol group) in women with untreated stage I or II pro-
lapse (264). Both groups were taught correct contrac-
tion of the pelvic floor muscles and given tailored life-
style advice on ways of reducing intra-abdominal 
pressure, as well as a standardised lifestyle advice 
sheet. There was no description of 1) the negative 
pressure abdominal work or 2) abdominal hollowing 
exercises but they are described elsewhere as 1) hy-
popressive exercises, which are thought to result in 
negative pressure in the thoracic cavity and involun-
tary contraction of the pelvic floor and abdominal wall, 
and 2) pulling the belly button in towards the spine. 
The intervention duration was 24 weeks, with individ-
ual supervision twice weekly for one hour each ses-
sion during the first 3 months, followed by once a 
week for the last 3 months. Women were assessed at 
baseline and at 24 weeks for prolapse symptom se-
verity (P-QOL), prolapse severity (POP-Q) and PFM 
strength (Oxford scale). The trial was judged as low 
risk for selection bias (randomisation only), perfor-
mance and detection bias and reporting bias. The trial 
was judged as unclear risk of bias for selection bias 
(allocation concealment), attrition bias, and other 
types of bias (264) (Table 28).  

Hagen and colleagues carried out a multicentre trial 
(POPPY trial) comparing an individualised PFMT pro-
gramme (including lifestyle advice) with a lifestyle ad-
vice leaflet (control group) (263). Participants were 
outpatients attending with newly-diagnosed, sympto-
matic stage I, II, or III prolapse. The PFMT interven-
tion which was delivered by a specialist women’s 
health physiotherapist over 16 weeks in 5 sessions 
included teaching of anatomy and function of pelvic 
floor muscles, the correct exercise technique and 'the 
Knack', and a prescription of a home exercise pro-
gramme. A standardised lifestyle advice leaflet and 
tailored lifestyle advice were given. The control group 
received the lifestyle advice leaflet by post. Outcomes 

measured at 6 and 12 months were prolapse symp-
toms (POP-SS), prolapse-related QoL, need for fur-
ther prolapse treatment, bladder, bowel and sexual 
symptoms. POP-Q was measured at baseline and 6 
months. The trial was judged as low risk for selection 
bias, performance and detection bias, attrition bias, 
reporting bias and other types of bias (Table 28).  

Kashyap and colleagues reported a single-centre trial 
in parous women with stage I to III prolapse, which 
compared taught pelvic floor muscle training plus a 
self-instruction manual (SIM) with the SIM alone as 
the control intervention (265). One person delivered 
the training to all intervention women. This included 
explanation of anatomy and function of pelvic floor 
muscles, PFMT training, plus exercise practice and 
checking for correct PFM contractions by vaginal ex-
amination. Pressure manometry was included for bi-
ofeedback and motivation. A home exercise pro-
gramme was prescribed for 3 times daily. Women 
were instructed to perform the intervention for 24 
weeks. After the initial training session, there were 6 
follow up visits (at weeks 1, 3, 6, 12, 18 and 24). The 
content of the manual was not described and there-
fore what written instruction the control group re-
ceived is unclear. Women were assessed at baseline 
and at 1, 3, 6, 12, 18 and 24 weeks using the POP-
SS, a visual analogue scale and the PFIQ-7. The trial 
was judged as low risk for selection bias. However, 
the trial was judged as high risk for performance and 
detection bias, attrition bias, reporting bias and other 
types of bias (see Table 28). 

Stupp/Resende carried out a three-arm trial compar-
ing PFMT versus hypopressive exercises (diaphrag-
matic breathing) plus voluntary pelvic floor muscle 
contraction (PFMT+HE) versus lifestyle advice only 
(266, 267). Participating women were attending a 
urogynaecology service in Sao Paulo, Brazil, and had 
untreated stage II anterior or posterior prolapse. The 
PFMT intervention involved three physiotherapy ap-
pointments to learn how to perform PFMT correctly 
(weeks 0, 1, 2). Then a 12-week home exercise pro-
gramme was prescribed consisting of three sets of 
exercises daily. The PFMT+HE group had three ap-
pointments (weeks 0, 1, 2) during which they had in-
struction in correctly performing hypopressive exer-
cises and pelvic floor muscle contractions, and how 
to do these simultaneously. They practiced the exer-
cises for 12 weeks. Both of these groups completed 
an exercise diary, had a telephone call from the phys-
iotherapist every two weeks and a monthly appoint-
ment (weeks 6, 10, 14). The control group received 
one appointment, were given lifestyle advice and 
were instructed how to perform PFM contractions. 
However, it was unclear with whom the appointment 
was held, or whether the instruction was verbal or in-
cluded a digital assessment. A standardised lifestyle 
advice sheet was given to all women containing 
global stretching exercises and advice on weight loss, 
constipation, coughing and avoidance of heavy lifting.  
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Table 27 Summary of data on POP prevention 

Author, 
year 

Comparator N Study population Modality details or parameters Outcomes/results Follow up Notes (side effects, loss of follow 
up…) 

Bø 
2013 
(1) 
 
 

Parallel group 
RCT; 2 groups, 
PFMT vs control 
 

175 Primiparous 
women, vaginal 
delivery, singleton 
infant, ≥ 32 weeks 

All women: written advice in delivery 
ward to perform PFMT. 2 trained 
physiotherapists taught PFM 
contraction and assessed PFM 
function before randomisation by 
observation of the perineum and 
vaginal palpation.  
PFMT group: weekly PFMT classes 
delivered by trained 
physiotherapists for 4 months 
starting at 6-8 weeks postpartum. 
Performed home-based exercise, 3 
sets of 8-12 close to maximum PFM 
contractions per day.  
Control group: no further 
supervision or follow-up during the 
intervention period. 

Stage of POP and 
bladder neck position. 
Secondary outcomes: 
symptoms of POP 
(sensation of bulging) 
using International 
Consultation on 
Incontinence Vaginal 
Symptoms 
questionnaire 
 

Assessed at 6 
weeks (pre-
test) and 6 
months’ 
(post-test) 
postpartum 
 

Randomisation was computer 
generated and opaque sealed 
envelopes were used. Outcome 
assessors were blinded and the groups 
were comparable at baseline. Intention-
to-treat analysis was employed and 
dropouts were clearly reported. The trial 
was judged as potentially having an 
unclear risk of bias as the authors noted 
that "because of ethical reasons the 
control group was not discouraged from 
performing PFMT on their own, but they 
were asked to follow the prescription for 
the group they were randomised to." 

Hagen 
2014 
(2) 
 

Parallel group 
RCT; 2 groups, 
PFMT versus 
control (lifestyle 
advice leaflet) 
 

407 Primi and 
multiparous 
women assessed 
for pelvic floor 
dysfunction 12 
years after an 
index birth; women 
involved in the 
ProLong cohort 
study (3) who have 
POP-Q stage I, II 
or III); no previous 
treatment for 
prolapse (surgery, 
pessary, PFMT) 
 

Intervention: 1:1 PFMT taught using 
digital palpation delivered in 5 
physiotherapy appointments over 16 
weeks, followed by Pilates-based 
classes, including PFMT. Classes 
were carried out in 6-week block 
(one class per week) and each 
woman was offered two 6-week 
blocks. Exercise DVD was provided 
for home use. Women offered a 1:1 
physiotherapy annual review 
appointment at 1 and 2 years after 
randomisation. 
Control group: sent a lifestyle advice 
leaflet containing advice on weight 
loss, and avoidance of constipation, 
heavy lifting, coughing and high 
impact exercise. 

POP-SS, Prolapse-
related QoL, uptake of 
prolapse treatment, 
symptoms of urinary 
incontinence, 
anorectal or sexual 
dysfunction, women’s 
perceived health 
benefit, and cost-
effectiveness 
 
 

Data 
collected at 
baseline, 1 
and 2 years 
post 
randomisation 
 
 

Randomisation was generated using a 
computer program located at the Trial 
Office on a password-protected PC. 
Outcome assessors were blinded and 
the groups were comparable at 
baseline. Intention-to-treat analysis was 
employed and dropouts were 
adequately reported.  
Questionnaire response rate: 81% year 
1, 86% year 2 follow-up. 
Attendance at annual review 
appointments: 52% and 46% at year 1 
and year 2 respectively, and uptake of 
classes in the UK was 33% and 17% at 
1st and 2nd block respectively. By year 
2, 77% in the intervention group 
reported they had done PFM exercises 
in the last 4 weeks 
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Abbreviations: PFM: pelvic floor muscles; PFMT: pelvic floor muscle training; POP-SS: pelvic organ prolapse symptom score; QoL: quality of life; RCT: ran-domized 
controlled trial 
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Table 28 Summary of data on PFMT vs no active treatment for POP 

Author, year 
Study 
design/ 
Comparator 

N Study population Modality details or parameters Outcomes/results Follow up Notes (side effects, loss of 
follow up…) 

Alves 2015 (1) 
 

Parallel 
group RCT, 2 
groups, 
PFMT vs 
control 
 
 

30 Women ≥5 years 
postmenopausal, 
with 
urogynecological 
complaints  
 

Intervention: PFMT taught using digital 
palpation. Groups of 7 women; 12 
sessions, twice weekly for 30 minutes, 
over six weeks. Include pelvic mobility 
exercises, stretching, strengthening and 
relaxation in supine, sitting, on Gym 
Ball, squatting and standing, along with 
PFM contractions, consisting of 4 sets of 
10 fast contractions and 4 sets of 10 
sustained contractions, 8 seconds hold 
followed 16 seconds relaxation  
 
All women: performed a Fitness 
Program based on global muscle 
stretching, endurance and functional 
exercises for the elderly 

POP-Q, ICIQ-VS, 
ICIQ-UI SF, ICIQ-
OAB, PFM 
assessment (digital 
palpation, sEMG), 
treatment 
satisfaction (VAS, 
0-10) 
 

Assessed 
at baseline 
and post 
intervention 
(6 weeks). 
 

Generally low ROB. 
Randomisation by draw, with each 
participant blindly drawing a 
sealed envelope containing a pre-
printed card; however it was 
unclear whether opaque 
envelopes were used. Outcome 
assessors were blinded. Sample 
size calculation was reported and 
the groups were comparable at 
baseline. ITT not employed but 
dropouts were adequately 
reported. High attrition rate for the 
intervention group; 30/42 women 
completed the trial. 
 

Culligan 2010(2)  
 

Parallel 
group RCT; 2 
groups, 
standardised 
PFMT 
program vs 
standardised 
Pilates 
program  

62 Non pregnant 
community women 
with POP-Q stage 
I, with or without 
complaint of pelvic 
floor dysfunction 
 

Intervention: 1:1 PFMT, 24 1-hour 
sessions, twice weekly for 12 weeks. 
Included computerized biofeedback, 
vaginal manipulation, neuromuscular re-
education, and manual therapy. Authors 
imply women taught contraction used 
digital palpation. 
Control: Pilates, 24 1-hour sessions, 
twice weekly for 12 weeks. Taught full-

PFDI-20; PFIQ-7, 
PFM strength 
(vaginal pressure) 
 

Assessed 
at baseline 
and post-
intervention 
at 12 weeks 

Generally low ROB. Randomised 
using blocked random assignment, 
and allocation concealment used 
sequentially numbered opaque 
sealed envelopes. Unclear 
whether participants and outcome 
assessors were blinded. Groups 
were comparable at baseline. 
Although intention-to-treat analysis 
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Study 
design/ 
Comparator 

N Study population Modality details or parameters Outcomes/results Follow up Notes (side effects, loss of 
follow up…) 

 body exercises designed to emphasize 
the “core muscles” and pelvic floor.  

was not employed, dropouts were 
adequately reported. Authors 
reported that seven of the eight 
participants who dropped out of 
the PFMT arm reported doing so 
because they found the treatments 
“unpleasant in some way”. 
All Pilates and PFMT sessions 
were free to the participants, who 
were also paid up to $75 for 
completion of the study protocol. 

Due 2016 (3) 
 

Parallel 
group RCT; 2 
groups, 
Combined 
group (PFMT 
plus 
structured 
lifestyle 
advice 
program) and 
lifestyle 
group 
(structured 
lifestyle 
advice 
program 
alone) 
 

109 Women ≥18 years 
with POP 
symptoms and a 
POP-Q ≥ stage II 
 

Intervention: group PFMT and home 
training after a digital assessment and 
individual instruction. 6 group sessions 
delivered over 12 weeks. Include the 
Knack, home exercise 5 days a week (3 
sets of up to 10, 10 second 
contractions). Plus lifestyle advice 
program as below. 
Control group: Lifestyle advice program, 
6 1-hour group teaching sessions 
including information on POP-promoting 
factors, reducing pelvic floor pressure, 
bladder and bowel function, diet, body 
image and physical activity. No PFMT. 

POP-Q; PFDI-20; 
PFIQ-7; PISQ-12; 
Patient Global 
Index of 
Improvement scale 
(PGI-I) 
 

Assessed 
at baseline, 
immediately 
post-
intervention 
(3 months) 
and 6 
months 
 

Low ROB for selection bias, 
performance and detection bias, 
attrition bias, reporting bias and 
other types of bias  
"Majority of the women in the 
lifestyle advice group (p≤0.001) 
had sought further treatment at six 
months follow-up, mainly as 
PFMT" 
 

Frawley 2012 (4) 
 

Parallel 
group RCT; 2 
groups, 
PFMT vs 
control 
(lifestyle 
advice 
leaflet) 

168 Women with 
symptomatic POP 
of stage I, II or III 
 

This trial used the same protocol as the 
UK POPPY trial with some slight 
adjustments and additional 
measurements (see Hagen 2010 below) 
 

POP-Q; POP-SS; 
PFM manometric 
strength and 
endurance; digitally 
assessed PFM 
strength/endurance 
(ICS scale) 

Data 
collected at 
baseline 
and 6 and 
12 month 
follow up 
 

Generally low ROB. 
Randomisation was computer 
generated and participants were 
allocated to the trial using a 
remote randomisation service. 
Outcome assessors were blinded. 
Potentially high risk for attrition 
bias. Dropouts were accounted for 
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Author, year 
Study 
design/ 
Comparator 

N Study population Modality details or parameters Outcomes/results Follow up Notes (side effects, loss of 
follow up…) 

 but no explanations given for high 
attrition rates at 6 and 12 month 
follow up. Attrition was greater in 
the PFMT group at 6 months 
(14.3% vs 10.7%) but greater in 
the lifestyle group at 12 months 
(5.6% vs 21.3%). 
 

Giraudo 2011 (5) Parallel 
group RCT; 2 
groups, 
PFMT plus 
negative 
pressure 
abdominal 
work vs 
PFMT plus 
abdominal 
hollowing 
exercise 
 

44 Women with 
untreated stage I or 
II prolapse. No 
mention of whether 
women had 
symptoms. 
 

Both interventions: PFMT delivered over 
24 weeks, 1:1 supervised sessions 
twice-weekly for 1 hour for 3 months, 
once a week for last 3 months. Women 
taught to contract the PFMs correctly by 
vaginal palpation. Tailored lifestyle 
advice given on reducing intra-
abdominal pressure plus standardised 
lifestyle advice sheet (advice on weight 
loss, constipation, avoidance of heavy 
lifting, coughing and high-impact 
exercise). 
Groups: individualised PFM contraction 
with either abdominal hollowing 
exercises or negative pressure 
abdominal work.  

Prolapse symptom 
severity measured 
via P-QOL 
Questionnaire. 
Prolapse severity 
(POP-Q) and PFM 
strength (Oxford 
scale). ICIQ-UI SF 
also used but not 
reported. 
 

Assessed 
at baseline 
and at 24 
weeks 
 

ROB was judged as low or 
unclear. Randomisation was 
computer generated, but allocation 
concealment was not described. 
The physician involved in the trial 
was blinded to study group 
allocation, but there was 
insufficient information about the 
blinding of participants. The 
groups were comparable at 
baseline and all pre-specified 
outcomes were reported. However 
although dropouts were accounted 
for, it was not clear when the 
women were excluded, and which 
group they had originally been 
allocated to.  
 

Hagen 2014(6) Parallel 
group RCT; 2 
groups, 
individualised 
programme 
of PFMT vs 
prolapse 
lifestyle 
advice leaflet 
 

447 Female outpatients 
with newly-
diagnosed, 
symptomatic stage 
I, II, or III POP 

Intervention: Anatomy/function of PFMs 
explained, taught to correctly contract 
PFMs (vaginal palpation, PERFECT) 
and pre-contracting against increases in 
abdominal pressure. 5 physiotherapy 
appointments delivered over 16 week 
period (weeks 0, 2, 6, 11 & 16). Home 
exercise prescribed - 3 sets of exercises 
per day: 10 maximum voluntary 
contractions held for up to 10s, with 
4srest between; after 1 minute rest, up 

POP-SS; POP-Q; 
women’s perceived 
change in prolapse; 
interference due to 
prolapse; days of 
symptoms; uptake 
of prolapse 
treatment; ICIQ UI-
SF; PISQ; SF-12 
 

Assessed 
at 12 
months, 
except 
POP-Q 
assessed at 
6 months 
 

Low ROB. Randomisation was 
computer generated, and 
university-based trial coordinator 
accessed the web-based 
application and then informed the 
woman, and the physiotherapist as 
necessary, of the allocated group. 
Outcome assessors and 
investigators (who were 
gynaecologists at trial sites), were 
masked to group allocation; the 
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to 50 rapid contractions. Standardised 
lifestyle advice leaflet and tailored 
lifestyle advice given.  
Control group: received the same 
lifestyle advice leaflet by post.  

statistician was masked until after 
data analysis. ITT analysis was 
employed and dropouts were 
adequately reported. 
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Author, year 
Study 
design/ 
Comparator 

N Study population Modality details or parameters Outcomes/results Follow up Notes (side effects, loss of 
follow up…) 

Kashyap 2013 (7) Parallel 
group RCT; 2 
groups, 
PFMT and a 
self-
instruction 
manual (SIM) 
vs SIM alone 
 

140 Parous women 
attending 
gynaecology 
outpatient 
department, aged 
20–70 years, who 
were willing to 
attend follow-up 
visits 
 

Intervention: anatomy/function of PFMs 
explained. 1:1 PFMT training, plus 
exercise practice and checking for 
correct contractions of PFM by vaginal 
examination. Pressure manometry for 
biofeedback and motivation. Given SIM. 
After training session, 6 follow up visits 
(weeks 1, 3, 6, 12, 18 and 24). Home 
exercise programme of 3 times/daily set 
of exercises comprising 10 voluntary 
contractions, held for 10s each with 10s 
rest in between. Participants performed 
the intervention as described for 24 
weeks.  
Control: SIM plus 3 follow-up visits 
(weeks 6, 18 and 24). Home exercise 
prescribed as above. 

POP-SS; 
symptoms 
measured by visual 
analog scale (VAS), 
PFIQ-7, POP-Q 
 

Assessed 
at baseline 
and at 1, 3, 
6, 12, 18 
and 24 
weeks 
 

Low risk for selection bias as the 
trialists had used a block 
randomisation method for 
randomisation, and a physician, 
who was not involved in the study, 
performed the patient allocation. 
Potential for high risk of bias, as 
“the study design did not include 
blinding”. There was a crossover 
of 4 participants from group B to 
group A after randomisation. 
Details of attrition were not well 
reported: it was indicated that 
analysis was performed on all 140 
participants however there was 
also reference to individuals 
“missing” and “lost to follow-up”. 
Self-completed exercise diary but 
unclear how well adherence was 
actually delivered as planned. 

Resende 2008/ 
Stupp 2011 
(8, 9) 

3-arm RCT; 
PFMT 
training vs 
hypopressive 

58 Women with stage 
II POP and not 
undergoing surgery 
to correct it during 

PFMT: Session 1 (week 0), anatomy/ 
function of PFMs explained, training on 
PFM contractions, observation on 
correct performance. Follow up sessions 

POP-Q; symptom 
severity (Prolapse 
Quality of Life (P-
QoL)); PFM 

Baseline 
evaluation 
and 
immediately 

Low or unclear ROB. 
Randomisation was computer 
generated, but allocation 
concealment was not described. 
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exercises 
plus PFMT 
vs lifestyle 
advice & 
instruction on 
PFM 
contraction 
(1 
appointment) 
 
 

the study. Not on 
hormonal 
treatment, not had 
previous PFMT or 
pelvic floor surgery. 
Recruited during 
routine 
consultation. 
 

at weeks 1 (vaginal palpation), 2, 6, 10 
and 14. 12 week home exercise 
programme of 3 sets of exercises daily: 
1 set of 8-12 maximum contractions held 
6-10s, double time rest between each 
contraction, then 3-5 fast contractions. 
Bi-weekly telephone calls. 
PFMT+HE: Hypopressive exercises plus 
PFMT (3 sessions). Monthly 
appointments, 12 week home exercise 
programme. Bi-weekly telephone calls. 
 
Control group: 1 appointment for lifestyle 
advice and instruction in PFM 
contraction. 
  
All: Standardized lifestyle advice sheet 
about weight loss, fluid intake, 
constipation and avoidance of heavy 
lifting.  

function 
assessment 
(strength and 
endurance), 
electrical activity 
measured (sEMG) 

after 
intervention 
(at 3 
months) 
 

The main investigator was blind to 
the study groups and not involved 
in delivering the intervention. 
Groups were comparable at 
baseline and dropouts were 
accounted for. Attrition was 
evident only in the control group 
where 16/21 (76%) were analysed.  
Single trial reported over multiple 
papers (confirmed by author). 
Reports do not agree about 
number of participants, age. 
Authors state: “The women who 
took part in the present study also 
participated in a randomized, 
controlled trial on PFMT to reduce 
POP, the results of which are not 
available yet. Therefore, in this 
study, we considered only the 
results regarding PFM function.” 

Wiegersma 2014 
(10) 
 

Two parallel 
RCTs.  
POPPS 1 
(described 
here) 2 
groups; 
PFMT vs 
watchful 
waiting 
 

287 Women aged at 
least 55 years with 
symptomatic mild 
POP identified via 
screening survey in 
15 GP practices 
 

Intervention: Explanation of the function 
of pelvis/pelvic floor/ pelvic floor 
dysfunctions, taught “the Knack”. 
Weekly visits to pelvic physiotherapist 
until able to correctly contract and relax 
PFMs (assessed by digital palpation), 
then 2-3 weeks intervals. Home exercise 
3-5 times a week, 2 or 3 times a day. 
Advice on lifestyle (diet, body weight) 
and toilet habits. 
Control: no treatment or 
recommendations 

Assessed 3 months 
from the start of 
treatment (or from 
randomisation for 
control group): 
PFDI-20, PFIQ-7, 
POP-Q, SF-12, 
PISQ-12, patients’ 
perceived change 
in symptoms (VAS) 
, PFM function (ICS 
method) 
 

Data 
collected at 
baseline 
and at 3, 
12, and 24 
months 
after the 
start of 
treatment 
 

Low ROB. Block randomisation; 
independent statistician generated 
the allocation sequence. Research 
physicians and pelvic 
physiotherapists were blinded to 
all answers on the participant 
completed questionnaires, and 
research physicians were blinded 
to the outcomes of the previous 
POP-Q measurements and 
previous evaluations of pelvic floor 
muscle function. ITT analysis 
employed; dropouts and missing 
data were accounted for. 
 

Abbreviations: PFDI-20: pelvic floor distress inventory short form 20, PFIQ-7: pelvic floor impact questionnaire short form; PFM: pelvic floor muscles; PFMT: pelvic floor 
muscle training; POP-Q; Pelvic Organ Prolapse Quantification system; PISQ-12: Pelvic organ prolapse/urinary incontinence sexual questionnaire’ POP-SS: pelvic organ 
prolapse symptom score; QoL: quality of life; RCT: randomized controlled trial; sEMG: surface electromyography 
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Women were assessed at baseline and immediately 
after intervention (at 3 months) using POP-Q (blinded 
assessment); PFM strength and endurance (Oxford 
scale), electrical activity (sEMG) and symptom sever-
ity and impact (P-QoL). The trial was judged as low 
risk for selection bias (randomisation) and unclear 
risk for allocation concealment. The trial was also 
judged at low risk for performance and detection bias, 
attrition bias, reporting bias and other types of bias 
(266, 267) (Table 28). 

Wiegersma and team conducted a trial in primary 
care (POPP1) of women aged ≥55 years with symp-
tomatic mild prolapse (above the hymen) (268). 
Women in the trial were randomised to either PFMT 
or watchful waiting. Women in the PFMT group were 
given an explanation of pelvic floor anatomy and pel-
vic floor dysfunction, were taught “the Knack”, and 
given lifestyle advice. They had weekly visits with the 
pelvic physiotherapist initially. The intervals between 
appointments were extended when they could cor-
rectly contract and relax their PFMs. Home exercise 
was recommended three to five times a week, twice 
or three times each day. Data were collected at base-
line and at 3, 12, and 24 months after the start of 
treatment. The primary outcomes were change in 
bladder, bowel, and pelvic floor symptoms, as meas-
ured by the PFDI-20, assessed at three months. Sec-
ondary outcomes were condition specific and general 
quality of life, sexual functioning, and degree of pro-
lapse, PFM function, and patients’ perceived change 
in symptoms from the start of the study. The POPP1 
trial was judged as low risk for selection bias, perfor-
mance and detection bias, attrition bias, reporting 
bias and other types of bias (Table 28). 

Results 

In the Alves (2015) trial, 42 women were randomised, 
21 in each group, however there was high attrition 
and only data from 18 and 12 women in the interven-
tion and control group respectively were analysed. 
Two in the intervention group did not complete the 
treatment due to health or family problems, while 9 in 
the control group refused to complete the final physi-
cal exam: these women were excluded from the sam-
ple. There was a significant difference in favour of the 
intervention group in terms of decreased anterior pro-
lapse, but no difference in posterior prolapse or the 
ICIQ-VS score. There was a significant difference be-
tween the groups in the ICIQ-OAB and ICIQ-UI SF 
scores after treatment, with improvement occurring 
only in the intervention group. There was a greater 
increase in PFM contractility (measured both by digi-
tal palpation and sEMG) in the PFMT intervention 
group compared to the general fitness control group 
at 6 weeks. Satisfaction with the treatment was re-
ported to be greater in the intervention group (47). 

Sixty-two women were randomised in the Culligan 
(2010) trial; 32 to PFMT and 30 to Pilates (control), of 
which 8 and 2 withdrew respectively (260). Seven of 
the 8 who dropped out of the PFMT arm did so be-
cause they found the treatment unpleasant, while the 

2 in the Pilates arm withdrew for health reasons un-
related to the trial. All women could correctly contract 
their pelvic floor muscles (as assessed by perineom-
etry at baseline) and most did not have pelvic floor 
symptoms at baseline. Both groups demonstrated im-
proved PFDI-20 and PFIQ-7 scores and pelvic floor 
muscle strength, at 12 weeks, but these improve-
ments were not significantly different between the 
groups. The authors concluded that it is feasible for a 
Pilates exercise program to strengthen the pelvic 
floor muscles of women with stage I prolapse. 

In the Due (2016) trial, 109 women were randomised, 
56 to the combined group and 53 to the lifestyle group 
(261). Of these 43% had POP stage III and 57% had 
POP stage II. Follow-up at 3 and 6 months was 82% 
and 78% complete respectively. Significantly more 
women in the combined group indicated improvement 
in the PGI-I at 3 and 6 months. There was no differ-
ence between groups in any PFDI-20 or PFIQ-7 
scores at 3 months. Both groups improved signifi-
cantly in the total PFDI-20 score and its subscores by 
3 months, except the lifestyle group had no improve-
ment in the POPDI sub-score. Significant improve-
ment in PFIQ-7 could only be found in the lifestyle ad-
vice group. It was unclear if there were any differ-
ences between groups in PFDI/PFIQ at 6 months. 
The PISQ-12 and objective prolapse stage did not im-
prove significantly. Significantly more women (68% 
vs 28%) in the lifestyle advice group had sought fur-
ther treatment (mainly PFMT) at 6 months follow-up. 
The authors concluded that there was a small benefit 
of both lifestyle advices alone or combined with PFMT 
for women with stage II or III prolapse. There was a 
significant difference in the primary outcome (PGI-I) 
in favour of the combined group, but this was not re-
ally highlighted. 

In the Frawley (2012) trial, 168 women were random-
ised to either the PFMT group (n=84) or the control 
group (n=84), with 12 and 9 lost to follow-up by 6 
months and a further 4 and 16 by 12 months respec-
tively, 19% and 30% in total (262). 82% of women in 
the PFMT group attended 4 or 5 of the 5 physiother-
apist appointments. The POP-SS score was signifi-
cantly lower, indicating fewer symptoms, in the PFMT 
group compared to the control group at both 6 and 12 
months. There was no difference in POP-Q stage be-
tween groups at 6 or 12 months, although there was 
some evidence of a difference at 12 months between 
groups, in the posterior wall POP-Q measurements, 
Ap and Bp, in favour of the PFMT group. Digital mus-
cle strength was significantly stronger in the PFMT 
group compared to the control group at 6 months but 
not at 12 months. There were no significant differ-
ences between groups in manometry outcomes, ex-
cept total work performed was higher in the PFMT 
group at 6 months. The intervention was concluded 
to be beneficial immediately following the interven-
tion, and after a further 6 months. 

In a conference abstract, Giraudo and colleagues re-
ported 47 women were randomised but 3 were ex-
cluded because they could not contract their pelvic 
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floor muscles, leaving 44, 23 intervention (PFMT + 
negative pressure abdominal work) and 21 control 
(PFMT + abdominal hollowing) (264). Improvement in 
prolapse symptoms and POP-Q values from baseline 
to 24 weeks was significantly greater in the interven-
tion group compared with the control group. There 
was evidence of an improvement in PFM strength and 
endurance in both groups, but no significant differ-
ence between the groups. The authors concluded 
there may be benefit of adding negative pressure 
core exercises to PFMT for women with stage I and II 
prolapse. 

Of the 447 women enrolled in the POPPY trial, 225 
women were randomised to intervention and 222 to 
control (263). 84% and 66% of women completed 
questionnaires at 6 and 12 months respectively, with 
no differential drop-out. POP-Q re-assessments at 6 
months were obtained for 75% (168) and 77% (171) 
of women respectively. 80% in the intervention group 
attended 4 or 5 of the 5 appointments. Women in the 
intervention group had a significantly greater reduc-
tion in prolapse symptoms at 6 and 12 months than 
those in the control group, although they were no 
more likely than control women to have a reduced se-
verity of prolapse at 6 months. At 12 months, signifi-
cantly more women in the control group than the in-
tervention group had received further treatment. In 
particular significantly more women in the control 
group (27% vs 1%) had had a referral for PFMT. At 6 
months, all aspects of daily life, and sexual, bladder, 
and bowel function (except for faecal incontinence), 
were significantly better in the intervention group 
compared to the control group. This was not sus-
tained at 12 months. It was concluded that one-to-one 
PFMT is effective for improving symptoms in women 
with stage I to III prolapse in the medium term. 

In the Kashyap trial, 140 women were randomised, 
70 per group, although four women transferred from 
the control group to the training plus manual group 
and the group in which these women were analysed 
was unclear (265). Improvements were reported in 
POP-SS, VAS and PFIQ-7 scores in both groups from 
baseline to week 24. There were significant differ-
ences between groups in the change in POP-SS with 
the intervention group reporting greater symptom im-
provement. There was also significantly more im-
provement in the intervention group in terms of the 
VAS scores and the PFIQ-7 scores. Five women in 
the intervention group had an improved POP-Q stage 
compared to one woman in the control group. The au-
thors concluded that one-to-one PFMT plus the SIM 
led to more symptom improvement than the SIM 
alone. 

The Stuppe-Resende trial was reported over multiple 
publications (4 conference abstracts, 2 papers and a 
trial register entry) (confirmed by personal communi-
cation with an author), reporting on different compar-
isons amongst the three trial groups, and not all re-
ports agreed on participant details (e.g. the number 
of participants, age) making it difficult to interpret the 
findings. 63 women were randomised in the trial: 21 

to PFMT, 21 to PFMT plus hypopressive exercise, 21 
to lifestyle group. Five women in the lifestyle group 
discontinued leaving 58 women at follow-up. The 
PFMT group women were more likely than the control 
group to have an improvement in their POP-Q stage 
of prolapse, both anterior and posterior. The domains 
and symptoms scores from the P-QoL were com-
pared before and after in each group separately, but 
no between-group comparisons were made. How-
ever, the authors concluded erroneously that since 
the PFMT group scores improved significantly and 
the control groups did not, the PFMT group had ben-
efitted more. Pelvic floor muscle assessment out-
comes were compared between the three groups 
(266). Significant differences were found between the 
PFMT and PFMT+HE groups when compared to the 
control group, in favour of the PFMT groups, in terms 
of Oxford score, contraction endurance and muscle 
activity (SEMG). No significant difference was found 
between the PFMT and PFMT+HE groups in terms of 
Oxford score and muscle activity (SEMG), however 
PFMT group did significantly better than PFMT+HE in 
terms of contraction endurance.  

Wiegersma trialists screened 4,465 women to identify 
those with mild prolapse (n=365) (268). Of these, 287 
women were randomised, 145 to PFMT and 142 to 
watchful waiting, of which 250 (87%) completed the 
trial follow-up. Women in the intervention group im-
proved their PFDI-20 score significantly more than 
those in the watchful waiting group, and were also 
more likely to report overall symptom improvement 
(57% vs 13%). There were no other significant differ-
ences between the trial groups including improve-
ment in POP-Q stage. The authors concluded that the 
difference in PFDI-20 may not be clinically significant 
and that more studies are needed to examine the fac-
tors affecting success. 

Summary 

Results from an additional seven new trials are now 
available and more complete reports for two of the six 
earlier trials. 

There have been different types of control groups 
used in the trials to date: minimal intervention control 
e.g. lifestyle leaflet or watchful waiting; other type of 
exercise as control e.g. Pilates or general fitness; life-
style intervention as control; other form of delivery of 
PFMT as control e.g. self-instruction PFMT manual. 
One small trial compared PFMT of two different types 
(PFMT with negative pressure abdominal work and 
PFMT with abdominal hollowing).  

Most evidence (8 trials) exists for PFMT versus a min-
imal intervention control, and it can now be concluded 
more confidently that PFMT significantly reduces pel-
vic floor symptoms in women with stage I to III pro-
lapse. Evidence of effectiveness for PFMT relating to 
the specific symptom of a vaginal bulge or something 
coming down associated with prolapse was Level 1, 
but less consistent. 
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Six of these trials reported change in POP-Q stage, 
but a beneficial effect on the stage was reported in 
only 1 of these, and thus there was evidence of no 
effect of PFMT on prolapse stage.  

In the other categories, four out of six trials providing 
data were small and very likely underpowered alt-
hough they were otherwise at low risk of bias (Alves 
n=42, Culligan n=62, Giraudo n=47, Stupp n=63).  

Of the remaining two, Due (n=109) found PFMT plus 
lifestyle advice to be superior to a lifestyle advice pro-
gramme in terms of overall improvement on the Pa-
tient Global Index of Improvement Scale, but not pro-
lapse symptoms or POP-Q severity, where both 
groups improved [46]. Kashyap (n=140) found a 
taught course of PFMT plus self-instruction manual 
was better than a self-instruction manual alone in im-
proving prolapse symptoms [50]. The difference in 
findings might in part be due to different PFMT inter-
ventions: group PFMT delivered in the Due trial ver-
sus one-to-one PFMT in the Kashyap trial. 

Based on previous studies and new evidence there is 
now evidence of benefit that PFMT is effective in re-
ducing pelvic floor symptoms in women with prolapse 
(Consistent Level of Evidence: 1, Grade of recom-
mendation: A). There is some evidence of benefit 
showing that PFMT is effective in alleviating specific 
prolapse symptoms (e.g. vaginal bulge) (Majority 
Level of Evidence: 1, Grade of recommendation: 
C). There is no evidence that PFMT is effective in re-
ducing severity of prolapse based on POP-Q stage 
(Consistent Level of Evidence: 1, Grade of recom-
mendation: B).   

2.2.2 PFMT and Surgery 
Two trials have been reported in previous editions of 
this chapter (269, 270). There have been an addi-
tional 4 trials published since the last edition (104, 
271-274). Three trials compared surgery plus PFMT 
with surgery alone, and one trial compared surgery 
with PFMT (275). The latter did not report on prolapse 
outcomes and is therefore not discussed further. Sa-
lient features of each trial are described in Table 29. 

Quality of data 

Barber and colleagues carried out the OPTIMAL 2x2 
factorial trial of PFMT as an adjunct to vault prolapse 
surgery (104). This trial compared two methods of 
suspending the vaginal vault in women undergoing 
surgery for prolapse. Additionally, participants were 
randomised either to adjunctive post-operative PFMT 
or routine care, to assess whether such adjunct ther-
apy improves both anatomical and symptomatic out-
comes two years after surgery. 

The adjunct intervention consisted of one pre-opera-
tive visit and four post-operative visits with a behav-
ioural interventionist for PFMT and education in be-
havioural strategies. Routine care was usual peri-op-
erative teaching and post-operative instructions. The 
authors’ primary outcomes were urinary symptoms at 

6 months (PFDI-UDI), and prolapse symptoms 
(PFDI-POPDI) and anatomical failure (descent on the 
POP-Q or retreatment) at 24 months after surgery 
(Table 29).  

The OPTIMAL trial was judged as low risk for selec-
tion bias, performance and detection bias, attrition 
bias, reporting bias and other types of bias (104) (Ta-
ble 29). 

McClurg and colleagues undertook a pilot trial of pre-
and post-operative PFMT for women undergoing a 
primary prolapse repair (274). Women were random-
ised to either the intervention group receiving PFMT 
or the control group receiving usual care. Prior to sur-
gery all women were seen by a physiotherapist to 
complete baseline outcome measures. Those in the 
intervention group were also seen once pre-opera-
tively by another physiotherapist to be taught pelvic 
floor muscle exercises and the Knack. Women were 
advised to do three sets of exercise per day. After 6 
weeks the intervention group women were seen for 5 
visits over 16 weeks and an individualised home ex-
ercise programme was prescribed and advice given. 
Control group women received a lifestyle advice leaf-
let. Both groups completed outcome measures at 6 
and 12 months post-surgery: POP-SS (primary), 
ICIQ-UI SF, ICIQ-BS, PISQ-12, SF-12, and PFM as-
sessment (PERFECT and modified Oxford scale) 
(Table 29). The feasibility trial was generally judged 
as low risk for selection bias, attrition bias, reporting 
bias and other types of bias. However, there was po-
tential for performance and detection bias (see Table 
29) (274). 

Pauls et al. (2011) (271, 272) undertook a trial in 
women undergoing vaginal reconstruction, compar-
ing PFMT as an adjunct to surgery with standard 
care. Women were having planned surgical correc-
tion, including a native tissue vaginal repair with or 
without a vaginal hysterectomy or suburethral sling. 
PFMT consisted of one appointment 2 weeks before 
their scheduled surgery date, and five post-opera-
tively, each with a specialist pelvic floor physiothera-
pist. The control group attended appointments with 
physician assessment alone at all the same post-op-
erative intervals. There was a final follow-up assess-
ment at 24 weeks (Table 29). The primary outcome 
was quality of life measured using the WHOQOL-
Bref. Secondary outcomes included PFDI-20, PFIQ-
7, POP-Q assessment, the Female Sexual Function 
Index (FSFI), PISQ-12, a modified Oxford scale for 
pelvic floor strength and contraction, short form Gen-
eral Health Survey (SF-12), and a 24-hour voiding di-
ary (271, 272). The trial was judged as low risk for 
selection bias, performance and detection bias, attri-
tion bias, reporting bias and all other types of bias 
(Table 29). 
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Table 29 Summary of data on PFMT + surgery for POP 

Author, year Comparator N Study population Modality details or parameters Outcomes/results Follow up Notes (side effects, loss of 
follow up) 

Barber 2014 (1) 
 

2 x 2 factorial 
RCT: comparing 
to surgery types 
+/- PFMT  
 

374 Women having 
surgical repair for 
apical or uterine 
POP of stage II or 
greater, who also 
have SUI 

Women were randomised to 
both surgery type and PFMT. 
Surgery: 1) sacrospinous 
ligament fixation, or 2) 
uterosacral vaginal vault 
suspension 
Perioperative PFMT: 1) 1:1 
PFMT (1 pre-operative + 4 post-
operative visits for PFMT 
(2,4,6,8 and 12 weeks), 
examination at each visit, and 
exercise and education in 
behavioural strategies), or 2) 
usual care (usual peri-operative 
teaching and post-operative 
instructions) 

Outcomes for PFMT: 
long-term improvement 
in anatomic outcomes 
(POP-Q) and prolapse 
symptoms (POPDI 
subscale of the PFDI); 
short term (6 months) 
improvement in urinary 
symptoms (UDI subscale 
of PFDI). 
 

6, 12 and 24 
months 

 
Low ROB for selection bias, 
performance and detection 
bias, attrition bias, reporting 
bias and other types of bias 

McClurg 2010 (2) 
 

Parallel group 
RCT; 2 groups, 
treatment group 
(surgery and 
PFMT sessions) 
vs a control 
group (usual 
care) 
 

57 Women attending 
the 
gynaecological 
clinic and for 
whom primary 
surgery was 
recommended 
due to their POP 
symptoms 
 

Intervention: 1 pre-operative + 5 
post-operative appointments 
within a period of 12 weeks. 
Pre-operatively, anatomy and 
function of PFMs, types of 
prolapse and the surgical 
procedure discussed with 
information about 
recovery/return to normal 
activities. Women taught by 
digital palpation to contract 
PFMs and 'the Knack'. Home 
exercise, 3 sets per day of 10 
maximum contractions (up to 
10s hold) with 4s rest between, 
1-min rest followed by 10 fast 
contractions.  
 
Control: received the same  
lifestyle advice leaflet. 

POP-SS; ICIQ-UI SF; 
ICIQ-BS; PISQ-12; SF-
12; PFM assessment 
(PERFECT, modified 
Oxford scale). 
 

All outcomes 
were measured 
at baseline, 6 
and 12 months 
 

Generally judged as low ROB. 
Randomisation generation and 
allocation concealment were 
judged as adequate. Outcome 
assessors reported as being 
blinded but researchers 
involved in the trial were not 
blinded and it is unclear what 
direct involvement they may 
have had with each 
participant. Groups were 
comparable at baseline, but 
there were more complaints of 
bowel dysfunction in the 
treatment group. Dropouts 
were clearly accounted for and 
all pre-specified outcomes 
were adequately reported. 
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Author, year Comparator N Study population Modality details or parameters Outcomes/results Follow up Notes (side effects, loss of 
follow up) 

Pauls 2013  
(3) 

Parallel group 
RCT; 2 groups, 
PFMT vs 
standard care in 
women 
undergoing 
vaginal 
reconstruction 
 

49 Women aged > 18 
years having 
surgical correction 
to include a native 
tissue vaginal 
repair +/- a 
vaginal 
hysterectomy or 
suburethral sling 
 

Intervention: physiotherapy 
appointment 2 weeks before 
surgery, and 2, 4, 6, 8, and 12 
weeks postoperatively, in 
conjunction with a physician 
assessment. Sessions covered 
bladder and bowel function, pain 
management, breathing and 
relaxation, core exercises, scar 
tissue mobilization, increased 
strengthening and training over 
time.  
 
Control: attended appointments 
(biweekly until 12 weeks 
postoperatively) with physician 
assessment alone at intervals 
as above. 
 

PFDI-20, PFIQ-7, POP-
Q, Female Sexual 
Function Index (FSFI), 
PISQ-12, SF-12, WHO-
QOL Bref, modified 
Oxford scale for PFM 
strength and contraction, 
24-hour voiding diary 
 

Assessments 
undertaken at 
baseline (some 
limited 
assessment at 
appointments 
occurred at 2, 4, 
6, 8 weeks), and 
follow-up 
assessments at 
12 and 24 
weeks 
 

Low ROB. Randomisation 
generation and allocation 
concealment were judged as 
adequate. Outcome assessors 
were blinded appropriately. 
Groups were comparable at 
baseline, dropouts were all 
accounted for and all pre-
specified outcomes were 
reported. 
 
The trial is fully reported in two 
main papers. 

Abbreviations: PFM: pelvic floor muscles; PFMT: pelvic floor muscle training; POP: pelvic organ prolapse; POP-SS: pelvic organ prolapse symptom score; QoL: quality 
of life; RCT: randomized controlled trial; ROB: risk of bias; SUI: stress urinary incontinence; UI: urinary incontinence 

1. Barber MD, Brubaker L, Burgio KL, Richter HE, Nygaard I, Weidner AC, et al. Comparison of 2 transvaginal surgical approaches and perioperative behavioral 
therapy for apical vaginal prolapse: the OPTIMAL randomized trial. JAMA. 2014;311(10):1023-34. 

2. McClurg D. A two group, single-blind, randomised controlled study to assess the feasibility of physiotherapy following surgery for prolapse to avoid recurrence. 
http://isrctnorg/ISRCTN08203452010. 

3. Pauls RN, Crisp CC, Novicki K, Fellner AN, Kleeman SD. Impact of physical therapy on quality of life and function after vaginal reconstructive surgery. Female 
Pelvic Med Reconstr Surg. 2013;19(5):271-7. 
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Results 

In the OPTIMAL trial, 408 women were randomised, 
34 withdrew prior to surgery leaving 374 women ran-
domised to PFMT (n=186) or usual care (n=188). 
There was no significant difference at 6 months or 24 
months between the PFMT and usual care groups in 
the prolapse scores or POP-Q. The routine use of 
PFMT was concluded to be unnecessary (104). 

McClurg (2010) randomised 57 women from three 
sites, 28 to PFMT and 29 to control, with the majority 
of women (n=27, 47%) coming from one site. By 6 
months there was significant improvement in both 
groups on prolapse, bladder, bowel and general 
health measures, but no difference between groups. 
Analysing 12 month data from the highest recruiting 
site where longer follow-up was possible (there were 
significant recruitment and logistical issues at other 
sites which caused delays and limited the follow-up), 
there were significant differences between groups in 
POP-SS and SF-12: prolapse symptoms and general 
health were more improved in the PFMT groups 
(274). 

In Pauls (2013) trial, a total of 57 women were ran-
domised, 29 to physiotherapy and 28 to control, and 
49 completed the study (24 and 25 respectively). Im-
provement over baseline was found in both groups in 
quality of life, PFDI and PFIQ measures, but there 
were no differences between groups. The PFMT 
group had better muscle strength after 12 weeks, but 
at 24 weeks this was no longer evident. (271, 272). 

Summary 

Although there were three new randomised studies 
reporting prolapse outcomes, only one trial 
(OPTIMAL) was both at low risk of bias and of ade-
quate size (104). It found no evidence of an effect on 
prolapse symptoms or stage at 2 years of adding 
PFMT to surgery in women having vault prolapse re-
pair (Level of Evidence: 1). The other two small trials 
provided no evidence of an effect of PFMT. 

Peri-operative PFMT does not improve prolapse 
symptoms in women undergoing surgery for vault 
prolapse (Grade of Recommendation: B New). 

2.2.3 PFMT and Pessary  
Three RCTs have been published since the 5th Edi-
tion when previously there had been none. Details of 
the categories and treatment components of the ac-
tive interventions are provided in Table 30. 

i) Pessary + PFMT vs pessary 

Hagen and colleagues carried out a pilot trial in which 
women with stage I to IV prolapse of any type who 
had successfully been fitted with a pessary were ran-
domised to have PFMT or not. PFMT was delivered 
by a specialist women’s health physiotherapist in 5 
appointments over 16 weeks (276) (Table 30). The 
pessary was removed at 6 months and outcomes 
(POP-SS, prolapse-related quality of life, prolapse 

severity (POP-Q), and perceived change in prolapse 
since pessary fitted) measured at 7 months. The au-
thors aimed to randomise 50 women from 4 centres 
to inform the development of a larger trial. The 
PEPPY trial was judged as low risk for selection bias, 
performance and detection bias, attrition bias, report-
ing bias and all other types of bias (276, 277). 

ii) PFMT vs PFMT + pessary 

Cheung and colleagues carried out a trial in women 
with symptomatic stage I to III prolapse with no previ-
ous treatment for prolapse, who were randomised to 
either a vaginal ring pessary+ PFMT, or PFMT alone 
(278). Both groups were taught and encouraged to do 
PFMT standardized pelvic floor exercise training 
course which included a teaching session within 2 
weeks after the first consultation and three individual 
training sessions at 4, 8, and 16 weeks. Women were 
advised to practice daily with at least two sets of 8– 
12 preset exercise repetitions per day, with 8– 10 ex-
ercises per session at least two times per week. 
Change in urinary symptoms was measured using 
the PFDI (including PFDI-UDI) before, 6 months and 
12 months after the treatment. The PFIQ was also 
completed at 12 months. The trial was judged as low 
risk for selection bias, performance and detection 
bias, attrition bias, reporting bias and other types of 
bias (Table 30). 

iii) Colpexin sphere +PFMT vs PFMT  

Manonai and colleagues (2012) studied the use of the 
Colpexin sphere in women with Stage I or II prolapse 
(279). The Colpexin sphere is an intra-vaginal device 
similar to a pessary except it requires the woman to 
actively contract her pelvic floor muscles to keep the 
device in place. Women were randomised to either 
PFMT alone (control) or PFMT along with a Colpexin 
sphere (study group). All women were instructed to 
perform three sets of exercises daily. Those in the 
Colpexin group exercised with the device in situ. The 
intervention duration was 16 weeks. Pelvic floor mus-
cle strength was measured using the Colpexin pull 
test and digitally using the Brink scale, at baseline, 4, 
8, 12 and 16 weeks after treatment. There were no 
specific prolapse outcomes reported. Participants 
were excluded if compliance with the daily pelvic floor 
exercise was less than 80%. The trial was judged as 
low risk for selection bias, performance and detection 
bias, attrition bias, reporting bias and other types of 
bias (Table 30). 

Results 

Of the 31 eligible women recruited to the PEPPY trial, 
16 were randomised, eight to the pessary alone 
group and eight to the pessary plus PFMT group. The 
mean age of women was 63 years (SD 14); 25% had 
stage I prolapse, 50% stage II, and 25% stage III. 
Compliance with the intervention was good: 75% of 
intervention women attended 4 or 5 appointments. 
With such a small sample size statistical analysis was 
not carried out.   
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Table 30 Summary of data on PFMT + pessary / other medical devices for POP 

Author, 
year 

Comparator N Study 
population 

Modality details or 
parameters 

Outcomes/results Follow up Notes (side effects, loss of follow 
up…) 

Cheung 
2016(1)  
 

Parallel group 
RCT; 2 groups, 
Vaginal ring 
pessary + PFMT 
vs PFMT  
 

276 Women had 
symptomatic 
prolapse (Stage 
I- Stage III), 
had received no 
previous 
treatment 

Intervention: vaginal pessary, 
(ring pessary was used). 
Women also received regular 
PFMT. Home exercise 
performed at least 3 times a 
week and 2 times each day. 
Control: PFMT alone. 

Total scores on PFDI 
and PFIQ. Change of 
urinary symptoms 
measured by PFDI-
UDI and subscales 
(obstructive, irritative, 
stress).  

Data collected at baseline 
and 6 months (PFDI-UDI 
only) and 12 months after 
treatment. 
 

Low ROB for selection bias, 
performance and detection bias, 
attrition bias, reporting bias and other 
types of bias 

Hagen 
2010(2)  

Feasibility pilot 
RCT; 2 groups, 
PFMT in 
conjunction with 
pessary 
management vs 
pessary 
management 
alone  
 

16 Women with 
prolapse of any 
type, of stage I 
to IV, with a 
pessary newly 
successfully 
fitted (still in 
place after 2 
weeks) 

PFMT was delivered at 5 
appointments over 16 weeks (as 
per Hagen 2010 in Table 28) 
with the pessary in place. 
 
Control: pessary management 
alone. 
  

POP-SS, prolapse-
related quality of life, 
prolapse severity 
(POP-Q), and 
perceived change in 
prolapse since 
pessary fitted. 
 

Data collected at baseline 
(after pessary fitted but 
before randomization), 6 
months post-
randomization 
(with pessary in situ, then 
pessary removed), and 7 
months post-
randomization without 
pessary. 

Low ROB for performance and 
detection bias, attrition bias, 
reporting bias and all other types of 
bias.  
 
Poor recruitment was a key issue 
within the trial – target was to 
randomise 50 women 
 

Manonai 
2012(3)  
 
 

Parallel group 
RCT; 2 groups, 
Colpexin sphere 
with PFMT vs 
PFMT alone 
 

91 Women aged 
20 years+, 
prolapse stage I 
or II 
 

All participants: taught about 
home-based practice with 
booklet of PFM. Visual 
inspection of contraction. Home 
exercise involved tightening the 
PFMs, holding for 10s, relaxing 
10s and doing 10 repetitions 3 
times a day for a period of 16 
weeks. 
Colpexin+PFMT: exercised as 
above with the Colpexin sphere 
in situ. 

ICIQ-VS (Thai 
version), POP-Q, 
PFM strength 
(Colpexin pull test, 
digital test using 
Brink scale) 
 

POP-Q and ICIQ-VS at 
baseline and 16 weeks. 
PFM data collected at 
baseline, 4, 8, 12 and 16-
week after starting 
treatment. 
 

Low ROB. Random sequence 
generation was computer generated 
and information for decoding 
randomisation was kept secure and 
opaque sealed envelopes were used 
during the allocation process. 
Although ITT analysis was not 
employed, all dropouts were clearly 
accounted for. The groups were 
comparable at baseline and the 
authors reported a sample size 
calculation.  

Abbreviations: PFM: pelvic floor muscles; PFMT: pelvic floor muscle training; POP-SS: pelvic organ prolapse symptom score; RCT: randomized controlled trial 

1. Cheung RY, Lee JH, Lee LL, Chung TK, Chan SS. Vaginal Pessary in Women With Symptomatic Pelvic Organ Prolapse: A Randomized Controlled Trial. Obstet Gynecol. 
2016. 

2. Hagen S. Pessary Plus Physiotherapy for Pelvic Organ Prolapse (PEPPY). http://ClinicalTrialsgov/show/NCT011368892010. 
3. Manonai J, Harnsomboon T, Sarit-apirak S, Wattanayingcharoenchai R, Chittacharoen A, Suthutvoravut S. Effect of Colpexin Sphere on pelvic floor muscle strength and quality 

of life in women with pelvic organ prolapse stage I/II: a randomized controlled trial. Int Urogynecol J. 2012;23(3):307-12. 
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However, from observing the mean scores it was ap-
parent that symptoms in both groups were worse a 
month after the pessary had been removed (month 7) 
compared to baseline (when the pessary had been in 
place for 2 weeks), and there was no indication of a 
symptom or objective benefit for those women who 
had received PFMT on any of the outcomes. In both 
groups 2 out of 7 women said their prolapse was the 
same or worse at 6 months after the pessary had 
been inserted. Recruitment was problematic in the 
trial, and it was concluded that this would need to be 
addressed before moving to a larger trial (276, 277). 

Of the initial 311 women recruited to the Cheung trial, 
276 were randomised, 137 to PFMT treatment and 
139 to vaginal pessary plus PFMT. Authors reported 
in one abstract an intention-to-treat analysis of the dif-
ference between the groups in PFDI-UDI and its sub-
scores, and on the prevalence of women with SUI, 
UUI and voiding difficulties (278). Prolapse outcomes 
were not reported. Although there was significant im-
provement on all outcomes at 12 months, there was 
no significant difference between the groups. In a 
second abstract the authors reported a non-random-
ised comparison of those women who continued suc-
cessfully with their pessary until 12 months (n=78) 
and those who continued successfully with pelvic 
floor exercises only (n=118) (278). At 12 months the 
pessary group had significantly better scores that the 
PFMT group on all the PFDI and PFIQ scores and 
subscores. This would seem to suggest that generally 
pessary and pelvic floor exercises are equally effec-
tive at improving urinary symptoms in women with 
prolapse, however in the select subgroup of women 
who adhere to treatment, the pessary provides extra 
benefit in reducing pelvic floor symptoms (278). 

A total of 91 women were randomised in the Manonai 
(2012) trial, 45 in the study group and 46 in the control 
group. Eighty-five women (93%, equal in both 
groups) completed the 16-week assessment with 
80% compliance to daily exercise. There was no sig-
nificant difference in improvement in pelvic floor mus-
cle strength between the groups at 16 weeks; either 
measured using the pull test or the digital assessment 
(279). 

Summary  

Three new trials were found, one comparing pessary 
alone versus pessary plus PFMT and two comparing 
pessary plus PFMT versus PFMT alone. The first was 
a pilot trial with recruitment difficulties and a very 
small sample, which did not contribute to the evi-
dence (276). The other two trials were larger and con-
cluded no difference between pessary plus PFMT 
and PFMT alone in terms of muscle strength at 4 
months (279) or prolapse symptoms at 12 months 
(non-randomised comparison) (278). Combined pes-
sary and PFMT and PFMT alone can be equally ef-
fective (Level of Evidence: 1)  

PFMT + pessary may be as effective as PFMT alone 
in reducing symptoms. (Grade of Recommenda-
tion: B New; however; some caution since the two 
trials considered two very different devices). 

 

3. PESSARIES 

A pessary is defined as a device that is inserted into 
the vagina to provide structural support to one or 
more of descending vaginal compartments, i.e., the 
uterus, anterior vaginal wall (and bladder), posterior 
vaginal wall (and rectum) and/or vaginal apex (with or 
without small intestine after a prior hysterectomy 
(280). They offer a non-surgical option for the treat-
ment of urinary incontinence and pelvic organ pro-
lapse (POP). This section, discusses evidences for 
use of pessary to prevent or treat POP; evidence for 
use of pessaries to prevent or treat UI will be covered 
in chapter 20.  

A range of vaginal pessaries (Figure 8) exist which 
can be broadly divided into two types: support and 
space-filling pessaries. Support pessaries lie along 
the vaginal axis, with the posterior component sitting 
in the posterior fornix and the anterior component 
coming to rest just under the symphysis pubis, thus 
providing a supportive shelf for the descending pelvic 
organs. As there is no evidence to support the use of 
a specific type of pessary, choice is based on clinical 
experience and trial and error. It is generally accepted 
that the ring pessary should be tried first because of 
ease of insertion and removal, and if this fails, other 
pessaries can be used (281). 

A recent review of data obtained from public use files 
from the Centres for Medicare and Medicaid Services 
in the United States over a 10-year period from 1999 
to 2009 showed that the rates of pessary insertion 
were consistent at 11-13% over the period (282). In 
the United Kingdom, a postal survey demonstrated 
that 87% of consultants use vaginal pessaries for 
management of POP (283). The likely candidates for 
vaginal pessaries are those with co-morbid medical 
conditions, those who still wish to bear children, as 
interim relief prior to surgery and for those who prefer 

 
Figure 8 Pessaries 
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non-surgical treatment (284). Other indications in-
clude vaginal laxity, neonatal prolapse mainly seen in 
association with neural tube defects such as spina bi-
fida and prolapse during pregnancy (285). 

Factors that predict the type of treatment chosen for 
POP have been evaluated in various studies. 
Younger women (286) and those with a higher inci-
dence of stress incontinence (286) are more likely to 
refuse pessary use. Age greater than 65 years at the 
time of pessary insertion and more severe prolapse 
(Stage III-IV) were more predictive for pessary dis-
continuation at one year (287-289). Ko et al. (2011) 
found that substantially older women or post meno-
pausal women opted for a pessary rather than sur-
gery, and more sexually active women expressed a 
significantly greater preference for surgery. In addi-
tion to opting for surgery over pessary use, younger 
sexually active women are more likely to change from 
conservative to surgical treatment over a one-year 
period (290). 

3.1. Prevention of POP with Pessaries 
Previously no trials had examined pessaries as an in-
tervention in the prevention of POP. In this update, no 
further trials were identified. 

3.2. Treatment of POP with Pessaries 

3.2.1 Pessary Alone 
Three new studies were included. Study details are 
presented in table 31. Ding et al. (291) evaluated 81 
women with stage 3 and 4 prolapse who were suc-
cessfully fitted with a ring pessary with support after 
3 months. Subjective evaluation was carried out us-
ing non-validated questions and prolapse was objec-
tively assessed using POP-Q. 

To evaluate if the cube pessary can be used as a first 
line treatment, Nemeth et al. (292) prospectively eval-
uated 78% of women who had a cube pessary in-
serted after one year. Subjective outcome was estab-
lished by using a non-validated questionnaire as a 
validated questionnaire was not available in Hungar-
ian. As one of the aims of the study was to evaluate 
if it was well tolerated, the authors rated the process 
of pessary insertion and general wellbeing on a nu-
meric rating scale and also on a patient global im-
provement scale.  

Brazell et al (293) reported findings from a secondary 
analysis of a study that sought to evaluate if pessary 
use was associated with improvement in bulge symp-
toms and improvement in body image (294). They fo-
cused on bowel symptoms using the Colorectal Anal 
Distress Inventory, a subscale of PFDI-20 and Colo-
rectal Anal Impact Questionnaire, a subscale of 
PFIQ-7. The study had a high attrition rate as only 43 
women of the initial 104 had complete data at 12 
months.  

Results 

The study by Ding et al. (295) found improvement in 
prolapse and bladder symptoms 3 months after use 

of a ring pessary with support in women with stage 3 
and 4 prolapse. Of the 74% who were initially suc-
cessfully fitted with the pessary, 10% failed to retain 
the pessary at 3 months. Their findings contradict the 
manufacturer’s recommendations regarding use of 
this type of pessary in early prolapse. Of interest, 
82.7% women who were of the median age of 70 
years were able to manage the pessary themselves 
indicating that with proper counselling and encour-
agement hospital care can be minimised.  

The cube pessary seemed to be a viable option for 
sexually active women to self-manage their pessary 
as Nemeth et al. (292), were able to demonstrate a 
significant improvement in general wellbeing in the 
78% women who were still using the pessary at 12 
months, 85% rated pessary care use as easy or very 
easy. 

Brazell et al. (293) demonstrated a significant im-
provement in both bowel related symptoms and qual-
ity of life. Patients who completed the 12-month fol-
low-up were significantly older and more likely to have 
stage 3 and 4 prolapse compared to stage 2. 

3.2.2 Pessary Versus no Treatment 
No new studies were identified.  

3.2.3 Pessary and PFMT 

• Pessary versus PFMT  

One new study was identified. A RCT comparing 
PFMT to pessary treatment in 160 women (PFMT 
n=79, pessary n=81) aged ≥55 years with advanced 
POP. A pessary was fitted successfully in 47/81 (58 
%)women (296). Only those women in whom a pes-
sary was fitted successfully, were compared. Risks 
of bias were high as both participant and evaluator 
were not blinded and an ITT analysis was not per-
formed.  

In women aged ≥55 years with an advanced symp-
tomatic POP, PFMT resulted in a significant but not 
clinically relevant improvement of pelvic floor symp-
toms after 3 months (PFDI-20). There was no differ-
ence between PFMT and pessary treatment. PFMT 
was more effective in improving anterior wall POP 
than pessary treatment on POP-Q (Table 31). 

• Pessary plus PFMT versus PFMT  

Refer to section III.2.3.2 

• Pessary plus PFMT versus Pessary  

Refer to section III.2.3.2 

3.2.4 Pessary Versus Surgery 
One new study was identified (297), making a total of 
three studies comparing pessary versus surgery (Ta-
ble 32). All were prospective, observational cohort 
case controlled. The new study by Lone et al. (297) 
evaluated 133 women who opted for surgery and 154 
who opted for surgery one year after pessary treat-
ment using the ICIQ-VS and ICIQ-UI (297). Women 
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who had surgery were older with no difference in 
characteristics like body mass index, parity, ethnicity, 
history of hysterectomy and prolapse surgery. 69% 
women who used pessary and 67% women who had 
surgery completed the questionnaire at one year. The 
non-randomised design of the study with approxi-
mately 30% attrition rate suggested a high risk of 
bias. 

Three studies (285, 297, 298) compared patient re-
lated outcomes after pessary use and surgery. 
Abdool demonstrated a significant improvement in 
prolapse, urinary, bowel and sexual function in both 
treatment arms but no difference between the two 
groups. Using the ICIQ-VS and ICIQ-UI, Lone et al. 
found a statistically significant vaginal, sex, QOL and 
urinary symptoms score improvement in both groups 
but no statistically significant difference was noted 
between the surgery and pessary groups. However, 
Barber (2006) found that subjects in the surgery 
group had significantly greater improvement in each 
of the scales of the PFDI and the prolapse and urinary 
scales of the PFIQ than did the pessary group. 

3.2.5 Comparison of One Pessary to Another 
No new trial was identified for this update, making a 
total of one trial included in this section comparing 
pessary to another device. Cundiff (299) conducted 
the largest multi-centre crossover trial, comparing a 
ring with support and a Gellhorn pessary for the treat-
ment of symptomatic stage II or greater symptomatic 
prolapse in 134 women. There were no significant dif-
ferences between groups in baseline characteristics. 
Participants were fitted with one of the pessaries for 
three months, and with the second for a further three 
months. During each three-month period, data was 
collected at one, six and twelve weeks from women 
who had a successful fit. Outcomes were measured 
at enrolment, three and 12 months, and included ob-
jective assessment using POP-Q and subjective as-
sessment using PFDI, PFIQ, and a sexual function 
questionnaire. Allocation was by computer-generated 
random numbers using permuted blocks of variable 
size. Opaque, sealed envelopes were used to store 
the random allocation. Participants and clinicians 
were not blind to the allocation, but data was coded 
such that the analysis was conducted blind. Those 
women who were successfully fitted were asked to 
wear the pessary for three months, but if they discon-
tinued prior to three months’ data collection was ac-
celerated. Attrition rates in the study were high with 
only 85 of the 134 women completing the study lead-
ing to high risk of bias. However, the trial was not un-
derpowered due to the cross over design. 

Cundiff et al. (299) found a statistically and clinically 
significant improvement in the majority of the PFDI 
scales and many of the PDIQ scales with both pessa-
ries but no difference between the ring or Gellhorn 
pessary. Approximately 60% of women offered a pes-
sary continued treatment in the long term irrespective 
of the type of device. 

Success rates 

There is no agreement as to what constitutes a suc-
cessful fitting of a pessary. Some consider success if 
a pessary was perceived comfortable by a patient 
when retained during Valsalva and voiding at the ini-
tial visit, while others consider it success if a patient 
continues to use the pessary until the following visit 
to the doctor. Thus quoted rates of successful fitting 
vary widely with differing follow-up times. (Table 33). 
Reasons for failure range from expulsion due to com-
plications such as vaginal discharge, erosion, de 
novo SUI, pain, voiding difficulty and constipation 
(Table 33). The risk factors for failure also vary, mak-
ing it difficult to draw conclusions. 

Complications 

Minor complications after pessary insertion range 
from vaginal discharge, erosion, de novo SUI, bleed-
ing, pain and constipation (Table 33). A recent study 
by Collins (300) has shown that women who have a 
pessary are more likely to be bothered by discharge 
(30.0% vs 2.1%, p < .001) and this develops early and 
may be due to an inflammatory process in the vagina 
(300). Using the cube pessary appears to be compli-
cation free, probably because it has to be removed 
on a regular basis. 

Rarely major complications may occur. Neglected 
pessaries present with more serious complications 
namely fistula formation and peritonitis. Erosion into 
the bowel or bladder and dense adhesions to other 
pelvic structures have been reported. Unusual com-
plications of cervical entrapment, small bowel incar-
ceration, and hydronephrosis have also been re-
ported (301).  

Conclusion 

As in the most recent Cochrane review (222) and 1 
recent RCT, there is no good quality evidence from 
randomised controlled trials on which to base the 
management of  POP using pessaries. 

Prospective case controlled cohort studies suggest 
that pessaries are a viable option for women who 
complain of symptomatic prolapse. (Level of Evi-
dence: 3). 

There appears to be no advantage of pessary use 
over PFMT, from one high risk of bias RCT (Level of 
Evidence: 3).  

One single randomised study, with a high attrition rate 
of 40% found no significant difference between ring 
pessaries with support and the Gellhorn pessary in 
PFDI and PFQI scores (Level of Evidence: 2).  
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Table 31 Summary of data on PFMT vs pessary for POP 

Author/ year Study 
design 

Comparison group Participants Type of pessary Subjective 
assessment 

Objective 
assessment 

Length of 
follow-up 

Improvement in 
symptoms 

Panman CM, 
2014 
 
 

RCT PFMT  (n=79): 
No standard protocol 
– individual 
adaptation in line 
with normal practice 
(included being able 
to use electrical 
stimulation) 
vs  
PESSARY (n 81): 
Fitting – opted for 2 
week try of pessary 
with refit at 2 weeks if 
necessary and max 
of 3 refits.Fitted by 
‘trained research 
physician’ 

160 women aged > 
55 years with self 
identified POP 
symptoms (on 
screening) 
POP at or beyond 
hymen (POPQ) 
 

First ring, then 
ring with support 
and then Shaatz 
or Gellhorn 

Primary outcome: 
PFDI-20  
 
 
 
 

Secondary: change 
in POP-Q stage 

3 months  No sign diff. in PFDI 
POP-Q Anterior 
compartment: 26.5% 
>=1 stage change in 
PFMT v 7.1% pessary 
p=0.013 
* No ITT, only 47 of 81 
(58%) with successful 
fitting included in 
analysis 

Foot notes: RCT- Randomised Controlled study, PFDI- Pelvic Floor Distress Inventory, PFMT- Pelvic floor muscle training, POP- pelvic organ prolapse 

Table 32 Summary of data on pessary for POP 

Author/ 
year Study design Comparison group Participants Type of 

pessary 
Subjective and 
Objective 
assessment 

Objective 
assessment 

Length of 
follow-up Improvement in symptoms 

Abdool et 
al. 2011 (1) 
 

Prospective 
observational 
cohort case 
controlled 
 

Pessary treatment 
compared to 
surgery  
 

359 Ring, 
Gellhorn, 
Cube, Donut 
 

Sheffield prolapse 
questionnaire 
 

Baden-Walker 12 months Awareness of lump, prolapse coming out 
of vagina, dragging pain in lower 
abdomen, low back pain, voiding difficulty, 
need to push prolapse to void, urinary 
urgency, fecal urgency, sexual 
satisfaction, interference with physical 
activity and quality of life 
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Author/ 
year Study design Comparison group Participants Type of 

pessary 
Subjective and 
Objective 
assessment 

Objective 
assessment 

Length of 
follow-up Improvement in symptoms 

Barber et 
al. 2006 (2) 

Prospective 
observational 
cohort case 
controlled 
 
 

Pessary treatment 
(3 months) 
compared to 
surgery (6 months) 
for pelvic organ 
prolapse 

Pessary (n= 
42) Surgery 
(n=64) 
 

Ring and 
Gellhorn 
 

PFDI and PFIQ 
 

POP-Q 3 months 
for pessary  
 

Significant improvement in prolapse and 
urinary scales of the PFDI. No change in 
the colorectal scale. No change in the 
PFIQ scales 
 

Brazell et 
al. 2014 (3) 

Prospective 
observational 
cohort 

N/A 43 Ring with 
support and 
Gellhorn 

PFDI-20 
PFIQ-7 

POP-Q 12 months CRADI-8 mean scores decreased by 6.9 
and CRAIQ-7 decreased by 8.1 

Clemons et 
al. 2004 (4) 

Prospective 
observational 
cohort 

N/A 100 Ring and 
Gellhorn 

Not validated POP-Q 2 months Bulge (90% to 3%) 
Pressure (49% to 3%) 
Discharge (12% to 0%) 
Splinting (14% to 0%) 
SUI 45% 
UI 46% 
Voiding difficulty 53% 

Cundiff et 
al. 2007 (5) 

Randomised 
cross-over 
 

Ring with support to 
Gellhorn 
 

134 Ring with 
support to 
Gellhorn 
 

PFDI,PFIQ, Sexual 
Function 
Questionnaire 
 

POP-Q 6 months Statistically and clinically significant 
improvements in majority of the PFDI and 
many PFIQ scales in both pessaries, but 
no clinically significant differences 
between the two pessaries 

Ding et al. 
2015 and 
2016 (6, 7) 

Prospective 
observational 
study 

N/A 81 with Stage 
III and IV 

Ring with 
support 

Not validated POP-Q 3 months Improved bulging (90.4% to 23.3%) 
Decreased pelvic pressure (64.4% to 
13.7%) 
Improved urinary symptoms as follows 
Voiding – 97.8% 
Splinting- 100% 
Urge urinary incontinence- 76.9% 
Stress urinary incontinence- 58.1% 
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Author/ 
year Study design Comparison group Participants Type of 

pessary 
Subjective and 
Objective 
assessment 

Objective 
assessment 

Length of 
follow-up Improvement in symptoms 

Fernando et 
al. 2006 (8) 

Prospective 
observational 
cohort 
 

N/A  203 Ring, 
Gellhorn, 
Cube, Donut 
 

Sheffield prolapse 
questionnaire 
 

Baden Walker 4 months Awareness of lump (71%), prolapse 
coming out of vagina (52%), vaginal 
soreness (21%), dragging sensation in 
lower abdomen 24%), lower back ache 
(30%), difficulty emptying bladder (40%), 
push prolapse to void (29%), urinary 
urgency (38%), urge urinary incontinence 
(29%), stress urinary incontinence (40%), 
incomplete emptying of bowels (28%), 
rectal digitation to empty bowels (12%), 
vaginal digitation to empty bowel (7%), 
faecal urgency (30%), urge faecal 
incontinence (20%), frequency of sexual 
intercourse (16%), sexual satisfaction 
(11%)  
 

Jones et al. 
2008 (9) 

Prospective 
observational 
cohort 

N/A 90 Ring, 
Incontinence 
ring, 
Gellhorn, 
Oval  

PFDI POP-Q 3 months Improvement in the overall PFDI scale 
and all subscales with the exception of 
colorectal distress inventory 

Komesu et 
al. 2007 
(10)  
 

Prospective 
observational 
cohort 
 

Compare PF 
symptoms in 
patients who 
continue and 
discontinue pessary 
use 
 

64 
 
 
 

Choice of 
pessary left 
to discretion 
of the 
provider 
 

PFDI-20 
 

POP-Q 6-12 
months 

In the continuation group final PFDI-20 
total, bladder and prolapse scale scores 
were better than the discontinuation 
group.  
 

Kuhn et al. 
2009 (11) 

Prospective 
observational 
cohort 

N/A 73 Cube Female Sexual 
Function Index, 
Sheffield 
questionnaire, 
Kings Health 
Questionnaire 

POP-Q 3 months Improvement in feeling of bulge, 
improvement in stool outlet problems, 
overactive bladder symptoms. 
Improvement in sexual desire, orgasm, 
lubrication and satisfaction after therapy 
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Author/ 
year Study design Comparison group Participants Type of 

pessary 
Subjective and 
Objective 
assessment 

Objective 
assessment 

Length of 
follow-up Improvement in symptoms 

Lone et al. 
2015 (12) 

Prospective 
observational 
study 

Pessary treatment 
versus surgery 

269 Ring, 
Gellhorn, 
Cube, Donut 

ICIQ-VS 
ICIQ-UI 

POP-Q 12 months Statistically significant vaginal, sex, QOL 
and urinary symptoms score improvement 
in both groups. There was no statistically 
significant difference was noted between 
the surgery and pessary groups. 

Nemeth et 
al. 2013 
(13) 

Prospective 
observational 
study 

N/A 78 Cube 
pessary 

Non-validated 
questionnaire 
(Hungarian) 

POP-Q 12 months Improved general wellbeing score 

Patel et al. 
2010 (14) 

Prospective 
observational 
cohort 

N/A 75 Ring, Ring 
with support, 
Gellhorn 
 

Body Image Scale 
(BIS) and PFDI-20, 
PFIQ, Prolapse 
subscale of PFIQ 
 

POP-Q 3 months Improvement in body image scale scores, 
PFDI-20 scores, PFIQ scores 
 

Foot notes: N/A-Not applicable, SUI- Stress Urinary Incontinence, UUI-Urge urinary incontinence, RCT- Randomised Controlled study, P- Prospective Observational 
study, PFDI- Pelvic Floor Distress Inventory, UDI -Urinary Distress Inventory, ICIQ-VS- International Consultation on Incontinence- Vaginal Symptoms, ICIQ- UI- Interna-
tional Consultation on Incontinence- Urinary Incontinence, CES-D – The center for Epidemiological Depression Measures, MOS Scores- Medical Outcome Study (MOS) 
Social Support Survey 

1. Abdool Z, Thakar R, Sultan AH, Oliver RS. Prospective evaluation of outcome of vaginal pessaries versus surgery in women with symptomatic pelvic organ prolapse. 
Int Urogynecol J. 2011;22(3):273-8. 
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Obstet Gynecol. 2008;112(3):630-6. 

10. Komesu YM, Rogers RG, Rode MA, Craig EC, Gallegos KA, Montoya AR, et al. Pelvic floor symptom changes in pessary users. Am J Obstet Gynecol. 
2007;197(6):620 e1-6. 

11. Kuhn A, Bapst D, Stadlmayr W, Vits K, Mueller MD. Sexual and organ function in patients with symptomatic prolapse: are pessaries helpful? Fertil Steril. 
2009;91(5):1914-8. 

12. Lone F, Thakar R, Sultan AH. One-year prospective comparison of vaginal pessaries and surgery for pelvic organ prolapse using the validated ICIQ-VS and ICIQ-
UI (SF) questionnaires. Int Urogynecol J. 2015;26(9):1305-12. 

13. Nemeth Z, Nagy S, Ott J. The cube pessary: an underEStimated treatment option for pelvic organ prolapse? Subjective 1-year outcomes. Int Urogynecol J. 
2013;24(10):1695-701. 

14. Patel M, Mellen C, O'Sullivan DM, LaSala CA. Impact of pessary use on prolapse symptoms, quality of life, and body image. Am J Obstet Gynecol. 2010;202(5):499 
e1-4. 

Table 33 Summary of data on pessary success rates and risk factors for failure  

Author/ year Number Types of pessaries Study design Follow-up 
period 

Success rate 
n (%) Reason for failure Risk factors 

Abdool et al. 2011 
(1) 

554 Ring, Gellhorn, 
Cube, Donut 
 

Prospective 
observational case 
controlled cohort 

12 months 243 (68%) N/A  N/A  

Brazell et al. 2014 
(2) 

104 Ring with  Prospective 
observational 
study 

12 months 34(41%) N/A N/A 

Ding et al. 2015 
and 2016 (3, 4) 

81 Ring with support Prospect 
observational cohort 

3 months 73 (67%) Feeling of discomfort and pressure, a 
desire for surgical correction, extrusion 
of pessary, bothersome de novo stress 
incontinence 

No specific risk factors 
like stage or type of 
prolapse identified 

Fernando et al. 
2006 (5) 

203 Ring, Gellhorn, 
Cube, Donut 
 

Prospective 
observational cohort 

2 weeks 153 (75%) Failure to retain pessary, pain/ 
bleeding/discomfort, worsening 
symptoms 
 

Increasing parity, previous 
hysterectomy 
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Author/ year Number Types of pessaries Study design Follow-up 
period 

Success rate 
n (%) Reason for failure Risk factors 

Handa et al. 2002 
(6)  

56 Ring, Donut, 
Gellhorn, Cube 

Prospective 
observational cohort 

3 months 36 (64.3%) Discomfort, expulsion - 

Jones et al. 2008 
(7) 

90 Ring, Incontinence 
ring, Gellhorn, Oval 

Prospective 
observational cohort 

3 months 42 (47%) Failure to retain, Inadequate relief of 
symptoms 

Large baseline 
measurement of the 
perineal body at rest 
Large levator hiatus 

Komesu et al. 2007 
(8) 
 

64* Choice of pessary 
left to discretion of 
the provider 

Prospective 
observational cohort 

6-12 
months 

64 (56%) failure to retain, uncomfortable Prolapse score decrease 
to 77% of baseline  

Kuhn et al. 2009 (9)  73 Cube Prospective 
observational cohort 

12 months 32 (44%) Pessary expulsion, desire for surgery, 
bothersome de novo SUI, inability to 
remove or insert pessary, pain or feeling 
of discomfort, unspecified 

N/A 

Lone et al. 2011 
(10) 

246 Ring, Gellhorn, 
Cube, Donut 
 

Prospective 
observational cohort 

5 years 53 (28.3%) Expulsion, excoriation/bleeding, 
pain/discomfort, constipation  

N/A  

Patel et al. 2010 
(11)  

75 Ring,  
Ring with support, 
Gellhorn 
 

Prospective 
observational cohort 

3 months 54 (79%) Failure to retain, ineffective N/A 

Nemeth et al. 2012 
(12) 

78 Cube Prospective 
observational cohort 

12 months 62 (79%) Stress incontinence 
Vaginal discomfort 

Parity, previous 
hysterectomy and/or 
colpoperineorrhaphy, 
Difficult insertion 

Wu et al. 1997 (13) 110 Ring with and 
without diaphragm, 
Cube 

Prospective 
observational cohort 

Initial visit 81 (74%) Failure to sustain support of the 
prolapse, intolerable urinary 
incontinence, vaginal discharge, pelvic 
pain, vaginal abrasions and erosions 

Younger women, previous 
pelvic surgery, history of 
stress incontinence prior 
to pessary insertion 

Foot notes: N/A = not applicable; N/R = not reported,*Includes patients with incontinence and/or prolapse 

1. Abdool Z, Thakar R, Sultan AH, Oliver RS. Prospective evaluation of outcome of vaginal pessaries versus surgery in women with symptomatic pelvic organ prolapse. 
Int Urogynecol J. 2011;22(3):273-8. 

2. Brazell HD, Patel M, O'Sullivan DM, Mellen C, LaSala CA. The impact of pessary use on bowel symptoms: one-year outcomes. Female Pelvic Med Reconstr Surg. 
2014;20(2):95-8. 
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4. RECOMMENDATIONS 

There is growing attention being paid to the effective-
ness of conservative interventions for POP. There are 
encouraging signs of more rigorous research in the 
area. 

4.1. Recommendations for Practice 

4.1.1 Lifestyle Modification 
1. Constipation is associated with development of 

prolapse (Grade of Recommendation: C New). 

2. Smoking cessation, while generally recom-
mended, cannot be recommended specifically 
for the avoidance of prolapse development 
(Grade of Recommendation: D). 

3. Vitamin D deficiency is not associated with de-
velopment of prolapse (Grade of Recommen-
dation: C New). 

4.1.2 Pelvic Floor Muscle Training (PFMT) 
1. PFMT does not influence the development of 

prolapse post-natally (Grade of Recommenda-
tion: B New). 

2. PFMT intervention delivered 12 years+ after 
childbirth can reduce symptoms of prolapse 
which develop in the longer term (Grade of Rec-
ommendation: B New). 

3. There is evidence of benefit that PFMT is effec-
tive in reducing pelvic floor symptoms (Grade of 
recommendation: A New) 

4. There is some evidence of benefit showing that 
PFMT is effective in alleviating specific prolapse 
symptoms (e.g. vaginal bulge) (Grade of recom-
mendation: C New) 

5. There is no evidence that PFMT is effective in 
reducing severity of prolapse based on POP-Q 
stage (Grade of recommendation: B New).  

6. Peri-operative PFMT does not improve prolapse 
symptoms in women undergoing surgery for 
vault prolapse (Grade of Recommendation: B 
New). 

7. Combined pessary and PFMT and PFMT alone 
can be equally effective in reducing symptoms 
and increasing muscle strength and should be 
considered for treatment (Grade of Recommen-
dation: B New). 

4.1.3 Pessaries 
1. In a choice between the Gellhorn pessary and a 

ring with support, offer either to improve prolapse 
symptoms and reduce their impact (Grade of 
Recommendation: B). 

4.2. Future Research Directions 

4.2.1 Lifestyle Interventions 
1. Trials of interventions for constipation are 

needed to assess their effectiveness in prevent-
ing/treating prolapse. 

2. Studies to fully investigate the association be-
tween occupation/heavy lifting, and bodyweight 
and prolapse are needed as current evidence is 
conflicting. These studies should ensure that: 

i. Occupation, physical activity and diet are as-
sessed rigorously, using instruments with 
sound psychometric properties. 

ii. Potential confounding variables are consid-
ered. Attempts are made to overcome recall 
bias inherent in assessing lifetime occupational 
history, and healthy worker bias, which is a 
problem when attempting to compare prolapse 
in women currently employed in heavy labour 
type jobs versus others. 

iii. Outcome measures used are valid and relia-
ble, and are consistent across studies; pro-
lapse symptoms should be the primary out-
come within studies, followed by prolapse ana-
tomical severity. 

4.2.2 Pelvic Floor Muscle Training (PFMT) 
1. Further studies are needed to confirm the role of 

physical therapies in the prevention of POP.  

2. Further trials are needed to add to the evidence 
regarding: 

i) The effectiveness of PFMT for different stages 
and types of prolapse. 

ii) The role of PFMT as an adjunct to surgery for 
anterior and posterior prolapse.  

3. More trials needed to improve the evidence re-
lating to the following comparisons: 

i) Low versus high intensity supervision of PFMT 
(taught PFMT vs self-instruction manual already 
trialled) 

ii) Individual versus group PFMT (group PFMT vs 
group lifestyle already trialled) 

iii) PFMT versus surgery (anterior/posterior repair 
vs PFMT already trialled) 

iv) PFMT versus pessary. (PFMT vs PFMT plus 
pessary already trialled) 

The assessment and measurement of POP and the 
assessment of prolapse symptoms need to be made 
in a standardised fashion using a validated outcome 
measure (such as the POP-Q examination). A single 
validated symptom tool was not apparent in new stud-
ies, but the PFDI, PFIQ and POP-SS tools were most 
commonly used and may provide a useful basis for 
comparisons across trials in future. 
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4.2.3 Pessarie for Prolapse 
Although the use of pessaries has been common clin-
ical practice and has been used for many centuries 
robust evidence of their use is lacking. There is a 
pressing need for well-designed randomised studies 
using validated measures for subjective and objective 
assessment. Areas that need focus are: 

• Pessary versus no treatment 

• Pessary versus PFMT 

• Pessary versus surgery 

• Risk benefit of the use of local oestrogen in con-
junction with a pessary 

• Progression or regression of prolapse using in 
women using pessaries 

• Optimal management protocols for pessary us-
age e.g. indications, interval between pessary 
changes, complications and their treatment and 
which pessary is indicated for a specific type of 
prolapse. 

 URINARY INCONTINENCE IN 
MEN 

As in earlier consultations, UI in men remains under-
reported and under-studied in comparison to studies 
of women. Pooled prevalence of UI in community 
based men ranges from 4.81-32.17%. (302). UI and 
other LUTS in men increase with age, with variation 
in prevalence rates reflecting different study popula-
tions, definitions of incontinence and methods (303). 
Despite the prevalence of UI and LUTS in older men, 
the only aspect which continues to receive systematic 
consideration with respect to conservative manage-
ment is post-prostatectomy urinary incontinence after 
radical prostatectomy (RP). The primary conservative 
approach for prevention and treatment of UI after RP, 
or transurethral resection (TURP), remains PFMT, 
with or without some form of biofeedback (BF). 
PFMT, in combination with anal EStim, BF or 
transcutaneous electrical nerve stimulation (TENS), 
MStim, and novel therapies such as dyadic planning 
and concentration have been utilised for UI in men.  

The PFMT, EStim, MStim and PTNS interventions, 
and other combinations of PFMT with general exer-
cise and other approaches, in the current review were 
kept in the same organizational format as the previ-
ous consultation to reflect evolving evidence and 
emerging directions of research. All new studies of 
EStim and MStim in men undergoing or post prosta-
tectomy combined these modalities with PFMT and 
thus were included under the PFMT section. Penile 
vibratory stimulation (PVS) was added as a novel 
technology category. The study on PVS involved men 
incontinent after RP, but did not include PFMT, so 
was kept in a separate section, as were studies of 

EStim and MStim for non-prostatectomy related in-
continence or other LUTS. Studies on PTNS are pre-
sented in section V.1. 

A literature search of relevant systematic reviews and 
reports of RCTs and quasi-RCTs was updated. No 
other types of study designs were considered. One 
systematic review, an update of the Cochrane sys-
tematic review on conservative management of post-
prostatectomy incontinence, was identified (304). For 
this review, 14 new published trials (305-318) and 
eight abstracts (319-326) were identified. Table 34 
provides summary information on the 22 trials added 
in this review. One study previously included only as 
an abstract (327) is now included as a full publication 
(328). This study is included in the table as in the full 
publication with additional information that was not 
previously included in the abstract. The published 
peer reviewed journal publication (329) of a previ-
ously included report of two parallel trials (RP and 
TURP arms) was added to the references which pre-
viously included an abstract and health technology 
report (330, 331). One study previously excluded as 
it was a study in progress (332) was included this time 
as a peer reviewed publication of a completed trial 
(307). Nine ongoing trials were identified from trial 
registries, but not included in this review. 

1. LIFESTYLE 

Lifestyle recommendations such as smoking cessa-
tion, healthy eating, appropriate body weight, avoid-
ing excessive caffeine or alcohol are all part of a pri-
mary care approach and are intended to be preven-
tative in the onset of obesity, cardiovascular disease, 
diabetes. Up until the last ICI edition, no trial had ad-
dressed the topic of lifestyle interventions alone in 
men with UI. In this edition, a few new trials have 
been added.  

1.1. Weight Loss by Obese or Overweight 
Men 

One new trial was identified on weight loss in over-
weight/obese men (7, 333) and has been added in 
this update. This was the partner study to Phelan, Ka-
naya et al. (2012) conducted to determine the effect 
of an intensive weight loss programme over 4 years 
previously outlined in the look AHEAD trial - on a sub-
set of male participants (n=1910). Men were random-
ised to an intensive weight loss programme or diabe-
tes support and education group. Self-report of incon-
tinence, nocturia and daytime voiding frequency were 
recorded at baseline and 1 year. The odds of preva-
lent UI at one year were reduced by 38% in the inten-
sive lifestyle modification intervention group com-
pared to the support and education group, with UI de-
creasing from 11% to 9% in men. As reported for 
women there was uncertainty over the risk of selec-
tion bias for a number of key parameters including: 
random sequence generation and allocation conceal-
ment. Performance bias was unclear as the blinding 
of participants and staff was not undertaken. Both 
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studies did ensure the blinding of outcome assess-
ment but neither provided complete outcome data 
and both provided only selective reporting indicating 
possible reporting bias (Table 2).  

1.2. Smoking 
One new trial was found however data was not pre-
sented separately for women and men. (Refer to sec-
tion II.1.2.4 for more details) 

1.3. Dietary Modification in Men 
In a separate sample (from the study by Davis, 
Vaughan et al. 2013 presented in Lifestyle interven-
tion in women’s section II.1.2.5) 3960 men over 20 
were included (16).  

The authors found that the highest level of caffeine 
intake was associated with having moderate to se-
vere UI (1.72, 95% 1.18-2.49 and 2.08, 95% 1.15-
3.77) respectively. All parameters in terms of risk of 
bias reporting were unclear or high risk. The blinding 
of participants and personnel and blinding of outcome 
assessment were at high risk of bias and the likeli-
hood of incomplete outcome data and selective re-
porting was also high.  

A sample of 683 men aged 40-75 who completed a 
food frequency questionnaire and the Consultation on 
Incontinence short Form (ICI-SF) as part of the 
Hirayama study (18). The data showed a slight in-
crease in the risk of UI at the highest level of caffeine 
consumption (similar to the US data), but this was not 
significant after adjusting for confounding factors with 
OR: 95% CI, 1.36 (0.65-2.88) in the male participants. 
The risk of bias reporting was largely unclear in this 
study with blinding of participants and personnel and 
blinding of outcome assessment, incomplete out-
come data and selective reporting all of high risk. Re-
sults of sex stratified analysis of the data from the 
sample of Japanese men and women did not show 
an association between caffeine and UI, the authors 
suggest the need for further larger samples to explore 
any association further (Table 5).  

Summary 

Evidence from 1 RCT supports lifestyle modification 
interventions promoting weight loss as a tool to re-
duce urinary incontinence in men who are overweight 
or obese. (Level of Evidence: 2; 1 new RCT). 

Evidence from a small new RCT indicates that urinary 
frequency may be improved by smoking abstinence, 
(Level of Evidence: 3).  

Caffeine consumption is likely to play a role in exac-
erbating UI in men. New epidemiological evidence 
from a large cross sectional study supports this con-
clusion (Level of Evidence: 3). 

Recommendations 

Weight loss: Where weight loss through lifestyle 
changes should be recommended to obese and over-
weight men with UI, particularly those with type 2 di-
abetes. (Grade of Recommendation: B New) 
Smoking abstinence should be recommended for 
men with UI. (Grade of Recommendation: C New) 

A reduction in caffeine intake is recommended for 
those with incontinence symptoms; evidence suggest 
the equivalent of 2 cups of coffee a day (250mg) is 
associated with urinary incontinence in both men and 
women. (Grade of Recommendation: C) 

Larger RCTs to assess effect of lifestyle modification 
interventions are important.  
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Table 34 Summary of data on conservative management in male urinary incontinence  

Author, year Comparator N Study 
population 

Modality details or 
parameters Outcomes/results Follow up Notes (side effects, 

loss of follow up…) 

Pelvic Floor Muscle Training (PFMT) 

Ahmed et al. 
2012 (1) 

3 group 
comparison 
PFME vs PFMT 
plus EStim vs 
PFMT plus 
EStim plus 
biofeedback 

N= 90 men 
randomized, N=80 
completed trial 
Group 1 n= 26 
Group 2 n=26 
Group 3 n= 28 
Randomization by 
computer generated 
random number list in 
sealed envelopes. 
Surgeons blinded to 
randomization. Blinding 
of outcomes assessor 
not indicated. 

Men undergoing 
RP for clinically 
localized 
prostate cancer  

Treatments started one 
week after catheter 
removal, twice weekly 
for 12 weeks 
Group 1 PFME 
(control) 
Group 2 PFMT plus 
EStim starting one 
week after catheter 
removal, twice weekly 
for 12 weeks 
Group 3 PFMT plus 
EStim plus 
biofeedback starting 
one week after 
catheter removal, twice 
weekly for 12 weeks 
EStim – electrodes on 
skin over sacrum  
Biofeedback - surface 
electrodes on abdomin 
and perineum 

Primary outcome 24 hour 
pad test, secondary was 
quality of life assessed 
with IIQ-7.  
Mean leakage significantly 
lower in Group 3 (EStim 
plus biofeedback) at 6 
through 24 weeks (p < 
0.05)  
Significant differences in 
continence at weeks 12 
and 24 with Group 3 
having more continent 
patients, followed by 
Group 2. Concluded early 
EStim and biofeedback 
decrease duration and 
degree of 
postprostatectomy UI 

Continence 
assessed at 
baseline, 6, 12 
and 24 weeks 

Dropouts: none 
reported 
Sample size analysis 
reported (n=80)  
Dropouts  
Group 1= 4 (2 
radiotherapy, 2 
postoperative 
complications 
Group 2 = 2 (both 
radiotherapy) 
Group 3 = 4 (2 
radiotherapy, 2 
declined followup) 
No intention to treat 
analysis.  

Baroni et al. 
2013(2) 
 
Abstract only 

Intervention 
(individual 
PFMT and 
group 
treatment) vs 
control 
(individual 
PFMT) 

N= 40 men  
Divided into two groups 
(randomization not 
described).  
Intervention: n = 16 
patients mean age 61.8 
years  
Control n = 24 mean 
age 67.5 
Assessor blind to 
allocation until 
assignment.  

Men with SUI or 
mixed UI after 
RP (time after 
surgery not 
reported) 

Intervention: 5 
individual training 
sessions with a 
physical therapist 
followed by small 
groups sessions (total 
15 sessions at the 
rehabilitation centre), 
home exercises.  
Control: individual 
training sessions with 
physical therapist.  

Outcomes included 
adherence to training 
program (exercise at 
home), self report of 
change in continence 
using VAS scale and 
number of pads, quality of 
life ICIQ-SF, cost 
effectiveness (therapist 
time).  Non significant 
difference in home 
practice (intervention 69% 
vs 58% controls). No 
difference between groups 

Initial briefing by 
therapist, final 
evaluation one 
month after 
rehabilitation.  

Dropouts: none 
reported.  
No sample size 
analysis reported.  
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Author, year Comparator N Study 
population 

Modality details or 
parameters Outcomes/results Follow up Notes (side effects, 

loss of follow up…) 

on VAS or pads used per 
week. Authors conclude 
group treatment allows 
cost effective 
improvement.  

Burkert et al. 
2011(3) 

Intervention 
(dyadic PFME 
planning) vs 
one of three 
controls  

N = 112 prostatectomy 
patients and their 
partner (dyads).  
2x2 mixed design. 
Couples randomized in 
blocks of four to one of 
four groups Intervention 
n= 28,  
Controls n= 29, 29 and 
26  
Research assistants 
blinded to allocation  
Mean age of patients 
62.8 years, partners 
59.3 years.  

Men undergoing 
laprascopic RP 
who had a 
partner willing to 
participate 

All patients received 
standard care including 
written information on 
PFME 1 day post 
surgery (PFME 3x day 
for 10 minutes), 
physical therapist 
introduced PFME on 
day 3 or 4. Discharge 
day all participated in 
single 30 minute 
planning session 
intervention with 
completion of planning 
sheet for health 
behaviours (in dyad or 
individually).  
Intervention: dyad 
PFME planning  
Control: (dyadic 
nutrition planning, 
Control:  
individual PFME 
planning, Control:  
individual nutrition 
planning 

Main outcome: self 
reported dyadic planning 
and PFME. 
Self reported dyadic 
PFME planning increased 
with both the dyadic and 
individual PFME planning 
session. No effect on 
PFME was found.  
Continence was not an 
outcome. 

Questionnaires at 
2 days, 2 weeks, 
1, 3 and 6 months 
post-surgery. 

Dropouts 
Intervention n=5  
Control: dyadic 
nutrition planning n=2  
Control individual 
PFME planning n=7 
Control:  
individual nutrition 
planning n= 4 
Sample size analysis 
required 112 couples 
(dyads).  
Intention-to-treat 
analysis completed.  

Collado, Serra 
2013 (4) 
 
Abstract only 

Intervention 
PFMT plus BF 
pre-op vs 
Control PFME 
after RP 

N= 193 patients 
recruited 
Randomization and 
blinding detail not 
provided.  
N= 179 included in final 
analysis 

Men with 
localized 
prostate cancer 
scheduled for 
RP 

Intervention: starting 3 
weeks before surgery 
included weekly 
assisted BF sessions 
(surface electrodes) 
with periodic, rapid, 
intense and maximal 

Primary outcome: Degree 
of continence 
improvement compared to 
week 1 during followup 
(continence not defined) 

No detailed 
description. Pad 
tests reported for 
week 1, week 6, 
month 3, month 6 
and 1 year.  

Dropouts –detail only 
for intervention group 
n=5 (2 perineal pain, 2 
post RP complication, 
1 left treatment.  
No sample size 
calculation provided.  
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Author, year Comparator N Study 
population 

Modality details or 
parameters Outcomes/results Follow up Notes (side effects, 

loss of follow up…) 

Intervention = 87 
Control = 92 

strength contractions 
and transversus 
abdominis activation 
plus daily PFMT 
performed at home 
with written instruction 
(no detail on whether it 
was continued post-
operatively) 
Control: oral instruction 
on PFME post surgery, 
structured program of 
BF, transversus 
abdominis activation 
and PFMT 3 months 
post surgery 

Secondary outcomes 24 
hour pad test and ICIQ-UI 
SF score 
Significant difference in 
continence improvement 
reported for week 6, 
month 3, month 6 and 1 
year favouring intervention 
group. Difference in 24 
hour pad test significant 
only at 3rd month, 
favouring intervention 
group. 

No intention–to-treat 
analysis.  

Dijkstra-Eshuis 
et al. 2015 (5) 

Intervention 
PFMT plus 
biofeedback 
pre-op vs 
Contol PFME 
post-op 

N=122 patients 
recruited, N= 121 
randomized. Pre-
operatively. 
Mean age 63.7 years.  
Randomization by 
computer generated 
random numbers (block 
randomization, variable 
block size). Therapists 
and participants blinded 
to randomization until 
first visit.  
Intervention n= 65 
Control n= 56 

Men undergoing 
laparascopic RP 
(one surgeon), 
prostate cancer 
state T1 or T2.  

All participants 
assessed pre-op by 
physical therapist 
Intervention: once 
weekly 30 minute 
session of PFMT with 
biofeedback pre-op x 4 
weeks provided by 
physical therapist with 
twice daily practice at 
home. Told to restart 
immediately after 
catheter removal. 
Written instructions for 
2 sets of 30 
contractions.  
Control: standard care 
of written PFME 
instructions on catheter 
removal (7-10 days 
post surgery) 

Primary outcome: urinary 
continence defined as no 
leakage on 24 hour pad 
test and self report by 
KHQ, IPSS and PeLFI 
(pelvic floor inventories)  
20.8% of patients 
continent at 6 weeks, 
43.6% at 3 months, 61.5% 
at 6 months, 72.3 % at 9 
months, 77.2% at one 
year.  
No difference in SUI or 
QoL between intervention 
and control at any time 
points.  
Authors suggested that 
post-prostatectomy UI 
likely due to intrinsic 
sphincter deficiency that 
cannot be treated with 
exercise.  

Questionaires, 24 
hour diary and 
pad test at 6 
weeks, 3, 6, 9 
and 12 months 
post-operatively.  
PeLFT and 
examination of 
the pelvic floor 
pre-operatively 
and 1 year post-
operatively.  

Dropouts 
Intervention: language 
barrier (1), lost to 
followup (4), 
discontinued 
intervention (4) 
Control: 
Lost to followup (4), 
discontinued 
intervention (6) 
Sample size analysis 
was 124 patients in 
each group (n=248), 
interim analysis 
planned at 122 
patients. Trial halted 
as interim analysis 
showed no benefit.  
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Author, year Comparator N Study 
population 

Modality details or 
parameters Outcomes/results Follow up Notes (side effects, 

loss of follow up…) 

Geraerts et al. 
2013 (6) 

Intervention 
PFMT plus 
biofeedback 
pre-op vs 
Control PFMT 
post-op 

N= 180 men  
Computer generated 
randomization using 
permuted blocks for 
strata (age <65/≥65, 
surgical approach 
open/robot assisted 
laproscopic 
Intervention n= 91 
Control n=89  

Men undergoing 
open or robot 
assisted 
laproscopic RP 
(3 surgeons)  

Intervention: 30 minute 
session of therapist 
guided PFMT with 
biofeedback weekly 
starting 3 weeks prior 
to surgery plus home 
program of 60 
contractions per day. 
Restarted PFME day 4 
post-op with catheter in 
situ 
Control: PFMT after 
catheter removal  
Both groups: Post-op 
weekly session to 
discuss bladder diary 
and have guided 
session with digital or 
EMG biofeedback plus 
home program. PFMT 
continued until 
continent 

Primary outcome: 
incidence of contience and 
time to continence. 
Continence defined as 3 
consecutive days of 0gm 
urine loss on 24 hour pad 
test. Other measures 
were: 1 hour pad test, 
VAS, IPSS, KHQ (QoL).  
No difference between 
groups on duration of UI, 
pad test, VAS or IPSS. 
Median time continence 
was 30 (control) and 31 
(intervention) days. 
Intervention group scored 
better on impact of 
incontinence at 3 and 6 
months  

Pre-operative 
baseline and 1, 3, 
6 and 12 months 
post-operatively 

Dropouts:  
Intervention n=6 died 
(1), stroke (1), 
transport problems 
(3), refused further 
participation (1)  
Control n= 4 transport 
probems (2), refused 
further participation 
(2) 
Sample size analysis 
required 166 for 
power.  

Ghanem et al. 
2013 (7) 
Abstract only 

Intervention 
PFME pre-op vs 
Control PFME 
post-op 

N=100 men 
randomized. 
Randomization 
technique not 
described.  
Intervention N=50 
Control N=50 

Men with 
localized 
prostate cancer 
undergoing 
radical 
prostatectomy 

Intervention: 
PFME protocol for 2 
weeks prior to surgery 
(detail not provided) 
with post-operative 
PFME program. 
Control: postoperative 
PFME program only 

Continence defined as 
using 0-1 pads. Also 
completed the ICIQ SF 
male. 
More intervention patients 
continent at 14 weeks than 
controls (p< 0.05). 70% of 
patients in both groups 
continent at 18 weeks, 85 
% by 54 weeks.  

Timepoints for 
measurement not 
clear, last dated 
reported at 54 
weeks post-op.  

Dropouts: not 
described 
 
Sample size analysis 
not described.  

Hou et al 2013 
(8) 

Intervention 
post-op PFME 
vs control 

N= 66 randomized. 
Randomization 
technique not 
described.  

Men undergoing 
TURP for benign 
prostatic 
hyperplasia.  

Intervention: PFME 
after removal of 
catheter day 2 post-op. 
Instructed to contract 
PFM for 5 seconds, 
relax for 10 seconds. 

Outcome: early recovery 
of bladder function post 
TURP using the IPSS and 
SF-36. Q-max (maximum 
urinary flow), voided 

Baseline and 1, 4 
and 12 weeks 
post-op 

Dropouts n= 5 (group 
assignment not 
identified) delay in 
catheter removal prior 
to discharge (2), lost 
to followup (3).  
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Author, year Comparator N Study 
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Modality details or 
parameters Outcomes/results Follow up Notes (side effects, 

loss of follow up…) 

N= 61 completed study 
(intervention n= 32; 
control n= 29)  

Surface EMG to 
confirm PFM 
contraction. Home 
program 5 minutes 
practice 3 x per day. 
Weekly telephone 
reminders.  
Control: not described 

volume and PVR (post 
void residual volume).  
At 12 weeks, intervention 
group had significantly 
less severe LUTS 
compared to control 
(p<0.001), Qmax 
(p=0.026) and QoL 
physical (p=0.029) and 
mental health domains (p= 
0.005). No significant 
differences in voided 
volume or PVR.  

Sample size analysis 
not provided. No 
intention-to-treat 
analysis.  

Kakihara et al. 
2007 (9) 

Intervention 
(PFMT with 
EStim) vs 
PFME only 

N=20 men from a 
single urology clinic, 
mean age 64.3 years 
Randomly divided into 
two groups (detail on 
randomization 
technique not provided)  
Intervention group 
n=10, control n=10  
N=18 in final analysis 
for pad test and visual 
analogue data : 
intervention n=8, 
control n=10  

Men with urinary 
incontinence 
post RP 
(minimum of 6 
months post-op, 
had undergone 
urodynamic 
testing) 

Intervention:  
Physical therapy taught 
functional PFMT with 
EStim. 
PFME started with 2s 
contractions increasing 
daily by 1suntil 10s 
reached. Patients were 
instructed to do 90 
contractions/day at 
home (divided equally 
into 3 times per day). 
Also had EStim with 
endo-anal electrode 
weekly. UUI – 8 Hz 
increasing to 10 Hz 
after 3 months, for SUI 
35Hz increasing to 50 
Hz after 3 months.  
Control: Physical 
therapy taught 
functional PFMT only 

UI measured with 1 hour 
pad test (incontinence < 2 
gm), visual analogue 
scales for incontinence 
patient perception of the 
problem, and pad use  
Intervention group: 4 
patients UUI, 6 had SUI, 
mean time post surgery 
12.3 months. Control 
group: 5 had UUI, 5 SUI, 
meantime post surgery 
16.8 months 
Significant decrease in 
urine loss on pad test and 
self report baseline to 12 
months in both groups. No 
difference between groups 

Measures at 
baseline, visit 2, 
and 3, 6 and 12 
months.  

Dropouts 
Intervention n=2 
discharged at 3rd and 
6th months, reason 
not provided.  
Control n=3 
discharged at 3rd, 6th 
and 12th as regained 
continence  
Length of time EStim 
continued for the 
intervention group 
unclear.  
No sample size or 
intention-to-treat 
analysis reported.  

Kongtragul et 
al. 2014 (10) 

Intervention 
(PFME with 
concentration 

N= 138 men recruited 
from a single hospital 

Men 17-80 
years of age 
with prostate 

Intervention: Starting 3 
weeks post-
operatively, PFME with 

Primary outcome was 
urinary incontinence 

Measurements at 
baseline (3 weeks 
post surgery) and 

Dropouts 
Intervention n=1 
(refused treatment) 
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Author, year Comparator N Study 
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Modality details or 
parameters Outcomes/results Follow up Notes (side effects, 

loss of follow up…) 

therapy) vs 
control (PFME 
only)  

N= 135 cases in final 
analysis (n= 68 
intervention, n= 67 
control) 
Randomization 
technique not given. 
Sample stratified for 
time of catheter 
removal (prior to or 
after discharge) and 
type of surgery (no 
further detail provided).  

cancer who had 
no incontinence 
prior to radical 
prostatectomy 
surgery  

concentration therapy 
(concentrating on the 
exercise and 
eliminating other 
issues or use of the 
rehabilitation health 
spa rock - not clearly 
described). PFME was 
practiced 240 times 
daily by holding and 
relaxing muscle 
tension around the 
anus.  
Control: PFME only 

(incontinence ≥ 2 gm urine 
on 1 hour pad test)  
65/68 in intervention group 
compared to 48/67 
controls achieved 
continence (p< 0.001 
More men in intervention 
group 66/68 practiced 
regularly than in control 
group 34/67 (p<0.001) 

weekly for up to 3 
months 

Control n=2 (refused 
treatment)  
Needed 69 cases in 
each group for power.  
No intentiontotreat 
analysis.  

Laurienzo et al. 
2013 (11) 

3 groups  
Pre-op PFMT 
plus EStim vs 
pre-op PFMT vs 
control  

N= 58 men recruited.  
Randomization by 
computer generated 
list. All intervention 
provided by a single 
therapist 
N= 49 completed study 
(n= 17 PFME plus 
EStim, n= 17 PFME, n= 
15 control) 

Men with 
prostate cancer 
stage T2 waiting 
RP 

Intervention  
Group 1: 10 pre-op 
physiotherapy sessions 
of EStim using rectal 
probe. Tonic fibers – 
20HZ, 700 
microseconds, work 
time 6s, rest 6s. Phasic 
fibers – 65 HZ, 150 
microseconds, work 
time 6s, rest 18s. Five 
exercises for PFM 
contraction. 
Group 2: 10 pre-op 
physiotherapy sessions 
with only the PFME.  
Control  
Pre-op information on 
prostate anatomy only 
No post-op PFM 
rehabilitation for any 
group  

Primary outcome: 
continence assessed by 1 
hour pad test (> 2 gm 
incontinence). Secondary 
outcomes: ICIQ-SF, SF-36  
 
No significant differences 
between groups on pad 
test at any time points. No 
differences in QoL (SF-36) 

Measurements at 
1, 3 and 6 months 
post surgery.  

Dropouts 
N=9 (detail on group 
not provided). 
Desistance (sic)(2), 
adjuvant radiotherapy 
(1), urethral stenosis 
(1), urinary fistula (1), 
surgical risk (1), 
inadequate followup 
(1) 
No sample size 
analysis described. 
No intention-to-treat. 

Laurienzo et al 
2015 (12) 

3 groups  N=123 men incontinent 
after RP 

Men with more 
than 3 gram loss 

Assisted PFMT 
described as two 

Outcomes Incontinence 
and quality of life using the 

Patients 
evaluated pre-

Dropouts not 
discussed.  
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Abstract only PFMT plus 
EStim vs PFMT 
vs control  

Randomization by 
computor, sealed 
envelopes.  
Group 1 n=40 control, 
no treatment 
Group 2 n=41 assisted 
PFMT 
Group 3 n=42 EStim 
with assisted PFME 
No details on blinding.  

of urine on a 1 
hour pad test 
one month after 
RP 

series of ten exercises 
taught by verbal 
command 
EStim protocol was 20 
minute sessions twice 
weekly over 7 weeks. 
Frequency 35 HZ 
 
 

ICQ-SF, erectile 
dysfunction by IIEF-5, 
IPSS, 1 hour pad test, 
evaluation of pelvic floor 
with perineometer. 
No differences between 
groups in quality of life, 
erectile dysfunction or 
PFM strength at any time 
point post-surgery. Pad 
test data not provided. 

operatively and 
then at 1, 3, and 6 
months post RP 

Sample size analysis 
not provided.  

Martini et al 
2011 (13) 
Abstract only 

Intervention 
pre-op PFMT vs 
control 

N= 70 men recruited 
N= 49 with pelvic floor 
impairment identified 
on exam randomized to 
intervention or control.  
Intervention n=24 
Control n=25 
Randomization details 
not provided.  

Men undergoing 
laparoscopic RP 
for localised 
prostate cancer 
T1-T3 

Intervention: 5 
sessions of physical 
therapist guided PFMT 
2-3 weeks before 
surgery, PFME 
continued post-op 
Control: usual care – 
written instruction on 
PFME provided post-
operatively 

Outcome: focus on PFI as 
a potential factor in post 
RP UI. Continence defined 
by not wearing a pad. 
Other: 24 hour pad test, 
pad use, 7 day bladder 
diary, QoL.  
Patients with PFI used 
more pads and had more 
SUI episodes. PFI 
independent predictor of 
UI at 3 and 6 months. For 
those with PFI, UI on 
getting up and squating 
was significantly lower in 
intervention group at 1 
month (p=0.006) but not 
other time points.  

Measurement 
pre-op baseline, 
and 1, 3 and 6 
months post-op.  

Dropouts: not 
identified.  
Sample size analysis 
not provided.  

Morihoro et al 
2011 (14) 
Abstract only 

Intervention 
post-operative 
PFME with 
EStim vs control 
PFME 

N= 34 men 
Randomized post-
operatively to 2 groups. 
Randomization 
technique not 
described. 
Intervention n=20 
Control = 14 

Men who had 
undergone 
laparoscopic RP 

Intervention: PFME 
and EStim 2x daily for 
15 minutes for one 
month after catheter 
removal, starting on 
day 5 after surgery.  
Control: PFME alone 

Outcome UI, defined as 
not needing a pad to keep 
clothing dry.  
Recovery of urinary 
continence significantly 
favored intervention group 
at 12 months (p = 0.007). 
Multivariate analysis 
showed EStim associated 

Measurement at 
1, 3, 6, and 12 
months.  

Dropouts: not 
described.  
No sample size 
analysis based on 
multivariate or other 
analysis provided.  
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with continence recovery 
at 6 and 12 months.  

Ng 2014 (15) 
Abstract only 

Intervention 
pre-op PFMT vs 
control 

N=66 men 
Randomization 
technique not given.  

Men undergoing 
radical 
prostatectomy 

Intervention: PFMT 
started 3 weeks pre-
operatively from 
advanced practice 
nurse.  
Control: Standard care 
(no detail provided).  

Primary outcome: urine 
loss on 24 hour pad test. 
Secondary outcomes: 
incontinence impact and 
potency satisfaction.  
Earlier return to 
continence in intervention 
group at 3 months 
compared to controls (p= 
0.002). Intervention group 
also had higher score on 
potency at 3 months (p = 
0.005).  

Measures at 1,2, 
3 and 6 months 

Dropouts: no 
information provided.  

Ocampo-Trujillo 
et al. 2014 (16) 

Intervention 
(pre-op PFMT 
with 
biofeedback)  
vs control 
(standard pre-
op teaching 
only)  

N=16 men, mean age 
58 years 
Randomized to 2 
groups 
Intervention n=8, 
control n=8 
Randomization –single 
blind, centralized. 
Researchers blind to 
group assignment prior 
to enrollment. 
 

Men > 40 years 
waiting RP for 
prostate cancer 
(T<3 N0M0 
PSA<20) 

Intervention: Intensive 
PFMT 3 times daily for 
4 weeks prior to 
surgery. Biofeedback 
audible and visual 
signals, anal pressure 
probe.  
Control: standard pre-
operative diet and 
general health teaching  

24 hour pad test for 
continence, histological 
analysis of muscle tissue 
from external sphincter of 
urethra. Health related 
quality of life assessed 
with UCLA-PCI and SF 12.  
Continence defined as 3 
consecutive days of no 
urine loss on 24 hour pad 
test, results not reported. 
6/8 intervention vs 4/8 of 
controls did not need pads 
at 8 weeks. Self report of 
symptoms favoured 
improvement in 
intervention group (no p 
values provided except for 
erectile dysfunction).  
Intervention patients had 
higher values in cross 
sectional area of external 

Measurements 
(pad test, health 
related quality of 
life) at week 0 
prior to surgery 
and week 8 post-
op.  
Histology 
samples taken at 
the end of the 
intervention and 
on day of surgery.  

Dropouts: none 
 
 
No histiology samples 
taken prior to start of 
intervention.  
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sphincter muscle than 
controls (p=0.03) 

Park et al. 2012 
(17) 
Previously only 
in abstract form.  

Intervention 
(combined 
exercise with 
PFME vs 
control (PFME 
only) 

N= 66 men 65 years or 
older recruited. 
Random allocation by 
random number 
generator, sealed 
envelopes 
N= 39 completed study.  
(n= 26 in intervention 
group, n= 25 in control)  
Participants not 
blinded; surgeons and 
research assistant 
completing evaluation 
questionnaires not 
blinded. 

Men who had 
undergone 
laparoscopic 
RP.  

Intervention: Exercise 
(resistance, pelvic 
flexibility and Kegel 
exercises) initiated 
post-op week 3 for 12 
weeks (twice weekly).  
Control : Kegel 
exercises only 
Detail of Kegal (PFME) 
exercises not provided. 
Exercise program 
developed by sport 
science experts, detail 
of who supervised the 
intervention not 
provided.  

Continence a secondary 
outcome 
Measured by 24 hour pad 
test. Urinary continence 
was < 1 gm 
Significant improvement 
(p= 0.033) in favour of 
intervention group at time 
of last visit (15 weeks 
post-op).  
Concluded intervention 
group had an earlier return 
to continence.  

Measurements at 
1 week prior to 
surgery, 3 weeks 
post-op and after 
the intervention 
(15 weeks post-
op)  

Dropouts  
Intervention:  
n=7 (other unrelated 
surgery, TURP for 
urethral stricture, non 
compliance, new 
employment)  
Control: 
n=8 (other unrelated 
surgery, adjuvant 
radiotherapy, non 
compliance, new 
employment)  
No intention-to-treat.  

Pedriali et al. 
2014 (18) 
Abstract only 

Intervention 
post-op pilates 
vs control 
PFME plus 
EStim 

N= 69  
 
Randomization 
technique not 
described 
N=54 completed study 
( n=26 intervention, n= 
28 control)  

Men one month 
after RP 

Intervention: 
10 sessions mat 
Pilates exercises with 
certified Pilates 
physical therapist 
Control: 10 sessions of 
PFME plus EStim with 
physical therapist.  
Both: Written 
instructions for home 
exercises 
corresponding to 
treatment. 

Outcomes: continence on 
24 hour pad test, number 
of pads used, ICIQ-SF 
Significant reduction in 
urine loss/24 hours and 
pads used, improvement 
in QoL in both groups.  
58% of intervention and 
50% of controls achieved 
continence as measured 
by no pad use (p=0.57)  
Authors concluded Pilates 
as efficacious as control 
condition and may reduce 
health care costs.  

Time points of 
measurement not 
provided, 3 
months of 
treatment 
mentioned.  

Dropouts: no details 
provided.  
No information on 
sample size 
calculation provided.  

Serda et al. 
2014 (19) 

Intervention 
post-op 
combined 
exercise with 
PFME vs 

N= 69 men with 
prostate cancer (any 
stage) who had 
undergone 
prostatectomy +/- 

Men with no 
prior 
incontinence 
recruited after 
treatment for 

Intervention:  
Progressive strength 
program in 3 
consecutive stages: 
global posture re-

UI assessed by 20 
minutes pad test. Type of 
incontinence measured by 
UI-4, intensity and 
frequency of urine loss by 

Data collected at 
baseline and 24 
weeks.  

Dropouts 
Intervention: n=3 
(medical reason, 
cognitive problem, 
metastasis) 
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control no 
intervention 
 

hormone or hormone 
and radiotherapy 
randomized to 2 
groups.  
n= 36 intervention 
n= 33 control 
Mean age 71 in both 
groups.  
N=66 completed 

prostate cancer 
(time period not 
identified).  
Details of 
randomization 
approach not 
provided.  

education, PFMT, 
exercises to radiate 
muscle strength. 
Duration 24 weeks, 16 
weeks of supervised 
work, 8 of autonomous 
exercise.  
PFMT performed with 
music, focus on 
biofeedback (sense of 
awareness). Slow 
twitch (≤1s) and fast 
twitch (5s) 
contractions.  
Control group: watchful 
waiting by telephone 
contact 

Sandvik scale and VAS-UI 
and FACT-P (urinary 
related QoL). Also 
included data on obesity, 
muscle resistance, 
constipation andactivity.  
33.33% of intervention 
group had stress UI 
compared to 36.36% 
controls. The rest had 
urgency UI or mixed UI. 
Significant improvement 
on VAS-UI scale regarding 
intensity UI symptoms 
favouring intervention 
group. QoL improvement 
greater in those with 
greater improvement in UI. 
Pad test dated/number 
achieving continence not 
reported.  

Calculated 
sample size 
achieved.  

Control: None 
No intention-to-treat.  

Tienforti et al. 
2012 (20) 

Intervention 
(pre-operative 
and post-
operative PFMT 
with 
biofeedback)  
vs  
control group 
(post-op PFME 
only) 

N= 34 men screened 
and recruited pre-op, 
computer generated 
randomization 
schedule.  
N= 32 men in the final 
analysis (n= 16 in 
intervention, age 60-74; 
n= 16 in control age 52-
74).  
No significant 
differences between 
intervention and control 
groups in age, disease 
stage, intra or post-
operative features.  

Men undergoing 
standard open 
retropubic RP 
for localized 
prostate cancer 
at one centre.  

Intervention: Pre-
operative biofeedback 
(anal probe, reference 
electrode on anterior 
superior iliac spine) 
with teaching on PFM 
the day prior to 
surgery. After catheter 
removal, oral and 
written  PFME with 
structured exercise 
program (3 daily 10 
minutes sets 5 second 
contractions followed 
by 5 seconds 
relaxation) lying/sitting/ 
standing, recorded in 
diary. Monthly 

Recovery of continence 
(self report on ICIQ-UI) 
primary outcome.  
Significant difference in 
achievement of continence 
favoring intervention group 
at 1, 3 and 6 month 
followups. 10/16 
intervention vs 1/16 
control patients continent 
at 6 months.  
Patients in intervention 
group reported higher QoL 
(IPSS QoL), difference not 
significant 
Concluded pre-operative 
biofeedback with PFME 
and monthly assisted 

Measurements at 
baseline, 1, 3 and 
6 months.  

Dropouts 
Intervention: n=1 
(intolerence to rectal 
probe insertion)  
Control: n=1 
(intraoperative 
surgical 
complications)  
No intention-to-treat.  
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Author, year Comparator N Study 
population 

Modality details or 
parameters Outcomes/results Follow up Notes (side effects, 

loss of follow up…) 

supervised 
biofeedback and 
motivation sessions  
Control: oral and 
written instructions on 
home PFME post-op 
after catheter removal, 
no diary, monthly 
followup 
Pre-op session 
provided by a 
dedicated caregiver.  

sessions improves 
recovery to continence.  

Zopf et al. 2015 
(21) 

Intervention 
(combined 
exercise with 
PFME vs 
control (no 
intervention) 

N = 85 men who had 
undergone 
prostatectomy for 
prostate cancer.  
n= 56 in intervention 
group 
n= 29 in control group 
N= 70 (50 intervention, 
20 control) completed 
followup 

Men recruited 6-
12 weeks after 
prostatectomy 
+/- radiation. 
Multicentre, 
partially 
randomized 
controlled trial.  
Patients who 
consented to 
randomization 
were to be 
randomized, 
patients who 
refused 
randomization 
were to receive 
intervention of 
their choice. As 
all patients 
indicated a 
group 
preference, trial 
was not 
randomized.  

Intervention: 15 month 
supervised multimodal 
exercise program 
(aerobic, resistance 
and PFME) with one of 
4 community sports 
groups. Exercise 60 
minutes per week 
Details of PFME not 
provided.  
Control: No 
intervention 

Multiple secondary 
outcomes including urinary 
incontinence as measured 
by 20 minute pad test. 
Primary endpoint was 
physical fitness.  
Significant improvement in 
UI for intervention group 
between baseline and post 
testing (p= 0.005). No 
significant difference 
between intervention and 
control.  
Significant improvement of 
self reported urinary 
symptoms (EORTC-QLQ 
PR 25) in favour of 
intervention group.  

Measures for UI 
at 3 time points, 
detail not 
provided.  
 
Authors identify 
poor compliance 
with pad testing 
was a limitation.  
 
Calculated 
sample size not 
achieved, limited 
power to detect 
differences 
between groups.  

Dropouts  
 
Intervention: n=6, 
reasons not related to 
intervention  
 
Control: dropouts not 
described.  
 
Intention-to-treat 
analysis performed.  

Penile Vibratory Stimulation (PVS) 
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Author, year Comparator N Study 
population 

Modality details or 
parameters Outcomes/results Follow up Notes (side effects, 

loss of follow up…) 

Fode 2015 (22) Intervention 
PVS vs control 
delayed PVS 

N= 39 randomized by 
computer generated list 
1 :1 ratio 
N= 31 in analysis 
(Group 1 early 
intervention n= 19; 
Group 2 delayed 
intervention n=20  
 
 

Men with UI > 1 
year post RP. All 
patients had 
previously 
received PFMT 
with RP.  

12 week study. 
Intervention: PVS for 
first 6 weeks of study. 
Stimulation of ventral 
surface of glans once 
daily; 10 seconds of 
stimulation followed by 
10 second pause 
repeated 10 times.  
Control: delayed 
intervention – no 
intervention in first 6 
weeks, PVS in second 
6 weeks  
 

Primary outcome: 
difference in leakage 
measured by 24 hour pad 
test and 72 hour voiding 
diary. Subjective 
assessment by ICIQ-SF, 
IPSS and satisfaction 
questionnaire.  
Early intervention group:  
12/15 had reduction in 
leakage on pad test 
baseline to 6 weeks (p = 
0.021); maintained in 8/12 
at 12 weeks (p= 0.04)  
Delayed intervention 
group: reduction (not 
significant) with treatment 
weeks 6-12. No significant 
difference between groups 
at 6 weeks. Pooled 
analysis: Significant 
overall median decline in 
urine loss on 24 hour pad 
test (p= 0.07) Authors 
suggest sufficient 
evidence to move to larger 
trial.  

Measures at 
baseline prior to 
inclusion and 6 
and 12 weeks.  

Drop outs:  
Group 1 early 
intervention n=4 lung 
infection (1), pain on 
stimulation (2), non 
compliance (1)  
Group 2 delayed 
intervention n= 5 
untreated diabetes 
(1), urinary tract 
infection (2), change 
in drinking habit (1) 
discontinued after 6 
weeks non 
compliance (kept in 
analysis) (1) 
Sample size 
calculation was n=50, 
enrollment stopped 
early as sample size 
deemed adequate for 
purpose (pilot) 

Scheduled Voiding Regimes  

Burgio 2011 
(23) 

Combined 
behavioural 
treatment 
(PFME, urge 
suppression, 
delayed 
voiding) vs drug 
therapy 

N=143 men from 2 
sites.  
Randomized using 
sealed envelopes after 
stratification for voiding 
frequency 
Behaviour treatment 
n=73 
Drug therapy n=70 

Men with 
continued OAB 
symptoms after 
treatment with 
an alpha blocker 
for prostatic 
obstruction.  

Intervention: 8 weeks 
(4 clinic visits) 
combined behavioural 
treatment composed of 
elements of bladder 
training (PFME, urge 
suppression 
techniques and 
delayed voiding). 
Verbal instruction by 

Primary outcome: post 
treatment 24 hour voiding 
frequency on 7 day 
bladder diary. Other OAB 
symptoms (nocturia, 
urgency, incontinence) 
also collected on bladder 
diary. Secondary 
outcomes: global 

Baseline 
assessment and 
measure, post 
treatment 
measures.  
 

Intention-to-treat 
analysis undertaken.  
 
Dropouts reported: 
n=9 in behavioural 
therapy group, n= 10 
in drug therapy group.  
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Author, year Comparator N Study 
population 

Modality details or 
parameters Outcomes/results Follow up Notes (side effects, 

loss of follow up…) 

nurse practitioners, 
and PFME guided 
practice using verbal 
feedback based on 
anal palpation. Daily 
practice of 45 
exercises (3 sessions 
of 15 exercises). Also 
used fluid 
management.  
 
Control: drug therapy 
with oxybutynin 5-
30mg.   
 

perception of improvement 
and patient satisfaction.  
Results 
Frequency: both groups 
had statistically significant 
improvement from 
baseline to after treatment. 
Equivalence analysis 
showed post treatment 
voiding frequency 
equivalent between 
behaviour and drug 
therapy groups (p< 0.001)  
Behaviour therapy group 
had greater reduction of 
nocturia episodes, but 
urgency scores were lower 
in the drug therapy group. 
No difference in reduction 
in incontinence episodes.  

BF – biofeedback; RP – radical prostatectomy; TURP – transuretheral prostatectomy; PFME – pelvic floor muscle exercises; PFMT – Pelvic floor muscle training; PVS – 
Penile vibratory stimulation; ICIQ-SF – International Consultation on Incontinence Questionnaire Short Form; IPSS – International Prostate Symptom Score 
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2. PELVIC FLOOR MUSCLE 
TRAINING (PFMT) 

Almost all studies of PFMT in men focused on UI as-
sociated with prostate surgery. In the 5thICI, improve-
ment in the quality of trials included was found when 
compared to earlier reports, although heterogeneity 
and varying outcome measures continued to affect 
the ability to compare trial findings. Studies in the first 
part of this section remain grouped into three types: 
pre-operative interventions, mixed pre- and post-op-
eratives’ studies of all men undergoing prostatectomy 
and studies of post-operative interventions for men 
with established incontinence. A total of 20 new RCTs 
of PFMT alone or combined with other conservative 
interventions focused on prostate surgery were 
added to the 38 studies from the previous ICI reports. 
Nineteen of the new trials involved men pre or post 
RP (N= 1597 randomized), one trial involved men 
post TURP (N= 66 randomized). Recommendations 
are at the end of the section.  

2.1. Pre-Operative RP PFMT 
Trials in this section compared pre-operative inter-
ventions. Three new trials of pre-operative PFMT in-
tervention (313, 314, 320) were identified and added 
to the two previously included trials. Ocampo-Trujillo 
(314) compared pre-operative PFMT with BF (n=8) to 
standard pre-operative teaching (n=8). Laurienzo 
(313) randomized to three groups, reporting group 
numbers for only the 49 of 58 men that completed the 
study: pre-operative PFME plus EStim (n= 17), pre-
operative PFME (n=17) and control which received 
only pre-operative information on prostate anatomy 
(n=15). Collado-Serra (320) also reported group num-
bers for those completing (179 or 193) and compared 
an intervention group receiving pre-operative PFMT 
plus BF (n=87) to a control group (n=92) receiving 
only oral PFME instruction post-surgery followed by 
PFMT plus BF 3 months later.  

Quality of data 

Ocampo-Trujillo (2013) used a centrally randomised, 
single blind approach, with researchers blind to the 
group assignment prior to enrolment. No information 
on sample size analysis or post hoc power analysis 
was provided. This was a very small study that was 
likely underpowered. There were no dropouts from 
the study. Laurienzo (2013) described randomization 
using a computer-generated list. Detail of blinding 
was not provided and a single therapist provided all 
interventions. There was no report of sample size cal-
culation, post hoc power analysis or intention-to-treat 
analysis. Nine dropouts were reported, but the group 
from which they withdrew was not given. Collado 
Serra (2013) study was available only as an abstract 
and did not report how participants were randomized 
or if there was any blinding. There was no information 
on sample size, and no intention-to-treat analysis re-
ported. Only dropouts from the intervention group 
(n=5) were described.  

Results 

Ocampo-Trujillo and colleagues (2013) did not report 
the results of the 24-hour pad test data but did report 
that 6/8 (75%) of the intervention group compared to 
4/8 (50%) of the control did not require pads at 8 
weeks. The authors also report a statistically signifi-
cant difference in objective measures of muscle tis-
sue from the external sphincter of the urethra favour-
ing the intervention group. As no histology samples 
were taken prior to the intervention, the claim that the 
difference is due to the intervention cannot be sup-
ported. Subjective report of symptoms reportedly fa-
voured improvement in the intervention group. Lauri-
enzo (2013) reported no differences between inter-
vention and control groups at any time point (1, 3 and 
6 months post-surgery) on objective measure of in-
continence (one-hour pad test). There were no differ-
ences between the two interventions and one control 
group on subjective report of quality of life. Collado 
Serra (2013) reported improvement in continence at 
week 6, month 3, month 6 and 1-year favouring inter-
vention group, but did not clearly define its primary 
outcome. Significant difference on objective 24-hour 
pad test was only at 3 months favouring the interven-
tion group.  

2.2. Pre-Operative and/or Post-Operative 
RP PFMT, Post RP Continence Status 
Not Established Prior to Intervention 

Trials in this section addressed the effect of PFMT in-
itiated pre-operatively and/or post-operatively but be-
fore post-op continence/incontinence was estab-
lished. In these studies, men were recruited pre-op-
eratively or immediately post-operatively and the in-
vestigators compared a treatment group that received 
the intervention pre-operatively and/or post-opera-
tively RP to a group receiving an intervention only 
post-operatively. Nine new studies (305-307, 309, 
315, 321, 323, 324, 326) were added to the 10 previ-
ously included trials, for a total of 19 trials in the cat-
egory, over three subsections.  

2.2.1 Pre-Operative PFMT Instruction with 
Post-Operative Home PFMT Versus 
Control 

Four new trials (307, 321, 323, 326) were added to 
three previously included studies. In the previous 
consultation, studies varied in support of an earlier re-
turn to continence with PFME plus or minus biofeed-
back. Dijkstra-Eshuis (2015) compared an interven-
tion group that received preo-perative PFMT plus BF 
with home practice and post-operative home PFME 
(n=65) to a control group that received written post-
operative PFME instruction (n=56). Ghanem (2013), 
available only in abstract, compared an intervention 
group with a PFME programme two weeks pre-oper-
atively and continued post-operatively (n=50) to a 
control group that received only a postoperative 
PFME programme (n=50). Detail of the PFME pro-
gramme was not provided. Ng (2014), also only avail-
able in abstract, compared an intervention (of PFMT 
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starting 3 weeks pre-operatively to a control group 
that received standard care. A total of 66 men partic-
ipated, but numbers randomized to each group and 
details of the standard care were not provided. Martini 
(2011), again in abstract only, described an interven-
tion group (n=24) that received five physiotherapy 
guided PFMT sessions 2-3 weeks pre-operatively, 
with continued PFME post-operatively. The control 
group (n=25) received post-operative written instruc-
tion on PFME.  

Quality of data 

Dijkstra-Eshuis and colleagues (2015) reported ade-
quate random allocation concealment. Participants 
and therapists were blinded to randomisation until 
first visit. They also reported results of follow up were 
send to clinic of the single surgeon performing the 
RP, but blinding of outcome assessment is not made 
explicit. Sample size analysis was provided, inten-
tion-to-treat was not addressed. Dropouts in both in-
tervention (n=9/65, 13.6% and control groups 
(n=10/56, 18%) were described. Three studies (321, 
323, 326) were available only as abstracts with ran-
domisation, blinding, sample size calculation and 
dropouts not described. 

Results 

In all new studies, the primary outcome was conti-
nence measured by either the pad test or number of 
pads used, secondary outcomes were self-report of 
symptoms and/or quality of life on standardised ques-
tionnaires. Dijkstra-Eshuis et al. (2015) found no dif-
ferences between intervention and control at any time 
points on the primary objective outcome (24-hour pad 
test) or on secondary self-reported symptom and 
quality of life measures but the trial was stopped prior 
to full recruitment after a planned interim analysis 
showed no demonstrated benefit, with the authors 
concluding that post RP UI is likely due to intrinsic 
sphincter injury and not treatable with exercise. Two 
other studies (321, 326) reported an earlier postoper-
ative return to continence (at 14 weeks and 3 months 
respectively) favouring the intervention group, but the 
effect was not demonstrated later time points. Simi-
larly, Martini (2011), who included only men with 
demonstrated pelvic floor impairment prior to surgery, 
reported significantly less UI on getting up and squat-
ting (no quantification provided) in the intervention 
group at 1 month but not at later time points. 

2.2.2 Pre-Operative PFMT Instruction Fol-
lowed by supervised Post-Operative 
PFMT Versus Post-Operative PFMT 

Two new trials (309, 315) were added to the previous 
four studies in this subsection, making a total of six 
studies included. Tienforti (2012) randomized 34 men 
undergoing RP, but reported only on group assign-
ment for those completing the study. The intervention 
(n=16) was pre-operative and post-operative PFMT 
with BF, started the day before surgery and continu-
ing monthly, with daily home practice, during follow-
up. The control group (n=16) received oral and written 

instructions post-operatively with no monthly follow-
up. Geraerts (2013) compared the intervention (n=91) 
of PFME plus BF and a home program starting 3 
weeks prior to surgery with PFME starting 4 days 
post-operatively to a control group (n=89) that started 
PFMT post-operatively. Both groups received weekly 
post-operative treatment that included BF and blad-
der diary review, with PFMT continuing until conti-
nence achieved.  

Quality of data 

Tienforti (2012) used a computer-generated random-
isation schedule. Information on blinding to group as-
signment and outcome assessment was not pro-
vided. In this small study, no sample size calculation 
or intention-to-treat was reported. Dropouts in each 
group, one in each intervention and control (6% from 
each group) were described. Geraerts (2013) used 
computer generated randomisation using stratifica-
tion for age and surgical approach, blinding to group 
assignment and outcome assessment was not pro-
vided. In this large trial, sample size calculation re-
cruited an adequate sample to power the study. In-
tention-to-treat analysis was not discussed. There 
were n=6/91 (7%) dropouts in the intervention group, 
and n=4/89 (5%) in the control, reasons were pro-
vided.  

Results 

The newer studies continue to report variable results. 
Tienforti (2012) found a significant difference in 
achieving continence at one, three and six months fa-
vouring the intervention group, but this was by self-
report of symptoms, with no objective measure of 
continence included as an outcome. In the Geraerts 
(2013) study, which was larger and of good quality, 
there were no differences between the groups with 
regards to objective duration of UI measured by 24-
hour pad test or self-reported symptoms at any time 
point. The intervention group scored better on impact 
of incontinence at 3 and 6 months, but not at 12 
months follow up.  

2.2.3 Post-Operative PFMT Immediately Be-
fore or After Catheter Removal (No Pre-
Operative Instruction) 

Three new trials (305, 306, 324) were found compar-
ing post-operative PFMT immediately before or after 
catheter removal, bringing the total to six. In the pre-
vious consultation, there was considerable heteroge-
neity in intervention and findings. Ahmed (2012), 
compared three groups, reporting on group assign-
ment only for those completing the trial. Group 1, the 
control group (n=26), received PFME post-opera-
tively. Group 2 (intervention, n=26) started PFME 
plus EStim after catheter removal for 12 weeks, and 
Group 3 (intervention, n=28) started PFME plus ES-
tim and BF after catheter removal for 12 weeks. Mori-
horo (2011) was available only in abstract form, and 
compared an intervention group (n=20) that received 
PFMT with EStim for one month after catheter re-
moval to a control group (n=14) assigned to PFME 
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alone. Burkert (2011), using a 2x2 mixed design, ran-
domized patients and their partners to one interven-
tion group (n=28) that received dyadic PFME plan-
ning or to 3 control groups (n= 29, 29 and 26) that 
received dyadic nutrition planning, individual PFME 
planning or individual nutrition planning.  

Quality of data  

Morohiro (2011) available only as an abstract, did not 
describe randomisation, blinding, sample size calcu-
lation or dropouts. Ahmed (2012) randomised using 
computer generated random numbers in sealed en-
velopes. Surgeons were blinded to randomisation but 
blinding of the outcomes assessor was not clear. 
Sample size was met, and dropouts from each group 
described: control n= 4/26+4 (13%), intervention 
Group 2 n= 2/26+2 (7%) and intervention Group 3 
n=4/28+4 (12.5%). No intention-to-treat analysis was 
undertaken. In the Burkert (2011) study, research as-
sistants were blinded to allocation. Sample size cal-
culation and intention-to-treat were not discussed. 
Dropouts for the intervention group n=5/28 (18%) and 
three control groups (n= 2/29 (7%), 7/29 (24%), 4/26 
(15%) were presented but no reasons for withdrawal 
were provided.  

Results 

Ahmed (2012) reported more men continent at 12 
and 24 weeks post RP in the two intervention groups 
(PFMT plus EStim and PFMT plus EStim and BF) 
compared to PFMT alone using the objective 24-hour 
pad test as primary outcome. Mean leakage was sig-
nificantly lower in intervention Group 3 at 6 through 
24 weeks. Morihoro (2012) found recovery of urinary 
continence favoured the intervention group (PFMT 
with EStim) at 12 months. Incontinence was meas-
ured by subject report of requiring a pad to keep cloth-
ing dry. Burkurt reported only adherence to PFMT 
with no continence data provided. There were no dif-
ferences between the groups.  

Summary  

A total of 9 new trials are now included which apply a 
variety of pre- or immediately post-operative or post-
catheter removal PFMT based interventions (or a 
combination of both, plus or minus BF and EStim). As 
in earlier consultations, differences between interven-
tion and control groups were modest and short term, 
and often reflect self-reported but not objective data 
such as the pad test. Few differences were sustained 
up to 12 months post-surgery. Many of the studies re-
viewed were small, varied in design and quality, and 
had different outcome measures. The two larger stud-
ies that were of better quality (307, 309) found no dif-
ference between intervention and control groups. The 
authors of one of larger study (307) suggested post 
RP UI is likely often due to a mechanism such as in-
trinsic sphincter deficiency that is not amenable to ex-
ercise based treatment. It is possible that this is true 
for some men with persistent UI post RP, and they 
may require surgical rather than conservative inter-
vention. Studies that include evaluation of the extent 

of sphincter function using imaging techniques would 
be helpful in understanding the subpopulations where 
conservative treatments are most helpful. There is 
modest evidence but inconsistent evidence that ther-
apist delivered PFMT with or without BF or EStim be-
fore or after surgery may support an earlier return of 
continence after RP in some men up to 3-6 months 
post-surgery, however this difference is not signifi-
cant at 12 months post-surgery (Level of Evidence: 
2). 

Variation in outcomes measurement remains prob-
lematic. As concluded in the previous consultation, it 
is possible that the emphasis on quantitative out-
comes (i.e. pad test) is not meaningful to participants 
as men appear to find therapy helpful and value the 
direction provided by a therapist. Studies comparing 
the effectiveness of pre- versus post-operative 
PFMT, and the number of sessions required, are 
needed so that practitioners may advise men about 
pre-operative preparation and budget conscious 
health services can make informed decisions on pro-
gramme funding. In designing such studies, the natu-
ral history of UI after radical prostatectomy must be 
considered because the spontaneous recovery rate 
means that sample sizes must be large to detect any 
differences between protocols. As well, attempts to 
identify which men might benefit more, such as in the 
study by Martini (2011) who focused the intervention 
on those with identified pelvic floor impairment, need 
to be undertaken.  

Recommendations  

Some pre-operative instruction or immediate post-op-
erative instruction in PFMT for men undergoing RP 
may be helpful in earlier recovery of continence 
(Grade of Recommendation: B Clarified). 

Use of BF to assist PFMT should remain a thera-
pist/patient decision based on economics and prefer-
ence. (Grade of Recommendation B).  

2.3. Post-Operative RP PFMT for 
Incontinent Men 

Trials in this section addressed the effect of PFMT 
post-operatively after incontinence was established. 
In these studies, incontinent men were recruited at 
variable lengths of time after surgery. 

2.3.1 PFMT with Digital Rectal Feedback 
(DRE) After Radical Prostatectomy 

No new trials were identified to add to the previous 
five trials in which PFMT was taught using digital rec-
tal feedback (DRE) to men incontinent after RP.  
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Summary  

There are no new trials to clarify whether PFMT 
taught by DRE offers any benefit over and above ver-
bal or written instruction, (Level of Evidence: 2).  

Recommendations  

The recommendation is unchanged (Grade of Rec-
ommendation: B). 

2.3.2 PFMT with BF After Radical Prostatec-
tomy 

No new trials were found under this category to add 
to the six previously included trials.  

Recommendations  

The use of BF in clinic, over and above home PFMT, 
should remain a therapist/individual decision based 
on economics and preference. (Grade of Recom-
mendation: B). 

2.3.3 PFMT Plus or minus BF with EStim or 
MStim after Radical Prostatectomy 

Three new trials (311, 322, 325) were added to the 
eight previously included in this section. As in the ear-
lier consultation, a problem of heterogeneity of study 
samples in this category was noted. Kakihara (2007) 
compared an intervention of physiotherapy lead 
PFMT with EStim (n=10) to PFMT alone (n=10) in 
men a minimum 6 months post-surgery (mean 12.3 
months for intervention group, 16.8 months for con-
trol). Pedriali (2014) recruited incontinent men one-
month post RP and assigned them to post-operative 
pilates (n=26) versus PFMT plus EStim (n=28), but 
reported group assignment in only the 54/69 (78%) of 
men completing the study Laurienzo (2015), available 
only in abstract, also included men incontinent one-
month post RP, randomising to three groups: Group 
1 control (no treatment) (n=40), Group 2 PFMT 
(n=41) and Group 3 PFMT plus EStim (n=42).  

Quality of data 

Kakihara (2007) did not provide information on ran-
domisation or blinding. No sample size calculation 
was given. Dropout numbers for each group were 
given, but the reasons for dropping out of the inter-
vention group were not provided. Three participants 
were discharged from the control group at 3, 6 and 12 
months as continence was achieved and were in-
cluded in the final analysis. Pedriali (2014), available 
only as an abstract, did not provide details of random-
isation, blinding, sample size calculation or dropouts. 
Laurienzo (2015) was only available in abstract, but 
did describe randomisation approach, but not blind-
ing, sample size calculation or dropouts.  

Results  

In the Kakihara (2007) trial, there was improvement 
in urine loss on 1-hour pad test in both groups be-
tween baseline and 12 months, but no difference in 

men receiving PFMT with EStim compared to those 
who received only PFMT. Men had undergone urody-
namic testing, and both those with UUI and SUI were 
included. Pedriali (2014) reported 58% of the Pilates 
group and 50% of the EStim plus PFME achieved 
continence, as measured by use of no pads. The dif-
ference was not statistically significant and the au-
thors concluded that Pilates, which includes pelvic 
floor strengthening, is as efficacious as EStim plus 
PFME. Laurienzo (2015) reported no differences be-
tween controls and two intervention groups (PFMT, 
PFMT with EStim) at any time points, objective pad 
test results not provided, subjective reports of quality 
of life and symptoms only.  

Summary  

Data suggest no further benefit of EStim when added 
to PFMT over PFMT alone for men with incontinence 
post RP (Level of Evidence: 2). 

Recommendations  

There does not appear to be any benefit of adding 
EStim to a PFMT programme for men with persistent 
post-prostatectomy incontinence. (Grade of Recom-
mendation: B). 

2.3.4 PFMT Compared to or Plus Other Inter-
ventions After Radical Prostatectomy 

Four new trials (312, 316, 318, 319) were identified 
that combined PFMT post-operatively with other 
novel interventions in men with post prostatectomy in-
continence, adding to the two previously included 
studies. The previous consultation found variation in 
intervention and time since surgery. Zopf (2015) re-
cruited men 6-12 weeks post RP, and assigned them 
to either an intervention of a multimodel exercise pro-
gramme with PFME (n=50) or a control group that re-
ceived no intervention (n=20). Serda (2014), using a 
two group design, randomised men post RP to a com-
bined exercise and PFME intervention group (n=36) 
or control with no intervention (n=33). Time after sur-
gery was not reported. Kongtragul (2014) randomised 
138 incontinent men recruited in hospital after RP. 
Group assignment was reported only for those com-
pleting the study; 68 men were in the intervention 
group with PFME and concentration therapy (no de-
tail provided) starting 3 weeks post-surgery. The con-
trol group (n=67) received only PFME. Baroni (2013) 
was available only in abstract. Men with SUI or mixed 
UI after RP (time after surgery not reported) were as-
signed to an intervention of individual PFMT and 
group treatment (n= 16). Controls (n=24) received 
only individual PFMT.  

Quality of data  

The Zopf (2015) study had intended to randomise 
those who consented, but as all participants refused 
randomisation and gave a group preference, blinding 
of outcome measurement was not described. The au-
thors indicated intention–to-treat analysis was under-
taken but the study did not achieve the calculated 
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sample size and was thus underpowered. Dropouts 
from the intervention group only (n=6/50 12%) were 
described, but reasons were not provided. Serda 
(2014) randomised participants but did describe how 
this was done. Blinding to outcome assessment was 
not reported. Calculated sample size was achieved, 
number of dropouts (intervention group (n=3/36 8%; 
control 0/33) and reason for withdrawal was provided. 
Baroni (2013) was available only in abstract and had 
no detail on randomisation but reported the assessor 
was blinded until assignment. Sample size calcula-
tion and dropouts were not described. Kongtragul 
(2014) did not describe the approach to randomisa-
tion or blinding, but dropouts (intervention n=1/68+1, 
1%; control n=2/67+2, 3%) were described. The 
study did not achieve the number in each group re-
quired for power to detect a difference between 
groups.  

Results  

Zopf (2015) reported a significant improvement in UI, 
as measured by the 20-minute pad test, from base-
line to post testing, but no significant difference be-
tween intervention (exercise plus PFMT) and controls 
(no intervention). However, a significant difference 
between the groups on reported urinary symptoms 
was found. Serda (2014) reported a significant im-
provement in favour of the intervention group (com-
bined exercise and PFME) on self-report of the inten-
sity of urinary symptoms, but did not report the results 
of the 20-minute pad test. Baroni (2013) reported no 
significant difference between intervention and con-
trol on the VAS, number of pads used or home prac-
tice. In the study of concentration exercises plus 
PFME (Kongtragul 2014), significant differences were 
found between intervention and control groups on 
achieving continence measured by the 1-hour pad 
test.  

Summary  

Interventions were varied: general exercise plus 
PFME (316, 318) PFME with concentration therapy 
(not defined by author) (312) and individual PFMT 
compared to individual and group therapy (319). 
There was also heterogeneity of samples in terms of 
time since surgery. There is some early evidence that 
novel interventions, such as general exercise pro-
grammes, use of support groups and concentration 
exercises added to PFME after RP for incontinent 
men may be beneficial, but this is very limited. Some 
of the trials are small and of low quality. Larger stud-
ies of high quality are needed to determine the bene-
fits of these adjuncts to PFME. 

2.4. Pre-Operative TURP PFMT 
No new trials were identified. Little research has been 
dedicated to UI after TURP as the incidence of UI af-
ter TURP is reported to be very low.  

2.5. Pre-Operative and/or Post-Operative 
TURP PFMT 

No new trials were identified.  

Summary  

In the absence of sufficient data from rigorous and 
well-reported trials it is not known if PFMT reduces UI 
following TURP. More systematic investigation of the 
natural history of UI after TURP is probably needed, 
to establish the potential cost/benefit of intervention, 
before further trials are initiated. 

2.6. Post-Operative TURP PFMT for 
Incontinent Men 

One new study (310) was added. The previous con-
sultation reported limited evidence in this area. The 
larger well designed study previously included 
showed no benefit in terms of objective measures of 
incontinence. Hou (2013) reported group assignment 
only for those completing the study. The intervention 
group (n=32) was given instruction in PFME two days 
after surgery when the catheter was removed, and in-
structed to practice daily at home, with weekly tele-
phone reminders. The control group (n=29) activity 
was not described.  

Quality of data 

Approach to randomisation, blinding, sample size cal-
culation and dropouts in the smaller, newly included 
trial (Hou 2013) were not described.  

Results 

Hou (2013) found a statistically significant difference 
in self-report of symptom severity favouring the inter-
vention group at 12 weeks. No objective measure of 
incontinence, such as the pad test, was reported.  

Summary 

There continues to be limited evidence on the benefit 
of PFME post TURP. The new smaller trial suggests 
a potential benefit on perception of symptom severity 
of UI, but no objective data were reported. 

2.7. Factors Affecting Outcome 
Based on the current evidence, it appears that time 
from surgery to implementation of exercises does af-
fect outcome and that by three months after surgery 
less improvement is noted. Future trials should con-
sider analysis to evaluate the effect of sphincter insuf-
ficiency, pelvic floor dysfunction, urethral length, 
length of time from prostatectomy, co-morbid condi-
tions, prior pelvic surgery, medications, other risk fac-
tors (including smoking and alcohol use) on treatment 
outcome.  
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2.8. PFMT for Other LUTS 

2.8.1 PFMT for Post-Micturition Dribble 
(PMD) 

No new trials were identified to add to the two previ-
ously included trials. 

Recommendations 

Offer men with PMD instruction to do a strong PFM 
contraction immediately after voiding, or urethral 
massage to empty the urethra (Grade of Recom-
mendation: C). 

 

3. ELECTRICAL STIMULATION 
(ESTIM) 

An extensive overview of EStim in men is reported in 
the 5th consultation(2). Rectal or surface electrodes 
are most common; surface electrodes are positioned 
over the perineal region. EStim can also be applied 
via the posterior tibialis nerve (PTN). Trials of EStim 
in men post-prostatectomy combined this treatment 
with PFME, and are included in the sections on post-
prostatectomy treatment above. 

3.1. Prevention of UI 
No new trials were identified. There remain no studies 
on the effect of EStim for prevention of non-post pros-
tatectomy UUI or SUI in men.  

3.2. Treatment of UI  
No new trials were added to the nine previously in-
cluded RCTs, four of which included PFME plus ES-
tim post prostatectomy. New trials that combined ES-
tim with PFME were reported in the PFMT section 
above as the separate effects of EStim alone cannot 
be assessed.  

3.2.1 Is EStim Better than No Treatment, Pla-
cebo or Control Treatments? 

No new trials were identified to add to the two previ-
ously included trials. Both previously included trials 
did not separate male and female results. In the con-
tinued absence of sufficient data from rigorous and 
well-reported trials it is not known if EStim, as a stand-
alone treatment for male UUI or SUI, is better than no 
treatment, placebo or control treatments. 

3.2.2 Is One Approach to EStim Better Than 
Another? 

No new trial was identified. No studies comparing ES-
tim protocols were included in previous consultations.  

3.2.3 Is EStim Better Than Other Treat-
ments? 

No new trials were identified. Three studies, two com-
paring EStim to Mstim and one EStim to medication, 

had been included in previous consultations. Details 
of these were provided in the 5th consultation (Moore 
2013): insufficient data exist to establish if EStim is 
better than either intervention. Both studies combined 
male and female data.  

3.2.4 Does the Addition of EStim to Other 
Treatments Add Benefit? 

All of the studies combining EStim with other treat-
ments included the PFMT plus EStim combination, 
and are reviewed under the Pelvic Floor Muscle 
Training section.  

3.3. Other LUTS  
No new studies were identified. No previous studies 
of EStim alone for other LUTS were included in pre-
vious consultations.  

3.4. Factors Affecting Outcome 
The previous consultation identified age, type of in-
continence (SUI post prostatectomy versus OAB and 
UUI) and other factors (types of electrodes, frequency 
and duration of treatment) as potentially affecting out-
comes. No trials have investigated these factors in 
males.  

4. MAGNETIC STIMULATION (MSTIM) 

Although MStim has been used to treat UI after RP 
and to inhibit DO, no new studies were identified.  

4.1. Prevention of UI 
No trials investigating the primary or secondary pre-
vention effects of MStim for men with UI were found. 

4.2. Treatment of UI 
No new trials to add to the three trials (two published, 
one abstract without data) identified and described in 
the 5th consultation were found. Only the two pub-
lished trials were included in the previous consulta-
tion.  
4.2.1 Is MStim Better Than No Treatment, 

Placebo or Control Treatment? 
No studies were found addressing this question. 

4.2.2 Is One Approach to MStim Better Than 
Another? 

No studies were found addressing this question. 

4.2.3 Is MStim Better Than Other Treat-
ments? 

No new studies were identified.  

4.3. Other LUTS 
No studies were found.  
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4.4. Factors Affecting Outcome 
The relationship between age (or any other factor, 
such as treatment parameters, treatment adherence, 
or diagnosis) and the outcome of MStim has yet to be 
determined. 

5. PENILE VIBRATORY 
STIMULATION (PVS) 

This is a novel conservative treatment, based on the 
stimulation of the pudendal nerve via penile vibratory 
stimulation (PVS) to treat SUI in men post prostatec-
tomy.  

PVS has been shown to increase external sphincter 
pressure in men with spinal cord injury (334, 335), 
and vibratory stimulation applied to the perineum in 
healthy women also increased external urethral pres-
sure (336). 

5.1. Prevention of UI 
No trials of prevention were identified.  

5.2. Treatment of UI  
One new trial was identified (308). Fode (2015) ran-
domised 39 men with UI over one-year post RP to two 
groups. Group 1 (n= 19) was the early intervention 
group who received PVS using a commercially avail-
able hand held personal vibrator for 6 weeks. Stimu-
lation was performed on the ventral surface of the pe-
nis once daily with 10 seconds of stimulation followed 
by a ten second pause, repeated 10 times. Group 2 
was the delayed treatment control group, who had no 
intervention the first 6 weeks, but performed PVS in 
the second 6 weeks.  

 Quality of data  

Computer generated randomisation technique was 
described, but blinding of outcome measurement was 
not (308). A sample size calculation was provided, but 
the authors report stopping recruitment early as the 
study was a pilot and the sample achieved was 
thought to be adequate. Drop outs in both early 
(n=4/19, 21%) and delayed (n=5/20, 25%) interven-
tion groups were described, with one of five dropouts 
in the delayed intervention group kept in the analysis, 
although others were not. The participant kept in had 
a pattern of non-compliance over the study, and dis-
continued after 6 weeks.  

Results 

Primary outcome was difference in leakage meas-
ured by 24 pad test. Participants also completed void-
ing diary. Results showed a significant improvement 
in the early intervention group from baseline to 6 
weeks, but not in the delayed intervention group. 
Pooled analysis results from both early and delayed 
intervention groups showed significant overall me-
dian decline in urine loss on 24-hour pad test (p= 
0.07).  

Conclusion  

This was a small pilot study of a novel intervention. 
Further well designed studies are needed to under-
stand the place for PVS in treatment of male UI. No 
recommendation can be made. 

5.3. Other LUTS 
No trials were identified.  

6. SCHEDULED VOIDING REGIMENS 

Scheduled voiding regimens include bladder training, 
timed voiding, habit training and prompted voiding. 
They are frequently combined to achieve maximum 
benefits. Although there is evidence to suggest that 
scheduled voiding regimens, especially bladder train-
ing and timed voiding, are commonly used in the 
treatment of men with UI and other LUTS, there has 
been substantially less research that addresses their 
use in men compared to the literature on their use in 
women, leaving insufficient evidence to comment on 
effectiveness. 

6.1. Prevention of UI 
No trials investigating the preventive effects of sched-
uled voiding regimens for men with UI were found.  

6.2. Treatment of UI 

6.2.1 Bladder Training  
One new trial of a mixed behavioural treatment ap-
proach composed of elements of bladder training 
compared to drug therapy in men with OAB was iden-
tified (317) and added to the five previously included 
trials of bladder training that have included men. Bur-
gio (2011) compared a combined behavioural treat-
ment (PFME, urgency suppression, delayed voiding) 
to drug therapy (n=73) with drug therapy (individually 
titrated extended release oxybutynin) for OAB (n = 
70. This category previously included studies that 
have included BT plus caffeine reduction, BT plus pla-
cebo or anticholinergic drug therapy  

Quality of data 

Burgio and colleagues (2011) used sealed envelopes 
to randomise, blinding of person(s) gathering data on 
outcomes was not described. Sample size analysis 
was not given, but intention-to-treat analysis was un-
dertaken. Dropouts from each group (combined be-
havioural therapy n=9/73, 12%; drug therapy 
n=10/70, 14%) were reported, reasons were not pro-
vided.  

Results 

Primary outcome was 24-hour voiding frequency rec-
orded on a seven-day bladder diary. Secondary out-
comes were other OAB symptoms, perception of im-
provement and satisfaction.  

Results showed that treatment with behavioural strat-
egies (bladder training) compared to pharmacological 
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treatment was equivalent. There was no significant 
difference between incontinence episodes between 
the behaviour and drug therapy groups.  

6.2.2 Timed Voiding  
No new trials were identified. 

6.3. Other LUTS 
One new study was identified for treatment of other 
LUTS in men. The newly included study, described 
above (317) also measured OAB symptoms, with the 
primary outcome being frequency of voiding.  

Quality of data  

 Refer to C.VI.2a above.  

Results  

Primary outcome was 24-hour voiding frequency rec-
orded on a seven-day bladder diary. Secondary out-
comes were other (non UUI) OAB symptoms includ-
ing nocturia and urinary urgency; perception of im-
provement and satisfaction. Treatment with behav-
ioural strategies (bladder training) compared to phar-
macological treatment was equivalent. The behaviour 
therapy group had greater reduction in nocturia epi-
sodes, but urgency scores were lower in the drug 
therapy group.  

Summary 

In men, behavioural treatment may be just as effec-
tive for some LUTS, including UI, as pharmacological 
therapy. Further studies of high quality are needed 
before a recommendation for practice can be sup-
ported.  

6.4. Factors Affecting Outcome 
Age: No new trials were found addressing age as a 
factor affecting outcome.  

Other: No studies were identified on other factors af-
fecting outcome of BT or prompted voiding in men. 

7. COMPLEMENTARY AND 
ALTERNATIVE MEDICINES 

Therapies include acupuncture, relaxation, medita-
tion, imagery, hypnosis, naturopathic and herbal rem-
edies. In previous consultations, only trials of acu-
puncture therapy were found in men with UI. Studies 
were small, objective measured of UI were missing 
and long-term follow-up was lacking, leaving only lim-
ited evidence on the effectiveness of acupuncture for 
men with UI.  

7.1. Prevention of UI 
No new trials were identified on the preventative role 
of complementary therapies in men. 

7.2. Treatment UI 
No new trials were identified.  

7.2.1  What Is the Most Effective Acupunc-
ture Protocol? 

No new trials were identified. 

7.2.2 Acupuncture Versus No Treatment, 
Sham Acupuncture or Any Other Treat-
ment 

No new trials were identified.  

7.3. Other LUTS 
No new trials were identified.  

7.4. Factors Affecting Outcome 
No new trials were identified.  

8. SUMMARY 

Despite the prevalence of UI and LUTS in older men, 
research continues to focus mainly on men following 
radical prostatectomy. Overall, the effect of conserva-
tive treatment (lifestyle interventions, physical thera-
pies, schedule voiding regimes, complementary ther-
apies) for men has received much less research at-
tention compared to women. 

8.1. Recommendations for Practice 
There is generally insufficient Level 1 or 2 evidence 
on which to base recommendations for practice, and 
most recommendations are, in effect hypotheses, 
that need further testing in research. 

Lifestyle interventions 

Weight loss through lifestyle changes should be rec-
ommended to obese and overweight men with UI, 
particularly those with type 2 diabetes. (Grade of 
Recommendation: Grade B New) 

Smoking abstinence should be recommended for 
men with UI (Grade of Recommendation: C New)  

A reduction in caffeine intake is recommended for 
those with incontinence symptoms. (Grade of Rec-
ommendation:  C New) 

Pelvic floor muscle training (PFMT) 

• Some pre-operative or immediate post-operative 
instruction in PFMT for men undergoing radical 
prostatectomy may be helpful in earlier recovery 
of continence. (Grade of Recommendation: B 
Clarified). 

• In men with persistent post-prostatectomy incon-
tinence, PFMT taught by digital rectal examina-
tion (DRE) may be undertaken but it is unclear 
whether this offers any benefit over and above 
verbal or written instruction in PFMT (Grade of 
Recommendation: B Clarified). 

• Use of BF in clinic, over and above home PFMT 
should remain a therapist/patient decision based 
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on economics and preference (Grade of Rec-
ommendation: B). 

• There does not appear to be any benefit of add-
ing EStim to a PFMT programme for men with 
persistent post-prostatectomy incontinence 
(Grade of Recommendation: B).  

• Use of a strong pelvic floor muscle contraction 
immediately after voiding, or urethral massage to 
empty the urethra, should be offered for symp-
toms of post-micturition dribble (Grade of Rec-
ommendation: C). 

Electrical Stimulation (EStim) 

For men with persistent post-prostatectomy inconti-
nence there does not appear to be any benefit of add-
ing EStim to a PFMT programme (Grade of Recom-
mendation: B). 

8.2. Future Research Directions 
Despite recognition that there is much scope for re-
search on the effects of conservative therapies for UI 
and LUTS in men in the 6th consultation, this remains 
largely unexplored. Research that is urgently needed, 
in the opinion of committee members, is highlighted 
with the use of italics. The committee continues to 
support the recommendations that apply to all future 
studies in men, namely: 

• All future intervention studies must be designed 
to allow standardised and comprehensive re-
porting of results based on the ICS and 
CONSORT recommendations. 

• The natural history of UI after radical prostatec-
tomy must be considered in study design as the 
spontaneous recovery rate means that sample 
sizes must be large to detect any differences be-
tween protocols. 

• More research is needed to find out what are the 
most important outcomes for men with UI, so 
such measures can be incorporated as the pri-
mary outcome measures in further trials. 

• Data is needed to establish to the cost, and cost 
effectiveness, of conservative therapies in men 
with UI. 

• Surgical approaches with laparoscopy or robot-
ics offer promising improvements in visualisation 
for nerve-sparing procedures; further research 
should address continence and erectile function 
after these newer surgical procedures. 

8.2.1 Lifestyle Interventions 

• The effects of interventions such as weight, caf-
feine reduction, constipation and physical activ-
ity are priorities for future research. 

8.2.2 Pelvic Floor Muscle Training (PFMT) 

• Further studies to test the hypothesis that pre-
operative proprioceptive training plus PFMT is 

more effective than PFMT alone to prevent UI in 
men undergoing radical prostatectomy. 

• A comparison of pre-operative versus post-oper-
ative PFMT verbal and written feedback to re-
duce prevalence and severity of UI following rad-
ical prostatectomy is needed. 

• Methods of PFMT instruction and supervision re-
quire further investigation. Two areas of re-
search interest are: 

o Whether PFMT taught by DRE offers any 
benefit over and above verbal or written in-
struction. 

o The effect of group exercise as peer support 
may be helpful to a healthy recovery.  

• Future studies should focus on identification of 
men more likely to benefit from conservative in-
terventions, such as those with pelvic floor dys-
function, and screening those with potential in-
trinsic sphincter deficiency post-surgery. This 
might be established using imaging. Men with 
extensive sphincter deficiency should be re-
ferred for urological intervention. Studies of con-
servative measures including PFMT should in-
clude those with milder damage in order to de-
termine efficacy in this group.  

• More systematic investigation of the natural his-
tory of UI after TURP is needed, to establish the 
potential cost/benefit of intervention, before fur-
ther trials are initiated. 

• The relationship between age, or any other factor 
(urethral length, PFM function), and the outcome 
of PFMT for UI in men, and predictors of success 
needs to be investigated.  

8.2.3 Electrical Stimulation (EStim) and Mag-
netic Stimulation (MStim) 

• It is not known if pre- or post-operative EStim or 
MStim has a role in reducing UI after radical 
prostatectomy.  

• RCTs in larger samples, with long-term follow up, 
are needed to investigate all aspects of the ef-
fectiveness of EStim and MStim as a treatment 
for UI in men, including: 

o Either type of stimulation versus no treat-
ment, sham stimulation or other control con-
ditions. 

o Comparisons of both EStim and MStim pro-
tocols. 

o EStim versus MStim. 

o Either type of stimulation versus medication. 

o Whether the addition of either type of stimu-
lation to other treatments adds benefit, in 
particular, the addition of stimulation to 
PFMT. 
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o The effect of age, and other factors, on out-
come of stimulation. Older men may have 
more co-morbid conditions than young men 
and a more pragmatic ap-proach to inclu-
sion in EStim studies is needed. 

8.2.4 Scheduled Voiding Regimens 

• RCTs of voiding regimens and combinations of 
conservative treatments in men with OAB and 
UUI are needed. Further comparison of these 
conservative approaches to drug therapy would 
be helpful for clinicians in recommending treat-
ment to patients. 

 URINARY INCONTINENCE IN 
MEN AND WOMEN 

1. POSTERIOR TIBIAL NERVE 
STIMULATION (PTNS) 

Posterior tibial nerve stimulation (PTNS) is a form of 
peripheral neuromodulation targeted towards symp-
tom relief of OAB and UUI (141). Evidence for the use 
of PTNS for the prevention and treatment of UI in men 
or in adults (study with men and women with results 
combined) is presented below.  

Questions addressed are: 

• Can PTNS prevent UI?  

• Is PTNS better than no treatment, placebo or 
control treatments for UI?  

• Is PTNS better than other treatments for UI? 

• Does the addition of PTNS to other treatments 
add any benefit? 

• What is the best programme of PTNS for UI in 
adults? 

• What is the effect of PTNS on LUTS other than 
UI? 

• What factors might affect the outcome of PTNS? 

A literature search for reports of relevant systematic 
reviews and reports of RCTs and quasi-RCTs was 
performed (see section I). Trial data reported in con-
ference abstracts as well as full text papers were in-
cluded. Since this is a new section for the Conserva-
tive Management chapter no date restrictions were 
applied.  

Eligibility criteria:  

1. Reports of RCTs or quasi-randomised trials of 
PTNS, percutaneous or transcutaneous.  

2. Adult men and women with UI and/or OAB (with 
or without urgency incontinence) presentation of 
data for men only or combined for men and 
women. Trials including women only are pre-
sented in section II.5. 

Evidence overview 

A total of 7 RCTs of posterior tibial nerve stimulation 
(PTNS) in adults were identified (337-343) and one 
Cochrane systematic review of anticholinergic drugs 
versus non-drug active therapies for non-neurogenic 
overactive bladder syndrome in adults (141), in which 
PTNS trials with adults of both sexes and men only 
were included. Only one randomised trial of PTNS in 
men has been reported (344), which addressed post–
stroke neurogenic bladder dysfunction and therefore 
did not meet the inclusion criteria for the conservative 
management chapter. No trials of non-neurogenic 
bladder dysfunction have been reported for men only.  

The trial data is summarised in tables 35 to 38.  

Three randomised trials compared PTNS with a sham 
intervention (337-339). 

Four trials were comparative: 

• Two compared different anticholinergics (340, 
341)  

• Two compared different stimulation protocols 
(342, 343)  

Percutaneous PTNS was used in 5 randomised trials 
(337, 339-342)  

Transcutaneous PTNS was used in 2 (338, 343).  

No direct comparisons of percutaneous and 
transcutaneous PTNS for treatment of UI have been 
undertaken in the adult population or in men only.  

On the basis of the included studies, percutaneous 
PTNS seems to involve a standard protocol with re-
gard to stimulation parameters of frequency and ses-
sion-duration using the Urgent PCTM stimulator. How-
ever, the number of individual sessions, overall dura-
tion of programme and timing of delivery protocols 
may vary. There is also variation between percutane-
ous and transcutaneous stimulation parameters and 
one transcutaneous device study (343) did not report 
stimulation parameters, preventing comparison with 
other results. This variability reflects the limited un-
derstanding of the mechanisms of PTNS, which can-
not be assumed to be identical for both percutaneous 
and transcutaneous routes. Further investigation is 
required for both percutaneous and transcutaneous 
PTNS to determine the most effective type of stimu-
lation and treatment protocols. 

1.1. Prevention of UI 
There have been no studies on the effect of PTNS for 
prevention of UUI/OAB in adults or in men only. 
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1.2. Treatment of UI 

1.2.1 Is PTNS Better Than No Treatment, Pla-
cebo or Control Treatments for UI? 

Three randomised controlled trials address this ques-
tion in adult men and women. One RCT (337) is ade-
quately powered whereas Vohra (339) and Booth 
(338) are both pilot RCTs. 
Quality of evidence  

Computerised randomisation was used in all three 
studies with adequate allocation concealment re-
ported in two (337, 338) and unclear in one (339). 
Subjects and outcome assessors were blinded 
throughout in two studies (337, 338), with blinding un-
clear in one(339). Two studies reported intention-to-
treat analysis (337, 338); the type of analysis was not 
reported in one (339). There was no apparent ine-
quality in loss to follow-up across the groups: in one 
trial (345) seven subjects were lost to follow-up in the 
PTNS and 5 in the sham group thus 94% and 95% 
respectively were analysed. Two of the 30 subjects 
(6.6%), both from the sham group, discontinued in 
one trial (338) and one subject (4.5%) from the control 
group discontinued in the other trial (339). Mild or 
moderate treatment related adverse events were re-
ported by 6 PTNS subjects in one trial (337). They 
included ankle bruising (1 of 110, 0.9%) discomfort at 
needle site (2 of 110, 1.8%) bleeding at the needle 
site (3 of 110, 2.7%) and tingling in the leg (1 of 110, 
0.9%). No subjects in the transcutaneous PTNS trial 
(338) reported adverse events and presence of ad-
verse events was unclear in one study(339). Two tri-
als were reported as pilots with no sample size calcu-
lation (338, 339) and one was adequately powered 
(337) however the payment of subjects for time and 
expense was a potential limitation and the efficacy 
achieved may not be equivalently reflected in trans-
lating to real world practice. Long term follow-up to 3 
years post-initial treatment was reported by Peters 
(345). Overall risk of bias was low in two trials (337, 
338) and high in one (339). 

Results  

No study reported cure rates for UI, however all three 
trials reported improvements. In the SUmiT trial(337) 
37.9% PTNS subjects reported moderate or markedly 
improved urgency incontinence compared to 22.1% 
sham subjects (p=0.02). Voiding diary analysis 
showed PTNS to be statistically superior to sham in 
reducing urge incontinence episodes (p=0.002) from 
a median of 3.0 episodes accompanied by moderate 
to severe urgency per day at baseline, to a median of 
0.3 episodes at 13 weeks (p<0.0001). In the two pilot 
trials Booth (338) reported improved ICIQ-UI SF in 10 
of 15 (67%) transcutaneous PTNS group and 6 of 13 
(46%) sham group (p=0.132, NS); Vohra reported 
significantly reduced UI in 7 of 11 PTNS subjects but 
no estimates of effect size were provided; data was 
not differentiated for men and women. In one large 
trial (337) PTNS subjects reported statistically signifi-
cant improvements in overall bladder symptoms with 

54.5% reporting moderate or markedly improved 
Global Response Assessment (GRA) from baseline 
compared to 20.9% of sham subjects (p<0.001). A 
significant difference between the groups in favour of 
PTNS was found for the OAB-q quality of life scores 
(p=0.006) and the SF-36 general health survey qual-
ity of life scores significantly improved between base-
line and 13 weeks for the PTNS group in the physical 
(p=0.002) and mental (p=0.049) domain scales. One 
pilot trial (339) reported significant improvements in 
quality of life (QoL questionnaires not specified and 
SF-36) but provided no data or figures to support this.  

A prospective study to assess long-term outcomes 
and determine frequency of top-up stimulation ses-
sions required was reported (345). Fifty responders 
to the original trial underwent a fixed 14-week tapered 
stimulation protocol, followed by a personal treatment 
plan aimed at maintaining improvements. Twenty-
nine of 50 (58%) completed the outcomes. 77% of 
these maintained moderate or marked improvement 
in OAB symptoms at three years with a median 1.1 
treatments each month. 

Summary 

The results of two trials, one rigorous, well-reported 
trial and one low quality pilot trial, showed that percu-
taneous PTNS is a safe and more effective interven-
tion than a sham treatment for improving urgency in-
continence in adults with OAB/UUI. 

There is evidence that, with regular treatment, effects 
are sustained for up to 3 years. (Level of Evidence: 
1). 

One small high quality pilot trial indicates that 
transcutaneous PTNS is safe and may be more effec-
tive than sham stimulation for reducing UI and urinary 
symptoms in older adults in institutional care. Further 
studies are needed to determine the effectiveness of 
transcutaneous PTNS. (Level of Evidence: 2). 

Recommendation 

Percutaneous PTNS can be offered to men and 
women (adults) with UUI/OAB who do not achieve 
satisfactory results from first line lifestyle and behav-
ioural intervention and pharmacological therapy. 
(Grade of Recommendation: B New). 

In this population, Transcutaneous PTNS may be a 
useful option to test in the adult with UUI/OAB earlier 
in the algorithm, following lifestyle and behavioural in-
terventions and before more invasive therapies are 
considered. 

1.2.2 Is PTNS Better Than Other Treatments 
for UI? 

One RCT compared PTNS with another treatment for 
UI. The other treatment was extended release tolter-
odine 4mg daily (341). There are no trials comparing 
transcutaneous PTNS with other treatments. 

Quality of evidence  
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1:1 randomisation to percutaneous PTNS or toltero-
dine was implemented using a random block design 
stratified by investigational site however the success 
of allocation concealment was unclear. Blinding of 
subjects, clinicians or assessors was not possible 
given the different nature of the interventions. An in-
tention to treat analysis was not undertaken. Seven 
subjects (14%) withdrew from the drug group and 9 
(18%) from the percutaneous PTNS group; none due 
to adverse effects. Adverse effects were mild or mod-
erate in both groups with 14.3% (7 subjects) from the 
tolterodine arm reporting moderate adverse effects 
and 16.3% (8 subjects) from the percutaneous PTNS 
group. Percutaneous PTNS related adverse events 
included leg cramps, intermittent foot/toe pain, gener-
alised swelling, headache, haematuria, inability to tol-
erate stimulation, worsening incontinence and vaso-
vagal response to needle placement. A sample size 
calculation was provided and the study was ade-
quately powered for a non-inferiority margin of 20% 
in number of voids per 24 hours. Long-term follow-up 
of percutaneous PTNS subjects for nine months after 
initial treatment completion was reported (346). The 
overall risk of bias was high.  

Results  

Data was reported for the whole group with no differ-
entiation by sex. The global response assessment 
(GRA) demonstrated that subjective assessment of 
bladder symptom change compared to baseline was 
statistically significant with 79.5% (35) of the percuta-
neous PTNS group reporting cure (1) or improvement 
(34) and 54.8% (23) of the tolterodine group reporting 
cure (2) or improvement (21) (p=0.01). Both groups 
had improved significantly. Symptoms of UUI re-
ported in the voiding diaries improved significantly in 
both groups however there was no significant differ-
ence between the groups for these measures. Quality 
of life scores showed statistically significant improve-
ments for both treatment groups (P<0.001) but be-
tween group differences were not statistically signifi-
cant. The percutaneous PTNS group reported statis-
tically significantly less dry mouth than the tolterodine 
group (p=0.01) and a non-significant lower rate of 
constipation. 

Follow-up to determine duration of effect up to 12 
months from baseline was offered to percutaneous 
PTNS responders (those who reported a successful 
response to GRA after 12 weeks) (346). Thirty-three 
of the 35 responders chose to continue. The GRA 
showed sustained improvements in 96% at 12 
months with a mean of 21 days between treatment 
sessions.  

Summary  

Evidence from a single RCT indicates that percutane-
ous PTNS may be as effective as tolterodine for ur-
gency UI with an improved side effect profile; how-
ever, design limitations suggest caution and further 
studies are recommended to establish the effects of 
percutaneous PTNS and transcutaneous PTNS in 

comparison to other pharmacological treatments 
(Level of Evidence: 2). 

As there were no trials comparing transcutaneous 
PTNS with another active treatment trials are also 
needed to determine the effects of transcutaneous 
PTNS compared to common anticholinergic drugs 
used to treat UUI/OAB in adults.  

Recommendation 

Percutaneous PTNS can be offered as an alternative 
to tolterodine for OAB/UUI in adult men and women. 
(Grade of Recommendation: B New). 

1.2.3 Does the Addition of PTNS to Other UI 
Treatment Add Any Benefit? 

One RCT was identified (340) that compared percu-
taneous PTNS with percutaneous PTNS and oxy-
butynin for treatment of patients with overactive blad-
der (with or without incontinence) and urodynamically 
diagnosed detrusor overactivity (DO). 

Quality of evidence  

Randomisation following urodynamic studies into per-
cutaneous PTNS group or percutaneous PTNS plus 
5mg daily oxybutynin hydrochloride was reported but 
no description of method of randomisation. Adequacy 
of allocation concealment and blinding of subjects, 
clinicians or assessors was not reported nor was type 
of analysis, which was unclear. It appears that no 
subject dropped out and reported adverse events 
were mild: percutaneous PTNS plus drug group - 
seven reported dry mouth, one blurred vision; percu-
taneous PTNS group – one reported a small haema-
toma, one local tenderness. There was no sample 
size calculation, no long-term follow-up and overall 
risk of bias was high. 

Results 

Four of five subjects receiving percutaneous PTNS 
only and all five subjects receiving percutaneous 
PTNS and oxybutynin, with urgency UI reported cure 
on voiding diary. The numbers were too small for sta-
tistical analysis. Overall treatment response was de-
fined as patient-reported improvement in OAB symp-
toms of frequency, urgency and urge incontinence by 
> 35% and occurred in 61.6% percutaneous PTNS 
group and 83.2% percutaneous PTNS plus oxy-
butynin group. The between group difference was not 
statistically significant. 

Summary 

The evidence is limited to a single low quality trial 
(Level of Evidence: 2) which indicates there may be 
additional effects if oxybutynin is added to a pro-
gramme of percutaneous PTNS. Further trials are 
needed to establish whether the addition of an anti-
cholinergic drug enhances the effectiveness of percu-
taneous PTNS in adults with UUI/OAB and which 
drugs provide the greatest effect.  
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As there were no trials comparing transcutaneous 
PTNS added to another active treatment with the ac-
tive treatment alone studies are also needed to deter-
mine the effects of adding transcutaneous PTNS to 
first line lifestyle and behavioural treatments for OAB 
and UUI including bladder training and percutaneous 
PFMT, with these first line lifestyle and behavioural 
treatments alone.  

Recommendation 

Oxybutynin may be considered in addition to percuta-
neous PTNS in adults with DO. (Grade of Recom-
mendation: B New).  

This hypothesis needs to be investigated further with 
high quality trials 

1.2.4 What is the Best PTNS Protocol for UI 
in Adults? 

Two RCTs compared different stimulation protocols 
(342, 343). Details are provided in table 38.  

Quality of the evidence 

Randomisation methods were not described for either 
study. Allocation concealment could not be deter-
mined from the reports and blinding of subjects or cli-
nicians was not possible with this design. Neither 
study reported the type of analysis undertaken. Pri-
mary outcomes were reported at the end of the (342) 
treatment protocol. No long-term follow up was re-
ported. Withdrawals were high (29.2 %) in the Seth 
(343) pilot trial, with 8 of the 14 withdrawals being de-
vice related, although no significant adverse events 
occurred. There were no withdrawals in the Finazzi-
Agro trial and no adverse events reported.  

Results  

In the Finazzi-Agro (342) trial 4 of 11 (36%) subjects 
with UI in the weekly percutaneous PTNS group and 
5 of 11 (45%) subjects with UI in the 3 X weekly per-
cutaneous PTNS group reported complete cure after 
treatment. Overall success of >50% reduction in mic-
turition episodes/24 hours or (if incontinent) UI epi-
sodes/24 hours was confirmed for 11 of 17 (63%) 
subjects in the weekly percutaneous PTNS group and 
12 of 18 (67%) subjects in the 3 times weekly percu-
taneous PTNS group. Subjective improvement was 
reported after 6-8 sessions, regardless of frequency 
of delivery. In the Seth (343) trial 18 of 34 (54%) sub-
jects who completed the 12week protocol were re-
sponders, who rated their improvement as moderate 
to significant on the General Response Assessment 
(GRA). Statistically significant improvements in ICIQ-
OAB (p=0.001) and ICIQ LUTSqol (p=0.000) were re-
ported for both daily and weekly stimulation groups. 
There were no statistically significant differences in 
ICIQ or bladder diary parameters between those with 
idiopathic and OAB of neurogenic origin.  

Summary 

Two small trials indicate that no additional benefit is 
conferred by a more than once weekly stimulation 
protocol for percutaneous or transcutaneous PTNS. 
However, it is possible that symptom improvement 
may be more rapid with a more frequent delivery pro-
tocol (Level of Evidence: 2).  
Further rigorous and well-reported trials are needed 
to establish the most effective timing and duration of 
PTNS protocols.  

Recommendation 

Percutaneous or transcutaneous PTNS should be de-
livered at least once weekly and the protocol deter-
mined by patient preference. (Grade of Recommen-
dation: B New). 

1.3. What is the Effect of PTNS on LUTS 
Other Than UI? 

No trials were identified that analysed the effect of 
PTNS in adults or men with other LUTS alone i.e. fre-
quency of voiding, urgency, nocturia and integrated 
reporting of UI and other LUTS was a feature of all 
studies. For percutaneous PTNS compared with 
sham percutaneous PTNS, in one large well reported 
trial, the percutaneous PTNS group reported statisti-
cally significant improvements in voiding diary symp-
toms of frequency, night-time voids and voids with 
moderate to severe urgency, compared to the sham 
group (337). A small pilot trial reported reduced day 
and night time frequency and urgency after 12 weekly 
30 minute percutaneous PTNS sessions by 63% of 
percutaneous PTNS subjects, although no EStimates 
of effect size were provided. The elimination of detru-
sor overactivity on repeat urodynamic testing was 
also shown (339).  

For transcutaneous PTNS compared with sham 
transcutaneous PTNS one trial in care home resi-
dents (338) reported statistically significantly im-
proved total American Urological Association Symp-
tom Index AUASI urinary symptom scores for 87% of 
the transcutaneous PTNS group compared to 31% 
sham group (p<0.001).  

When comparing percutaneous PTNS with another 
treatment one trial (341) reported significant reduc-
tion in bladder diary reports of void frequency, noctu-
ria, moderate to severe urgency episodes in both 
groups and no between group differences.  

One trial comparing two percutaneous PTNS proto-
cols (342) reported a statistically significant reduction 
in frequency (p=0.01) for both once and three times 
weekly treatment regimes.  
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Table 35 Summary of data on PTNS vs no treatment in man and women 

Study Comparator groups N Study population Modality details or parameters Outcomes Follow up 

Percutaneous posterior tibial nerve stimulation 

Peters  
(2010) (1) 

Treatment group: Percutaneous 
PTNS 
Active electrode:  
34 gauge needle provides 
sensation. 
Inactive electrode: calcaneal 
surface electrode.  
Control group: Sham 
Percutaneous PTNS  
Placebo needle with sensation of 
insertion. Inactive 

220 Adults (>18) with OAB 
symptoms 
Males: 46 
Females: 174 
Results reported together 

Pulse width: not reported 
Frequency: 20 Hz 
Intensity:  
0.5-9mA according to sensory & 
motor response. 
Duration: 30 minutes 
Number sessions: 12 
Programme length: 12 weeks 

Primary outcome: 
Moderate/marked improvement 
in 7 level GRA at week 13 
Secondary outcomes:  
Change in individual GRA 
symptoms 
3-day voiding diary parameters 
OABq scores 
SF-36 QoL scores 

Week 13 

Vohra (2002) 
(2) 

Treatment group: Percutaneous 
PTNS 
Active electrode:  
34 gauge needle provides 
sensation. 
Inactive electrode: calcaneal 
surface electrode.  
Control group: Sham 
Percutaneous PTNS 
Described as ‘PTNS treatment 
without nerve stimulation’ 

22 Adults with urgency 
frequency syndrome of > 6 
months and 
urodynamic detrusor 
overactivity 
Males: not reported 
Females: not reported 
Results reported together 

Pulse width: not reported 
Frequency: 20 Hz 
Intensity:  
0.5-10mA according to sensory & 
motor response. 
Duration: 30 minutes 
Number sessions: 12 
Programme length: 12 weeks 
  

Micturition diary 
QOL questionnaires  
Repeat urodynamics 
SF-36 
 
. 
 

12 weeks 

Transcutaneous posterior tibial nerve stimulation  

Booth 2013 (3) Treatment group: Transcutaneous 
PTNS 
Active: Surface electrode medial 
malleolus provides sensation.  
Inactive: surface electrode 10cm 
proximal to medial malleolus,  
Control group: Sham 
Transcutaneous PTNS 
Surface electrodes X2 positioned 
below lateral malleolus and 10cm 

30 Older adults (>65) resident 
in care homes with urinary 
symptoms and/or 
incontinence 
Males: 6 
Females: 24 
Results reported together  

Pulse width: 200 μS 
Frequency: 10 Hz 
Intensity: 1-50mA according to 
sensory & motor threshold and 
subject comfort. 
Duration: 30 minutes 
Number sessions: 12 
Programme length: 6 weeks 
 

AUASI 
ICIQ-UI SF 
PVR 
 
 

Week 6 
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Footnotes; GRA : Global Response Assessment, UUI : urinary urge incontinence, OABq : Overactive Bladder Questionnaire, SF-36 : 36-Item Short Form Health Survey; 
AUASI : American Urological Association Symptom Index; ICIQ-UI SF : International Consultation on Incontinence Questionnaire on Urinary Incontinence Short Form; 
PVR : post-void residual urine volume; PTNS: Posterior tibial nerve stimulation 

1. Peters KM, Carrico DJ, Perez-Marrero R, Khan AU, Wooldridge LS, Davis GL, et al. Randomized trial of percutaneous tibial nerve stimulation versus Sham efficacy 
in the treatment of overactive bladder syndrome: results from the SUmiT trial. The Journal of urology. 2010;183(4):1438. 

2. Vohra AK, Britchford A, Neale E, Husain I, Waterfall N, editors. The efficacy of stoller afferent nerve stimulation in frequency/urgency syndrome: A randomised 
control trial. Proceedings of the International Continence Society (ICS) 32nd Annual Meeting, Aug 28-30; 2002. 

3. Booth J, Hagen S, McClurg D, Norton C, MacInnes C, Collins B, et al. A feasibility study of transcutaneous posterior tibial nerve stimulation for bladder and bowel 
dysfunction in elderly adults in residential care. Journal Of The American Medical Directors Association. 2013;14(4):270. 

 

Table 36 Summary of data on PTNS vs other active treatments in men and women 

Author, year Comparator groups N Study population  Modality details or 
parameters 

Outcomes/results Follow up 

Peters (2009) (1) Treatment group: Percutaneous 
PTNS 
Active electrode: 34 gauge needle 
provides sensation. 
Inactive electrode: calcaneal 
surface electrode.  
Comparator treatment group: 
Daily tolterodine ER 4mg 

100 Adults with urinary 
frequency of at least 8 
voids/24 hours 
Males: 6 
Females: 94  
Results reported 
together.  

Pulse width: not reported 
Frequency: 20 Hz 
Intensity:  
0.5-9mA according to sensory 
& motor response. 
Duration: 30 minutes 
Number sessions: 12 
Programme length: 12 weeks  

Primary outcome: mean reduction in 
number of urinary voids in 24 hours 
Secondary outcomes: change in 24 
hour UUI episodes, number of voids 
causing waking, daily voided volume, 
episodes of urgency. 
OABq Investigator & subject OAB 
ratings using GRA. 

12 weeks 

Footnotes; GRA : Global Response Assessment, UUI : urinary urge incontinence, OABq : Overactive Bladder Questionnaire ER : extended release PTNS : Posterior tibial 
nerve stimulation 

1. Peters KM, MacDiarmid SA, Wooldridge LS, Leong FC, Shobeiri SA, Rovner ES, et al. Randomised trial of percutaneous tibial nerve stimulation versus extended-
release tolteridine: Results from the overactive bladder innovative thereapy trial. Journla of Urology. 2009;182(3):1055-61. 

  

proximal to avoid posterior tibial 
nerve current applied 2 mA 
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Table 37 Summary of data on PTNS + another active vs PTNS 

Author, year Comparator groups N Study population Modality details or parameters Outcomes/results Follow up 

Karademir 
2005 (1) 

Treatment group: 
Percutaneous PTNS plus oral 
oxybutynin hydrochloride 5mg daily 
Active electrode:  
34 gauge needle provides 
sensation. 
Inactive electrode: calcaneal 
surface electrode.  
Comparator treatment group: 
Percutaneous PTNS 
Active electrode:  
34 gauge needle provides 
sensation. Inactive electrode: 
calcaneal surface electrode.  

43 Adults with > 6 month 
history of OAB symptoms 
and DO on UDS 
 
Males: 5 
Females: 38 
Results reported together  

Pulse width: 200 μS 
Frequency: 20 Hz 
Intensity:  
0.5-9mA according to sensory & 
motor response. 
Duration: 60 minutes 
Number sessions: 8 
Programme length: 8 weeks  
 
 
 
 
 

Outcomes measured with Bristol 
Urinary Questionnaire and voiding 
diary. 
  
Improvements in symptoms by 
>70%, 35-70% and <35% 
represented complete remission, 
partial remission and no response. 
 
 

8 weeks 

Posterior tibial nerve stimulation: PTNS 

1. Karademir K, Baykal K, Sen B, Senkul T, Iseri C, Erden D. A peripheric neuromodulation technique for curing detrusor overactivity: Stoller afferent neurostimulation. 
Scandinavian journal of urology and nephrology. 2005;39(3):230.
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1.4. Factors Affecting Outcomes 
None of the included percutaneous PTNS trials ad-
dressed the effect of age or any other factor on pre-
diction of outcome of PTNS. Effectiveness of 
transcutaneous PTNS in   older adults resident in care 
homes was the focus of one study where the mean 
age was 84.2 years (338). The adherence to the 
transcutaneous PTNS was 100% for all participants, 
with no adverse effects reported and a response to 
therapy similar to that found with younger groups. A 
prospective study (347) of prognostic factors for suc-
cessful percutaneous PTNS showed that gender, 
age, weight, body mass index, indication for percuta-
neous PTNS, duration of symptoms, number and 
type of previous treatments, number of UI epi-
sodes/24 hours, voiding frequency/24 hours and total 
IQoL scores were all unrelated to the success or not 
of percutaneous PTNS in men and women with OAB, 
non-obstructive urinary retention or chronic pelvic 
pain. A low Mental Component Summary Score on 
the SF-36 was a negative predictive factor for suc-
cess of percutaneous PTNS, both subjectively and 
objectively. Additionally patients with detrusor over-
activity had poorer outcomes than those without, as 
did those with low bladder capacity at baseline (143). 
This means that there is no reason to exclude older 
adults, those with a long symptom history, weight dif-
ficulties, severe symptoms or failure of previous treat-
ments and they should be offered PTNS where indi-
cated, except where recognised contraindications to 
PTNS, such as a cardiac pacemaker are present. 
Only in those patients with poor mental health and/or 
DO and/or low capacity bladders at baseline should 
the possibility of limited success be considered.  

New factors are emerging which may influence un-
derstanding of potential effects for different diagnostic 
groups. In one pilot study (343) urinary neurotrophin 
levels (nerve growth factor and brain derived neu-
rotrophic factor) were measured. Results indicated 
that for idiopathic OAB higher levels of nerve growth 
factor at baseline may predict poor response to 
transcutaneous PTNS. Level of brain derived neu-
rotrophic factor significantly reduced over the treat-
ment course in those who responded to transcutane-
ous PTNS, which suggests a potential biomarker for 
response in idiopathic OAB but the reduction was not 
seen in responders with neurological disease. Further 
investigation is required to fully understand the influ-
ence of these patient factors. 

Summary   
The evidence on which to base recommendations for 
best practice in the use of PTNS to treat OAB/UUI in 
men and women is sparse, for both percutaneous 
and transcutaneous PTNS. However it is sufficiently 
robust to support the use of percutaneous PTNS 
when less intensive and invasive behavioral treat-
ment options have failed (Level of Evidence: 1) and 
there is the suggestion that percutaneous PTNS may 
be as effective as some drug therapy, making it a vi-
able alternative (Level of Evidence: 2).  

Only two small trials investigated transcutaneous 
PTNS but the promising results indicate that further 
well-designed and reported trials would allow deci-
sions to be made about the place of transcutaneous 
PTNS in the treatment algorithms for OAB/UUI in men 
and women.   
Health economic information is required to establish 
the cost effectiveness of the different forms of PTNS, 
particularly in comparison to pharmacotherapy.  

Recommendations for practice:  
In adults with OAB/UUI percutaneous PTNS is better 
for improving UUI than no treatment or sham and 
should be offered to adults with UUI/OAB who do not 
achieve satisfactory results from first-line lifestyle and 
behavioral interventions or drug therapy.  (Grade of 
Recommendation: B New)  
At least weekly PTNS sessions should be offered dur-
ing an active treatment program with regular top-ups 
provided to sustain benefits for up to three years. 
(Grade of Recommendation: B New)  
Transcutaneous PTNS is a safe treatment option and 
may be offered to frail older adults with UI or urinary 
symptoms however definitive evidence of effective-
ness is needed. (Grade of Recommendation: C 
New) 
Percutaneous PTNS can be offered as an alternative 
to tolterodine for OAB/UUI in adult men and women. 
(Grade of Recommendation: B New). 
Oxybutynin may be considered in addition to percuta-
neous PTNS in adults with DO. (Grade of Recom-
mendation: B New).  
Future research directions: 
Currently available evidence compares percutaneous 
PTNS with older antimuscarinics.  Future rigorous tri-
als should compare percutaneous PTNS with other 
commonly used antimuscarinics and beta 3 adrener-
gic agonists for efficacy and adverse effect profiles, 
in men and women with OAB/UUI.  

The effectiveness of adding drug therapy to percuta-
neous PTNS should be investigated in high quality tri-
als with adults with OAB/UUI. 

Definitive evidence of the effectiveness of transcuta-
neous PTNS to treat OAB/UUI in adults is needed 
and its place in the treatment algorithm defined. 

Research comparing transcutaneous PTNS with all 
types of drug therapy is required. 

Direct comparison of percutaneous PTNS and 
transcutaneous PTNS to treat OAB/UUI in adults 
should be investigated.  

Further rigorous and well-reported trials are needed 
to establish the most effective dose of percutaneous 
PTNS and transcutaneous PTNS, including the tim-
ing and duration of PTNS protocols. 
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Table 38 Summary of data PTNS protocols comparisons 

Footnotes; GRA : Global Response Assessment, UDS : Urodynamic studies; SF-36 :36-Item Short Form Health Survey; ICIQ-OAB : International Consultation on Incon-
tinence Questionnaire on Overactive Bladder; ICIQ-LUTSqol : International Consultation on Incontinence Quality of Life questionnaire; BD parameters : bladder diary 
parameters; PTNS: Posterior tibial nerve stimulation 

1. Finazzi Agrò E, Campagna A, Sciobica F, Petta F, Germani S, Zuccalà A, et al. Posterior tibial nerve stimulation: is the once-a-week protocol the best option? 
Minerva urologica e nefrologica = The Italian journal of urology and nephrology. 2005;57(2):119. 

2. Seth J, Gonzales G, Haslam C, Ochulor J, Elneil S, Vashisht A, editors. Single centre randomised pilot study of two regimens (30mins daily or 30 mins weekly for 
12 weeks) of Transcutaneous Tibial Nerve Stimulation using an adhesive skin patch for the treatment of Overactive Bladder (OAB) Symptoms  Proceedings of the 
44th Annual Meeting of the International Continence Society (ICS), 2014 Oct 20-24; 2014. 

Author, year Comparator N Study population Modality details or parameters Outcomes Follow up 

Percutaneous posterior tibial nerve stimulation  

Finazzi-Agro 
2005 (1) 

Treatment group A: weekly 
Percutaneous PTNS 
Active electrode:  
34 gauge needle provides sensation. 
Inactive electrode: calcaneal surface 
electrode.  
Comparator treatment group B: 3 x 
weekly Percutaneous PTNS 
Active electrode:  
34 gauge needle provides sensation. 
Inactive electrode: calcaneal surface 
electrode.  

35 Adults with refractory OAB 
syndrome 
Males : 7 
Females: 28 
Results reported together 
 

Pulse width: not reported 
Frequency: 20 Hz 
Intensity:  
0.5-9mA according to sensory & 
motor response. 
Duration: 30 minutes 
Number sessions: 12 
Programme length: 12 weeks 
(Group A);  
4 weeks (Group B) 
 

24 hour BD 
IQoL 
SF36 
UDS 
Success defined as those 
who reported  
micturition 
episodes/24hours or 
incontinence episodes/24 
hours reduced by >50% 
 

4 weeks (3X 
weekly PTNS) 
 
12 weeks  
(1 X weekly 
PTNS) 

Transcutaneous posterior tibial nerve stimulation     

Seth 
2014 (2) 

Treatment group  
Transcutaneous PTNS using GekoTM 
device weekly 
Comparator treatment group 
Transcutaneous PTNS using GekoTM 
device daily 

48 
 

Adults with idiopathic (24 
subjects) or neuropathic 
(24 subjects) OAB  
Males NR 
Females NR 
Results reported together 

Pulse width: not reported 
Frequency: not reported 
Intensity: not reported 
Duration: 30 minutes 
Number sessions: 12 (weekly 
group), 84 (daily group) 
Programme length: 12 weeks  

Outcomes: Responder 
defined as those rating 
moderate to significant 
improvement on GRA at 
12 weeks  
Change in individual 
GRA symptoms 
ICIQ-OAB,  
ICIQ-LUTSqol 
BD parameters 

12 weeks 
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T. HANUS (CZECH REPUBLIC), S. HERSCHORN (CANADA), C. WOODHOUSE (UK) 

 INTRODUCTION  

Surgery for male incontinence is an important aspect 
of treatment with the changing demographics of soci-
ety and the continuing large numbers of men under-
going surgery and other treatments for prostate can-
cer. 

Basic evaluation of the patient is similar to other areas 
of incontinence and includes primarily a clinical ap-
proach with history, pad testing, frequency-volume 
chart or bladder diary, and physical examination. 
Since most of the surgeries apply to patients with in-
continence after other operations or trauma, other in-
vestigations such as radiographic imaging of the 
lower urinary tract, cystoscopy, and urodynamic stud-
ies may provide important information for the treating 
clinician. 

Although prostatectomy for benign disease has be-
come less frequent in many countries, the complica-
tion of incontinence is a rare but unfortunate occur-
rence that merits treatment. After a period of con-
servative therapy has been tried, surgical treatment 
is indicated following similar strategies applied in 
post-prostate cancer treatment incontinence i.e. 
slings and artificial urinary sphincter (AUS).  

Despite the changes in prostate-specific antigen 
(PSA) testing following the recent US Preventive Ser-
vices Task Force Statement (USPSTF),1,2 radical 
prostatectomy (RP) for prostate cancer is performed 
far more frequently now than 15 to 20 years ago, with 
nearly two-thirds of surgical cases performed via the 
robotic-assisted laparoscopic approach in the United 
States.3 

The diffusion of minimally invasive radical prostatec-
tomy (MIRP) in the United States may have led to ad-
verse patient outcomes due to rapid surgeon adop-
tion and collective inexperience.4 According to an 
analysis of the Surveillance, Epidemiology and End 
RESULTS-Medicare dataset, which identified men 
who had open RP and MIRP for prostate cancer from 
2003-2009, MIRP was associated with a higher risk 
of voiding dysfunction (HR 1.31, 95% CI 1.20-1.43) 
and ED (HR 1.43, 95% CI 1.31-1.56), but a lower risk 

of bladder outlet obstruction (HR 0.86, 95% CI 0.75-
0.97). Approximately 5-25% of patients will experi-
ence incontinence that fails to improve with conserva-
tive management, and a substantial minority will ulti-
mately undergo surgical treatment.5 The AUS has 
provided a satisfactory result in most cases, regard-
less of the degree of urinary incontinence, with a pos-
itive impact on quality of life. Sling procedures have 
emerged as an efficacious treatment in many men 
with mild to moderate stress urinary incontinence, 
however, they have not proven predictably successful 
in men with higher degrees of incontinence.  Injecta-
ble agents have not shown durable long-term results.  
Volume adjustable balloons have been limited in their 
utility due to a high complication rate.  Newer tech-
niques involving adjustable urethral slings have 
demonstrated efficacy similar to that of non-adjusta-
ble slings, with the potential advantage of postopera-
tive alterations in sling tensioning (tightening) but a 
higher complication rate.   

Stratification of treatment based on the degree of 
stress incontinence is now feasible.  Men with milder 
degrees of incontinence and normal bladder function 
are candidates for either artificial urinary sphincter 
placement or sling surgery, each with similar success 
rates. Sling surgery appears to have a lower risk of 
surgical complications in this population and patient 
preference may be for a sling vs a mechanical device 
in this group of patients.6 On the other hand, with 
more severe incontinence, AUS surgery has a more 
predictable success profile than does sling surgery.  

Incontinence following radiation therapy, cryosurgery, 
high-intensity focused ultrasound, other pelvic opera-
tions and trauma is a particularly challenging problem 
because of tissue damage inside and outside the 
lower urinary tract.  In such instances, periurethral 
bulking, sling procedures, and inflatable periurethral 
balloons have generally proven inefficacious and 
worsening of incontinence may happen after such 
surgery. The AUS is the most successful surgical pro-
cedure in this setting, but is associated with a higher 
rate of complications compared to implantation fol-
lowing surgery in the absence of adjuvant cancer 
therapy. With tissue damage beyond the urinary 
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sphincter, other surgical approaches may be neces-
sary. Patients with unresolved problems from child-
hood and with associated incontinence from detrusor 
overactivity may benefit from a variety of complex re-
constructive surgical procedures. Patients with pri-
marily overactive bladder symptoms who have failed 
conservative management may benefit from neu-
rostimulation or botulinum toxin injection.  Other com-
plicated problems encountered include urethrocuta-
neous fistulae, and fistulae between the prostate, 
bladder neck, or urethra and rectum. Surgical recon-
struction, in experienced hands, often in a staged 
manner, is usually successful. 

With decades of worldwide use of the AUS in the sur-
gical management of male incontinence, its compli-
cations and their management are well known. Dura-
bility of the device is an important aspect that impacts 
on outcome and cost of treatment.  A growing body of 
literature regarding male sling surgery, its indications, 
factors affecting outcome, and complications and 
their management, has changed the landscape of in-
continence surgery over the past 10 years. 

Although the literature is replete with well-done cohort 
studies, there is a continuing need for prospective 
randomized clinical trials, especially needed for ade-
quate comparisons among surgical techniques. 

1. MATERIALS AND METHODS 

The committee was charged with the responsibility of 
assessing and reviewing the outcomes of surgical 
therapy that have been published since the Fifth Con-
sultation7 for non-neurogenic male incontinence. Arti-

cles from peer-reviewed journals, abstracts from sci-
entific meetings, and literature searches by hand and 
electronically formed the basis of this review. The out-
comes were analyzed, discussed among the mem-
bers of the committee and included in the chapter. 

The incontinence problems were classified according 
to their etiology, ie, either primarily sphincter or blad-
der related, and are listed in Table 1. Treatment of 
fistulae is covered separately. 

Specific recommendations are made on the basis of 
published results and determined by the levels of ev-
idence. Consensus of the committee determined the 
recommendations, which are found at the end of the 
chapter. Recommendations for future research are 
also included. 

 EVALUATION PRIOR TO 
SURGICAL THERAPY 

Recommendations for evaluation prior to surgery 
have not changed substantially from the last edition 
in 2013.7 A basic history and physical is the corner-
stone of this evaluation.  The history should focus on 
the precipitating events (surgery, trauma, etc) that led 
to the incontinence, the evolution over time of the 
leakage symptoms (has there been improvement, 
etc), what precipitates the leakage (straining, cough, 
exercise, etc – suggestive of stress urinary inconti-
nence (SUI) or the sudden sense of the urge to void 
particularly in the absence of any physical activity – 
suggestive of urgency urinary incontinence) as well 
as other potential comorbidities.  A general sense of 

TABLE 1. Classification of Surgically Correctable Problems 

Sphincter Related Postoperative 

Post-prostatectomy for prostate cancer 

Post-prostatectomy for benign disease 

TURP and radiation for prostate cancer 

Post-cystectomy and neobladder for bladder cancer 

Post-traumatic 

After prostato-membanous urethral reconstruction 

Pelvic floor trauma 

Unresolved pediatric urologic incontinence 

Exstrophy and epispadias 

Bladder Related Refractory urgency incontinence  

Small fibrotic bladder 

Fistulae Prostatorectal (urethrorectal) 

Urethrocutaneous 
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the degree of bother of these symptoms, sexual func-
tion and pad use is important as well.  The physical 
examination should note any gross urine leakage per 
meatus with patient straining or coughing as well as 
general characteristics of the lower abdomen, peri-
neal area and penis and scrotum.  Assessment of up-
per extremity function is important to assess manual 
dexterity for manipulation of an implanted device. A 
brief neuro-urological examination (perineal sensa-
tion, anal tone, voluntary contraction and relaxation of 
the anal sphincter, bulbocavernosus reflex8) should 
be performed. A urinalysis to rule out infection or 
signs of inflammation or hematuria should be ob-
tained. 

A frequency-volume chart,9 or bladder diary (indicat-
ing daytime and nighttime frequency of micturition, in-
continence episodes, voided volumes, 24-hour uri-
nary output, etc.) is also helpful. According to Wyman 
et al,10 the 7-day diary can be considered as the gold 
standard for voiding diaries. Schick et al11 demon-
strated that a 4 day frequency-volume chart gives a 
reliable snapshot of the patient’s situation. However, 
in obvious situations (eg post-prostatectomy inconti-
nence where the patient coughs and leaks during 
exam such a diary may not be necessary.  A pad test 
quantifies the severity of incontinence and may be the 
most objective measure of the incontinence. Severity 
of incontinence (quantified by pad weight) affects sur-
gery outcomes. In men with greater than 200 g/d 
urine loss, the transobturator sling has been associ-
ated with lower success rates.12 The 24-hour pad test 
and micturition diary are reliable instruments for as-
sessing the degree of urinary loss and number of in-
continent episodes, respectively. Increasing test du-
ration to 48 and 72 hours increases reliability but is 
associated with decreased patient compliance.13 
Overall, the 24-hour home test is the most accurate 

pad test for quantification and diagnosis of urinary in-
continence because it is the most reproducible.14 The 
1-hour pad test may be used because it is easily done 
and standardized, however there is no strict parallel 
with the 24-hour pad test and it may underestimate 
the weakness of the sphincter in the later part of the 
day. A pad test may be helpful in quantifying leak in 
AUS failures.  

Postvoid residual urine measurement is a good esti-
mation of voiding efficiency.15,16 These basic investi-
gations are recommended in incontinent males prior 
to surgical therapy. 

Blood testing (BUN, creatinine, glucose) is recom-
mended only if compromised renal function is sus-
pected or if polyuria (in the absence of diuretics) is 
documented by the frequency-volume chart.17 

Further evaluation should be adapted to the particular 
patient. Cysto-urethroscopy will verify the integrity of 
the urethral wall (anterior aspect of the distal sphinc-
teric mechanism in post-TURP incontinence,18 ero-
sion by the cuff of the artificial sphincter, and the sta-
tus of the bladder (trabeculation, stone, diverticula, 
etc). It will allow observation of the urethral sphincter 
and voluntary contraction on the part of the patient. 
The presence or absence of urethral, prostatic, or 
bladder neck stenosis is also necessary to ascertain 
prior to incontinence surgery, especially in patients 
who have undergone treatment for prostate cancer.  

Imaging techniques include plain film of the abdomen 
(KUB or Kidneys, Ureters, Bladder), in cases of in-
continence following artificial sphincter implantation 
when during the original procedure the hydraulic sys-
tem was filled with contrast medium. A KUB immedi-
ately following sphincter implantation serves as a ref-
erence point for subsequent comparisons.19  Figure 1 
illustrates the case of a young spina bifida patient in 

  

Figure 1. Young spina bifida patient who had a bladder neck artificial sphincter implanted. After more than 
10 years, he become incontinent. Early abdominal plain film, A, shows a full reservoir. After leakage started 
abdominal plain film, B, demonstrates loss of fluid from the reservoir. 
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whom an artificial sphincter has been implanted with 
the cuff around the bladder neck. After more than 10 
years, he became suddenly incontinent. Comparing 
the second KUB to the original one clearly demon-
strated fluid loss from the system. Contrast studies 
include cystography which may demonstrate an open 
bladder neck when bladder denervation is sus-
pected20 (e.g., following abdominoperineal resection 
of the rectum). CT or MRI may be useful as well par-
ticularly in cases where there is concern that compo-
nents of the AUS have shifted or herniated (Figure 2A 
and B).   

Cystourethrography may be used to demonstrate a 
fistula, stricture or urethral diverticulum eg, following 
healing of the urethral wall erosion caused by the cuff 
of the artificial urinary sphincter. Ultrasound is widely 
used not only to evaluate the upper urinary tract, but 
also to evaluate postvoid residual urine. The sensitiv-
ity of 66.7% and specificity of 96.5% when post-void 
residual is 100 ml or more is adequate for routine clin-
ical use.21 It has been shown to be cost-effective 
when compared to catheterization.22 Other modali-
ties, for example transurethral ultrasound23 and mag-
netic resonance imaging of the external sphincter are 
still under development. 

1. URODYNAMIC TESTING 

Urodynamic studies (UDS) have traditionally been 
performed in men under consideration for invasive 

treatment in order to assess Valsalva Leak Point 
Pressure (VLPP), detrusor overactivity and bladder 
compliance.  However, there are now several studies, 
which call into question the use of routine UDS in men 
with pure SUI. These studies will be commented on 
at the end of this section.  

When performing UDS there are specific issues that 
must be considered. Sphincter weakness can be doc-
umented by the Valsalva24 or cough25 abdominal leak 
point pressure. However, in patients with inconti-
nence secondary to RP who develop bladder neck 
stenosis, the urethral catheter can create obstruction 
giving false values for VLPP. Catheter size seems to 
have a significant influence even with a small size 7-
F urethral catheter,26 and the correlation is extremely 
high between the test-retest leak point pressure when 
the same size of catheter is used.27,28 In male pa-
tients, abdominal leak point pressure may be evalu-
ated via a rectal catheter because a urethral catheter 
is much more likely to invalidate VLPP measure-
ments than it does in female.29 It has become evident 
that bladder volume influences VLPP, ie, it decreases 
with bladder filling.30,31,32 However, this observation is 
not consistent.33 Unfortunately, there is no agreed 
standardization of the technique currently which 
somewhat limits its usefulness.34 Measurement of 
leak point volume may also provide information on the 
functional capacity of the bladder.35 

Retrograde leak point pressure has been used to 
study incontinence following placement of an artificial 
sphincter.36,37 It correlates with the lowest abdominal 
leak point pressure.38 The intraoperative use of this 
technique has been proposed and this allows early 
recognition of intraoperative urethral injury and me-
chanical malfunction.39 Intraoperative retrograde per-
fusion sphincterometry may be helpful to determine 

the appropriate tension on male slings.40 Similarly, 
others have utilized repeated intraoperative ab-
dominal leak point pressure (ALPP) measurements to 
adjust the tension for male slings.41 Electrophysio-
logic studies, mainly sphincter electromyography, 
may be useful to document denervation of the pelvic 

   
Figure 2A Figure 2B 

"Courtesy of Drs Luis Augusto Seabra Rios and Márcio Augusto Averbeck 
and by permission of Urologia Essencial" 
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floor when nerve injury or neuropathology is sus-
pected.42 

Detrusor function is best evaluated by multichan-
nel urodynamics. Its main purpose is to detect de-
trusor overactivity and/or decreased compli-
ance during bladder filling. It can be coupled with 
fluoroscopic imaging - video-urodynamics. It has 
also been proposed by some that fluoroscopy be 
replaced by transrectal ultrasound.43,44 Ultrasound 
measurement of bladder wall thickness was pro-
posed as a better predictor of bladder outlet ob-
struction than uroflowmetry45 but is still controver-
sial.46  In some cases with severe SUI and “early” 
leakage the urethra/bladder neck can be occluded 
to get a better idea of detrusor characteristics. 

Non-invasive pressure-flow urodynamic evaluation 
based on Doppler ultrasound seems to have po-
tential for diagnosing bladder outlet obstruction.47 
However invasive pressure-flow studies are still 
the gold standard in the incontinent male to rule 
out bladder outlet obstruction accompanied by de-
trusor overactivity48 which in turn can cause incon-
tinence. 

In most recently published studies, urodynamic 
testing has been done prior to surgery.49,50,51,52,53 
Cystoscopy is frequently done as well.52,54,55,56,57,58 
However, as noted above, there are some reports 
that question the value of urodynamics studies in 
predicting outcomes after surgery. Thiel et al59 
found no evidence that patients with detrusor over-
activity, low first sensation filling, decreased com-
pliance or low bladder capacity had worse out-
comes after artificial sphincter placement in 86 
men. Trigo Rocha et al60 also found that preopera-
tive urodynamic findings such as detrusor overac-

tivity, impaired detrusor contraction, low valsalva 

leak pressure, bladder outlet obstruction, and 
mildly reduced compliance did not lead to a bad 
outcome after artificial sphincter implantation. 
Ballert et al61 studied the association between pa-
tients with or without detrusor overactivity, and 
postoperative outcome after male sling surgery, 
and found no difference in the number of pads 
used postoperatively. Finally, Lai et al62 reviewed 
129 patients with post-prostatectomy incontinence, 
all of whom had multichannel videourodynamics, 
and noted that the presence of adverse preopera-
tive urodynamic features (such as detrusor overac-
tivity, early sensation of desire to void, reduced 
cystometric capacity of <200cc, low abdominal 
LPP <30 cm H2O, low peak flow <10 cm H2O and 
poor bladder contractility) did not negatively affect 
the continence results after AUS implantation.  
However, it should be noted that after discussion 
with a panel of experts (ICI meeting, Tokyo, Sep-
tember 2016) it is evident that there is a difference 
of practice between North American and other urol-
ogists - the non-North Americans are much more 
likely to obtain urodynamics preoperatively in all 
cases. 

The proposed evaluation of the incontinent male is 
summarized in Table 2.  

TABLE 2 Evaluation Prior to Surgical Therapy 

• History 

• Physical examination 

• Urinalysis 

• Urine culture 

• Post-void residual (by ultrasound) 

• Voiding diary (2-7 days) 

o Polyuria without diuretics: BUN, Creatinine, Glucose 

• Pad-test 

• Cystourethroscopy 

• Urodynamics 

o Multichannel urodynamics: 

 To characterize the incontinence and to detect detrusor overactivity, decreased 
compliance and/or outflow obstruction 
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 INCONTINENCE AFTER 
RADICAL PROSTATECTOMY FOR 

PROSTATE CANCER 

1. INCIDENCE AND PREVALENCE 

Urinary incontinence occurring after RP is a substan-
tial problem. Despite improvements in continence 
preservation63 during the 1990s and 2000s primarily 
due to a better understanding of the pathophysiology 
and improvements in surgical technique, continence 
rates have generally plateaued over the past decade.  
As RP has continued to increase in popularity as a 
treatment for prostate cancer, especially with the ad-
vent of robotic-assisted surgery, the prevalence of 
post prostatectomy incontinence (PPI) has increased 
in developed countries, which has led to an overall 
increase in the number of patients affected.   

Data from large multicenter studies and prostate can-
cer databases suggest that following RP, 1% to 40% 
of patients complain of persistent urinary inconti-
nence. The incidence of post prostatectomy inconti-
nence (PPI) depends on the definition of urinary in-
continence and the length of follow-up.64,65,66 In addi-
tion to numerous definitions of incontinence, the tools 
used to evaluate incontinence vary from self-admin-
istered validated and non-validated questionnaires, to 
interviews from a data manager, to response to the 
surgeon’s inquiry, to insurance database inquiries re-
garding secondary surgical procedures.  It should be 
noted that SUI also affects men who have not had 
surgery for prostate cancer, occurring at a baseline 
prevalence of 1.3%-4.8%.67,68  In addition, men with 

prostate cancer who choose radiation therapy, andro-
gen ablation, or even watchful waiting also develop 
urinary incontinence, recently reported at rates of up 
to 12%, 11%, and 3%, respectively.69,70 In addition to 
urinary incontinence, bothersome lower urinary tract 
symptoms may affect patients following any treat-
ment (or even watchful waiting) for prostate cancer.  

Typically, reports of large cohorts use definitions that 
include “total control/perfect continence/dry”, “occa-
sional leakage but no pad”, and “less than one pad”.  
Because 1/3 to 1/2 of men who do not wear pads will 
have occasional leakage of urine,64,71 it is important 
to distinguish among those men who leak enough to 
require pad use vs those who do not, as it has been 
demonstrated that health related quality of life (QOL) 
is strongly correlated with the level of incontinence.  
Wearing one pad, even if this pad is considered “a 
security pad”, more significantly affects the quality of 
life than wearing no pad at all.72,73 In addition, not all 
men who leak will elect to have further treatment.  
Most large cohort studies indicate that between 6% 
and 9% of patients undergo subsequent surgical 
treatment for PPI following prostate cancer sur-
gery.74,75,76,77 Several large cohort studies are listed in 
Table 3.66,71,73,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96 

Another bothersome type of incontinence occurring 
during orgasm in men post-prostatectomy has been 
termed ‘climacturia’ and may significantly affect the 
quality of men with post-prostatectomy potency.97 

Finally, some men may experience post-micturition 
dribbling.  This can usually be managed with urethral 
milking or pelvic floor muscle contraction. 

 

TABLE 3. Continence Rates After Radical Prostatectomy According to Definition of Continence 

Authors N Mean age 
(yrs) 

Continence Follow-Up at 12 Months Type of 
Surgery 

Total control 
without any 
pad or 
leakage (%) 

No pad use 
but loses a 
few drops of 
urine (%) 

Use none or 
1 pad per day 
(%) 

Anstasidis et al90 70 
230 

65 
64 

  67 
72 

RRP 
LRP 

Augustin et al87 368 63.3   87.5 RRP 

Boris et al94 50 
50 

64 
64 

  96 
96 

RRP 
RALP 

Deliveliotis et al82 149 66.5  92.6  RPP 

Di Pierro et al95 75 
75 

64 
63 

80 
89 

  RRP 
RALP 

Harris et al83 508 65.8  96  RPP 

Hofmann et al85 83   74.7 88 RRP±Rx 

Jacobsen et al89 172 
67 

64 
61 

87 
83 

 88 
50 

RRP 
LRP 
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Authors N Mean age 
(yrs) 

Continence Follow-Up at 12 Months Type of 
Surgery 

Total control 
without any 
pad or 
leakage (%) 

No pad use 
but loses a 
few drops of 
urine (%) 

Use none or 
1 pad per day 
(%) 

Kielb et al78 90 59.6 76  99 RRP 

Krambeck et al92 588 
294 

61 
61 

 94 
92 

 RRP 
RALP 

Lepor and Kaci80 92 58.7 44.6  94.6 RRP 

Liss et al73 420 61 54 67 82 RALP 

Madalinska et al81 107 62.6 33 65  RRP 

Maffezzini et al84 300 65.5  88.8  RRP 

Olsson et al66 115 65.2 56.8 78.4 100 LRP 

Rassweiler et al88 219 
219 

65 
64 

  89.9 
90.3 

RRP 
LRP 

Reynolds et al96 1005 60 28 68 90 RALP 

Rocco et al93 240 
120 

63 
63 

  88 
87 

RRP 
RALP 

Ruiz-Deya et al86 200 63   93 RPP 

Sacco et al91 985 65 83 92 93 RRP 

Sebesta et al79 675 < 65 43.7 69.2 82.2 RRP 

Wallerstedt et al71 1163 63 67 78 90 RRP or RALP 

RRP = radical retropubic prostatectomy, RPP = radical perineal prostatectomy, LRP = laparoscopic radical 
prostatectomy 

Rx = radiotherapy, RALP = robotic assisted laparoscopic prostatectomy 

2. RISK FACTORS 

Reported risk factors for incontinence following RP in-
clude patient age at surgery, socio-economic status, 
preoperative continence status, obesity, pre-surgical 
bladder dysfunction, stage of disease, surgical tech-
nique (including nerve sparing, bladder neck preser-
vation, and posterior reconstruction of Denonvilliers’ 
musculofascial plate, anterior periurethral suspension 
sutures,98,99 prior radiation therapy, preoperative 
length and intraoperative preservation of the mem-
branous urethra, prior transurethral resection of the 
prostate (TURP), postoperative radiation or cryother-
apy, and vascular comorbidities.  However, various 
studies have come to conflicting conclusions regard-
ing the importance of specific risk factors.  Predispos-
ing factors contributing to incontinence after TURP 
have been less clearly defined, probably because the 
incidence is so low, (and the plethora of minimally in-
vasive therapies is reducing the popularity of TURP 
surgery), making the accumulation of large prospec-
tive series of this type of incontinence difficult. How-
ever, previous external beam radiation and prior 
brachytherapy does predispose to post-TURP incon-
tinence (Section V and VI in this chapter). 

Preoperative voiding dysfunction and pre-existing uri-
nary incontinence have been reported as risk factors 
for postoperative SUI.  Patients with more severe 
lower urinary tract symptoms, measured by validated 
symptoms scores, had a lower return to continence 
than did patients with more mild symptoms, even 
when controlling for age.100 While preoperative lower 
urinary tract symptoms, including urgency inconti-
nence and “overflow incontinence” may improve with 
de-obstruction secondary to extirpative surgery,101 
preoperative SUI does not improve following RP. 
Several recent cohort studies have demonstrated that 
preoperative sphincteric insufficiency (demonstrated 
by either the pre-existing clinical sign of SUI or the 
urodynamic finding of lower maximal urethral closure 
pressure) predicts postoperative SUI.102,103Preopera-
tive bladder dysfunction can also contribute to post-
operative incontinence. Pre-existing abnormalities of 
detrusor function may predispose to leakage follow-
ing surgery, especially in the setting of neurogenic 
detrusor overactivity due to Parkinson’s disease, de-
mentia or spinal cord injury.104 

Advancing age as a risk factor is supported by several 
studies77,101,105,106,107,108,109,110,111.  However, Steiner et 
al112 found no correlation between age and conti-
nence status, but only 21 of the 593 patients were 70 
years or older.  Others have found advancing age and 
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the number of comorbidities to have a negative im-
pact on the recovery time for continence during the 
first year after RP;113 although, the rate at one and 
two years did not seem to be significantly affected.114  

Mohamad and colleagues115 reviewed 16,524 pa-
tients who underwent RRP in public hospitals, cover-
ing 95% of all procedures in Austria between 1992 
and 2003. They found that increasing age was asso-
ciated with an increased risk of future AUS implanta-
tion.  In those aged 45-49, 0.5% were bothered 
enough by PPI to merit AUS placement, while those 
age 70-74 were five times as likely to undergo AUS 
placement for PPI.115  Similarly, Rogers et al116 
demonstrated that age affected postoperative conti-
nence status following laparoscopic RRP.  In those < 
50 years old, 100% achieved 0-1 pad per day conti-
nence at 1 year, which decreased to 91% and 81% 
for those age 50-59 and > 60 yrs, respectively 
(P<0.01).116  Nilsson et al117 reported that age at sur-
gery predicted—in an exponential manner—the long-
term risk for urinary incontinence, with an estimated 
relative increase of 6% per year.  

Strasser and colleagues hypothesized that age re-
lated sphincteric changes may be responsible for the 
age-related increase in postoperative SUI, and suc-
cessfully demonstrated a progressive reduction in 
sphincter striated muscle cells with age.23  In addition 
to age, overall well-being has also been related to the 
risk of PPI. For example, a recent study from Italy 
demonstrated that both age and Charlson comorbid-
ity index were independent predictors of return to uri-
nary continence.110 It is especially interesting to note 
that in this particular cohort study, there were no var-
iables related to the prostate cancer itself that were 
significantly correlated with urinary continence. A 
large study from Sweden recently demonstrated that 
in addition to age as a risk factor (relative risk of 2.4 
between the oldest and youngest quartiles), educa-
tional level also impacted incontinence, with low edu-
cational level, as compared with high educational 
level, being associated with a 2.5 times risk of incon-
tinence.117  

Obesity, especially when coupled with physical inac-
tivity, appears to be a risk factor for PPI in men un-
dergoing RRP. Obesity with a BMI > 30 was reported 
as a risk factor with an incontinence rate of 25.8% vs 
8.7% in BMI <30 in a series of 252 men after RRP.118 

Wolin et al119 demonstrated that greater than one 
year after surgery, obese men were markedly more 
likely to have urinary incontinence (defined as any 
pad use) than were non obese men, while this risk 
was exacerbated by sedentary lifestyle, and amelio-
rated by at least 1 hour of physical activity per day 
(preoperatively).  Nonobese active men were 26% 
less likely to have urinary incontinence than obese in-
active men. In obese men who were physically active, 
the relative risk of urinary incontinence was 15% less 
than in the inactive obese men.119  

Most large series have found no correlation between 
the stage of disease and incontinence 

rates.106,107,120,121,122  Loeb and colleagues123 specifi-
cally demonstrated excellent continence rates even in 
high-risk (high local stage) patients. However, in cer-
tain cases, the stage of disease may affect the surgi-
cal technique (ie, nerve sparing) and incontinence 
rates may be higher, but this appears to be a reflec-
tion on surgical technique and not disease stage.108 
Yang et al111 reported that neoadjuvant hormonal ab-
lation was associated with a lower risk of urinary in-
continence, and while patients with higher stage dis-
ease may have been more likely to receive hormonal 
ablation preoperatively, it is not clear that stage of dis-
ease was an important risk factor. 

Regarding surgical technique, the many parameters 
involved in continence may explain difficulties in un-
derstanding the benefit of certain technical points. 
Perineal prostatectomy is done by only a limited num-
ber of urologists but is still advocated for markedly 
obese patients and the continence rate is reported as 
similar to the retropubic route.83,94,124,125 Bladder neck 
preservation has been reported to improve conti-
nence at 1 month126 and at 3 months121 but no differ-
ence was found at 6 and 12 months.127,128  Nerve 
sparing has no significant impact according to Steiner 
et al112 and Lepor and Kaci.80  Recently Pick et al129 
reported that nerve sparing, whether unilateral or bi-
lateral, did not affect continence rates following 
RALP. However, others did find benefit.102 In particu-
lar, Nandipati and colleagues130 reported that in a co-
hort of 152 patients followed prospectively, bilateral 
nerve sparing surgery was associated with a shorter 
time to regain continence as well as improved long-
term continence rates compared to non-nerve spar-
ing surgery. They additionally found that increased 
age was a risk factor for post-prostatectomy inconti-
nence. Burkhard et al131 similarly demonstrated a 
positive effect of nerve-sparing surgery on postoper-
ative continence.  In a prospective cohort study of 536 
patients, PPI developed in 1/75 (1.3%), 11/322 
(3.4%), and 19/139 (13.7%) with attempted bilateral, 
attempted unilateral and without attempted nerve 
sparing, respectively.  Attempted nerve sparing was 
in fact the only statistically significant factor influenc-
ing urinary continence after RRP in this cohort.131 
Based upon comparison of preoperative and postop-
erative urodynamics, nerve sparing appears to re-
duce the risk of PPI—via minimizing decreases in 
maximal urethral closure pressure and functional ure-
thral length, but without affecting bladder function.132  
Two recent reports have linked preoperative sexual 
function with postoperative continence. While those 
who are sexually active preoperatively may be more 
likely to have their cavernosal nerves spared during 
surgery, it appears that the preoperative status has a 
significant effect on postoperative continence rather 
than the nerve sparing technique.126,129,133 

Robotic-assisted laparoscopic RP has not only be-
come a standard treatment for men with prostate can-
cer, but has become the most popular surgical option.  
In contrast to the initial robotic experience, where the 
body of available data on postoperative incontinence 
did not demonstrate an obvious differences in urinary 
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continence rates between open and laparoscopic/ro-
botic approaches,88,89,90,92,93,94,95,134,135,136 more recent 
reports have indeed shown a lower rate of inconti-
nence following robotic surgery compared to tradi-
tional open surgery. While one randomized compari-
son of laparoscopic RP with and without robotic as-
sistance did not show a significant difference in uri-
nary continence,137 there has been more recent 
demonstration of statistically significantly superior 
continence outcomes with robotic assisted laparo-
scopic RP compared to open RP.138,139,140,141 

While no specific reconstructive technique has been 
definitively shown to affect long-term continence, the 
postoperative appearance of the bladder outlet on 
cystogram has been shown to correlate with early and 
late postoperative incontinence.  Specifically, a 
sharper bladder neck angle with a more downwardly 
displaced bladder neck predicts PPI as early as 1 
month, and as late as 24 months postoperatively.142 
In addition to the angle per se, the bladder neck loca-
tion in relation to the superior edge of the symphysis 
can also predict incontinence at 12 months postoper-
atively. Patients in the highest tertile of bladder neck 
to pubic symphysis ratio (distance from superior edge 
of pubic symphysis to the bladder neck divided by the 
total pubic symphysis height) had a nearly 20% in-
continence rate at 1 year postoperatively, compared 
to a 2.8% rate in those in the lowest tertile.143 

Is Radical Retropubic Prostatectomy associated 
with higher risk of urinary incontinence in pa-
tients previously submitted to HoLEP or TURP 
due to Benign Prostatic Enlargement? 

Suardi et al144 evaluated the feasibility and safety of 
nerve-sparing radical retropubic prostatectomy 
(NSRRP) for localized prostate cancer after HoLEP 
for BOO due to BPE. Fifteen consecutive patients 
with prostate cancer following HoLEP underwent 
NSRRP. They were matched with an equal number 
of patients who also underwent NSRRP following 
TURP (TURP group) or open prostatectomy (OP 
group). Mean follow-up was 23.8 ± 10.5 mo. At last 
follow-up evaluation no statistical differences were 
found among the groups in terms of UI, as measured 
with the first question of the ICIQ-SF. The groups 
showed no statistical differences in UI rate. Six-month 
continence rates were 93.3%, 93.3% and 80% for 
HoLEP (N=15), TURP (N=15) and open prostatec-
tomy (N=15), respectively (P>0.05). 

3. Pathophysiology 

Post-prostatectomy incontinence, like any urinary in-
continence, may be caused by bladder dysfunction, 
sphincter dysfunction or a combination of both.  Uro-
dynamic studies are helpful to rule out bladder outlet 
obstruction or significant bladder dysfunction. In ad-
dition to incontinence symptoms, storage and voiding 
symptoms may be investigated.124,145 Urodynamics 
demonstrates that sphincter incompetence occurs as 
the sole cause in more than two-thirds of patients, 

while isolated bladder dysfunction (detrusor overac-
tivity, poor compliance, detrusor underactivity during 
voiding) is uncommon, occurring in less than 
10%.146,147,148,149 

Sphincter and bladder dysfunction can coexist in at 
least one-third of incontinent patients. Bladder dys-
function may occur de novo after prostatectomy per-
haps induced by bladder denervation; may be caused 
by outlet obstruction, or may be related to pre-existing 
factors such as age. Impaired detrusor contractility, 
which occurs in 29%–61% of patients (de novo in ap-
proximately 47%), and poor compliance, which oc-
curs in 8%–39% of patients (de novo in approximately 
half), have traditionally been thought to resolve in the 
majority of patients within 8 months.149,150 However, 
two recent prospective urodynamic studies have 
demonstrated that decreased vesical compliance can 
occur in up to one-third of patients following RP, and 
persist in 28% at 36 months, while detrusor underac-
tivity can occur in half of the patients, and persist in 
25% at 36 months.150,151 Decreased sphincter re-
sistance may be due to tissue scarring in some cases 
and reflected by a low urethral compliance, however 
this parameter is difficult to measure.146 Scarring may 
lead to an anastomotic stricture evidenced by endos-
copy or urethrography, and is clinically suspected 
when both incontinence and decreased force of 
stream coexist. 

The preoperative length of the membranous urethra 
determined on MRI has been shown to be signifi-
cantly related to time to postoperative continence. 
When urethral length was greater than 12 mm, 89% 
of the patients were continent at one year, vs 77% 
with or less than this length.152 Urodynamic studies 
revealed that a reduced functional urethral length was 
a predictive parameter of incontinence.102,153,154. A re-
cent elegant study of intraoperative stretched urethral 
length (from the urogenital diaphragm to the prostatic 
apex with cephalad retraction) and cut urethral length 
(length of preserved urethral stump) during RALP re-
vealed that although in this cohort, MRI urethral 
length did not correlate well with continence, the in-
traoperative measurements correlated significantly 
with time to continence.155 Different components of 
the urethra may also be involved. The urethral intrin-
sic component responsible for passive continence as 
well as the extrinsic component responsible for active 
continence may be involved as has been demon-
strated in a urodynamic alpha blockade test.156  This 
may explain passive incontinence despite a high vol-
untary urethral pressure or that measured during an 
active squeeze by the patient. Postoperative disrup-
tion of the innervation of the posterior urethra may 
also be involved and can affect both motor and sen-
sory functions.157,158  In clinical practice, urodynamic 
evaluation of urethral weakness may be assessed by 
resistance to antegrade leakage (ALPP or VLPP), ret-
rograde leakage, or profilometric measurement 
(MUCP).159 However no such parameters have been 
correlated to outcomes of treatments for the correc-
tion of post-prostatectomy incontinence.  It should be 
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noted that increasing age is a strong predictor of in-
continence.160,161,162,163,164,165 The fact that increasing 
age predicts incontinence reflects the natural history 
that atrophy of the rhabdosphincter and degeneration 
of neural pathways occurs with aging, thereby affect-
ing postoperative continence status.  

The state of a patient’s pelvic floor may also influence 
continence or return to continence after RP. Physio-
therapy and pelvic floor rehabilitation have been 
shown to improve or enhance continence (decreased 
time to final continence level) in the postoperative pe-
riod in two randomized studies, but only if such 
measures are instituted before or immediately after 
catheter removal.166,167 Maximum difference between 
physiotherapy and no treatment is achieved at 3 
months, with almost no difference at 12 months. An-
other study showed that providing patients with in-
structions for pelvic floor muscle exercise alone was 
equivalent to biofeedback or electrical stimulation.168 
A randomized study in which randomization occurred 
6 weeks after surgery showed no difference in conti-
nence at 6 months.169 On the other hand, a recent trial 
from Brazil did demonstrate significant difference in 
12-month continence rates, quality of life, and lower 
urinary tract symptoms in general when randomizing 
patients to biofeedback-pelvic floor muscle training vs 
verbal instructions alone.170 Studies in which physio-
therapy was used as a treatment modality for estab-
lished incontinence have shown more variable re-
sults.171,172,173,174 A recent randomized trial of formal 
one-to-one pelvic- floor muscle training vs advice 
alone for incontinent men 6 weeks after RP failed to 
demonstrated any difference in continence rates at 
12 months. Nor did the physiotherapy improve SUI 
after TURP.175  Overall, the data indicate that pelvic 
floor therapy accelerates the return to continence but 
does not change the ultimate outcome. 

No medical treatment is available to cure post-pros-
tatectomy incontinence. Duloxetine at 60 mg per day 
could improve mild or moderate incontinence but half 
of the patients had side effects and 25% stopped the 
treatment because of adverse effects in two short 
non-randomized series. This treatment is not ap-
proved in many countries and is only a treatment op-
tion to improve symptoms in selected patients in-
formed of side effects.176 

4. SURGICAL AND MINIMALLY 
INVASIVE TREATMENTS 

4.1. Urethral Bulking Agents 
Urethral bulking is a minimally invasive treatment pro-
posed for post prostatectomy incontinence, and the-
oretically works by adding bulk and increasing coap-
tation at the level of the bladder neck and distal 
sphincter. It can be done in an office or outpatient set-
ting in a retrograde or antegrade fashion. Several dif-
ferent agents have been used for urethral bulking in 
men including bovine collagen (Contigen®), silicone 

macroparticles (Macroplastique®), ethylene vinyl al-
cohol copolymer (Tegress®), Dextranomer hyalu-
ronic acid (Deflux®), and carbon-coated zirconium 
beads (Durasphere®). All agents share the similar 
problems including the need for multiple injections, 
deterioration of effect over time, and very low cure 
rates.  

For collagen, “success rates” for post-prostatectomy 
incontinence ranged from 36-69%, with 4-20% of pa-
tients reporting being dry.177,178,179,180,181,182,183,184 Un-
fortunately, the end points in most of these studies 
are subjectively based, making comparisons difficult; 
however, it is clear that cure rates (total dryness) are 
low, and multiple injections were required to achieve 
modest rates of subjective improvement. There was 
no advantage of delivery technique (retrograde vs. 
antegrade). Several authors identified factors which 
negatively affect results including extensive scarring 
or stricture formation, previous radiation, and high 
grade stress incontinence and low ALPP.178,180,181,184 
One study reported more favorable results for colla-
gen in treating incontinence after transurethral pros-
tatectomy as opposed to RP (35.2% ‘social conti-
nence’ vs 62.5%).181  It appears that collagen injec-
tion did not adversely affect outcomes of artificial 
sphincter implantation and did not increase the com-
plication rate.185 Nor did collagen injection adversely 
affect the outcome of the bone-anchored male sling 
(BAMS).186,187The cost efficacy of injections remains 
to be determined. Collagen is no longer available as 
an injectable agent. 

Other bulking agents such as polydimethylsiloxane 
(Macroplastique®) have shown some initial success, 
but results also deteriorate over time.  Bugel and co-
workers188 treated 15 patients. They noted rapid de-
terioration after initial improvements with success 
rates of 40%, 71%, 33%, and 26% at 1, 3, 6, and 12 
months respectively. They also noted that a urethral 
closure pressure of at least 30 cm H2O was essential 
for success. Kylmala et al189 prospectively studied 50 
patients with mild to moderate SUI (average 48 cc on 
1 hour pad test), with 12% achieving short-term con-
tinence following 1 injection, and an additional 20%, 
18%, and 10% achieving continence with 2, 3, and 4 
injections respectively.  Follow-up, however, was lim-
ited to 3 months. More recently, a Korean study with 
6 month follow-up showed 43% success at 3 months 
following Macroplastique injection, which decreased 
to 32% at 6 months.  Lower ALPP and a history of 
radiation correlated with treatment failure.190 In a ran-
domized trial of AUS vs Macroplastique injection in 
patients with minimal SUI (the majority had SUI fol-
lowing BPH surgery, with more than 1/3 of the cohort 
suffering from SUI following RRP), Imamoglu and col-
leagues demonstrated no difference in success with 
AUS vs Macroplastique. However, in patients with 
more severe incontinence, AUS was superior, with 
minimal improvement following transurethral Macro-
plastique.56  As one would expect, due to the poor ef-
ficacy of periurethral bulking agents, their use for 
treating PPI had decreased dramatically over the past 
decade, from 80% of cases in 2004, to 60% in 
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2010,191 and to < 40% in 2013.192 While the efficacy 
of periurethral injection is indeed limited, improve-
ments with injection are better than those seen with 
more conservative management, and better than no 
treatment at all, with no demonstrable differences in 
outcome with respect to a transurethral vs periure-
thral injection method, and no differences in outcome 
between proximal urethral or bladder neck injection 
site.193 

With regard to the newer (not FDA approved for male 
SUI) injectable bulking agents, dextranomer hyalu-
ronic acid has been reported in men with PPI and in 
men with neurogenic ISD.  Four of four patients with 
PPI failed to improve, and 1 of 2 neurogenic patients 
(both with detrusor areflexia, wet between catheteri-
zations) failed.194 With ethylene vinyl alcohol copoly-
mer (Tegress ®) in a report by Hurtado et al,195 not 
only was the failure rate high, but also the complica-
tion rate was unacceptable.  In 17 men, who aver-
aged 1.4 injection sessions followed at a mean of 4 
months, 10 had complications, with erosion of in-
jected material in 41.1%, and with only a minority of 
patients achieving a 50% decrease in leakage. 
Tegress® has been withdrawn from the market. Car-
bon-coated zirconium beads have been similarly re-
ported to be inefficacious, with a recent report of 8 
men with mild to moderate incontinence receiving a 
relatively large average injected volume (23.8 mL), 
none of whom achieved subjective or objective 
cure.196 

There has been interest in the use of autologous mus-
cle cells, stem cells, and fibroblasts as an injectable 
sphincter-restorative agent for PPI. Transurethral in-
jection of living muscle stem cells to reconstitute the 
deficient urethral sphincter has been reported.  Mit-
terberger and colleagues197 demonstrated a 67% 
continence rate at an average of 1 year follow-up in a 
cohort of men suffering from PPI who were treated 
with transurethral ultrasound guided injections of au-
tologous fibroblasts and myoblasts obtained from 
skeletal muscle biopsies. An earlier report from the 
same group demonstrated that men with PPI 
achieved a 52% dry rate with injection of adult autol-
ogous stem cells, which was superior to a similar co-
hort of men treated with collagen injection.198 How-
ever, it must be pointed out that there was a retraction 
issued by the editors of The Lancet199 for a previous 
article on the treatment of female SUI with autologous 
cells published by the same group.200  The project 
was investigated by the AGES PharmMed, a depart-
ment of the Austrian Government’s Agency for Health 
and Food Safety. The editors stated that in their view 
“the conclusions of the official investigation pinpoint 
so many irregularities in the conduct of their work that, 
taken together, the paper should be retracted from 
the published record.”  Current research has focused 
on the relatively abundant adipose derived stem cells 
and muscle derived stem cells, which are believed to 
be easier to harvest (higher yield) than are autolo-
gous bone-marrow derived stem cells.201 In a recent 
large scale trial of muscle derived cells for treating 
male sphincteric incompetence, Gerullis et al 202 

demonstrated complete continence in 12% and im-
provement in 42% of 222 men at 1 year post injection.   

Conclusion: Bulking agents remain the most mini-
mally invasive treatment for post RP incontinence af-
ter conservative measures. All agents for which there 
is peer-reviewed data available, show only modest 
success rates with very low cure rates.  Effects tend 
to deteriorate over time.  It remains to be seen if im-
provements in outcomes can be achieved with alter-
native agents, or if the concept of urethral bulking has 
achieved its maximal benefit with the agents available 
now. It is the opinion of the committee that the use of 
bulking agents for the treatment of male urinary in-
continence should only be utilized when other more 
effective treatments are contraindicated (Level of ev-
idence 3; Grade of recommendation C). 

4.2. Male Sling 
The male sling procedure is based upon the concept 
of urethral support and external urethral compres-
sion, and has established itself as an accepted and 
efficacious treatment for PPI.  The male sling is actu-
ally based on a concept similar to that described by 
Kaufman and associates in the early 1970s.203,204,205 
At that time a high rate of failure, septic complications 
and pelvic pain as well as the advent of the mechan-
ical AUS led to the abandonment of the Kaufman 
prosthesis. Now with the higher prevalence of PPI 
and patient desire for less invasive surgery and a 
non-mechanical device the concept has been revis-
ited. Procedures have been developed based on prin-
ciples used to treat female stress urinary inconti-
nence. These procedures rely on compression from 
the ventral side of the urethra rather than the circular 
compression caused by a natural or artificial sphinc-
ter.  Therefore, most successful sling surgeries rely 
on a device that is placed under tension, occluding 
the urethra at rest, and during stress maneu-
vers.206,207,208 

Schaeffer et al209 described the bulbourethral sling 
which uses Dacron bolsters placed under the urethra, 
which are suspended to the anterior rectus fascia by 
sutures. Data on this procedure are limited to retro-
spective analyses from the two authors who de-
scribed the procedure: it did not gain widespread pop-
ularity. In the initial report from two centers, 64 pa-
tients were included and 56% were “dry” and 8% “im-
proved” at a mean follow up of 22.4 months.209 Almost 
one-third needed secondary retightening procedures 
and patients with radiation fared poorly. Subse-
quently, Clemens et al210 reported a questionnaire-
based study of 66 men from a single institution and 
41% were cured and 51% improved but mean follow 
up was only 9.6 months. They also reported that the 
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bulbourethral sling did not cause significant outlet ob-
struction.211   

The long-term efficacy of the bulbourethral sling was 
evaluated in 2005, where 95 patients were followed 
retrospectively at an average of 4 years postopera-
tively. With follow-up questionnaires returned by 71 
patients, the authors found that patients who had un-
dergone radiation, had worse outcomes with 14% dry 
and 43% requiring 1 or 2 or fewer pads daily. Moder-
ate to severe pain was reported by 12% of patients 
after 4 years. Patients who had not had radiation 
treatment had a cure rate of 42% and 72% used only 
0-2 pads per day for mild leakage.212 Others have de-
scribed a bulbourethral sling using a polypropylene 
mesh graft with or without a porcine dermis backing 
(presumably to reduce the risk of erosion).57  In two 
small studies of 9213 and 1657 patients, cure rates 
range from 56-69% and failure rates from 22-25% at 
a mean follow up of 14 months. John described the 
bulbourethral composite suspension where porcine 
dermis is secured to the bulbospongiosus muscle and 
a 1 cm wide polypropylene sling is placed over this 
and passed through the retropubic space to emerge 
from two suprapubic incisions (similar to the tension 
free vaginal tape procedure in women).57 He reported 
a 69% cure and additional 6% improvement in 19 pa-
tients, with a mean follow up of 14 months. Eight in-
traoperative bladder perforations healed without com-
plication.    

Xu and colleagues described a bulbourethral compo-
site suspension utilizing a suburethral polyester patch 
plus a narrow polypropylene tape passed from a per-
ineal incision to a suprapubic incision.  At an average 
of 28 months, 22 (85%) of 26 patients were success-
fully treated.214 

Wadie described 2 year follow-up on a polypropylene 
bulbourethral sling suspended by nylon sutures and 
fixed in front of the rectus sheath.215  Eighty-five per-
cent were dry at 2 years though 25% had undergone 
retightening of the sling between 3 and 6 months.  
This sling made of easily obtainable materials might 
prove particularly useful in settings that do not have 
easy availability of some of the commercially pro-
duced slings (Figure 3). 

A common method of sling fixation involved use of 
bone anchors.  The bone anchored male sling 
(BAMS) obviated the need for any suprapubic inci-
sion for suture passage and fixation. In 2001, Madjar 
et al216 reported on 14 patients with post RP inconti-
nence that underwent the procedure with a synthetic 
or cadaveric fascial sling. At a mean follow up of 12.2 
months, 86% were “cured” wearing none or 1 pad.  
Comiter217 reported a 76% cure and 14% “substan-
tially improved” rate in 21 men with post prostatec-
tomy incontinence using polypropylene mesh with a 
mean follow up of 12 months.186 In a 2005 update, the 
same author reported that with a median of 48 
months follow-up, 65% of patients remained pad free 
and 15% required 1 pad per day.  Urodynamic follow 

up in 22 men, revealed that the sling had no substan-
tial effects on voiding function and no one was ob-
structed postoperatively.218 Onur and colleagues219 
reported on 46 men with a mean follow-up of 17 
months (6-26). They used different materials for the 
sling (allograft dermis, allograft fascia lata, porcine 
small intestine submucosal (SIS) graft, synthetic 
mesh, and a composite of synthetic and dermis).  
Overall they reported 41% of patients dry and 35% 
improved (50% reduction in the number of pads).  All 
patients in whom allograft or xenograft alone was 
used failed.  A 24-month update revealed a patient 
satisfaction rate of 70% and a 74% improvement in 
leakage at a median of 24 months.220 Giberti et al221 
reported that in 36 men followed for an average of 41 
months, 62% were cured and 70% were satisfactorily 
improved. In the subset that had a synthetic sling im-
planted, a higher success rate was experienced, with 
77% achieving cure.  Complications included sling in-
fection in 4.8%, and de novo detrusor overactivity in 
7.1%. Carmel et al222 reported that at an average fol-
low up of 36 months, in a cohort of 45 men with mod-
erate to severe PPI, 78% were improved by pad use, 
76% had dry ICS 1-hour pad tests, and 72% were sat-
isfied or very satisfied. Infection occurred in 1 patient, 
and pain resolved in all patients by 12 weeks postop-
eratively.  

However, the morbidity (infection, pubic bone osteitis, 
perineal pain) related to bone screws coupled with 
the emergence of effective alternatives has de-
creased the popularity of the bone-anchored sling, 
which is no longer commercially available. 

The transobturator (TO) male sling technique was in-
troduced in 2004223 and has become the most com-
mon approach for male sling placement, since the 
early reports of 2007.53,223,224  Whereas this sling does 
compresses the bulbar urethra, another mechanism 
of action is proposed to rely on  proximal urethral re-
location.  It is hypothesized that inefficacious coapta-
tion of the urethral sphincter complex results from lax-

 
Figure 3 – homemade polypropylene sling (Wadie) 
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ity of posterior urethral support and relative misalign-
ment of the proximal urethra.225  A TO sling that re-
stores the pre-prostatectomy configuration by realign-
ing the mobile sphincter complex can remedy this 
proximal urethral descent.  Following appropriate 
sling tensioning, the bulbar urethra is relocated prox-
imally, by a distance of 2-3 cm, into the higher pres-
sure pelvic outlet, functioning as a “backstop” during 
straining.226 This approach relies more on rotation of 
the dorsal surface of the proximal bulbous urethra 
and indirect support of the sphincteric urethra, rather 
than on direct compression of the urethral lumen.227  
Membranous urethral rather than bulbar urethral 
placement of the sling was introduced with the TO 
sling with the aim of relocating the urethra in a more 
proximal direction. However this type of sling surgery 
close to the membranous urethra requires a deeper 
dissection compared to that needed for bulbar or per-
ineal urethra compression slings. Over the past few 
years, there have been several case series reporting 
greater than 2-year follow-up. Success rates are gen-
erally between 50 and 80%, with cure/dry rates aver-
aging 50%.  An early report from the Cleveland Clinic 
showed diminished efficacy over time, with patient-
determined success decreasing from 87.3% to 62.5% 
with the retroluminal sling, with average daily pad use 
more than doubling over 2 years postoperatively.228 
However, others have shown sustained efficacy over 
time. Rehder et al229 followed 156 patients with vary-
ing degree of incontinence (24% 1-2 ppd, 40% 3-4 
ppd, 35% ≥ 5 ppd) for a median of 36 months.  53.0 
% were cured, and an additional 23.8% were im-
proved, with 23.2% considered treatment failures. 
Mascle et al230 reported their 66 patients with an av-
erage of 3 years follow-up, and 39.4% achieved con-
tinence, with an additional 40.5% improved.  Interest-
ingly, success related strongly to degree of preoper-
ative leakage, with 94%, 74% and 56% achieving sur-
gical success with mild (1 ppd), moderate (2-3 ppd) 
and severe (>3 ppd) leakage.  In another report of the 
TO male sling with > 2 year follow-up, similar efficacy 
was demonstrated, with 80% success, which similarly 
varied with the degree of incontinence. 86% success 
was achieved in those with < 100 g/d leakage, vs only 
40% success in those with > 400 g/d leakage.231 Kow-
alik’s group also showed a 60% cure rate and 13% 
improvement rate in 30 patients with median 39 
months follow-up, also with the finding that higher pad 
weight (in this report > 200 g/d) predicted surgical fail-
ure.232 

The I-Stop TOMS, another transobturator sling, dif-
fers from the AdVance sling in that it has four arms 
and a larger surface area of mesh placed over the 
bulbar urethra, and relies on tensioning each corner 
of the sling. In addition, the bulbar urethra is not de-
tached from the perineum, so urethral repositioning 
does not occur. Rather, the sling is compressive at 
the bulbar urethra. A prospective multicenter study233 
was recently published with 122 patients after mini-
mum follow-up of 12 months for 84% of them, and 
showed a cure rate of 60% and improvement with 
only one pad per day in 20%. There were no erosions 

or acute urinary retention. Wound infection was re-
ported in 2% and all resolved.  In a smaller cohort of 
40 patients, who were followed for 2 years, 45% real-
ized a successful outcome at 6 months, but this di-
minished to 38% at 24 months. There were no re-
ported complications.234 A different “inside-out” TO 
sling also positioned over the bulbar urethra235 was 
implanted in 173 men, of whom 49% were cured and 
an additional 35% improved at a median follow-up of 
24 months.236  

For the TO sling, transient urinary retention has been 
reported in 3 to 23%, typically resolving by 12 
weeks.237 Perineal pain rates vary widely from 0 to > 
20%, depending on the definition of postoperative 
pain, but most reports show significant pain in < 10% 
of patients, which resolves by 3 months postopera-
tively.238,239,240  Serious complications requiring sling 
explantation are rare, and are generally reported as < 
1%.237 

The newest iteration of the nonadjustable male sling 
is the VIRTUE® Male Sling (Coloplast, Humlebaek, 
Denmark) -- an implantable, sub-urethral, permanent, 
non-absorbable support sling (Figure 4). The sling is 
a synthetic suburethral mesh made of knitted, mono-
filament polypropylene that measures 5.5 cm x 7 cm, 
with superior and inferior extension arms. Quadratic 
fixation is achieved with both transobturator and pre-
pubic (PP) components.224 This hybrid sling is based 
upon the mechanisms of action of the TO sling and 
the BAMS, providing a broad area of urethral com-
pression and achieving proximal relocation of the 
membranous urethra. The sling has been shown to 
increase the retrograde leak pressure in 22 patients 
from 33.4 to 68.8 cm water after tensioning intraoper-
atively, with an increase in urethral resistance from 
both the TO component and the PP component.40  In 
a multinational study comparing the original surgical 
treatment to a revised procedure with a novel fixation 

 
Figure 4. Virtue sling 
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mechanism, 1 year success improved from 41.9% in 
the unfixed cohort to 79.2% in the fixation group.  Fur-
thermore, pad weight reduction of 88.3% was real-
ized after 1 year in the fixation group, compared to 
only 51% reduction in the unfixed cohort.241 However, 
McCall et al242 reported higher failure rates (68%) in 
the long-term (mean follow-up = 55 months). Accord-
ing to this retrospective series, failure was more likely 
in patients with external beam radiation therapy 
(P=0.02) and there was no association of procedure 
failure with age (P=0.65) or severity of incontinence 
(P=0.17).  However, there appear to be differences in 
the surgical technique between these studies and 
thus a direct comparison may not be possible.  Other 
studies are ongoing at this time.  

Three adjustable retropubic slings have recently been 
introduced, with the objective of overcoming potential 
problems of overcorrection or under correction of 
continence: the “Argus”,243 REMEEX244 and 
ATOMS245 slings. The Argus suburethral sling is 
composed of a silicone cushion attached to two sili-
cone cone columns that are passed with needles 
through the obturator foramen from the perineum to 
both inguinal areas.246  In a multicenter trial of the 
Argus sling in 48 patients,246 a 73% continence rate 
and additional 10% improvement rate was reported 
after an average of 7.5 months.  Erosion and infection 
necessitated sling removal in 10% of patients. Adjust-
ments were indicated for persistent incontinence as 
well as for urinary retention.246 In an update reported 
of 47 patients after a mean follow up of 45 months, 
66% were dry and 79% used ≤ 1 pad per day.247 
Hubner’s group248 reported similarly favorable re-
sults, with 79% of 101 men achieving dryness at an 
average of 2.2 years postoperatively.  Thirty-nine per-
cent required adjustment (10% loosening, 29% tight-
ening) at a mean of 104 days after surgery. Erosion 
or infection necessitated explantation in 16% at a 
mean of 1 year. A report from the Netherlands249 re-
vealed a 72% success rate for the Argus at a median 
follow up of 27 months. Outcome was dependent on 
the degree of preoperative incontinence, with surgical 
success in 92% of men with mild leakage (1-2 ppd), 
67% in men with moderate leakage (3-5 ppd) and 
67% in those with severe (> 5 ppd) incontinence.  Ex-
plantation was required in 11%, due to infection, ero-
sion, sling rupture or pain. Bladder perforation oc-
curred in 16%, and de novo urethral stricture requir-
ing treatment in 12%. Dalpiaz et a250 reported less 
favorable results, with 79% of 29 patients achieving 
dryness and 76% satisfaction in the short term, but 
the dry rate and satisfaction rates deteriorated to 17% 
and 28% respectively at 35 months. Complications 
occurred in > 80% of cases, with a 35% explanation 
rate, 14% de novo urgency rate, and a single instance 
each of urethral stricture and ureteral injury. In a ret-
rospective cohort study of 16 men status post AUS 
explantation for erosion,251 who were treated with an 

Argus sling or repeat AUS, men receiving the AUS 
had a better outcome. Of those who underwent re-
peat AUS implantation, 63% were cured, and an ad-
ditional 25% were improved, with only 12% failing.  
Notably 75% of the Agus patients failed to improve. 
The most recent report of the Argus sling involved a 
prospective 2-center study of 42 patients with varying 
degrees of leakage (range 53-885 g/d) who had a 
transobturator adjustable device. At a mean follow-up 
of 28.8 months, results of this sling were similar to the 
results of the retropubic device: 61.9% were dry, 
26.2% of patients were improved, and 11.9% failed. 
Median adjustments were 1.7 per patient, and there 
were no instances of acute retention. Three wound 
infections were managed surgically, but did not re-
quire device explantation.252 

The REMEEX adjustable sling is composed of a mon-
ofilament suburethral sling connected to a suprapubic 
mechanical regulator with two monofilament traction 
threads. The mechanical regulation part, the var-
itensor, is a subcutaneous permanent implant, which 
is placed over the rectus fascia 2 cm above the pubis; 
the implant allows adjustment of suburethral pressure 
from outside the body by means of an external ma-
nipulator.244,253 In a prospective multicenter Phase II 
trial of the REMEEX adjustable sling, 51 patients 
were followed for an average of 32 months (range: 
16-50).  With 90% of patients requiring at least 2 ad-
justments, a continence rate of 64.7% was achieved, 
with an additional 19.6% reporting improvement over 
baseline.Error! Bookmark not defined. More recent, but 
maller studies have also shown promising results.  
Navalon Verdejo et al254 reported that 3 of 5 men were 
dry at an average of 1.4 months, with the other 2 pa-
tients experiencing marked improvement.  Four of 5 
patients experienced recurrent SUI, which was re-
solved after surgical re-adjustment via the varitensor. 
A study with lower success rates was reported from 
Spain with a cohort of 14 men at an average of 18.6 
months postoperatively, 42% are dry and 33% are im-
proved.255  However, bladder perforation occurred in-
traoperatively in 29%, sling explantation was required 
in 21%, urinary retention occurred in 36%, and read-
justment was necessary in 83%.   

The newest adjustable sling is the ATOMS system, 
composed of a transobturator-placed mesh tape with 
a soft inflatable silicone cushion, connected to a refill-
able inguinal titanium port.  Adjustments are made via 
inflation of the silicone cushion rather than by manip-
ulation of the sling arms.  In a single center cohort 
study of 36 patients, only 38.9% achieved social con-
tinence. Furthermore, an explantation rate of 27.7% 
precludes the widespread adoption of this experi-
mental device.256  

Sling results are shown in Table 
449,50,57,209,212,213,214,216,217,218,219,220,221,244,246,257,258,259,260 
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TABLE 4. Results of Sling Procedures in Males with Stress Urinary Incontinence 

Authors N Mean Follow-
Up (mos) 

Sling Type Cured 
(%) 

Improved 
(%) 

Failed 
(%) 

Athanasopoulos et al263 43 24 Synthetic BAMS 51 30 19 

Bauer et al269 126 27 AdVance 52 23 25 

Bochove-Overgaauw et 
al249 

100 27 Argus-adjustable 40 32 28 

Carmel et al222 45 36 Synthetic BAMS 36 40 24 

Castle et al259 42 18 Synthetic BAMS 16 24 60 

Cespedes & Jacoby258 9 13 Perineal BAMS 66.7 11.1 22.2 

Claudon et al261 106 12 Synthetic BAMS 61 14.5 24 

Comiter217 48 48 Synthetic BAMS 65 20 15 

Cornel et al271 36 12 AdVance 9 46 46 

Cornu et al268 136 21 AdVance 62 16 22 

Dalpiaz et al250 29 35 Argus-adjustable 17 11 72 

Dikranian et al49 36 
20 

12 
12 

Organic 
Synthetic BAMS 

56 
87 

31 
13 

13 
0 

Fischer et al50 62 15 Synthetic BAMS 34 24 42 

Gallagher et al260 24 15 Synthetic BAMS 38 37 25 

Giberti et al221 36 41 Synthetic or organic BAMS 62 8 30 

Grise et al233 122 12 I-STOP TOMS 60 27 13 

Guimaraes et al262 62 28 Synthetic or organic BAMS 65 23 12 

Hubner et al248 101 27 Argus-adjustable 79 0 21 

Jimenez et al255 14 19 REEMEX-adjustable 42 33 25 

John57 16 14 Polypropylene suspended 
suprapubically plus porcine skin 
collagen 

69 6 25 

Leruth et al236 173 24 Inside-out transorbturator 49 25 16 

Madjar et al216 16 12 Synthetic BAMS 86 14 0 

Migliari et al213 9 14 Polypropylene needle suspension 55.6 22.2 22.2 

Moreno-Sierra et al243 48 7.5 Argus-adjustable 73 10 17 

Onur et al219 46 18 Synthetic or organic BAMS 41 35 24 

Rajpurkar et al220 46 24 Synthetic or organic BAMS 37 37 26 

Rehder et al238 118 12 AdVance 74 17 9 

Romano et al246 51 32 Argus-adjustable 64.7 19.6 15.7 

Romano et al247 47 45 Argus-adjustable 66 13 21 

Schaeffer et al209 64 18 Vascular graft bolsters with 
needle suspension 

56 8 36 

Sousa-Escandon et 
al244 

6 18 REMEEX-adjustable 83.3 17 — 

Stern et al212 75 48 Bulbourethral suspension 36 32 32 

Thüroff et al257 22 10.3 Fascial sling with suprapubic and 
perineal approaches 

63.6 9 27.3 
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Authors N Mean Follow-
Up (mos) 

Sling Type Cured 
(%) 

Improved 
(%) 

Failed 
(%) 

Ulrich & Comiter218 36 25 Perineal synthetic BAMS 67 25 8 

Xu et al214 26 28.3 Bulbourethral composite 
suspension 

73 19 8 

BAMS = bone-anchored male sling 

4.2.1 Adjustable vs Nonadjustable Slings 
While there are few studies comparing the nonadjust-
able vs the adjustable male sling procedures, overall, 
the two types of slings appear equally efficacious.  
Author-reported success for the fixed slings generally 
ranges from 54-91% (average=76%) for the fixed 
sling compared to 28-100% (average=78%) for the 
adjustable models.  Whereas the adjustability does 
not appear to increase the overall efficacy of the sur-
gery, it does, by definition, increase the need for sur-
gical revision/tightening. In one nonrandomized study 
comparing outcomes of an adjustable (Argus) vs non-
adjustable (AdVance) sling, more patients chose the 
adjustable device (25 vs 19).  With mean follow-up of 
36 and 33 months respectively, there was no statisti-
cally significant difference in continence or satisfac-
tion rates.  However, the Argus group had a 24% sur-
gical revision rate, vs only 5% in the AdVance 
group.261  Thus, it does not appear that adjustability 
improves continence compared to a fixed male sling 
placed with proper tension with adequate fixation.  

4.2.2 Sling Complications 
Due to the small size of most reported cohort series 
of BAMS patients, the precise complication rate is not 
known.259  However, reports from the largest cohorts 
of patients reveal an infection rate ranging from 0-6%, 
and a urethral erosion rate of 0-2%.50,217,259 Bother-
some scrotal pain or numbness affects 16%-72% of 
patients postoperatively, but has been reported to re-
solve in nearly all patients by 3 months.217,221  Post-
operative urinary retention was reported in 2-12% of 
patients. In most cases, it was self-limited and re-
solved in within 2 weeks54,220,222,260,262 or rarely re-
quired loosening after one month.50 

Infection of the perineal incision/mesh occurred in 3-
12%. These infections usually required removal of the 
implanted sling. Some superficial infections were suc-
cessfully treated with antibiotics. In men with postop-
erative mesh infections, 76% (19/25) required surgi-
cal explantation of the sling.54,217,221,222,259,262,263 The 
majority of infections occurred early; however, late in-
fections at 3 months and 1 year have been re-
ported.54,222  

Urethral erosion is a well-defined complication in the 
female SUI population. It has not been frequently re-
ported with any type of male sling; although, there are 
case reports for erosion of the bone-anchored sling, 
the retroluminal sling, and the adjustable sling, yet no 
such instances of erosion have been reported for the 
quadratic sling.253,247,264 Pre-existing risk factors for 
sling erosion have not been established, but have 

been ascribed to unrecognized iatrogenic urethral in-
jury.265  It has therefore been suggested that inside-
out trocar passage minimizes the risk of iatrogenic 
urethral injury.266 

Abnormal postoperative pain or paresthesia is 
thought to be from compression or intraoperative dis-
ruption of the perineal nerves, or from healing around 
the newly placed bone screws. This complication is 
difficult to characterize because there is no standard 
level of pain that is considered abnormal. While some 
series acknowledged that the majority of patients ex-
perience mild pain for 1-3 months after surgery,259 
others reported only those with severe pain that re-
quired explantation of the sling.260 The pain generally 
resolves within 3 months 217,219,222,259,262 although per-
sistent pain beyond 3 months has been reported.50,54 
Sling removal has been reported in two patients for 
persistent pain.50,54 

De novo detrusor overactivity or urinary urgency has 
been reported in 1-14% of patients, and can be 
treated with oral anticholinergics when necessary. 
One patient required sling explantation due to this 
complication.54 

While the bone-anchored sling is rarely performed 
anymore, bone screw dislodgement can happen as a 
late complication and has been reported in 3 pa-
tients.217,262,267  This caused recurrent incontinence 
and in such rare instances, the bone anchor may be 
replaced, and the sling tension can be re-established.   

The most common complications reported with the 
TO sling are perineal pain and urinary retention and 
studies are needed to establish the best rates be-
tween success and side effects among different 
slings. Pain beyond the normal perioperative period 
has been reported to affect 0-20% of patients, and 
urinary retention has been reported in 3-21% of 
cases.  While incision or explantation for retention is 
rare, the need for catheterization can persist for up to 
12 weeks,238,268,269 with rare instances of retention 
lasting > 3 months.270 Less commonly experienced is 
wound infection, with only rare sling infection or ero-
sion requiring explantation.264,269,271 Unlike the BAMS, 
however, there are occasional instances of worsen-
ing incontinence following TO sling placement, which 
likely occur if the sling is not adequately fixed in posi-
tion, and allowed to migrate proximally and posterior 
to the urethra, thereby exerting a pulling effect that 
opens the dysfunctional urethral sphincter.271,272  

Rates of recurrent incontinence following successful 
sling surgery are generally low.50,217,220,273  However, 
up to 13% of patients who undergo sling placement 
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will ultimately receive an AUS.192  Rather than rou-
tinely offering AUS for sling failure, there have been 
recent cohort studies regarding repeat sling surgery 
in the patient who has failed primary sling placement.  
Soljanik et al273 reported a cohort of 35 men undergo-
ing a second TO sling. Success rate at 6 months was 
79% (46% dry, 33% improved), and was maintained 
at 76% at an average of 16.6 months, demonstrating 
that the TO sling may be an effective treatment for 
managing SUI after a prior failed sling surgery.  There 
was one urethral injury and a 23.6% rate of urinary 
retention, neither of which adversely affected the sur-
gical outcome.  Of note, all patients had a positive re-
positioning test, and were deemed appropriate candi-
dates for repeat sling placement.273  Martinez et a274l 
reported their cohort of men who received a salvage 
TO sling, and noted that in men who either did not 
realize sling efficacy or who had early sling failure (< 
6 months), success with salvage surgery was lower 
(20% cure, 20% improved) vs the success rate in 
those who had initially achieved continence, but de-
veloped recurrent leakage later (> 6 months). This lat-
ter group realized a 62.5% cure and 12.5% improve-
ment rate at 1 year following repeat sling surgery.274 

4.2.3 Predictors Of Success 
As the male sling has realized increased popularity, 
and has become the most common procedure offered 
for the treatment of PPI,192 there is a growing body of 
literature identifying those factors that predispose to 
sling failure.  Several cohort studies have demon-
strated that prior radiation therapy is associated with 
diminished efficacy of the male sling, probably due to 
urethral fibrosis and inadequate urethral coapta-
tion.53,212,219,221,236,253,275,276,277 A history of prior ure-
thral stricture,278 pelvic radiation,209,259,279,280 or prior 
incontinence surgery218,251,259,281 decreases sling effi-
cacy.   

Urodynamic predictors of failure include the presence 
of a short functional urethral length, a low maximal 
urethral closure pressure and abdominal leak point 
pressure,282 and a negative repositioning test.283  Pre-
treatment severity of incontinence measured by the 
degree of leakage also appears to influence sling re-
sults.  Several reports indicate that those with more 
severe leakage do not achieve similar continence 
rates when compared to those with milder leak-
age.219,221,259,263,284,285 Fischer and colleagues50 were 
able to quantify, in prospective fashion, that leakage 
greater than 423 gm on preoperative pad weight pre-
dicted an inferior outcome, compared to those men 
with less leakage on preoperative pad weight test.  In 
their report, 62 patients with SUI were followed pro-
spectively.  All patients were rigorously evaluated 
with 24-hour pad test, urodynamics and validated in-
continence questionnaires.  Success was determined 
by the Patient Global Impression of Improvement.  
Overall, 36/62 (58%) of surgeries were successful at 
a mean follow-up of 15 months. The only preopera-
tive predictive factor was 24-hour pad weight.  If pad 
weight was less than 423 gm, there was a 6-fold 

greater success rate compared to those with a pre-
operative pad weight of greater than 423 gm.    

Finally, there are technique-associated drivers of suc-
cess.  The use of organic (resorbable) material is less 
efficacious than synthetic (permanent) sling mate-
rial.219,221,259,286 The treatment of male SUI with a 
suburethral sling requires tension that can only be 
maintained with the use of synthetic material.  In ad-
dition, poor suture fixation of the TO sling and failure 
to adequately tunnel the sling arms are also related 
to poor efficacy.266,278 Similarly, the quadratic sling 
without proper fixation has a substantially lower suc-
cess rate than does the sling with properly fixated pre-
pubic and transobturator sling components.266   

Conclusion 

In the intermediate term, the male sling appears to be 
a reasonable option. Slings have surpassed the arti-
ficial sphincter as the most common surgical treat-
ment for PPI.  The European Association of Urology 
Guidelines has concluded that there is limited short-
term evidence that fixed slings cure or improve post-
prostatectomy incontinence in patients with mild to 
moderate incontinence (LOE 3) and that men with se-
vere incontinence, previous radiotherapy or urethral 
stricture surgery may have poorer outcomes (LOE 3).  
Additionally, there is no evidence that one type of 
male sling is better than another (LOE 3) and there is 
no evidence that adjustability of the male sling offers 
additional benefit over other types of sling (LOE 3).  
However, in the UK, the National Clinical Guidelines 
Centre in The Management of Lower Urinary Tract 
Symptoms in Men has stated that implanted com-
pression devices and slings can be offered to men 
with SUI within the context of a randomized clinical 
trial.287  

The best candidates appear to be those with lower 
and moderate degrees of incontinence, who have 
neither had previous radiation nor AUS placement. 
With non-circumferential urethral compression, the 
male sling appears to have a lower risk of urethral 
erosion and atrophy than does the AUS in the inter-
mediate term. In men with mild to moderate degrees 
of SUI, or for patients demanding a less invasive pro-
cedure or non-mechanical device, the male sling has 
established itself as a viable alternative to the artificial 
sphincter. When given a choice of surgery, patients 
have been reported to overwhelmingly choose the 
male sling over an artificial urinary sphincter.  Kumar 
et al6 reported that in men with moderate PPI (pad 
weight 100 to 400 gm/24 hours) who were recom-
mended to receive an AUS or a male sling, 92% 
opted for the sling.  Interestingly, even when the sur-
geon recommended an AUS for severe leakage (> 
400 gm/24 hours), 25% still opted for the sling. Inter-
mediate and long-term data support the BAMS and 
transobturator male sling as durable treatments for 
PPI, while short-term outcomes of the quadratic sling 
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are also favorable.  (Level of evidence 3; Grade of 
recommendation C) 

4.3. Artificial Urinary Sphincter 
The artificial urinary sphincter remains the most effec-
tive long-term surgical treatment for post RP inconti-
nence due to sphincteric insufficiency (Figure 5). 
However, due to the cost, the perceived cumber-
someness of the device with resultant patient reluc-
tance to have or inability to use a mechanical implant, 
and the fear of complications, it is not suitable for all 
patients.  In addition the development of less invasive 
techniques (as described above) potentially gives pa-
tients new options for treatment.  Ultimately the 
choice of AUS will be based upon patient dexterity, 
economics, degree of incontinence, previous inconti-
nence surgery, and expectations from surgery. Pa-
tient preference was tested in a study by Kumar et al.6  
Based on the magnitude of their incontinence pa-
tients either had an AUS (high grade incontinence) or 
sling (low grade incontinence) or a choice between 
the two (moderated grade incontinence) recom-
mended.  Outcomes, length of experience and com-
plications were reviewed with the patients. Of inter-
est, all recommended to have a sling chose a sling, 
75% recommended to have an AUS had an AUS 
while of those given a choice 92% chose a sling.  This 
sheds some light on patient preferences in this area. 

The AUS has the longest track record of success in 
the treatment of PPI. Two older studies have reported 
that about half of the patients with severe inconti-
nence will undergo AUS implantation.288,289 However, 
these studies were conducted before male slings and 

bulking agents became popular, and sling surgery 
has since surpassed the AUS in number of proce-
dures performed annually.  To this end, it is likely that 
the advent of the male slings has increased the rate 
of surgery in men with milder incontinence who may 
not otherwise have opted for an artificially sphincter.  
The success rates for AUS as defined by a conti-
nence status of zero to one pad per day ranges from 
59% to 90%,290,291 as shown in Table 
5.60,290,292,293,294,295,296,297,298,299,300,301 

TABLE 5. Results of the Artificial Urinary Sphincter in Post-Radical Prostatectomy Incontinence 

Authors N Follow-Up (yrs) 0 or 1 pad/day 

Fleshner & Herschorn294 30 3 87% 

Goldwasser et al299 42 1.2 82% 

Gousse et al306 71 7.7 59% 

Haab et al298 36 7.2 80% 

Hoy et al319 48 24 88.2% 

Kim et al300 124 6.8 82% 

Klijn et al297 27 3 81% 

Lai et al301 218 3.1 69% 

Lim et al320 13 29.8 72.7% 

Madjar et al296 71 7.7 59% 

Martinez-Salamanca et al975 32 1 96% 

Martins & Boyd293 28 2 85% 

Montague292 66 3.2 75% 

Mottet et al295 96 1 86% 

Perez & Webster290 49 3.7 85% 

Trigo Rocha et al60 40 4.5 90% 
 

 
Figure 5. Artificial urethral sphincter 
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Just as reported rates of incontinence following pros-
tate cancer surgery depend on the definition of incon-
tinence, continence rates with the AUS can vary with 
the definition of continence, the method of evaluation, 
and the length of follow-up.  The lowest rates are from 
patient administered questionnaires when pad free 
rates range from 10-72%.293,302,303,304,305,306  Neverthe-
less, high satisfaction rates of 87% to 90% are con-
sistently reported, even without total conti-
nence.294,298,302 

One potential downside of the AUS is the need for 
periodic revisions in a number of patients. Revision 
and explantation rates due to mechanical failure, ure-
thral atrophy, infection and erosion vary considerably 
among studies with respectively reports of 8-45% and 
7-17%.306 In a large cohort reported by Lai and col-
leagues,301 non-mechanical failure decreased from 
17% to 9% and mechanical failure decreased from 
21% to 8% following introduction of the narrow back 
cuff and mean time to reoperation was 26.2 months 
(mean 2-68 months). With a Kaplan-Meier analysis, 
the overall 5-year expected product survival was 
75%. Only 6% of devices failed mechanically, at an 
average of 68.1 months, with 75% of patients requir-
ing no revisions at 5 years. Actuarial freedom from 
revision at 5 years was estimated at 50%-75%.  Inter-
estingly, there do not appear to be any urodynamic 
factors that predict AUS failure in men with ISD.  
Whereas the male sling has been shown to have in-
ferior success rates in patients with severe leakage, 
the AUS has been reported to have predictable suc-
cess regardless of the degree of incontinence and re-
gardless of detrusor hypocontractility, detrusor over-
activity, low abdominal leak point pressure, or dimin-
ished compliance.62  While the success of the AUS in 
treating incontinence is not adversely affected by pre-
operative detrusor overactivity, the rate of persistent 
overactive bladder symptoms may be high (71%), 
and patients must be counselled accordingly.307 

The long-term efficacy of the AUS was demonstrated 
by Fulford et al308 who reported that at 10-15 year fol-
low-up, 75% of patients with an implanted AUS either 
had died or died with a functioning device. Revisions 
include replacement of the malfunctioning part, cuff 
replacement, repositioning or downsizing due to ure-
thral atrophy, a second or tandem cuff309,310 or 
transcorporal cuff placement.311 Transcorporal cuff 
placement, which involves inserting the cuff through 
the corporal bodies to avoid perforating the dorsal as-
pect of the urethra, can be particularly useful for pa-
tients with prior radiation or urethral erosion; however 
potency, if present, may be compromised.  Some 
have advocated tandem cuffs not only as a salvage 
procedure, but also as a primary procedure for men 
with severe incontinence.312,313  However, O’Connor 
et al reported no difference in continence outcome 
and a higher revision rate in patients undergoing dou-
ble-cuff implant vs single-cuff after longer follow up.314 

There is conflicting evidence regarding whether or not 
there is an increased revision rate for patients who 
received pelvic radiation.291,293,315 A recent report, 

however, showed that the relative risk of erosion is 
significantly higher in those who had radiotherapy 
compared to those who did not – RR 4.05, 95% con-
fidence interval (CI) 1.1-15.3 – and that this risk of 
erosion has not diminished despite improvement in 
radiation technique and equipment.316  The results of 
continence for radiated patients are variable with 
some studies showing lower success rates290,315 
while others do not.305 A recent report on the artificial 
sphincter in patients with a “fragile urethra” (history of 
radiation, prior urethroplasty or prior AUS) demon-
strated outcomes similar to those reported for low risk 
patients – with continence achieved in 77% and im-
provement in 97%, with explantation secondary to 
erosion in only 7%.317 It has been recommended that 
such patients have a lower pressure reservoir and/or 
longer period of deactivation time.293  

5. EVIDENCE BASED COMPARISON 
OF AUS AND SLINGS 

There are few comparative studies of the artificial 
sphincter and the various male slings, and no pro-
spective randomized trials comparing the devices.  
However, there have been some recent cohort stud-
ies comparing outcomes of the AUS with those of 
specific male slings in certain patient populations.  
While no one device is preferred in all patients in all 
clinical situations, there are some recommendations 
made in the literature regarding the preferred treat-
ment in certain patient populations depending on 
prior radiation, prior incontinence surgery, degree of 
urinary incontinence, and bladder contractility.  

Adequate urethral tissue compliance is necessary for 
successful urethral compression and/or proximal re-
positioning with a sling.  Radiation and previous AUS 
explantation, both of which may result in a relatively 
non-compressible urethra, are associated with dimin-
ished sling efficacy.  It has been reported that 13% of 
men who have sling surgery will ultimately be treated 
with an artificial urinary sphincter.192  There is no evi-
dence, however, that the efficacy of the AUS is dimin-
ished in those with prior sling placement. While there 
are trials of repeat sling surgery in those who have 
failed initial sling placement,274,273  the AUS has a sub-
stantially higher success rate than does repeat sling 
placement, as the risk of persistent incontinence is six 
times higher with repeat sling than with AUS implan-
tation.318 It is, therefore, the Committee’s recommen-
dation that with the exception of the occasional pa-
tient with persistent mild to moderate SUI following 
prior sling, with a positive repositioning test, AUS im-
plantation is the treatment of choice for persistent PPI 
because it can provide the circumferential urethral 
compression necessary for adequate coaptation 
even in the setting of diminished urethral compliance.   

In men who have not been radiated and have not had 
prior incontinence surgery, factors such as degree of 
leakage, proximal urethral mobility, and detrusor con-
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tractility can help determine the preferred surgical ap-
proach.  In a retrospective review of 124 patients with 
mild to moderate PPI (≤ 5 pads per day), 76 of whom 
underwent TO sling surgery vs 48 who underwent 
AUS placement, Hoy et al showed relative equiva-
lence in surgical outcome.  Specifically, there was no 
statistical difference in continence (88.2% vs 87.5%), 
satisfaction (93% vs 92%) or complication rate 
(19.7% vs 16.7%).  However, those complications as-
sociated with the AUS were more severe than those 
following sling surgery.319  In a comparison of men 
with mild-moderate PPI receiving AUS (N=20) or ad-
justable TO sling (N=20), Lim et al320 reported no sta-
tistically significant difference in efficacy (72.7% vs 
85% success).  However, there was a greater rate of 
pain reported in the adjustable sling group (30% vs 
7.7%), and sling explantation was required three 
times more often in the sling group.  

In those with mild to moderate leakage and a positive 
repositioning test or adequate urethral mobility on 
video urodynamics, a compressive or transobturator 
sling is a reasonable approach, with lower complica-
tion rates compared to AUS placement and without 
an adverse effect on future AUS placement. With de-
trusor underactivity, the TO sling may be preferred 
versus a compressive sling, given its non-compres-
sive mechanism of action. In the setting of detrusor 
underactivity in this group with moderate inconti-
nence, AUS is preferred.  With leakage > 400 g/day 
(moderate to severe), AUS is the recommended op-
tion, however a compressive sling is also a reasona-
ble alternative in the patient who does not desire an 
AUS. 

Conclusion 

The AUS (AMS 800) remains the most predictably 
successful surgery for the treatment of PPI secondary 
to sphincteric insufficiency in patients with severe in-
continence, in those who have had external beam ra-
diation treatment and in those who have had prior 
sling or AUS implantation (Level of evidence 2; 
Grade of recommendation A).  It has the largest 
body of literature reporting long-term success and 
this success and high patient satisfaction seem to 
outweigh the need for periodic revisions in some pa-
tients.  Intermediate term data with the male sling 
demonstrates that the sling is equally efficacious with 
a lower rate of severe complications in patients with 
mild-moderate SUI, provided that those patients have 
not failed previous AUS surgery, have not had radia-
tion treatment, and have normal bladder contractility.  
(Level of evidence 2; Grade of recommendation 
B) 

6. TIMING OF SURGICAL 
INTERVENTION 

There are no clear data on timing of a surgical inter-
vention for the treatment of PPI, either with benign or 
malignant disease. Therefore, at present guidelines 

as to timing of the surgery cannot be formulated. A 
certain period of watchful waiting supplemented with 
conservative measures, particularly pelvic floor phys-
iotherapy, seems to be a reasonable option. Thus, 
conservative management may be tried for periods of 
up to 6-12 months depending on whether there is any 
progress noted by the patient. Observational studies 
of men following prostate cancer surgery typically 
demonstrate improvement in continence from the 
early postoperative period until the end of the first 
year.119 In addition, it is common for clinical trials of 
non-operative management to follow patients for up 
to 12 months postoperatively, usually with improve-
ment in both the intervention and the control groups 
during that year of follow up.170 In a prospective co-
hort study of men undergoing RRP, Lepor and Kaci80 
demonstrated continued recovery of continence up to 
24 months postoperatively, from 80.6% at 3 months 
to 95.2% at 12 months, plateauing at 98.5% at 24 
months. Other cohort studies have demonstrated a 
plateau in continence rates at 12 months.321,322 Since 
continence may improve up to 12 months postopera-
tively, and possibly even until 24 months, it is gener-
ally recommended that behavioral/conservative man-
agement be utilized during the first year after prostate 
cancer surgery.  However, a recent consensus group 
recommended that in patients experiencing no im-
provement in SUI symptoms at 6 months it is reason-
able to proceed with intervention at that point.866 

There have been some studies evaluating the effect 
of early interventional treatment for incontinence. 
Schneider and colleagues323 demonstrated a benefi-
cial effect on the earlier return to continence with early 
injection of periurethral bulking agent.  Results were 
better in the subgroup of 34 patients that were in-
jected early (mean 23 days postoperatively) com-
pared to 10 patients treated at a mean of 26 months 
postoperatively. It could not be demonstrated, how-
ever, that long-term continence is improved by early 
injection of bulking agent.  Similarly, Jones and col-
leagues324 demonstrated in a comparative cohort 
study of RRP patients treated either with or without a 
simultaneous suburethral sling, that sling placement 
at the time of RRP resulted in an earlier return to con-
tinence. There was no difference after 24 months. 
(Level of evidence 4; Grade of recommendation 
C) 

 INCONTINENCE AFTER 
PROSTATECTOMY FOR BENIGN 

DISEASE 

1. INCIDENCE AND RISK FACTORS 

The incidence of urinary incontinence after prostatec-
tomy for benign disease has been reviewed and de-
scribed in the AHCPR “Benign Prostatic Hyperplasia” 
Clinical Practice Guidelines.325 The following rates of 
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stress incontinence and total incontinence, respec-
tively, were reported: 

• Open surgery (retropubic or transvesical prosta-
tectomy): 1.9% and 0.5%. 

• TUIP (transurethral incision of the prostate): 
1.8% and 0.1%. 

• TURP (transurethral resection of the prostate): 
2.2% and 1.0%. 

These figures were based on studies reported before 
1990. Several other series were published after 1990. 
These series were reviewed for the 1st, 2nd, and 3rd 
International Consultations on Incontinence.7,326,327 A 
clear description of the method of follow-up and as-
sessment of the continence status was indicated in 
only about one third of these studies. The incidence 
of incontinence after open surgery, TURP, TUIP and 
HoLEP is low: the reported percentages ranged be-
tween 0 and 8.4%. Since the method of assessment 
of the continence status and the definition of inconti-
nence is rarely stated it is actually not possible to 
make a distinction between stress, urgency and 
mixed urinary incontinence. On the other hand, the 
category urinary incontinence represents a heteroge-
neous group of adverse events, including total and 
partial urinary incontinence, temporary or persistent 
incontinence.328 There is generally no clear indication 
that the incidence is affected by patient age or (re-
sected) prostatic volume.326  However, a recent study 
out of Brazil did demonstrate that the rate of urinary 
incontinence following BPH surgery is higher in older 
patients. Most of the increased incidence in inconti-
nence was due to bladder dysfunction rather than to 
sphincter insufficiency.  In a retrospective chart re-
view from Wendt-Nordahl and colleagues,329 the inci-
dence of incontinence following TURP was reported 
to have decreased over 17 years, from 3.3% in 399 
patients operated on between 1987 and 1997, com-
pared to 1.3% in 550 patients operated on from 1997-
2004. It is not clear whether this statistically signifi-
cant (P < 0.05) difference was due to improvement in 
surgical technique or patient characteristics. However 
both the earlier and later incontinence rates are con-
sistent with those in the AHCPR and AUA guidelines 
reports.   

In 2003, the AUA published guidelines for the man-
agement of “benign prostatic hyperplasia”.330  The es-
timated frequency of incontinence following TURP 
was 3% (from 19 trials that included > 5000 patients).  
However, the Veterans Affairs Cooperative Study, re-
ported an incontinence rate of only 1% in TURP pa-
tients, which was not different from the watchful wait-
ing arm.331 The AUA conducted a meta-analysis of 
RCTs comparing TURP with TUIP or transurethral 
electrovaporization, which did not reveal any statisti-
cally significant differences in incontinence 
rates.330,332,333,334,335,336 According to the 2010 AUA 
updated guideline,328 urinary incontinence was re-
ported at rates between 0.5% and 8% after open 
prostatectomy, with several studies337,338 reporting 
much lower rates of permanent incontinence.  

However, this update328 provided limited additional in-
formation on incontinence. Randomized controlled 
studies involving HoLEP compared to TURP pre-
sented controversial information. Urinary inconti-
nence rate was similar in one study,339 while in an-
other series340 it was reported as increased in the 
HoLEP population. The AUA Panel recognized that 
this rate was higher than expected but felt the general 
urologist’s experience with HoLEP was less than 
other technologies and the report warranted observa-
tion.  

In the past 2 decades, a wide range of innovative 
transurethral procedures have been introduced in 
urological practice and challenged the supremacy of 
the two standard surgical options (monopolar tran-
surethral resection of the prostate and open prosta-
tectomy). These alternative transurethral procedures 
comprise laser therapies (enucleation, vaporization, 
and resection techniques) and bipolar devices permit-
ting bipolar TURP or bipolar enucleation.341 

Transurethral holmium laser enucleation of the pros-
tate (HoLEP) has become a standard treatment for 
BPO.  Review of RCTs by the AUA as well as a meta-
analysis of early RCTs comparing TURP with HoLEP 
did not reveal any significant differences in inconti-
nence rates.330,336,342,343,344,345,346,347,348  While inconti-
nence did not increase with age in men undergoing 
HOLEP with morcellation, it was noted that the overall 
complication rate—including bladder mucosal injury, 
urethral stricture disease, and bladder neck stenosis 
was higher in patients with prostate volumes > 50 
g.349 Moreover, it does not appear that either bipolar 
resection of the prostate or photovaporization of the 
prostate are associated with a substantially different 
rate of urinary incontinence than are other BPH sur-
geries.350 While incontinence following PVP is com-
parable to that of other BPH surgeries, and more of-
ten than not improves over 12-36 months postopera-
tively with conservative management, the rate of 
postoperative dysuria is higher than that of TURP, re-
cently reported at a rate of 10.1%.351  

Concerning HoLEP, Vavassori et al349 reported the 
outcomes of a prospective study assessing safety, ef-
ficacy, and medium-term durability of this technique 
combined with mechanical morcellation. Three hun-
dred and thirty patients were followed for 3 years. 
Transient stress urinary incontinence was reported in 
7.3% of patients. Incontinence typically resolved 
spontaneously within 3 months except in two patients 
who experienced persistent stress urinary inconti-
nence at 36-month follow-up. 

Nam et al352 investigated the factors associated with 
occurrence of recovery from transient urinary inconti-
nence (TUI) in 391 patients who underwent HoLEP. 
TUI after HoLEP occurred in 65 patients (16.6%), 52 
patients of whom (80.0%) showed recovery within 
three months. Stress and urgency urinary inconti-
nence and postvoid dribbling occurred in 16 patients 
(4.1%), 29 patients (7.4%), and 33 patients (8.4%), 
respectively. Age (odds ratio [OR]=3.494; 95% 
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CI=1.565 ~7.803; P=0.002) and total operation time 
(OR=3.849; 95% CI=1.613~9.185; P=0.002) were 
factors that significantly affected the occurrence of 
TUI. 

Summary of Comparative Studies Published in 
the Last Decade 

Electrovaporization With Monopolar Energy vs 
TURP 

According to a systematic review353 and meta-analy-
sis conducted by the Ontario Health Technology Ad-
visory Committee, which included twelve RCTs com-
paring electrovaporization using monopolar energy 
with TURP (mean sample size of 104; range 50–235), 
622 and 623 patients were randomized to elec-
trovaporization and TURP respectively. Mean follow-
up ranged from 6 months to 5 years. Rates of urethral 
stricture and UI were also similar between the tech-
niques. UI occurred in 3.9% and 3.7% of elec-
trovaporization and TURP patients, respectively. 
Overall incidence of ‘irritative’ urinary symptoms was 
16.3% in electrovaporization and 11.7% in TURP pa-
tients. 

HoLEP vs TURP 

A meta-analysis included 4 RCTs,345,346,348,353,354 with 
sample sizes ranging from 61 to 200, comparing 
HoLEP to TURP. Overall, 233 and 228 patients were 
randomized to the HoLEP and TURP arms, respec-
tively, and were followed for 1 year postoperatively. 
The mean prostate size reported by these studies 
ranged from 53.5 to 77.8 mL in HoLEP patients and 
from 49.9 to 70 mL in TURP patients. Stress inconti-
nence occurred in four patients (1.7%) who under-
went HoLEP and in three TURP patients (1.3%). 
Rigatti et al354 reported that 25 (44%) of the HoLEP 
group and 17 (38.6%) of the TURP group also devel-
oped urgency incontinence. Two of the trials reported 
that postoperative ‘irritative’ voiding symptoms (de-
scribed as burning) were more frequent in the HoLEP 
arm compared with the TURP arm. Rigatti et al354 re-
ported ‘burning symptoms’ in 33 (58.9%) of the 
HoLEP patients and 13 (29.5%) of the TURP patients. 
Gupta et al345 reported a higher rate of ‘dysuria’ in the 
HoLEP arm (10%) compared with the TURP arm 
(2%). 

Another systematic review and meta-analysis was 
conducted by Tan et al340 and included four studies. 
No statistically significant differences between pooled 
estimates were noted between HoLEP and TURP for 
stress urinary incontinence (1.5 vs 1.5%; P=0.980). 

Wilson et al355 compared HoLEP with TURP for men 
with bladder outlet obstruction (BOO) secondary to 
BPH with a minimum of 24-month follow-up. Sixty-
one patients were randomized to either HoLEP or 
TURP. All patients had BOO proven on urodynamic 
studies preoperatively (prostate size 40-200 g). UI 
was present in 48% of HoLEP patients and 38% of 
TURP patients preoperatively (not including post-mic-
turition dribbling). Six of the 15 incontinent patients in 
the HoLEP group and eight of 11 in the TURP group 

regained continence postoperatively. Only one pa-
tient (in the HoLEP group) had new onset SUI noted 
at 12 months, which had resolved by 24 months. One 
patient in the TURP group had UUI at 24 months, 
which did not require treatment. 

A RCT356 with a 4-year follow-up (N = 120) compared 
HoLEP with TURP. Incontinence occurred in two pa-
tients (3.3%) in the HoLEP arm and in one patient 
(1.7%) in the TURP arm. The incidence of postoper-
ative dysuria was not reported in this study.  

HoLEP vs Transurethral Electrovaporization of 
the Prostate 

A study by Gupta et al345 compared the results of 
HoLEP, TVR, and TURP. One hundred and fifty pa-
tients (50 in each group) were prospectively random-
ized. Patients in all three groups had comparable 
characteristics before surgery. Mean operating dura-
tion and intraoperative irrigant used for TVR was less 
than for HOLEP or TURP, and blood loss with HOLEP 
and TVR was less than with TURP (all P < 0.001). 
Postoperative irrigation, nursing contact time, and 
catheter duration were significantly less for HOLEP 
than TURP or TVR, and for TVR than TURP. One pa-
tient in the HoLEP arm developed incontinence, com-
pared with none in the TVR arm. Transient dysuria 
occurred more frequently in TVR patients: five (10%) 
in HoLEP vs nine (18%) in TVR patients. 

Potassium Titanyl Phosphate vs TURP 

One RCT357 (N = 100) with long-term follow-up (3–6 
years) compared laser prostatectomy using KTP with 
TURP in smaller size prostates. The rate of UI was 
the same in both arms (one patient in each) and none 
of the patients in this study developed postoperative 
‘irritating voiding’ symptoms to such a degree that ad-
ditional medications were required beyond those rou-
tinely provided upon discharge. 

Monopolar vs Bipolar TURP 

Cornu et al341 conducted a systematic review and 
meta-analysis of functional outcomes and complica-
tions following transurethral procedures for lower uri-
nary tract symptoms resulting from benign prostatic 
obstruction (BPO). A total of 69 RCTs (8517 enrolled 
patients) were included. At 12-month follow-up, the UI 
rates (defined in most studies as SUI that appeared 
after the intervention) were similar following M-TURP 
and B-TURP. 

Greenlaser Laser Photovaporization of the Pros-
tate (PVO) vs TURP 

More recently, Bachmann et al358 published a ran-
domized controlled trial comparing TURP to Green-
Light XPS PVP for men with BPO. A total of 291 pa-
tients were enrolled at 29 sites in 9 European coun-
tries. Patients were randomized 1:1 to undergo 
GreenLight PVP or TURP. Of the 291 enrolled pa-
tients 281 were randomized and 269 received treat-
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ment. At 12 months 4 patients treated with Green-
Light XPS and 4 who underwent TURP had persistent 
UI. 

Pereira-Correia et al359 assessed urodynamic param-
eters and voiding function in BPH patients who un-
derwent PVP (N=10) vs TURP (N=10). In this small 
case-series, PVP group had a higher postoperative 
rate of UI when compared to the TURP group (P < 
0.04). Five (50%) patients in PVP group developed 
UUI, which was not associated with detrusor overac-
tivity in the urodynamic evaluation (first month after 
surgery), but had spontaneous resolution between 3 
and 12 months postoperatively. 

In summary, the incidence of UI after open surgery, 
TURP (monopolar and bipolar), TUIP, and laser ther-
apies (including enucleation, vaporization, and resec-
tion techniques) is low, and does not differ apprecia-
bly among the various techniques.  Lower urinary 
tract symptoms, such as dysuria and urgency, seem 
to be prevalent in the early postoperative period after 
novel laser therapies. 

2. TIMING OF SURGICAL 
INTERVENTION 

There are no clear data on timing of a surgical inter-
vention for the treatment of incontinence, as men-
tioned above in the section on post-RP. Therefore, at 
present, guidelines as to the timing of surgery cannot 
be formulated. A certain period of watchful waiting 
supplemented with conservative measures, particu-
larly pelvic floor physiotherapy, seems to be a rea-
sonable option. More recently, a RCT360 showed that 
a Pilates exercise program proved to be as effective 
as conventional pelvic floor muscle exercises (PFME) 
to speed up continence recovery in patients with post-
RP UI, and could be considered for patients who do 
not adhere to conventional treatment. Thus, con-
servative management may be tried for periods of up 
to 6-12 months depending on whether there is any 
progress noted by the patient. (Level of evidence 4; 
Grade of recommendation C).  

In addition, a study by Filocamo et al361 demonstrated 
that pelvic floor muscle exercises, with or without du-
loxetine, may speed up recovery of urinary conti-
nence in selected patients. (Level of evidence 1; 
Grade of recommendation A). 

3. SURGICAL TREATMENT OPTIONS 

3.1. Artificial Sphincter 
The literature on this subject was reviewed for the 1st, 
2nd, and 3rd International Consultations on Inconti-
nence.7,326,327 Candidates for treatment with the artifi-
cial urinary sphincter (AUS) are patients with inconti-
nence due to intrinsic sphincter deficiency that have 
normal bladder compliance.362 Detrusor overactivity 
is not a contraindication.307 The AUS has been placed 

around the bulbar urethra via a perineal route or 
transverse scrotal routes363 or around the bladder 
neck.7,326,327 The above mentioned review of the re-
sults obtained with the AUS indicated that more than 
70% of the men treated with the AUS for this indica-
tion are dry or almost dry after a follow-up of more 
than 2-3 years. However, most series on the AUS in-
clude both men with post-prostatectomy incontinence 
related to benign and malignant disease.326  

In summary, the AUS is a successful surgical treat-
ment option for post-prostatectomy incontinence. It is 
the most commonly performed surgery for post-pros-
tatectomy incontinence, with the longest follow-up 
and therefore longest record of success. (Level of 
evidence 2; Grade of recommendation A) 

3.2. Injectable Agents 
Most series include post-prostatectomy incontinence 
after treatment for benign and malignant disease, 
with the majority after prostate cancer surgery. For 
collagen, “success rates” range from 36-69%, with 4-
20% of patients reporting be-
ing dry.177,178,179,180,181,182,183,184 Study results are in-
consistent with both TURP364 and RP365 showing bet-
ter outcomes.  

Other bulking agents such as polydimethylsiloxane 
PDMS (Macroplastique®) have shown some initial 
success, but results also deteriorate over time. Bugel 
and co-workers188 treated 15 patients. They noted 
rapid deterioration of initial improvements with suc-
cess rates of 40%, 71%, 33%, and 26% at 1, 3, 6, and 
12 months respectively.  As mentioned previously in 
the section on post-RP incontinence Kylmala et al189 
prospectively studied 50 patients with mild to moder-
ate SUI (average 48 cc on 1 hour pad test), with 12% 
achieving continence following 1 injection, and an ad-
ditional 20%, 18%, and 10% achieving continence 
with 2, 3, and 4 injections respectively. Follow-up, 
however, was only 3 months. In a randomized trial of 
AUS vs Macroplastique injection in patients with min-
imal SUI (the vast majority had SUI following BPO 
surgery, with less than 1/3 of the cohort suffering from 
SUI following RP), Imamoglu and colleagues56 
demonstrated no difference in success with AUS vs 
Macroplastique.  However, in patients with more se-
vere incontinence, AUS was superior, with minimal 
improvement following transurethral Macroplastique. 
There has also been some initial work with sphincteric 
injections of muscle stem cells.197,198  

Bulking therapy fails in up to 75% of men. Of those 
who are improved only a minority actually becomes 
dry with short-term follow-up. Although bulking ther-
apy may be slightly more efficacious in treating SUI 
following TURP compared to SUI following prostate 
cancer surgery, bulking is of limited value in those 
men with all but minimal SUI and should only be used 
when other treatments are contraindicated. (Level of 
evidence 3; Grade of recommendation C). 
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3.3. Male Sling Procedures 
Since Frangenheim366 described his first successful 
urethral sling suspension for post-traumatic stress 
urinary incontinence in 1914, various sling materials 
and surgical methods have been reported. Rectus 
fascia, as described by Frangenheim,366 has distinct 
advantages over alloplastic materials with respect to 
erosion and infection risks. Allograft off-the-shelf-ma-
terials like lyophilized fascia lata have a higher infec-
tion risk than does autologous fascia, whereas the 
use of synthetic materials like polypropylene mesh or 
polytetrafluoroethylene slings are associated with a 
higher incidence of urethral erosion.367 According to 
various published techniques, the sling can be placed 
either underneath the bladder neck, the urethral bulb 
or the membranous portion of the urethra. The princi-
ple of continence support is similar for all sling proce-
dures and comprises passive compression of the ure-
thra, which is dependent on the applied sling ten-
sion.257 This mode of action favours sling procedures 
as a treatment option for intrinsic sphincter defi-
ciency. However, the sling tension needed for resto-
ration of continence has not been standardized, with 
tensioning techniques ranging from perfusion sphinc-
terometry, to a cough test, to visual approxima-
tion,219,368 and therefore the success of the procedure 
probably depends heavily on the surgeon’s experi-
ence and the degree of sphincteric incompetence. 
Overcorrection with consequent urinary retention (es-
pecially in the setting of detrusor underactivity) and 
under correction with persistent or recurrent inconti-
nence are certainly possible, which may adversely af-
fect continence, bladder emptying, and patient satis-
faction. Most series of sling surgeries deal with a pre-
ponderance of men following prostate cancer sur-
gery. Therefore, it is difficult to draw conclusions 
about any differences in sling efficacy between those 
with SUI following BPH surgery vs those with SUI fol-
lowing RP due to small numbers of BPH patients 
most the cohort series.  

 INCONTINENCE AFTER 
EXTERNAL BEAM 

RADIOTHERAPY AND SURGERY 
FOR PROSTATE CANCER 

The risk of incontinence after external beam 
radiotherapy (EBRT) for prostate cancer is variable 
and ranges from  0 to 23.9%. Lawton et al369 reported 
a risk of urinary complications of 7.7% in more than 
100 patients, proportional to dose. Perez et al370 
found incontinence in only 5 of 738 patients. Shipley 
et al371 reviewed more than 2500 cases with an 
incontinence rate of 0.5%. Similar incidences have 
been reported in more recent series. Madalinska et 
al81 reported an incidence of 6-7%. With three-
dimensional conformal radiotherapy, Weil and 
colleagues372 reported no incontinence in 168 
consecutive patients and Hanlon et al,373 in a series 
of 195 men, found that post treatment urinary 

symptoms were no different from a control group 
without cancer. With conformal radiotherapy, Sandhu 
et al374 reported a 9% incidence of stress 
incontinence in 110 patients. The impact of EBRT 
followed by prostatic boost, for a total of 66-70 Gy, 
was evaluated. Scalliet and co-workers375 reported 
urinary incontinence in 16% of 230 patients, however, 
Fransson and colleagues376 reported an increase in 
urinary incontinence on a patient-administered 
symptom bother scale 3 years after treatment in 153 
men compared to pretreatment status. The increase 
was from a mean of 0, at the start to 2 out of 10 at 3 
years. Ponholzer et al377 reported incontinence in 
18.8% of a group of 82 men who were surveyed 4.4 
year after EBRT for prostate cancer. Furthermore 
urinary incontinence worsened from year 2 to year 6 
in a cohort of 147 men treated with 3D conformal 
RT.378  Budaus et al379 conducted a review of 
radiation series published from 1999-2010 and 
concluded that early storage symproms are 
commonly reported but long-term incontinence is not. 

Stereotactic body radiation therapy (SBRT) is an in-
novative form of radiation therapy that is disseminat-
ing into practice for the treatment of prostate cancer. 
Compared with the more standard intensity-modu-
lated radiation therapy (IMRT), SBRT is technologi-
cally more intensive and delivers higher doses of ra-
diation per treatment, with an entire course of treat-
ment delivered in up to five visits. In comparison, 
since IMRT typically delivers a complete course of ra-
diation in 7 to 9 weeks, SBRT may be less expensive 
overall. The accelerated radiation therapy course as-
sociated with SBRT may also mean higher radiobio-
logic doses than standard fractionated IMRT, which 
may lead to greater local cancer control380 and possi-
bly greater toxicity. Yu et al380 reported in a retrospec-
tive national US Medicare sample, that at 24 months, 
the odds ratio of requiring a workup for either urinary 
incontinence or obstruction was 2.23 GU of SBRT vs 
IMRT. Furthermore, Halpern et al381 reported using 
the Surveillance, Epidemiology, and End Results 
(SEER) program and Medicare linked data, that after 
2 years, urinary incontinence was seen in 23.9% of 
patients treated with SBRT vs 19.9% treated with 
IMRT. 

Pre-radiotherapy transurethral prostatectomy 
(TURP) appears to be a risk factor for incontinence. 
Jonler et al382 reported an incontinence rate of 11% 
with pretreatment TURP. Green et al383 and Lee et 
al384 also reported a higher risk of incontinence with 
pretreatment TURP vs those without with 5.4% and 
2% respectively. In a recent systematic review 
Ishiyama et al385 reported that among the 14 papers 
of the prior-TURP group, 13 demonstrated higher in-
continence rates in patients with TURP compared 
with patients without TURP. Four papers demon-
strated a statistically significant increase of inconti-
nence in patients with TURP. One paper also re-
ported a higher incontinence rate with TURP vs no-
TURP after EBRT (8% vs 1.5%).386 
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Salvage or adjuvant radiotherapy is frequently given 
after radical prostatectomy and the impact on 
continence is controversial. Petrovich et al387 reported 
no difference in incontinence in 2 cohorts of patients, 
one with and one without adjuvant radiation. In a 
follow-up study the same group reported no late 
toxicity.388 Fontaine et al389 also reported no change 
in continence status in 16 of 17 men after salvage 
radiation. However, Petroski et al390 reported that 
postoperative radiotherapy worsened continence in 
26% of 129 patients followed for a median of 5 years. 
Sowerby et al391 reported urinary incontinence at 3 
years in 24.5% of 162 men who underwent adjuvant 
radiation and 23.5% of 490 men who underwent 
delayed or salvage radiation for prostate cancer. On 
the other hand, salvage radical prostatectomy 
following external beam radiotherapy has been 
generally reported to have a high incidence of urinary 
incontinence392,393,394,395 possibly because of 
radiation induced fibrosis of the external sphincter.393 
In a recent systematic review of 27 series of salvage 
prostatectomy, Matei et al395 reported a 47.8% 
average incontinence rate (range 19%-79%). The 
incontinence rate was not lower with laparoscopic or 
robotic approaches. Cozzarini et al396 demonstrated 
that older age and greater radiation dose in the 
salvage setting, and younger age and hypertension 
in the adjuvant setting, resulted in worse urinary 
dysfunction  

1. SURGICAL TREATMENT 

Results of surgical treatment of incontinence in this 
setting are based on retrospective clinical series. In 
the past the most commonly published treatment 
modality was the artificial urinary sphincter as therapy 
for sphincter damage. As discussed and referenced 
in the following paragraphs, the series published 
contain both patients who had and had not received 
radiotherapy and collagen injections have also been 
reported in various case series. 

Historically there has been a highly variable revision 
rate of 22% to 55% reported for the artificial sphincter 
following radiotherapy (Table 6293,290,291,301,304,315,397,

398,399).  

There are also variabilities in reported differences 
between radiated vs non-radiated patients. Most 
recent studies have shown  similar outcomes after 
radiation291,301,400 except for a Canadian study which 
demonstrated that the relative risk (RR) of erosion 
was significantly higher in those who had radiother-
apy compared to those who did not (RR 4.05, 95% CI 
1.1–15.3).316 Bates et al401 conducted a systematic 
review of surgical revision outcomes of 1886 patients 
from 15 studies and continence outcomes in 949 

patients from 11 studies while comparing radiated 
and non-radiated patients. The AUS revision rate was 
higher after RP + radiation vs. RP alone, with a 
random effects risk ratio of 1.56 (95% CI 1.02-2.72; 
P<0.050). However, the authors pointed out that if the 
largest reported studies which contained 
approximately 60% of the patients were pooled the 
relative risk for surgical revision changes to 1.51 
(95% CI 0.52-4.38; P=0.440) or non-significant. 
Furthermore, in a large recently reported series of 
489 men with 181 having had radiation, Rivera et al400 
reported that on univariate and multivariate analyses 
radiation therapy was not associated with increased 
rates of device infection/erosion or urethral atrophy 
and there was no difference in device survival 
between radiated and non-radiated individuals (Table 
6).  

Although recent clinical studies may not have shown 
significant differences in outcomes, there are 
theoretical radiation effects on the lower urinary tract 
that are relevant. There may be radiation induced 
vasculitic fibrosis of the urethra.293 Radiation may 
also induce detrusor overactivity or poor compliance 
leading to urgency incontinence.401 Recurrence of 
bladder neck contracture may be more common.301 
Radiation has also identified as a co-morbidity 
associated with erosion402 and infection.403 In order to 
avoid problems it is generally recommended that the 
cuff be inserted outside the radiated field.404   

Collagen injection has also been reported for 
incontinence after radical prostatectomy and adjuvant 
radiation179,183,364,405,406,407 or after salvage radical 
prostatectomy following radiotherapy.186,408  
Continence results are poorer compared to those 
without radiation.365 Lee et al190 reported similarly 
poor results with Macroplastique with success in 1of 
4 radiated patients after 6 months. 

The male perineal bone-anchored sling has been 
reported in patients following adjuvant RT. In 
Comiter’s group with the perineal compression sling 
3 with radiation had no adverse sequelae.186 
Similarly, in the series of Onur et al219 radiation did 
not cause a worse outcome.  However, Schaeffer et 
al209 reported that prior irradiation was the only iden-
tified factor that predisposed to failure. Their success 
rate following a single sling procedure was only 29% 
(2/7) for irradiated patients, and the corresponding 
rate for non-irradiated patients was 68% (39/57).209 
They postulated that the sling acts by compressing 
and elevating the urethra, thereby increasing urethral 
resistance to abdominal pressures. Theoretically, ra-
diation-induced fibrosis of the urethral and periure-
thral tissues would make compression and elevation 
more difficult by reducing tissue compliance and mo-
bility.. 
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TABLE 6. The Artificial Sphincter for Incontinence After Radiotherapy 

Authors N Revision Rate After Radiotherapy Continence 

Martins & Boyd293 34/81 38% for whole group 88% 

Wang & Hadley397 16 25% (infection and erosion – 12.5%) 87% 

Perez & Webster290 11/75 55% 63% 

Gundian et al398 15/56 22% 90% 

Elliott & Barrett304 46/313 22% — 

Manunta et al315 15/72 53% (infection and erosion – 20%) 73% 

Gomha & Boone291 28/86 25% (similar to a non-radiated control group) 64% 

Lai et al301 60/176 20% v 32% for non-radiated group 69% 

Sathianathen et al399 29 radiated 
48 non-radiated 

10.3% 
12.5% 

86.2% 
87.5% 

Rivera et al400 181 radiated 
308 non-radiated 

Device survival (1 y, 5 y) 
92%, 77% 
90%, 74% 

 
P=0.24 

N/A 
N/A 

 

Multiple studies with AdVance slings have shown 
worse results after radiation,53,409,410,411,412 although 
Kretschmer et al413 recently reported no adverse ef-
fect of radiation on outcomes with AdVance XP in 7 
previously radiated patients with mild to moderate in-
continence after a mean follow-up of almost 3 years 

Experience with the Argus adjustable retropubic sling 
was reported in 22 men by Hubner et al.248 After a 
mean follow-up 1.5 years, 2 were removed for infec-
tion/erosion and the rest were dry. The ATOMS ad-
justable sling was reported in 31 men with moderate 
to severe post-prostatectomy incontinence and radi-
ation.414 After a mean of 17.8 months 58% were dry, 
29% were improved, and 13% failed. A mean of 3.8 
fluid adjustments were administered to the whole co-
hort of 99 men. 

Adjustable balloons (proACT™) have been used in 
the post-radiation patient with stress incontinence but 
reported risk factors for failure and complications 
were prior external beam radiotherapy.55,415 
Kocjancic and colleagues416 reported a continence 
rate of 67% in non-radiated patients compared to 
36% in radiated patients.  

In summary, despite the reported higher incidence of 
complications of the artificial sphincter in post-
prostatectomy patients after radiation in a number of 
studies, it has provided acceptable treatment 
benefits. Injectable agents have yielded poor results. 
Other techniques such as slings may be adversely 
affected by radiation. Adjustable slings may be 

considered but more evidence in the post-radiation 
patient is needed. (Level of evidence 3; Grade of 
recommendation D) 

 INCONTINENCE AFTER 
OTHER TREATMENTS FOR 

PROSTATE CANCER 

1. BRACHYTHERAPY OF THE 
PROSTATE 

Brachytherapy is a form of radiation therapy in which 
radioactive materials (seeds) are placed directly into 
the prostate gland.  The incidence of incontinence 
following this modality is given in Table 
7417,418,419,420,421,422,423,424,425,426,427,428,429,430 and is 
usually related to the treatment of post-brachytherapy 
urinary retention. 

Many series have reported retention to be associated 
with larger initial prostate volumes.431 In a systematic 
review of brachytherapy series, Crook et al426 
reported the incidence of retention to be 1-14%. Many 
patients require prolonged or permanent alpha 
blocker or a TURP. 

 

TABLE 7. Incontinence After Brachytherapy for Prostate Cancer 

Authors Incontinence (%) Post TURP (%) No TURP (%) 

Beyer et al417 1 — — 

Blasko et al418 6 17 0 
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Authors Incontinence (%) Post TURP (%) No TURP (%) 

Stock et al419 0 — — 

Wallner et al420 0 — — 
aKaye et al421 4 11 1 
aBlasko et al422 13 — — 

Hu and Wallner423 6 70 — 

Benoit et al424 6.6 — — 

Merrick et al425 0 — — 

Crook et al426 5.6 13 — 
aTalcott et al427 45b 83 39 

Barkati et al429 0 — — 

Moack et al430 — 25.3 3.1 

aImplant plus external beam radiation 
bAny incontinence 

The main risk factor for incontinence after 
brachytherapy is TURP. Hu and Wallner423 reported 
on the incidence of urinary incontinence after 
TURP/TUIP following prostate brachytherapy for 
prostate cancer. Of 10 patients who underwent the 
outlet relaxing procedures for refractory urinary 
obstruction, 7 developed some degree of permanent 
urinary incontinence. They surmised that the cause 
may be multifactorial and may include physical 
damage to the urinary sphincters and the radiation 
dose to the urethral region. More recently Mock et 
al430 reported that in the 79 men who required a 
channel TURP out of a total of 2495 patients, 20 
(25.3%) had urinary incontinence compared with 
3.1% of those who underwent seed implantation only 
(P<0.001).  

Surgical therapy when required has usually included 
the artificial sphincter.424,432 High dose brachytherapy 
that is administered over a short period of time may 
have reduced toxicity.433  Urethrorectal fistula is 
another complication that has been reported in 1.8% 
of patients in a large U.S. medicare retrospective 
review.424 Salvage brachytherapy leads to a higher 
rate of urinary tract complications.394,434  

2. CRYOSURGICAL ABLATION OF 
THE PROSTATE 

Cryosurgical ablation of the prostate is used for 
clinically localized prostate cancer either as primary 
treatment or after unsuccessful external beam 
radiation therapy. The frequency of the main lower 

urinary tract complications are listed in Table 
8435,436,437,438,439,440,441,442,443,444,445,446,447,448,449 The 
artificial sphincter has been mentioned as one of the 
treatments for incontinence.446,449 Cryotherapy is an 
adverse factor for bulking agents. Urethrorectal 
fistulae can also occur in up to 5% of treated 
patients.449 Severe incontinence and fistulae that 
occasionally result may have to be treated with 
extirpative surgery and diversion.450 

3. HIGH-INTENSITY FOCUSED 
ULTRASOUND 

Transrectal high-intensity focused ultrasound (HIFU) 
is another minimally invasive treatment for prostate 
cancer. HIFU destroys prostate cells by coagulative 
necrosis of the tissue without damaging the 
structures intervening between the transrectal probe 
and the target tissue.451 Reports of efficacy also 
include morbidity. In a systematic review involving 37 
articles/abstracts, Rebillard et al452 reported that 
stress incontinence occurs in 6-28%, urethra/bladder 
neck stenosis in 1-31%, and rectourethral fistula in 0-
3% of treated patients. With improvements in 
techniques the risk of severe complications may be 
decreasing.452,453 In a systematic review from 2000-
2011, Cordeiro et al454 noted that the rate of 
incontinence ranged from <1-34.3%. Dickinson and 
colleagues455 recently reported that 105/189 (56%) 
patients from a UK multicenter registry were leak free 
and pad free at 5 years after HIFU.  
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TABLE 8. Lower Urinary Tract Complications After Cryosurgery for Prostate Cancer 

Authors N Incontinence (%) Bladder Outlet 
Obstruction (%) 

Shinohara et al435 102 15 23 

Bahn et al436 210 3 9 

Cox and Crawford437 63 27 29 

Wieder et al438 83 2.5 13 

Cohen et al439 239 4 2.2 

Coogan and McKiel440 95 3.5 6 

Sosa et al441 1467 11 6.8 

Long et al442 145 83/2.0a 17.2 

Pisters et al443 150 60 43 

Derakhshami et al444 48 10.4 22.9 

Long et al445 975 7.5 13 

de la Taille et al446 43 9 4 

Robinson et al447 46 29 (urinary bother) — 

Dhar et al448 860 0.9 (8/460) 6 

Siddiqui et al449 179 2.7 23.5 

aPreviously radiated/not previously radiated 

 INCONTINENCE AFTER 
NEOBLADDER CONSTRUCTION 

FOR BLADDER CANCER 
The incidence of continence after neobladder 
construction following radical cystectomy for bladder 
cancer ranges from 85 to 100% during the day and 
51 to 100% at night (Table 9).456,457,458,459,460,461,462,463,

464,465,466,467,468,469,470 Most patients achieve daytime 
continence after one year and nightime continence 
after 2 years. Clifford et al470 recently reviewed their 
experience in 188 patients. They reported, with 
validated questionnaires, that daytime continence 
increased from 59% at <3 months to 92% at 12-18 
months. Nighttime continence increased from 28% at 
<3 months to 51% at 18-36 months. 

Most of the published reports do not comment on 
specific surgical management and imipramine is 
mentioned as treatment only occasionally. Martins 
and Boyd293 reported on 8 patients treated with the 
AUS for persistent sphincter weakness incontinence. 
Six of these underwent revisions, 3 for infection 
and/or erosion and 3 for inadequate cuff 
compression. They cautioned against the use of the 
AUS and suggested alternatives such as intermittent 
catheterization at night. However, O’Connor and 
colleagues471 reported a successful outcome, after 
AUS, with no complications in 5/5 men with 
incontinence after neobladder, with a mean follow-up 
of 22 months and Simma-Chiang et al472 reported 

success in 11/12 men 22 months after AUS implant. 
Vainrib et al473 reported on the use of the AUS in 36 
patients with a mean follow-up of 40 months. Data 
were available in 29 patients. Post AUS, incontinence 
persisted in 8 (27.6%) patients and 60% needed 
revisions over time. The bone-anchored sling has 
been reported for one case474 and the AdVance sling 
for 2 cases240 Injectables have only been reported in 
women following neobladder construction.475  

In summary there are not enough data upon which to 
recommend definitive surgical therapy, although the 
artificial sphincter is reasonable. (Level of evidence 
3; Grade of receommendation C-D). 

 INCONTINENCE AFTER 
TRAUMATIC INJURIES OF THE 
URETHRA AND PELVIC FLOOR 

Incontinence following posterior urethral injuries 
occurs in 0-20% of patients476,477 and is thought to be 
due to the extent of injury rather than to the method 
of management.  

The data on surgical treatment are all retrospective 
case series and the most commonly published 
surgical therapy is the AUS. The series published 
contain both patients with and without traumatic 
injuries. Perez and Webster290 reported on 27 
patients after urethral or bladder neck strictures. 
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TABLE 9. Continence After Neobladder Construction for Bladder Cancer 

Authors N Follow-Up (mos) Continence (%) 

Day Night 

Alcini et al456 34 12 100 83 

Cancrini et al457 89 24 (22% with SUI) 97 83 

Elmajian et al458 266 24 85 85 

Studer et al459 100 24 92 80 

Benson et al460 32 25 94 74 

Abol-Enein and Ghoneim461 60 24 90 80 

Rogers and Scardino462 20 24 90 55 

Hautmann et al463 211 66 85 85 

Hautmann et al464 363 57 95 95 

Steven and Poulsen465 166 32.4 100 100 (after 5 years) 

Abol-Enein and Ghoneim466 353 38 93.3 80 

Carrion et al467 56 ileum 
57 colon 

41 
41 

91 
86 

68 
68 

Nieuwenhuijzen et al468 62 
60 (sexuality preserving) 

>12 
>12 

90 
96 

67 
67 

Yadav et al469 42 27.2 100 93.8 

Clifford et al470 188 18-36 92 51 
 

The revision rate was 41% and the continence rate 
was 85%. In a subsequent report from this centre on 
reoperations the patients with traumatic injuries were 
not discussed separately.478 In Montague’s292 series, 
22 out of 166 patients had incontinence after trauma. 
He did not separate the results of this group from 
those of the other patients. Martins and Boyd293 
reported on only one patient out of 81 with a traumatic 
urethral injury. This patient was dry and required no 
revisions. Venn at el404 reported on 2 with pelvic 
trauma out of a total of 70. Mundy and Andrich 
reported successful AUS implant in 7 out of 8 patients 
after reconstruction for pelvic fracture-related 
injuries.479  (Level of evidence 3; Grade of 
recommendation C). 

Bladder neck reconstruction, by excising the scar and 
narrowing the calibre, was reported by Iselin and 
Webster480 in 6 patients who had incontinence with 
an open bladder neck on cystourethrography, 
following urethroplasty for traumatic strictures. 
Bladder neck closure with a Mitrofanoff catheterizable 
abdominal stoma has also been reported as 
treatment following severe urethral or bladder 
trauma.481 (Level of evidence 3; Grade of 
recommendation C) 

For patients with severe bladder neck strictures and 
incontinence after prostate surgery, Meulen et al482 
and the group from Baylor301,483 reported on the use 
of a Urolume stent with a bulbar artificial sphincter. 
The Urolume stent is no longer available. A novel 

approach which has yet to be tested in more studies 
involves the use of a non-permanent Allium urethral 
stent.484 The stent is a self-expandable coiled metal 
structure that is covered with a polymeric coating. It 
is inserted transurethrally and can be removed by 
unravelling it with an attached tab. The study involved 
14 men with recalitrant postoperative posterior 
urethral stenosis and stress incontinence. The stent 
was left indwelling for 6 months and then removed. 
After another 6 months the artificial sphincter was 
inserted if restenosis had not occurred. After a mean 
of 13 months following AUS placement, 13/14 did not 
restenose and all are dry. None of the men had 
undergone radiation. 

Alternative management with perineal urethroplasty 
and subsequent artificial sphincter placement in 6 
patients was reported by Simonato et al485 Patil et 
al486 reported on 8 patients with recalcitrant posterior 
urethral stenosis and defunctionalized bladders. 
Seven had radical prostatectomy (6/7 with radiation) 
and one had traumatic disruption. They were treated 
with cystectomy, neobladder creation and urethral 
pull-through for the AUS was subsequently 
implanted. After a median of 58 months all were 
socially continent with a median of 2 revisions. 
Palmer et al487 reported their series of 20 men with 
posterior urethral stenosis and long strictures treated 
with a ventral buccal mucosa graft and gracilis muscle 
flap. Five men were incontinent. Of 3 who 
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subsequenstly had an AUS, 2 had it removed due to 
infection. 

In summary, the AUS provides a reasonable outcome 
in appropriate cases. Since there are few reports of 
alternative therapies the C recommendations were 
based primarily on expert opinion as to what is 
reasonable surgical therapy in very difficult cases. 
(Level of evidence 3; Grade of recommendation 
C) 

 CONTINUING PEDIATRIC 
PROBLEMS INTO ADULTHOOD: 
THE EXSTROPHY-EPISPADIAS 

COMPLEX 

1. INITIAL MANAGEMENT OF THE 
EXSTROPHY-EPISPADIAS COMPLEX 

1.1. NATURE OF THE EXSTROPHY 
BLADDER 

In considering the management of incontinence in 
adults who were born with exstrophy or isolated epi-
spadias, it is helpful to understand the nature of the 
bladder plate and the muscles around it. There is 
slowly accumulating data that show that they are not 
identical to normal. Less is known about changes 
over time either in those closed in the first few days 
of life or having had a delayed primary closure (DPC). 

The bladder plate is smaller than a normal bladder 
and so can only achieve a normal capacity if it can 
grow, or stretch without losing its proper structure. Mi-
croarray analysis shows that the bladders are devel-
opmentally immature. The number of myelinated 
nerve fibers in the detrusor is reduced in newborn ex-
strophy bladders compared to that of control neo-
nates who had died from cardiac causes.488 The in-
nervation of the muscle as defined by the muscarinic 
and other neuropeptide receptors are the same as in 
controls.489,490 

The muscle appears structurally normal when stained 
for actin and myosin, but there are functional changes 
which persist in cell culture. Cellular proliferation is 
normal and there is a near normal response to stretch 
in vitro.491,492,493 At birth, there is an excess of colla-
gen in relation to smooth muscle which improves with 
age but never reaches the same ratio as normal con-
trols: by the time reconstruction is completed smooth 
muscle in exstrophy children is 31.5% of the bladder 
wall and 56.5% in normal controls.494,495 

These findings, taken together, suggest that the blad-
der has less ability to stretch or achieve good compli-
ance, the detrusor is less efficient and the response 
to medication may be different from that in other con-
ditions. Some promising basic research has sug-
gested that mesenchymal stem cells obtained from 

bone marrow may be used to grow smooth muscle for 
use in augmenting bladders such as that in exstro-
phy.496 This is not a clinical reality at present. 

Control of the bladder outlet depends on proper func-
tion of the pelvic floor musculature and of the urethral 
sphincters. In exstrophy infants who have not had an 
osteotomy, the pelvic floor muscles have normal bulk, 
but abnormal orientation, especially in their relation-
ship to the urethra.497 They are unable, therefore, to 
contribute to urethral continence at the primary clo-
sure. Varma et al have described wrapping the leva-
tor ani as a loop in front of the urethra.498  

The existence of the urethral sphincters is uncertain. 
There is no histological study to show their presence 
or innervation. However, some muscle found dorsally 
around the urethral plate and spread over the corpora 
has been described as sphincteric. It has been 
wrapped around the urethra at primary reconstruc-
tion.498 Electromyographic studies of continent chil-
dren have shown normal electrical traces even when 
such formal reconstruction has not been done.499 

The prostate is a flat plate of normal size, lying behind 
the urethra and not wrapped around it.500  Growth of 
the prostate at puberty will not improve continence. 

A further problem with the assessment of outcomes 
of exstrophy reconstruction is that there is no satis-
factory definition of continence. In a review of the lit-
erature, Lloyd et al501 identified six definitions of con-
tinence, the commonest of which was ‘three hour dry 
interval’. Most worryingly, 1372 of the 2681 children 
in the studies reviewed were said by the authors to 
be continent even though no definition was given in 
68% of the studies! 

A dry interval of three hours implies that the bladder 
has a fixed capacity beyond which the pressure be-
comes higher than that of the fixed outflow resistance. 
Providing the child recognizes this point, a visit to the 
lavatory will avoid incontinence. This is not true con-
tinence but a means of managing poor bladder con-
trol. The evidence base is three at best. 

Epispadias is a more rare condition. There are very 
few data on the bladder and sphincters for this diag-
nosis alone. In general the bladder is of better volume 
and there may be some active sphincter function in 
those at the better end of the spectrum.  

1.2. Early Management 
The early reconstruction of bladder exstrophy is 
clearly important but not a subject for this chapter. 
Only an outline will be considered. Techniques have 
gradually evolved over the last 100 years since the 
first (transiently) successful closure described by 
Trendelenberg in 1906.502 A most important develop-
ment, at least in Western countries has been the con-
centration of cases in a small number of highly spe-
cialized centers. Although reasonable results have 
been reported from general pediatric units, the best 
results, as with other complex surgery, are found in 
high volume units.503,504,505 
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Broadly, there are three approaches to early recon-
struction: 

• Staged repair, originally described by Oesterling 
and Jeffs.506 Here the principle is to close the 
bladder in the first operation. The bladder neck 
and epispadias repair are then done as a second 
stage. This has evolved into the modern staged 
repair of exstrophy (MSRE). 

• Complete primary repair of bladder exstrophy 
(CPRE) often attributed to Grady et al507 The ob-
jective is to close the bladder and bladder neck 
and to repair the epispadias in one operation. Alt-
hough more than one operation is often needed, 
the important principle is to create bladder out-
flow resistance as early as possible. This should 
allow proper development of bladder volume and 
compliance. A further bladder neck reconstruc-
tion may be needed in up to 40% of children.508 

• Single stage radical soft tissue mobilization 
(RSTM), usually called the Kelly operation.509 
The entire anterior pelvic contents with blood and 
nerve supply are mobilized from the pelvic side-
wall, reconstructed and repositioned more poste-
riorly in the pelvis. There is no osteotomy, but the 
radical mobilization allows abdominal wall clo-
sure without osteotomy. 

Each of these is subject to many modifications by dif-
ferent surgeons, which makes comparison of results 
difficult. Not surprisingly, there are no controlled trials. 
If only reported outcomes are considered continence 
rates in children have improved from close to zero in 
1906 to about 90% in specialist centers.  

Patients who are now the subjects of adult follow-up 
will have been operated between 20 and 30 years 
ago and often longer. Only a handful of adults who 
have had the RSTM have been reported. It is often 
difficult to tell which of the other two techniques have 
been used when reviewing adult outcomes and, in 
terms of management of persistent incontinence, it 
probably does not matter. 

1.3. Late Bladder Function 

There are very few data on the continence rate in 
adults, and there are no controlled trials. In the small 
number of studies in adults, the type of original recon-
struction is usually ignored. 

For the children who have done well, there is some 
evidence that continence may not be maintained into 
adulthood. In a follow-up of 56 patients for a minimum 
of 20 years, 13 were found who were continent and 
voiding naturally at 10 years old. However, by 20 
years old, only three were still in this situation. The 
remainder were augmented or on clean intermittent 
catheterization (CIC) or both. The patients had been 
operated in the 1960s and early 1970s by older tech-
niques than are currently used. In a further review 
from the same unit of a cohort 15 years later and with 
at least 20 years of follow-up only one of 50 patients 
was voiding normally.510,511 

When specifically sought, the incidence of lower uri-
nary tract symptoms (LUTS) is high. Taskinen et al512 
used the Danish Prostatic Symptom Score (DAN-
PSS) in an investigation of 32 patients aged 16 to 44. 
All of seven men and two of four women who had not 
had an augmentation had disturbing incontinence. 
Amongst those with epispadias alone, six of eight 
men and four of five women had disturbing inconti-
nence. Seven of the 19 exstrophy patients had had 
an augmentation, five of whom were completely con-
tinent and two lost small volumes on rare occasions. 
Moderate or severe symptoms that could be at-
tributed to over active bladder were found in 80% of 
patients, but there were no urodynamic data. Surpris-
ingly, only one of 17 patients who expressed an opin-
ion wanted further surgery, especially if it would result 
in the need for CIC. 

Late failure has several possible causes. Perhaps the 
most important is that the outflow resistance gener-
ated by bladder neck reconstruction is mainly fixed 
with little or no sphincteric action. Voiding is, there-
fore, always against obstruction. Deterioration in 
bladder function would come either from detrusor fail-
ure or from overactivity. Borer et al found detrusor 
overactivity in six of 13 children (46%) who had had a 
staged repair but in none of 19 who had had CPRE.499 

Another problem was identified by Yerkes et al513 In 
an investigation of 18 children who were said by 
themselves and their parents to be ‘continent and 
voiding well’, none were, in fact, voiding normally. 
Apart from infections, stones and a dry interval of two 
hours, there were major objective bladder dysfunc-
tions in all patients. Seventy-two percent had a resid-
ual urine of at least a third of bladder capacity; 70% 
had a flow rate below 10 mL/sec; 30% had staccato 
stream; and 36% voided by Credé’s maneuver. 

Finally, there is the problem of the definition of conti-
nence discussed above. When free from the disci-
pline of childhood it quickly becomes apparent that 
the coffee, sodas and alcohol that soon become a 
part of an adolescent’s life, expose the fact that a ‘dry 
interval’ is no longer ‘continence’.  

1.4. Renal Function 

Most of the reported upper urinary tract anomalies 
that have been reported in association with exstrophy 
are clinically insignificant, such as duplex ureters. In 
462 children who had renal ultrasounds only 1.5% 
had an anomaly that could affect renal function.514  

Subsequent renal damage and renal failure are a 
consequence of the surgical management. Although 
older figures estimate renal damage at 15% to 20% 
for the initial reconstruction (or diversion), current fig-
ures are much better.515  

At birth, the mean estimated glomerular filtration rates 
(eGFR) are the same as in normal babies. There is 
then a dip, corresponding to the primary closure in the 
MSRE: from eight days old to 56 days the mean 
eGFR, corrected for surface area, does not increase 
while that of normal babies increases by about 50% 
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to 60%. Beyond 56 days the exstrophy babies begin 
to catch up and are not significantly different from nor-
mal by two years old.  

When the same patients were reviewed at least one 
year after their bladder neck repair, there was still no 
difference from normal in the mean eGFR.516 Unfor-
tunately, the mean value obscured the fact that 20% 
of the kidneys were damaged, some quite seriously. 
Hydronephrosis was seen in two kidneys severely, 
five moderately and two mildly out of 44 kidneys at a 
mean age of 15 years. One patient had an eGFR of 
61 mL/min/1.75m2 which would almost put him in the 
high risk group for late end stage renal failure. DMSA 
scans were not done in these children so there is no 
information about scarring.516 

Similar results have been reported from Canada after 
major secondary surgery such as bladder neck clo-
sure or augmentation. In 57 patients at a mean age 
of 11.5 years, 18 (32%) had some hydronephrosis. 
DMSA showed renal scarring in 14 (27%). Damage 
was seen after all types of surgery regardless of 
whether or not a bladder neck closure was done. 
However, only one patient without hydronephrosis 
had scars. One developed mild renal failure and one 
required a renal transplant.517 

Although end stage renal failure is rare in patients 
with exstrophy, most series mention one or two 
cases. It is most unfortunate that it is usually a con-
sequence of reconstructive surgery and infection, in 
spite of vigorous attempts to prevent it. The most im-
portant parts of the long term supervision are to con-
trol infection and to react promptly to even small signs 
of renal damage, especially hydronephrosis. 

2. MANAGEMENT OF PERSISTING 
INCONTINENCE 

Although the need for long-term care of children born 
with the major genitourinary anomalies has been ad-
vocated by some for many years, it is only recently 
that the need has been generally recognized. A pro-
cess of transition from paediatrics, through adoles-
cence and into adult life now is accepted as essential 
standard of care in the US and Europe.518,519,520 

2.1. Investigation 
Complete objective evaluation of bladder function is 
particularly important in patients with exstrophy as the 
description by patients and parents is unreliable.513 

Urodynamic studies in adults are best done using a 
small co-axial suprapubic catheter. It is inserted un-
der general anesthetic so that an endoscopic exami-
nation of the urethra and a measurement of the true 
bladder capacity can be made at the same time. Im-
aging during the urodynamic study which is done a 
day or two after the insertion gives good views of the 
outlet and its function. The studies can be repeated 
without the need to insert a new catheter. The volume 

of the bladder measured under general anesthesia 
has some predictive value.  

Validation of CMG findings in exstrophy is only avail-
able for children. Dave et al521 investigated 31 chil-
dren one year after a modified bladder neck recon-
struction. Fifteen had satisfactory continence defined 
as a dry interval of two hours or more, no stress in-
continence and no more than two episodes of noctur-
nal enuresis per week. The continent children had a 
better bladder capacity at 162 mL compared to 113 
mL for those with poor continence or 55mL for the to-
tally incontinent. End filling pressure was around 31 
cmH2O for the continent children vs 48 or 41 cm for 
the other two groups. Unstable detrusor contractions 
were seen in a third of the continent group and were 
associated with a lower than average bladder capac-
ity and less good compliance than in the other conti-
nent children. As in other conditions of bladder abnor-
mality, end filling pressures over 40 cm H2O were as-
sociated with hydronephrosis (two thirds of patients).  

A leak point pressure (LPP) of at least 10 cm H2O is 
needed to generate bladder expansion. Despite a 
LLP over this level, some children still have severe 
dribbling incontinence because of detrusor over activ-
ity. Their bladders did not expand because the detru-
sor was constantly emptying it.522 

The role of electromyography (EMG) of the sphinc-
ters has been reported but not correlated with man-
agement or outcomes.499 In Dave et al’s521 patients 
only 12 children voided with sustained detrusor con-
tractions and only five voided effectively. Ten children 
had persistent EMG activity during voiding, but no 
other detectable neurological abnormality. Eight of 
them had significant residual urine volumes. 

2.2. Medical Management 
The near normality of the detrusor innervation at least 
in infants born with exstrophy, suggests that standard 
anti-muscarinic drugs should be effective for overac-
tivity. Several reviews mention that oxybutynin or 
other anti-muscarinic agents can be used but without 
any data.  

There have been no disease specific controlled trials, 
least of all in adults. In children, there has been an 
uncontrolled trial of imipramine using both clinical and 
urodynamic criteria to assess response. All of 17 chil-
dren (mean age 7.9 years) had urodynamically 
proven detrusor overactivity, small poorly compliant 
bladders and incontinence. Imipramine 1.5-2.0mg/kg 
was given for a mean of 9.5 months. There was a 
40% increase in bladder capacity and a 25% reduc-
tion in end filling pressure. Eleven of 17 children had 
a clinically significant improvement in continence; all 
of eight children with partial continence (1-2 hour dry 
interval by day but enuretic) became dry day and 
night with a dry interval of more than 2 hours. Three 
of nine children with severe incontinence improved.523 
In an editorial comment on this paper, Gearhart524 
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stated that he used oxybutynin 0.5 mg/kg in combina-
tion with imipramine, which ‘gave even better results’. 
No further data were given. 

2.3. Bulking Agents for Bladder Outflow 
The fixed bladder outflow resistance can be in-
creased with injectable bulking agents. It does not 
matter which of the commercially available products 
is used but autologous fat does not seem to work. The 
only published results are in children. There is no 
standard technique of injection and the objective is to 
put in enough of the agent to produce visual occlusion 
of the bladder neck area using 2.5 to 7.5 mL.  

In two recent series, 17% and 42% respectively be-
came continent, though Alova et al525 in reviewing the 
literature, concluded that 50% of children became 
dry. Injections can be repeated but only one patient 
became dry beyond four attempts (he became dry af-
ter six injections).526,527 Best results are seen in those 
who are partially dry and have a bladder capacity 
above 70 mLs. It is important to note that in one of 
these series, two of 16 patients who were partially 
continent were rendered completely incontinent by 
the injections.527 

2.4. Bladder Neck Reconstruction 
There are few data on the outcomes of bladder neck 
reconstruction in adults with exstrophy, especially if 
done without augmentation. Occasional adult pa-
tients are included in series primarily on children.  

In a group of older children (3.2 to 15.5 years) the 
group at the Hospital for Children, Great Ormond 
Street reported very modest results. There were 20 
boys and ten girls most of whom had had several op-
erations apart from the initial bladder neck recon-
struction, including injection of bulking agents, aug-
mentation and Mitrofanoff procedures and yet still re-
mained wet. Sixty percent became dry by day (80% 
of girls and 50% of boys), but only 50% by night. None 
could void urethrally and only five could self-catheter-
ize urethrally.528 

The results in isolated epispadias are better with all 
of five patients (11 to 36 years old) becoming dry 
compared to two of four with exstrophy. All patients 
had failed previous injection of dextranomer (De-
flux®) based agents and it was said that this did not 
compromise the bladder neck surgery.525 

Bladder neck reconstruction without augmentation 
carries the additional risk that the bladder will expand 
but will develop instability and poor compliance. This 
will lead to hydronephrosis and renal deterioration. 
Grimsby et al529 have made the very important obser-
vation that there is a cumulative incidence of compli-
cations after bladder neck reconstruction without aug-
mentation. Seventy percent of children had required 
further surgery for continence by seven years and the 
same percentage had new or worsening renal scar-
ring up to ten years. Although none of the children 
had exstrophy, the observation remains valid – early 

success is not a cure and may just be changing one 
problem for an even worse one. 

2.5. Artificial Urinary Sphincters 
The patient with exstrophy has, by definition, a recon-
structed bladder neck and urethra. Such structures 
are not well suited to the support of an AUS cuff. It is 
also common for incontinent patients to carry a resid-
ual urine and so, with an AUS, would need to use 
CIC. Again, data on this procedure in adults with ex-
strophy are limited and often included in series of pa-
tients with different diagnoses. In one series of 112 
patients without spina bifida, there were 12 with ex-
strophy and four with epispadias aged four to 17 
years old. The AMS 880 AUS was used with 5.5 to 
7.5 cm cuffs and 61–70 cm H2O balloons. The cuff 
eroded in three of 12 exstrophy patients. Only four 
were dry and able to void spontaneously all of the 
time.530 Herndon et al531 reported a 20% erosion rate 
in patients of any diagnosis who had had a bladder 
neck repair.  

Various tissues and devices have been used to pro-
vide passive artificial outflow resistance. Pedicled 
gracilis muscle has been wrapped around the exstro-
phy urethra and gave continence in all of five children 
with CIC.532 Lima et al533 described a silastic ring 
around the urethra which can be expanded by inject-
ing saline through a sub-cutaneous port. In six of 12 
patients the cuff eroded. The other six were dry, but 
one developed hydronephrosis and had to have the 
device deactivated. Five voided normally and the 
sixth who had had an augmentation previously, relied 
partially on CIC. 

2.6. Bladder Augmentation 
In childhood, the reported need for augmentation is 
0% to 70%.534 Only a few patients will be able to void 
to completion from an augmented bladder, the major-
ity requiring CIC. Follow-up urodynamic studies have 
compared the use of ileum as a patch and sigmoid 
colon as a patch or cup. The best reduction in detru-
sor pressure is achieved with a patch of ileum com-
pared to sigmoid (mean decrease of 81% vs 27%).535 
There was no significant difference in the volume 
achieved which is not surprising as it is only related 
to the size of augment applied. 

In adults with incontinence, either new or persisting 
from childhood, full evaluation is essential. Augmen-
tation will not create reliable continence if the bladder 
outflow is inadequate nor is it likely to permit sponta-
neous voiding: only one of seven adult patients with 
an augmented bladder in the series reported by 
Taskinen and Suominen could void.512 The patient 
has, therefore, to accept that CIC through one chan-
nel or another is the probable outcome. The ability to 
pass a catheter through the urethra must be checked 
before the augmentation is done. If it is not possible, 
the urethra will need to be adjusted to make it possi-
ble or a suprapubic catheterizable channel will be 
needed. 
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Similarly, if the outflow resistance is inadequate a 
plan is needed to strengthen it. However, a redo blad-
der neck repair at the same time as an augmentation 
has a low success rate, especially with a small blad-
der.  

If the surviving bladder is very small and the outlet 
incompetent it may be better to abandon it altogether. 
Reconstruction can be done with isolated intestine 
and a supra pubic catheterizable stoma (see below). 

The techniques of intestinal augmentation and the 
long-term consequences are beyond the scope of this 
chapter. The problems are well known, but to date no 
satisfactory alternative has been found and certainly 
not one that would dispense with need for CIC. It has 
proved possible to grow urothelial and muscle cells 
from fragments of exstrophy bladder and from mes-
enchymal (and other) stem cells.491,496 Clinically, sev-
eral autografts and xenografts have been tried, most 
recently small intestinal submucosa, but have not 
produced reservoirs of useful size.536 

2.7. Diversion 
Even in the most prominent exstrophy centers diver-
sion is sometimes needed. The only question is how 
many failed attempts to create a normally working 
bladder mandate some diversion from this ideal goal? 
In Baltimore, 91 of 704 children (13%) required such 
procedures. If it is correct that normal continence and 
voiding are not always preserved in adulthood, the 
number will rise. 

There is a school of thought that the results of exstro-
phy reconstruction in the long run are so poor that 
early diversion should be the initial management.537 
Gobet et al538 have reported good outcomes with up 
to 69 years of follow-up with a primary standard 
ureterosigmoidostomy. With the use of a de-tubular-
ized rectal pouch, such as the Mainz II, and an under-
standing of the long-term complications continence 
rates of 95% day and night are reported.539 This could 
be the management of choice in countries with limited 
facilities for reconstruction.540 Surveillance for the de-
velopment of anastomotic neoplasms from the tenth 
year after construction is mandatory.541 

At the simplest level, a catheterizable supra pubic 
stoma may be put into the bladder, usually with an 
augmentation. Ideally, the urethra is left open so that 
there are two channels for CIC. However, if the ure-
thra cannot be made continent, it can be closed. In 
males the closure must be at bladder neck level so 
that antegrade ejaculation is possible. In an assess-
ment of outcomes of this management 96% were re-
liably dry by day and 86% by night (82% of patients 
were adults at the time of review). The well-known 
complications of this type of diversion occurred in 
39% including the need for redo of the bladder neck 
closure in one patient.542 

If the remaining bladder is too small to be useful or 
has been removed, any of the standard continent di-
versions can be used. In females, there is a particular 
advantage in this because the reservoir can be put to 

the side of the abdomen. This will usually, but not al-
ways, leave it clear of the uterus and out of harm’s 
way during the C-section which is usually the safest 
means of delivery for those with exstrophy.543 

A conduit diversion is only needed in the most excep-
tional circumstances such as uncontrolled hydro-
nephrosis or non-compliance with CIC. In four of five 
patients described by Baradaran et al,544 reconstruc-
tion to a continent system was possible when the un-
derlying problem had been corrected. 

3. RECOMMENDATIONS 

The published studies to date are retrospective case 
series with levels of evidence at best 3 with a Grade 
of Recommendation of C. The expert opinion of the 
Committee has resulted in the following recommen-
dations regarding the evaluation and treatment of 
persisting incontinence in adulthood. (C) 

Patients with exstrophy-epispadias complex should 
be evaluated and managed in specialized centers.  

Persisting incontinence should be evaluated with uro-
dynamics including measurement of bladder capacity 
and its treatment should be individualized based on 
urodynamic findings.  

A universal definition of continence should be estab-
lished. 

Anti-muscarinic drugs are the first option for detrusor 
overactivity.  

Bladder neck bulking agents may be effective but 
continence is unlikely to be achieved if 4 injections 
have failed. 

Standard techniques for enlargement of a small or 
high-pressure bladder are appropriate. 

Redo bladder neck reconstruction has a high failure 
rate and is very unlikely to allow complete, spontane-
ous voiding. Urethral CIC may be difficult or impossi-
ble. 

AUS also has a poor outcome because of erosion, 
chronic retention and CIC difficulties. 

Suprapubic continent diversion with or without aug-
mentation and with or without bladder neck closure is 
the best choice for exstrophy patients with urethral 
failure. Rectal diversion (eg, a Mainz II pouch) should 
be considered especially in countries with limited 
medical facilities. 

Life-long follow-up is mandatory in terms of conti-
nence, voiding efficiency, upper tract status and other 
urological complications. Appropriate transitional ar-
rangements must be made to ensure that this is 
achieved. 

Comparative studies, including quality of life and psy-
chological assessment, should be undertaken if pos-
sible. 
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 DETRUSOR OVERACTIVITY 
AND REDUCED BLADDER 

CAPACITY 

1. REFRACTORY URGENCY 
INCONTINENCE AND IDIOPATHIC 

DETRUSOR OVERACTIVITY 

The overactive bladder (OAB) syndrome refers to the 
symptoms of urgency, with or without urge inconti-
nence, usually with frequency and nocturia.545 Detru-
sor overactivity (DO) indicates the urodynamic obser-
vation characterized by involuntary detrusor contrac-
tions during the filling phase that may be spontane-
ous or provoked. Idiopathic Detrusor Overactivity 
(IDO) exists when there is no defined cause. Neuro-
genic Detrusor Overactivity (NDO) is seen when 
there is a relevant neurological condition. Ahlberg et 
al546 found that 82% of patients initially considered id-
iopathic on careful searching actually had pathology 
potentially leading to the problem.  Refractory OAB 
indicates OAB symptoms that have failed conserva-
tive and medical management. 

Idiopathic detrusor overactivity is a normal situation 
early in life. Children have urgency incontinence as a 
stage in acquiring bladder control. The incidence of 
detrusor overactivity during mid-life years (20 to 60) 
has been estimated as 10%.547 In the asymptomatic 
elderly, detrusor overactivity once again becomes 
common, occurring in 50% of men over 70.548 In the 
symptomatic elderly, over 75 years old, it can reach 
90% in men.549 DO may be a cause of severe storage 
symptoms such as frequency, nocturia, urgency and 
urgency incontinence. Conservative treatment of 
these symptoms such as bladder training and phar-
macotherapy is discussed in other sections. Magnetic 
stimulation via a variety of techniques has been re-
ported as a noninvasive treatment of DO.550,551  Brad-
shaw et al552 demonstrated an effect on cystometry 
with magnetic stimulation and found an improvement 
in urodynamic parameters but no consistent change 
in OAB symptoms. Almeida et al553 in a prospective 
urodynamic controlled study of 91 women with UI, 
found an improvement on DO only in patients with in-
itial bladder contractions greater than 15 cm H2O. 
There are no other specific data available.554 The use 
of intravesical neuromodulatory drugs such as capsa-
icin and resiniferatoxin was extended to DO of non-
neurologic origin after the suggestion that its etiology 
involved the enhancement of the C-fiber mediated 
spinal micturition reflex555 and emerged as a mini-
mally invasive procedure: the results are shown in Ta-
ble 10.556,557,558,559,560,561,562,563  

TABLE 10. Intravesical Capsaicin and Resiniferatoxin for Detrusor Overactivity (Males and Females) 

Authors N Improvement Duration of 
Effect 

Drug and Dose Side Effects 

Cruz et al556 3 IDO (total of 
16 including 3 
males) 

71% continence 
(overall total of 14) 
and 21% 
improvement 

Up to 18 
months 

Capsaicin 125 mL 
of 30% alcohol in 
saline containing 1 
mM 

Intense burning 
sensation 

Kuo557 13 IDO (41 
total) 

5 (38.5%) 2 to 9 
months 

RTX 10 mL of 100 
nM 
RTX in 10% 
ethanol for 40 min 

 

18 previous 
TURP 

11 (61.1%) Average 5 
months 

Kuo561 23 (19 ended) 11 of 19 (58%)  10 nM RTX 
weekly 3 to 4 
times 

4 withdrew due to 
side effects. 
Significant 
worsening of 
emptying 

Kuo et al562 17 IDO Vehicle 2 (9) 22% 
RTX 5 (8) 63% 

6 months Vehicle or 4 
weekly 10 nM 
RTX 

Randomized 
double blind 
placebo controlled. 
6 withdrew after 
first instillation 

Liu and Kuo567 28 14 (50%)  10 nM RTX 
weekly for 4 
weeks 

Transient receptor 
potential vanilloid 
subfamily 1 
overexpressed in 
the responders 
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Authors N Improvement Duration of 
Effect 

Drug and Dose Side Effects 

Palma et al558 25 females with 
idiopathic 
urgency 
incontinence 

10 (40%) 
disappearance of 
urgency 
incontinence 

1 month 
evaluation 
only 

50 nM RTX No mention of 
retention 

Rios et al563 58 females with 
IDO 

43% RTX 
35% Placebo 
vehicle 
improvement equal 
(P=0.439) 

1 month first 
evaluation 

50 nM RTX or 
10% ethanol 
saline solution 

Randomized 
double-blind 
placebo controlled 

Silva et al560 13 IDO (2 men, 
11 women) (12 
incontinent) 

11 improved (91%) 
in incontinence 
3 (25%) dry 

3 months 
follow-up 

100 mL 50 nM 
RTX solution 10% 
ethanol in saline 
for 30 minutes 

No retention or 
other problems 

Silva et al568 17 IDO (out of 
23) 

Vehicle 9 (39%)  
RTX 14 (60%) 

Pre-test with 
vehicle only 
followed by 
RTX 

Vehicle followed 
by 100 mL 50 nM 
RTX (patients 
enrolled in 2005) 

No separation of 
NDO and IDO 

Yokoyama et al565 10 (4 men) 5 (2 dry) 50% 3 months 
follow-up 

100 mL 50 nM 
RTX for 30 
minutes 

Neurometer before 
and at 30 days 

IDO = idiopathic detrusor overactivity, RTX = resiniferatoxin, TURP = transurethral resection of prostate 

NDO = neurogenic detrusor activity 

In spite of promising and controversial results, it is still 
considered experimental and more clinical studies 
are necessary for it to be licensed,564 but recent pub-
lications on this subject could not be found. The 
mechanism of action is still under study. The mean 
bladder perception threshold is increased only in pa-
tients with clinical improvement.565 The complexity of 
the mechanism is demonstrated by the presence of 
vanilloid receptors not only on sensory fibers but also 
in bladder urothelium and smooth muscle cells562 and 
by ineffectiveness in treating OAB from idiopathic 
causes or suprapontine lesions with no vanilloid-sen-
sitive fiber-mediated reflex.566 It has been suggested 
that over expression of transient receptor potential 
vanilloid subfamily 1 in the bladder predicts the re-
sponse.567 A well designed double-blind placebo con-
trolled study revealed no difference between placebo 
ethanol 10% saline solution and 50 nM resinifera-
toxin, nevertheless both treatments showed improve-
ment in symptoms of women with IDO.563 Some pla-
cebo-controlled studies either did a quasi randomiza-
tion568 or did not explain how it was done.562 Patients 
with increased bladder sensation without DO pre-
sented some improvement in symptoms in a small 
non placebo controlled series.569 There are no recent 
clinical series published and at present time and the 
use of resiniferatoxin has been restricted to animal 
studies.570,571 (Levels of evidence 1 – 4; Grade of 
recommendation D, two level 1 studies have con-
tradictory conclusions).562,567  For symptoms that 
are refractory to conventional means, 3 interventional 
treatments have been reported: botulinuntoxin-A de-
trusor injections, neuromodulation, and bladder aug-
mentation. Attempts to determine the effectiveness of 

management among individuals with different patho-
physiologic profiles found no trends in treatment effi-
cacy according to any sub-type of bladder overactiv-
ity.572 A prospective study comparing satisfaction in 
patients that underwent onabotulinuntoxina injections 
or augmentation cystoplasty (AC) was favorable to 
AC, but the conclusion was weakened due to no ran-
domization.573 

1.1. Botulinum Toxin a Injection in the 
Bladder 

The minimal invasiveness of this method makes it 
very attractive but long-term results in IDO are lacking 
Table 
11.574,575,576,577,578,579,580,581,582,583,584,585,586,587,588,589,590 
The effects of its use are still not fully recog-
nized,591,592 with possible systemic conse-
quences,593,594,595 such as generalized muscle weak-
ness in a number of patients treated for neurogenic 
bladder overactivity, and the development of re-
sistance to the drug.596,597,598 The FDA conducted a 
safety review of botulinum toxin products and issued 
a report that included a “Boxed Warning” highlighting 
the possibility of life-threatening distant spread of the 
toxin, a Risk Evaluation and Mitigation Strategy 
(REMS) with a medication guide to help patients un-
derstand the risks and benefits, and changes to the 
established drug names to reinforce individual po-
tency and lack of interchangeability of the different 
products and to prevent medication error.599 Most of 
the initial experience comes from its use in neuro-
genic bladders.600,601,602,603 
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TABLE 11. Botulinum Toxin A Detrusor Injection Results 

Authors N Type of 
Patients 

Dose Punctures 
(N) 

Results Comments 

Harper et al574 
Level 3 

13 men  
26 women 

Neurogenic 
and 
idiopathic 
origin (not 
described 
separately) 

200 idiopath 
300 neurog 

20 to 30 
sparing the 
trigone flex 
cysto. 

Increase max 
bladder volume 
174 to 589 mL 

 

Loch et al575 30 Neurogenic 
and 
idiopathic  

200 U 20 injections 
sparing the 
trigone 

Significant 
improvement in 
67% of the 
patients ≥ 
residual urge 

No 
description of 
gender or 
whether NDO 

Radziszewski 
et al576 

Level 3 

6 women 
6 men 

Only 
idiopathic 

Up to 300 U 10-15 
injections 
sparing the 
trigone 

1 months 
follow-up 100% 
success no 
residual 

Short follow-
up inexact 
criterion of 
success 

Rackley et 
al589 
Level 3 

18 women IDO 200-300 U (Botox) Each 100 U 
in 1 cc saline, 
0.1 cc 
injections 

Improvement 
40% frequency 
30% urgency 

6 months 
follow-up 

Rapp et al577 
Level 3 

29 women 
6 men 

6 
neurogenic 

300 U 30 injections 
including 
trigone 

34% resolution 
26% 
improvement 

40% failure 

Kuo578 
Level 3 

12 women 
18 men 

12 
neurogenic 

200 U 40 injections 
sparing the 
trigone 

26% resolution 
46% 
improvement 

26% failure 

Chancellor et 
al579 
Level 2/3 

2 men  
8 women 

Only 
idiopathic 

100-300 U 20-30 
injections 
only in 
bladder base 
and trigone 

80% 
improvement 

Control 
group-11 
neurogenic 
with 73% 
improvement 

Rajkumar et 
al585 
Level 3 

15 women IDO 300 U (Botox) 30 mL – 30 
injections 

93% 
improvement 

Not 
randomized 
prospective 
study 
6 patients 
with PVR > 
130 mL 

Popat et al584 
Level 3 

31 (18 
women and 
13 men) 

IDO 200 U (Botox) 20 mL – 20 
injections 

57% dry at 4 
months 

19% needed 
CISC 

Kessler et 
al590 
Level 3 

11 (no 
gender 
information 
– 8 men in 
total of 22 
patients) 

IDO 300 U (Botox) 30 mL – 30 
injections 
sparing the 
trigone 

91% dry 5 
months 
duration 

Prospective 
study 
comparing 
IDO with 
NDO 
4 high PVR 
with CSIC 
(36%) 

Werner et al976 
Level 3 

26 women Only IDO 100 U (Botox) 30 mL – 30 
injections 

65% dry at 12 
weeks 
60% dry at 36 
weeks 

36 weeks 
follow-up 
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Authors N Type of 
Patients 

Dose Punctures 
(N) 

Results Comments 

Schmid et 
al582 
Level 3 

23 men 
77 women 

Only IDO 100 U (Botox) 30 mL – 30 
injections 

88% improved 
8% poor results 

12 weeks 
follow-up, 4% 
urinary 
retention 

Kuschel et 
al581 
Level 3 

26 (only 
women) 

Only IDO 
with 
incontinence 

100 U (Botox) 30 mL – 30 
injections 

11/26 improved 
(42%), 4 no 
need further 
treatment 

2-year follow-
up, 3 
complications 
(1 no 
response and 
2 high PVR) 

Jeffery et al580 
Level 3 

25 (only 
women) 

Only IDO 500 U (Dysport) 20 mL – 20 
injections 

63% dry – 1 
week, 32% dry 
– 3 months 

Prospective 
first study 
with Dysport 

Lee et al583 
Level 3 

13 men 
5 women 

10 IDO and 
8 NDO 

50-200 U (NTX 
component of 
purified Type A 
neurotoxin) 

20-40 
injections 
including 
trigone 
indigocarmine 
together to 
check leak 

89% improved 3 months 
follow-up, 6% 
retention with 
IC for 12 
months 

Sahai et al588 
Level 2 

34 (16 BTX 
and 18 
placebo), 
does not 
discriminate 
gender 

Only IDO 200 U (Botox) or sale 
(as placebo) 

20 mL – 20 
injections 

Normalization—
Frequency – 
36% BTX, 11% 
placebo 
Urgency – No 
difference 
Incontinence – 
50% BTX, 0% 
placebo 

12 weeks 
follow-up, 
randomized 
placebo 
controlled 
double blind 
trial, difficult 
voiding 75%, 
IC 38% 

Kuo586 
Level 2 

45 (gender 
not 
specified) 

Only IDO 100 U (Botox) Injections in 
detrusor, 
suburothelial 
or bladder 
base 

Success 93% 
detrusor, 80% 
suburothelial, 
67% bladder 
base 

Prospective 
randomized 3 
months, 4 
retentions, 14 
difficult void 

Ghalayini & 
Al-Ghazo587 
Level 3 

16 IDO 500 U (Dysport) 500 U diluted 
in 30 mL 
saline – 30 
injections 

80% of patients 
satisfied 

Prospective 
study, 9 
months 
follow-up, 1 
retention and 
4 with PVR > 
120 mL – 5 
ICath 

Mohanty et 
al977 
Level 3 

35 women IDO 200 U (Botox) 20 mL – 20 
injections 
sparing 
trigone 

85.7% 
improvement, 
no adverse 
effects 

Case series, 
no retentions 

Kuschel et 
al581 
Level 3 

26 (women) IDO 100 U (Botox) 30 mL – 30 
injections 

11 re-injections Case series 

Brubaker et 
al677 
Level 1 

43 women 
(28 BTX 
and 15 
placebo) 

IDO 200 U (Botox) 20-30 
injections, 
sparing 
trigone 

Study 
stopped—43% 
(12 pts) with 
large PVR 

Randomized 
double blind 
placebo 
controlled 
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Authors N Type of 
Patients 

Dose Punctures 
(N) 

Results Comments 

Flynn et al978 
Level 2 

22 women 
(7 placebo 
and 15, 2 
does of 
Botox) 

IDO 200 or 300 U (Botox) 10 injections, 
sparing 
trigone 

6 weeks results 
only – 
(improvement) 
26% PVR > 
200 mL, 18% 
infection 

Randomized 
double blind 
placebo 
controlled 
(immediate 
results) 

Sahai et al674 
Level 1 

34 (both 
sexes) 

IDO 200 U (Botox) (16 
pts) or placebo (18 
pts) 

20 mL with 20 
injections 

QoL improved 
with Botox 

Randomized 
double blind 
placebo 
controlled 

Lie et al979 

Level 3 
9 women 
10 men 

IDO 200 U 
(onabotulinumtoxinA) 

20 mL, 20 
sites sparing 
trigone 

More 
efficacious in 
female 

Case series, 
5.2% 
retention 

Dmochowski 
et al676 
Level 1 

313, 
randomized 
to 6 groups 
(both 
sexes) 

IDO Placebo and Botox 
50, 100, 150, 200, 
300 U 

20 injections 
of 0.5 cc, 
sparing 
trigone 

All benefits but  
placebo and 50 
U groups, 100 
U best result 
(14.5% PVR > 
200 mL) 

Randomized 
double blind 
placebo 
controlled 

Granese et 
al980 
Level 3 

68 women IDO 100 U (Botox) 20 sites, 
sparing 
trigone 

All with 
objective and 
subjective 
improvement 

35% required 
IC (residual > 
100 mL) 

Dowson et 
al981 
Level 3 

100 OAB and 
IDO 

Botox most 200 U 20 sites, up to 
10 injections 

47% 
discontinued 
treatment 

IC 35%, UTI 
21% (include 
cases from 
Sahai et al, 
2009) 

Kanagarajah 
et al629 
Level 3 

5 men 
27 women 

IDO without 
urodynamic 
detrusor 
overactivity 

Botox? 100 or 150 U 10 to 15 sites 84% improved 
more than 50% 
of symptoms 

5 UTI, 3 IC 

El-Azab et 
al573 
Level 3 

13 men 
18 women 

IDO Botox 100 or 200 U 
(16) or bladder 
augmentation (15) 

20 injections 
sparing 
trigone or 20 
cm ileal 
segment 
augment 

More 
satisfaction with 
AC than with 
oBTX therapy 

No 
randomized 
and different 
doses 

Shakeri et 
al640 
Level 3 

15 women 
15 men 

NDO (12), 
IDO (18) 

500 U (Dysport) 20 injections 
sparing 
trigone 

Satisfaction in 
58% IDO and 
77% NDO 

1 UTI in each 
group 

Abeywickrama 
et al612 
Level 3 

33 women Only IDO, 
repeated 
injections 

Dysport initial 500 U, 
3 or more injections 

20 sites 
injections 
sparing 
trigone 

Sustained 
improvement 
maintained in 
all injections 

2 UTI and IC, 
750 U next 
injection if 
return < 6 
months 

Abdelwahab 
et al982 
Level 1 

63 women 
17 men 

Idiopathic 
OAB 

Botox randomized 
100 or 200 U 

20 sites 
injections 

At 6 months, 
comparable 
results 

More dysuria 
and UTI in 
the 200 U 
group 

NDO = neurogenic detrusor activity, IDO = idiopathic detrusor overactivity, PVR = postvoid residual 

CISC = clean intermittent self-catheterization, NTX = neurotoxins, IC = intermittent catheterization 

BTX = Botulinum toxin type A (Botox), QoL = quality of life, OAB overactive bladder, UTI = urinary tract infec-
tion 
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In 2011, OnbotulinumtoxinA was first approved by 
countries in North and South America and Europe for 
treatment of urinary incontinence in people with neu-
rologic conditions as spinal cord injury or multiple 
sclerosis.  Lately, approval was extended to idio-
pathic detrusor overactivity.  Information about its use 
in children is scarce.604 DasGupta et al605 published a 
systematic review on its use in children. They found 
225 children in ten peer-reviewed publications with 
165 pediatric patients with neurogenic overactivity (6 
studies), 21 patients with idiopathic overactivity (1 
study) and 39 patients with voiding dysfunction (3 
studies). Only 11 male children with idiopathic OAB 
were included, limiting conclusions on this subject.  
Blackburn et al606 reported the use of Dysport in 27 
pediatric patients 6 to 16 years, being only 7 males.  
They concluded for efficacy in a dosage of 15 iu/kg. 

A randomized study comparing the results of botuli-
num toxin (BTx)-A injections to intravesical resinifer-
atoxin in NDO showed superior clinical and urody-
namic benefit with the use of botulinum toxin.603 The 
need for reinjections seems to be overcome by the 
significant improvement in quality of life of these pa-
tients,607,608,609 nevertheless discontinuation has been 
reported to be up to 63% after 36 months of treat-
ment.610  Malde et al611 conducted a retrospective tel-
ephone interview on 72 patients regarding satisfac-
tion after treatment. Among them, only 49 continued 
to receive injections and 57% would consider BTx-A 
a lifelong management option.  In general, there is an 
impression that efficacy after multiple reinjections 
seems to be maintained.612,613,614  Cost-effectiveness 
with botulinum toxin A in patients with detrusor over-
activity is becoming an important issue with its in-
creasingly widespread use.615 The number of BTx 
treatments in the UK has increased dramatically from 
around 50 in 2000 to 4088 in 2010, making costs an 
important matter to be considered.616,617,618 A 3-year 
cumulative cost analysis of BTx vs augmentation cys-
toplasty favored botulinum toxin injections,619 but 
longer follow up may change this. The use of BTx-B 
(Myobloc – RimabotulinumtoxinB) is less efficient, 
with duration of action of about 10 weeks.620 

The optimal site of injections, including or not includ-
ing the trigone, is still under debate.621 In 2007, Kuo586 
published a study comparing the injections into the 
detrusor, suburothelial area, and bladder base, with 
the last location improving urgency but not increasing 
capacity. In 2011, Kuo622 did a single blind, random-
ized, parallel, actively controlled trial testing 100 U of 
OnabotulinumtoxinA with patients assigned to re-
ceive injection into one of the three following sites: 
bladder body, 100 U; bladder body, 75 U plus trigone, 
25 U; and bladder base, 50 U and trigone, 50 U. He 
concluded that the injections are a safe and effective 
treatment for IDO regardless of the injection sites. 
Manecksha et al623 performed a study with 500 U of 
AbobotulinumtoxinA in 22 patients randomized to 
trigone-included or trigone-sparing detrusor injec-
tions. Benefits of trigone included injections were su-
perior to trigone sparing injections for the treatment of 
refractory IDO and did not cause VUR in this study, 

besides some question about the power of the 
study.624 A case series of 56 women with IDO under-
went submucosa-only injection of 200 U of Onabotu-
linumtoxinA at 30 sites, showed success in 85.7% at 
2 months and 54.3% at 12 months.625 Initial results of 
bladder instillation of 300 units of Onabotulinumtox-
inA and 50 mL of 50% DMSO in aqueous solution in 
women with IDO, showed safety and some efficacy 
that merit further research.626 Many studies on idio-
pathic overactive bladder have been done in 
women.580,581,612 Data are still lacking on dose, con-
centration, site(s), numbers of injections, long-term 
efficacy and side effects though the manufacturer 
recommended dose of Onabotulinumtoxin A is 100 
units divided in 20 injections within the bladder, spar-
ing the trigone.  Le Maux et al627 conducted animal 
experiments showing similar inhibiting effects of 
aboBoNTA despite the number of sites injected, but 
this conclusion needs clinical confirmation.  Admin-
istration of BoNTA through liposome encapsulated 
formulations is also beginning to show some thera-
peutic potential.628  Attempts to determine whether 
poor responders could be predicted from preopera-
tive urodynamic parameters showed only a very high 
maximal detrusor pressure over 110 cm H2O as an 
unfavorable predictor when using 200 units.588 Kana-
garajah et al629 showed good outcomes in patients 
with OAB without urodynamic detrusor overactivity, 
proposing the need for further studies in this situation. 
Studies in women suggest a longer duration of action 
than its mere motor-nerve blocking potency can ex-
plain.581 Therefore, a dual mechanism of action has 
been proposed. In addition to binding to cholinergic 
terminals, it might also affect afferent nerve transmis-
sion, thereby decreasing urgency.630,631 Kuo632 evalu-
ated retrospectively the results of 100 U Onabotuli-
numtoxinA injection in 174 patients (89 males). Pa-
tients who had sensory effects had significantly 
greater long-term success rates compared to those 
with motor effects alone. He concluded that improve-
ment of urgency severity seems to be significantly as-
sociated with the long-term success of BoNT-A treat-
ment for IDO. There are five commonly marketed 
forms of BTx-A: Botox (Allergan Pharmaceuticals, Ir-
vine, CA, USA), now referred to as Onabotulinumtox-
inA, Dysport (Ipsen Biopharm Ltd., Wrexham, UK), 
referred to as AbobotulinumtoxinA, Xeomin® (Merz 
Pharma, Frankfurt am Main, Germany), referred as 
IncobotulinumtoxinA, Prosigne® (Lanzhou Biological 
Products Institute, Lanzhou, China), and Neuronox 
(Medy-tox, South Korea) which currently does not 
have a known non-proprietary names. The FDA Im-
port Alert 65-02 from October 6, 2015 stated that the 
following were the only U.S. licensed botulinum toxin 
products at that time:  Botox, Dysport, Myobloc and 
Xeomin. Botox and Dysport require different doses to 
achieve similar results, in a proportion of approxi-
mately 1:3.633,634 Other forms of BTx-A do not have 
enough data in urology to be considered for this re-
port, including Xeomin (IncobotulinumtoxinA) (Merz, 
Germany), Prosigne (Lanzhou Institute of Biological 
Products, China),635 and Neuronox (Medy-tox, South 
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Korea). They have different constituents and excipi-
ents, different complex sizes, and they are stored un-
der nonequivalent situation, making immediate com-
parison inappropriate.636 AbobotulinumtoxinA for re-
fractory IDO was published in 2007 with similar re-
sults to OnabotulinumtoxinA.580 Recently, a series of 
22 patients with IDO underwent injection of 500 U of 
AbobotulinumtonA and were randomized to injections 
including or excluding the trigone.623  Similar results 
were obtained regarding side effects (18% retention 
and no reflux) with the trigone-included group show-
ing better results. Another large case series of 234 
patients either with various types of neurogenic blad-
der dysfunction (NBD) or IDO underwent respectively 
500 U and 250 U of AbobotulinumtoxinA including 57 
men with IDO. Success was 91% for NBD and 93% 
for IDO, with 12% retention only in the male pa-
tients.637 In a study using a type A neurotoxin, pro-
duced in a medical school laboratory and purified by 
a procedure using a lactose gel column, Lee at al583 
reported improvements in 89% of patients treated for 
incontinence due to IDO and NDO. Malki et al638 ret-
rospectively reviewed cases with doses switched 
from 300 to 200 U, maintaining 79% of effectivity. 
Only 9% (all NDO) reverted back to receiving 300IU.  
Mangera et al639 did a systematic review on manage-
ment of lower urinary tract diseases comparing 
OnbotulinumtoxinA and AbobotulinumtoxinA. They 
identified good-quality studies for Onabotulinumtox-
inA in adults and lack of such studies for Abobotuli-
numtoxinA, although this does not imply that Onabot-
ulinumtoxinA is more effective than Abobotulinumtox-
inA. Recently, the use of AbobotulinumtoxinA in a 
small series of IDO and NDO, showed satisfaction in 
58% and 77% respectively.640  A new series with 
AbobotulinumtoxinA has been published since 
them.612  Many studies with botulinum toxin detrusor 
injection use different outcome measures for results 
and are variable in reporting the presence of residual 
urine and the need for intermittent catheterization, but 
6-75% of cases may develop a high post void residual 
urine.581,583,585,588 A retrospective study looking at risk 
factors for adverse events in a series of 217 patients 
treated with OnabotulinuntoxinA showed an overall 
63.3% success, with male gender, base line PVR ≥ 
100 mL and dosage >100 U as predictors of urinary 
retention or difficulty voiding. Liao and Kuo641 re-
viewed 61 frail elderly patients submitted to 100 U 
onabotulinuntoxinA because of IDO, among their 
large group of patients. Frail elderly was defined as 
age greater than 65 years and 3 or more of certain 
criteria, including unintentional weight loss, self-re-
ported exhaustion, weakness, slow walking speed 
and/or low physical activity. Large post-void residual 
urine volume (greater than 150 mL) was significantly 
higher in the frail elderly group than in the other 
groups (60.7% vs 39.7%, P=0.018). Besides being an 
alternative for treatment of refractory DO, currently 
available data do not support superiority of any spe-
cific treatment plan, and therapy options should be 
tailored to the specific patient and physician prefer-
ence.642 Higher doses such as 200 units in IDO re-

sulted in incomplete emptying, necessitating intermit-
tent catheterization in 6 out of 16 patients (37.5%) in 
one study.588  Sahai suggests a careful follow up of 
the patients after the injections, starting IC in sympto-
matic patients if post void residual urine is more than 
100-150 mL.643 Many reports do not separate gen-
ders and mix neurogenic and idiopathic etiologies. A 
large number of publications are reviews of the litera-
ture.614,644,645,646,647,648,649,650,651,652,653,654,655,656,657,658,659

,660,661,662,663,664,665,666,667, 668,669,670,671,672,673 There is a 
randomized double blind OnabotulinumtoxinA pla-
cebo controlled trial showing favorable difference 
against saline injections for frequency and inconti-
nence, but not for urgency.588 Quality of life analysis 
showed improvement even with the occurrence of 
38% of urinary retention.674 In a dose-finding random-
ized double blind placebo controlled study with a total 
of 313 IDO patients of both sexes, all Onabotuli-
numtoxinA dosages (50-300 U) were better than pla-
cebo, but the 100 and 150 U dosages were best in 
regard to the balance between efficacy and side ef-
fects.675,676 In women, a placebo controlled random-
ized study with 200U of OnabotulinumtoxinA for IDO 
showed a 60% clinical response, but was terminated 
early due to 43% of patients having increased 
PVR.677  Point-counterpoint about the use of BTx-A 
as a first or second line treatment for OAB678,679,680,681 
favors a first approach for oral medications. The 
knowledge of long term effectiveness and costs will 
better clarify this point. 

CONCLUSIONS 

• Efficacy of botulinum toxin A for IDO: level 1 
of evidence, Grade of recommendation A (for 
OnabotulinuntoximA). Fewer studies for 
AbobotulinuntoximA and the lack of studies for 
other A toxins do not allow similar recommenda-
tion.  

• Dosage of botulinum toxin A for IDO: between 
100 and 150 U (for OnabotulinuntoximA). No 
studies for other types. Level 1 of evidence; 
Grade of recommendation A.  

• Location of injection: the majority of studies 
use 20 or 30 injections, and spare the trigone 
(Table 11). Alternative sites such as submucosal 
or including the trigone, have levels 2 and 3 of 
evidence. Grade of recommendation C.  

• Predictability of complications: Risk factors 
for retention or difficulty voiding are: male gen-
der, baseline PVR ≥ 100mL and a dosage >100 
U, frail elderly population.  Level 3 of evi-
dence; Grade of recommendation C (for 
OnabotulinuntoximA – for other types, no conclu-
sion possible).  

The committee cautions that although the efficacy 
and safety of botulinum toxin A for IDO has been es-
tablished there are still gaps in the available data. Its 
use in men remains not as widely reported as its use 
in woman; the issue of voiding difficulty and the need 
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for intermittent catheterization has not been ad-
dressed in men. Furthermore the recommendations 
cannot be extended to other toxins due to lack of 
studies. 

1.2. Electrical Stimulation and 
Neurostimulation 

Electrical stimulation of the genital area was first used 
to control incontinence due to DO of different etiolo-
gies on an empirical basis.682  Later, it was suggested 
that reflex sphincteric contraction induced by electri-
cal stimulation can promote an inhibitory effect on de-
trusor activity, thus suppressing DO.683  Many studies 
of external electrical stimulation for bladder inhibition 
of idiopathic urgency incontinence have been pub-
lished, mainly in female pa-
tients684,685,686,687,688,689,690,691  The results vary from 
45% to 85% success, with a mean of 38%, and 26% 
improved. Electrodes implanted in the pelvic floor, 
have not yielded good results.689   

Sacral neurostimulation has been reported as an al-
ternative therapy for urgency incontinence, urinary re-
tention, chronic pelvic pain, and for simultaneous uri-
nary and fecal incontinence.692  Good results utilizing 
sacral neurostimulation in neurogenic bladder dys-
function were published as early as 1991.693,694  The 
working mechanism of neurostimulation in the treat-
ment of lower tract dysfunction is still unknown.695,696  
A suggested mechanism is somatic afferent inhibition 
of sensory processing in the spinal cord,697,698 there-
fore, it may be a centrally acting treatment modality 
different from botulinum toxin, which is an end-organ 
therapy that specifically targets the bladder.699  

Long-term results suggest a sustained effect on re-
storing voiding in appropriately selected cases, but a 
revision rate up to 42% at 5-year follow up remains a 
problem.700 The largest sacral neurostimulation data-
base reported noted an overall patient satisfaction 
with treatment of between 60-80% and loss of effi-
cacy was the major problem, occurring in 17% of pa-
tients725.  The 14-year revision rate from a single cen-
ter was 39%, which decreased by up to one-third after 
the introduction of design improvements such as the 
tined lead.701  In this group, the main reason for revi-
sion was loss of efficacy in 58.5% of cases.  Battery 
change was necessary in 8% of patients and the 
mean battery life was 101.8 months.  On-demand 
stimulation as suggested by Orlemans et al702 may 
improve this revision rate.  Its use in refractory idio-
pathic urgency incontinence has been limited to 
mostly women. Bosch and Groen703 presented results 
of chronic implantation in 15 women and 3 men, with 
an average age of 46 years. Significant improve-
ments in voiding frequency, average voided volume, 
number of incontinence episodes and number of 
pads used were found, with no deterioration in re-
sponse to stimulation with time. However, with sub-
sequent experience in 14 men only 2 patients had a 
partial response and the rest ultimately failed.704  
Shaker and Hassouna705 implanted 18 patients with 

refractory urinary urgency incontinence, but only 2 
were in men. Groen, Bosch and van Mastrigt706 re-
viewed 33 implanted women and found no effect on 
urethral resistance and bladder contraction strength 
as consequence of the depressant effect of sacral 
(S3) nerve neuromodulation on detrusor overactivity. 
Groenendijk et al707 in a retrospective study for the 
Sacral Nerve Stimulation Study Group, reported uro-
dynamic aspects of 111 patients implanted, but only 
8 men were included. They found a better result on 
urgency incontinence in patients without DO.  The dif-
ference was not significant. This tendency was also 
found by South et al708 in 67 women implanted. Clini-
cal or urodynamic values to predict the outcome of 
sacral nerve stimulation have been difficult to define. 
Evaluation of 19 women suggested that urethral in-
stability seemed to be a good parameter to predict a 
favourable outcome.709   

Some studies do not specify the etiology of the DO 
and neurogenic and non-neurogenic causes are 
grouped together.705  Some reports focus on technical 
or specific aspects of the procedure and the same pa-
tients may be included in different publica-
tions.707,710,711,712  Implantation in children may be fea-
sible in selected cases713,714 and poorer results are 
expected in older women.  The outcome in older men 
is unknown since there are no reports.  

Table 12590,700,715,716,717,718,719,720,721,722,723,724,725 shows 
recent studies. 

Some reports are literature reviews696,726,727,728 or de-
tail technical modifications.729,730  There is one sys-
tematic review on efficacy and safety of sacral nerve 
stimulation for urgency incontinence, but 13 of the ar-
ticles analyzed are abstracts and it is also difficult to 
ascertain whether the same patients are included in 
different publications.731 

There are some publications with level 1715,716 or 
2704,718,719 evidence and with a grade of recommenda-
tion of B. However, due to relatively few men in the 
clinical trials, and poor results in one of the prospec-
tive trials, its general applicability to men with urgency 
incontinence may be limited.  The scenario remains 
unchanged after about 26,000 patients implanted.732  
In a recent review, Apostolidis733 concluded that fur-
ther research is needed to improve patient selection, 
identify prognostic factors, clarify the mechanism of 
action, and reduce complications and revision rates. 
Smits et al734 studied 20 patients who had discontin-
ued BTx-A because of lack of efficacy (3 had success 
with Botox but preferred a more permanent solution) 
and later underwent sacral neuromodulation.  Four-
teen patients had a successful trial and were im-
planted and at one year 79% of these patients were 
satisfied with the treatment.  (Use of neurostimula-
tion for treatment of refractory urinary urgency in-
continence in non-neurogenic patients - Level of 
evidence 3. Grade of recommendation C ). 
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TABLE 12. Neuromodulation for Treatment of Refractory Urgency Incontinence Due to Detrusor Activity (Both 
Sexes) 

Authors N Success 
(Dry) 

Improved  Control 
Group (N) 

Study and Comments 

Schmidt et al715 34 47% 29% 42 Prospective 
randomized 

Weil et al716 21 56% 19% 23 Prospective 
randomized 

Bosch et al717 34 women 
6 men 

38% 
16% 

21% 
16% 

 Prospective 
longitudinal 

Siegel et al718 41 46% 19%  Prospective cohort 

van Kerrebroeck et al700 105 (at 5 
years-gender 
not specified) 

 58% UI 
40% frequency 

 5 year follow-up  
(non-randomized) 

Grunewald et al719 18 39% 33%  Prospective 

Aboseif et al720 5 men 
38 women 

77%   Not clear about 
etiology 

Hedlund et al721 13 61.5%   2 men included, both 
dry 

Kessler et al590 91 
(71 with UI) 

 70%  Average follow-up 2 
years. Gender not 
specifically 
discriminated (about 
13% males) 

Groen et al723 60 women 15% 62%  Longitudinal study, 5 
year follow-up 

Chartier-Kastler et al724 1170 OAB  85%  Multicenter prospective 
observational, 85% 
females 

Davis et al725 172  77%  8% complication 

UI = urgency incontinence, OAB = overactive bladder 

1.3. Surgical Treatment by Detrusor 
Myectomy and Augmentation 

Previously used treatments of surgical bladder dener-
vation, open bladder transection, cystolysis, endo-
scopic phenol injections, hydrostatic bladder disten-
tion did not yield good results.  

Bladder autoaugmentation or detrusor myectomy has 
been reported as an alternative to augmentation in 
neurogenic and non-neurogenic dysfunction.  Table 
13735,736,737,738  shows results of this treatment in pa-
tients with non-neurogenic detrusor overactivity. 
There are few long-term results available.737  The use 
of a silastic intravesical balloon as a scaffold after my-
ectomy seems to improve results in neurogenic pa-
tients, but was not tested in IDO.739 Additional and 
longer-term experience is still required to properly as-
sess this procedure.   (Level of evidence 3; grade 
of recommendation C-D) 

Enterocystoplasty results are detailed in Table 
14,736,740,741,742,743,744,745,746 which includes both male 
and female patients. Some publications are not clear 
about the type of surgery specifically done in IDO and 
about the gender.  Good results vary from 58% to 
88%, with an average of 77%. Approximately 10 to 
75% of patients require intermittent catheterization for 
bladder emptying.  Ileum was the most frequently 
used bowel segment followed by sigmoid colon, alt-
hough no scientific reason for the use of any particu-
lar segment was given.  The surgery, as reported in 
other sections, has a significant complication rate and 
should be considered carefully when applying it to 
these patients. A study of 40 patients with neurogenic 
and idiopathic OAB showed sustained good results 
with a medium follow up of 13 years.747  (Level of ev-
idence 3; grade of recommendation C) 
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TABLE 13. Detrusor Myectomy for Treatment of Refractory Urgency Incontinence Due to Detrusor 
Overactivity (Both Sexes) 

Author Idiopathic Detrusor 
Overactivity 

Good Results 

Aslam et al738 18 10 

Kumar et al737b 24 19 

Leng et al736 8 7 

Swami et al735a 17 12 

TOTAL 67 48 (71.6%) 

ashort-term follow-up 
blonger term follow-up of the same series, 45% required IC 

TABLE 14. Enterocystoplasty for Treatment of Refractory Urgency Incontinence Due to Detrusor Overactivity 
(Both Sexes) 

Author Detrusor 
Overactivity 

Good or Moderate Result Bowel Segment 

Blaivas et al746 9 9 Ileocecal segment and ileum 

Bramble983 15 13 2 ileum 
13 colon 

Edlund et al745 25 19  

Hasan et al740 35 19 46 ileum 
2 colon 

Leng et al736 2 2  

McInerney et al741 50 44  

Mundy & Stephenson744 40 30 Ileum 

Sethia et al743 11 9 Ileum 

TOTAL 187 145 (78%)  
 

2. REDUCED BLADDER CAPACITY 

Fibrosis of the wall produces a low-volume low-com-
pliant bladder, leading to diminished functional ca-
pacity.  Symptoms of frequency and nocturia occur as 
a result of progressive decrease in bladder volume, 
but urinary incontinence may also be the conse-
quence of a very small capacity, especially if accom-
panied by urethral weakness. The diagnosis can be 
suggested by the micturition chart, and confirmed by 
urodynamics.  The causes can be congenital or ac-
quired. Acquired causes include multiple surgeries, 
inflammatory processes (chronic cystitis, interstitial 
cystitis, tuberculosis, schistosomiasis, and chemical 
cystitis) or following radiation.    

Bilharzial contracted bladder is a problem that is pri-
marily limited to endemic areas in Africa and the Mid-
dle East.  Schistosoma haematobium migrates to the 
veins of the vesical and pelvic plexuses, where the 
female begins to lay eggs, promoting an initial inflam-
matory response.  As a result, granulomatous lesions 

form in the lamina propria. Mucosal reactions vary 
from hyperplasia to polypoid cystitis. A contracted 
bladder occurs in 2% of cases.748  Bladder augmen-
tation seems to offer reasonable results in these 
cases.   

Similarly, small fibrotic bladders due to other etiolo-
gies can be treated successfully with enterocysto-
plasty. The results of this surgery are presented in 
Table 15.746,749,750,751,752,753,754,755,756,757 758,759,760,761,762, 

763,764,765,766,767,768,769,770,771,772,773,774,775,776  The results 
are similar in all etiologies except for radiation. The 
poorer results after radiation may be due to other tis-
sue damage in the surgical area.  New conformal 
techniques for radiotherapy may improve results in 
the future, so that the need for augmentation cysto-
plasty decreases. A new cause for reduced bladder 
capacity is the long-term ketamine abuse leading to 
bladder inflammation and volume reduction in about 
one third of patients.777  The treatment outcome of 
augmentation enterocystoplasty was better than 
those patients with conservative treatment.  
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TABLE 15. Enterocystoplasty Results for Reduced Bladder Capacity 

Authors Bilharziasis Cystitis Tuberculous 
Cystitis 

Radiation Cystitis Unknown Cause 

Total Success Total Success Total Success Total Success 

Smith et al749 --- --- 7 4 9 3 12 7 

Kerr et al750 --- --- 12 12 --- --- --- --- 

Zinman and 
Libertino751 

--- --- 2 2 1 ? 1 1 

Dounis et al752 --- --- 31 27 --- --- 1 1 

Lunghi et al753 --- --- 15 15 4 4 3 3 

Shawket and 
Muhsen754 

8 8 --- --- --- --- --- --- 

Whitmore and 
Gittes755 

--- --- 7 7 --- --- 2 1 

Chan et al756 --- --- --- --- --- --- 10 9 

Shirley et al757 --- --- 10 10 4 2 --- --- 

Goodwin et al758 --- --- 3 2 --- --- 3 3 

Winter and 
Goodwin759 

--- --- 1 1 3 1 --- --- 

Fall and Nilsson760 --- --- 1 1 --- --- 1 1 

Goldwasser and 
Webster761 

--- --- --- --- --- --- 7 7 

Weinberg et al762 --- --- 2 2 1 1 1 1 

Novak763 --- --- 11 11 --- --- --- --- 

Sayegh and 
Dimmette764 

2 0 --- --- --- --- --- --- 

Beduk et al765 --- --- --- --- --- --- 1 1 

Kuo766 --- --- --- --- 1 1 --- --- 

Kawamura et al767 --- --- --- --- --- --- 1 1 

Hradec768 --- --- --- --- 27 23 --- --- 

el Otmany et al770 --- --- 1 1 --- --- --- --- 

Yamada et al771 --- --- 1 1 --- --- --- --- 

Miyano et al772 --- --- --- --- --- --- 1 1 

Blaivas et al746 --- --- --- --- 3 2 3 3 

de Figueiredo et al773 --- --- 25 20 --- --- --- --- 

Yashi et al774 --- --- --- --- 1 1 --- --- 

Lima et al775 --- --- 7 7 --- --- --- --- 

Singh et al776 --- --- 28 28 --- --- --- --- 

TOTAL 10 8 (80%) 164 151 (92%) 54 39 (72%) 48 40 (85%) 
 

Almost all of these studies do not distinguish bowel 
segments or separate males from females in report-
ing results. Therefore, it is not possible to correlate 

any particular aspect with the chance of success or 
failure.  However, overall the results seem reasonably 
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good with the exception of patients who have under-
gone radiation. (Level of evidence 3; Grade of rec-
ommendation B). 

 URETHROCUTANEOUS AND 
RECTOURETHRAL FISTULAE 

Urethrocutaneous or rectourethral fistula may have 
congenital, inflammatory, neoplastic or traumatic ori-
gins. It is important to recognize the varying etiologies 
because each type may require a different surgical 
strategy. All reports except one are retrospective 
case series. The report by Shakespeare et al778 is 
from a prospectively collected database of patients 
treated with radiotherapy for prostate cancer. They 
noted that some of the men who had undergone 
brachytherapty had a biopsy of the anterior rectal wall 
by gastroenterologists prior to developing the fistula.  
They recommended that the anterior rectal wall not 
be biopsied in patients with a history of prostate 
brachytherapy unless there was a high clinical suspi-
cion of malignancy (Level of evidence 3; grade of 
recommendation C). 

1. URETHROCUTANEOUS FISTULA 
(UCF) 

1.1. Acquired UCF 
Hidden foreign bodies have been described as a rare 
cause of both strangulation of the glans penis and 
UCF. Tash and Eid779 presented the case of a 30-
year-old man who developed a UCF and penile shaft 
necrosis after a condom broke during intercourse. 
Neither the patient nor several physicians could iden-
tify the retained ring of condom, which had been bur-
ied under newly epithelialized skin. He underwent re-
moval of the foreign body under general anesthesia, 
followed 5 months later by a formal UCF repair. 

Urethroperineal fistula, as a complication of open per-
ineal prostate cryosurgery, occurs as an immediate 
perioperative complication in 10.7%.780Thomas et 
al781 retrospectively evaluated 250 patients after rad-
ical perineal prostatectomy and revealed only one 
(0.4%) urethroperineal fistula. Fahal et al782 published 
an unusual complication of mycetoma. The patient 
had an infection with Actinomadura madurae that in-
volved abdominal wall, perineum and urethra. This 
resulted in urinary extravasation with a UCF. 

1.2. Management of UCF 
The diagnosis of UCF is made by physical examina-
tion, retrograde urethrography (Figure 6), urethros-
copy, fistulography, urethral ultrasound or color Dop-
pler imaging. Urethral sonography provides additional 
information about any involvement of the surrounding 
tissue, location of vessels and associated abnormali-
ties such as a periurethral abscess.783 Treatment of 
UCF usually requires urethroplasty techniques with 
modifications involving fistula excision and multiple 
layer closure.784 (Level of evidence 3; Grade of rec-
ommendation C) 

2. RECTOURETHRAL FISTULA (RUF) 

Culp and Calhoon785 described five basic groups of 
RUF according to the etiology: congenital, iatrogenic, 
traumatic, neoplastic, and inflammatory.  This classi-
fication is the most current, even today over 50 years 
later. 

2.1. Congenital RUF 
Endo et al786 described the results of the Japanese 
Study Group of Anorectal Anomalies (JSGA) to deter-
mine the relative incidence of specific types of these 
anomalies in Japan. They included discussion of RUF 
regarding the relationship between the fistula levels 
and the blind end of the rectum, low type deformity, 
rare types, and associated anomalies. A total of 1,992 
patients (1,183 boys and 809 girls) registered from 

 
Figure 6. Voiding cystourethrogram after incision. 
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1976 to 1995 were analyzed according to the patho-
genesis of anorectal malformation in the field of mo-
lecular genetics. They reported that more than 20% 
of RUF should be categorized as intermediate or low 
deformity from the position of the rectal pouch. A sig-
nificant preponderance of Down´s syndrome in the 
deformities without fistulae suggests that investiga-
tion of associated anomalies and congenital diseases 
may provide further insights. The purpose of Rintala’s 
study was to compare the long-term outcome of 
sacroperineal-sacroabdominoperineal pull-through 
(SP-SAP) to that of posterior sagittal anorectoplasty 
(PSARP). In boys with high anorectal anomalies, 
PSARP was superior to SP-SAP pull-through in terms 
of long-term bowel function and fecal continence.787 

In 2011, the German network for congenital uro-rectal 
malformations evaluated postoperative urological 
complications in 267 patients with anorectal malfor-
mations (recto-urethral fistula in 21 cases). According 
to type of operation, the highest number of postoper-
ative urologic problems was reported after abdom-
inosacroperineal pull-through.788 

2.2. Acquired RUF 
Acquired RUF may occur after pelvic trauma, surgery 
of the prostate or rectum, pelvic cancer, radiation (ei-
ther external beam or brachytherapy), cryosurgery, 
prostatic hyperthermia, prostatic high intensity fo-
cused ultrasound (HIFU), inflammatory bowel dis-
ease affecting rectum, or rarely prostatic inflamma-
tion. Loran et al789 reported a patient with a RUF after 
a repeat transrectal prostate biopsy.  

Benchekroun and co-workers790 report a series of 11 
RUF observed over a 25-year period. The etiologies 
were surgical trauma (5 cases), fracture of the pelvis 
(2 cases), inflammatory lesions (3 cases), and one 
fistula was congenital. Colostomy was performed in 
two patients, surgical closure of the fistula was per-
formed in seven patients: abdominoperineal (3 
cases), perineal (2 cases), transperitoneal (1 case) or 
by transanosphincteric incision (1 case).  

In 1972, Smith and Veenema791 reported their 20-
year experience with 160 patients undergoing radical 
retropubic prostatectomy (RRP) with an incidence of 
15 rectal injuries. Only four fistulas developed in this 
group. 

Roberts et al792 published a series of 11,452 men who 
underwent open (RRP) or laparoscopic (LRP) radical 
prostatectomy. Rectal injury occurred in 18 men—12 
in the RRP group (0.12%) and six in the LRP group 
(0.47%). When recognized intraoperatively and pri-
marily repaired, rectourethral fistula was prevented in 
87.5% of men. Primary repair performed with vascu-
larized tissue interposition prevented rectourethral 
fistula development. In men with unrecognized rectal 
injury, the rectourethral fistula tended to persist and 
eventually required delayed surgical repair. Thomas 
et al793 reported that rectourethral fistulas developed 
in 13 of 2,447 patients (0.53%) after RP. In seven of 

13 patients (54%) a rectal lesion was primarily closed 
at radical prostatectomy. 

With conservative management in three patients, all 
three healed spontaneously. None of these patients 
had fecaluria. Three of the nine patients (33%) expe-
rienced spontaneous fistula closure after temporary 
colostomy and transurethral catheterization. In this 
group, six patients (67%) required additional surgical 
fistula closure, which was successful in all. Surgical 
fistula closure (1) without colostomy in presence of 
fecaluria failed. 

The most common single cause of RUF in the series 
of 23 male patients published by Tiptaft et al794 was a 
fracture of the pelvis and iatrogenic causes (two 
cases after transurethral prostatic surgery, two cases 
after open prostatectomy, and three cases after ure-
thral instrumentation. Noldus et al795 reported 23 
(3.9%) rectal injuries during 589 RRP and cystopros-
tatectomy procedures. Eastham and Scardino796 
summarized the incidence of rectal injury during RRP 
in 3834 patients with an average of 0.7% (range 0.2-
2.9%). The incidence of RUF, as an immediate peri-
operative complication of open perineal prostate sur-
gery, is 1.4 %.  

Nyam et al797 reviewed records of all patients who 
were diagnosed with RUF between January 1981 and 
December 1995 and 16 males were identified. All pa-
tients were interviewed by telephone for follow-up. 
The mean age was 68 years and the mean follow-up 
was 80 months. Adenocarcinoma of the prostate in 
15 patients and recurrent transitional cell carcinoma 
of the bladder in one patient were the underlying ma-
lignant diseases. Nine patients had had a RRP with 
two fistulas after radiation, two after brachytherapy, 
and three after a combination of radiation and brachy-
therapy. One patient formed a fistula after cystectomy 
and dilation of a stricture. This heterogeneous group 
of patients received multiple therapies including initial 
colostomy (7 patients), transanal repair (2 patients), 
parasacral repair (2 patients), transperineal repair (2 
patients), coloanal anastomosis (3 patients), and 
muscle transposition (3 patients). Four of the patients 
required a permanent stoma. 

Badalament et al798 managed one patient (0.4%) with 
a urethrorectal fistula after cryoablation therapy for 
prostate cancer. Zippe799 reviewed preliminary re-
sults of prostate cryosurgery and reported a 2 to 5% 
incidence of RUF. Porter et al780 found a 2.5% rate of 
RUF in 210 patients after TRUS-guided prostate cry-
osurgery and no urethroperineal fistulae. Ismail et 
al800 reported the experience of using salvage tar-
geted cryoablation of the prostate (TCAP) in 100 pa-
tients for the recurrence after radiotherapy. The mean 
follow- up was 33.5 months and RUF occurred in 1%. 

Montorsi et al801 reported a RUF after transrectal 
prostatic hyperthermia (43°C) in patients with ad-
vanced prostatic cancer after multiple treatment ses-
sions. The fistula was cured after a urethral catheter 
was left in place for one month. Kleinberg et al802 
summarized results of 31 patients with stage T1 or T2 
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prostatic carcinoma following CT guided transper-
ineal I125 implants and reported that only one patient 
developed a prostatorectal fistula that was managed 
with an ileal conduit. 

Fengler and Abcarian803 published their experience of 
eight patients with RUF in the course of treatment of 
prostate cancer (3 fistulae after radiation therapy 
alone, 3 after prostatectomy and 2 after both surgery 
and radiation therapy). Larson et al804 evaluated 5719 
patients after radiation for prostate cancer. Ten had 
documented RUF. Lane et al805 treated 21 men with 
RUF following primary external beam radiotherapy 
and one after adjuvant external beam radiation ther-
apy for prostate cancer. Time from the last radiation 
treatment to fistula presentation was 6 months to 20 
years. Four patients underwent proctectomy with per-
manent fecal and urinary diversion. Successful fistula 
closure was achieved in the 9 patients who under-
went urethral reconstruction. Chrouser et al806 identi-
fied a total of 51 patients with a history of external 
beam radiation for prostate cancer that subsequently 
had a urinary fistula. Of 20 patients meeting inclusion 
criteria, 30% received external beam RT alone, 30% 
received brachytherapy and 40% had received com-
bined external beam RT/brachytherapy. Most fistulas 
(80%) were from the rectum to the urinary tract with 
an average diameter of 3.2 cm. Of patients with rectal 
fistulas 81% had a history of rectal stricture, urethral 
stricture, rectal biopsy, rectal argon beam therapy or 
transurethral prostate resection after radiation. All pa-
tients with rectourethral fistulas who achieved symp-
tomatic resolution required urinary and fecal diver-
sion. 

Shakespeare et al778 reviewed the potential factors in 
fistula development and identified three cases (0.2%) 
of RUF among 1455 patients treated with prostate 
brachytherapy (BT), occurring at 19-27 months fol-
lowing BT. All these patients had BT monotherapy 
and had been investigated with endoscopy and low 
rectal biopsy. They concluded that gastrointestinal 
specialists should not perform biopsy of the anterior 
rectum in patients who have had BT unless there is a 
very high clinical suspicion of malignancy. Marguet et 
al807 described 6 cases of RUF in patients treated with 
BT plus external beam radiotherapy for localized 
prostate cancer and subsequent rectal biopsies or 
rectal surgery. Four patients underwent hyperbaric 
oxygen therapy, which failed. Three patients under-
went fecal diversion with gracilis interposition flaps, 
and two underwent pelvic exenteration. They also 
concluded that biopsy of rectal ulcers in the clinical 
setting of combined radiotherapy should not be per-
formed. 

Chang et al808 published a case of prostatic mala-
koplakia masquerading as a rectal tumor due to for-
mation of a fistulous tract to the rectal muscular lay-
ers. Cools et al809 reported a very uncommon type of 
fistula between the large bowel and the prostatic ure-
thra due to Crohn’s disease. Felipetto et al810 de-
scribed a prostatocutaneous fistula as a complication 
of pseudomonas prostatitis. 

Transrectal high-intensity focused ultrasound (HIFU) 
destroys prostate cells by coagulative necrosis of the 
tissue. Recent reports of efficacy also include morbid-
ity. Rebillard et al452 reported RUF in 0-3% in a review 
involving 37 articles/abstracts. 

Netsch et al811 reported a retrospective analysis of 
363 patients with PCa who underwent HIFU. A total 
of 8 patients (2.2%) developed RUF. The occurrence 
after 1 HIFU session was 1.17%, after salvage HIFU 
4.5% and after repeated HIFU sessions was mark-
edly elevated (13.63%). Spontaneous closure of RUF 
did not occur. 

Buckley et al812 concluded that there has been a ma-
jor shift in the cause of RUF from primarily surgical to 
approximately 50% resulting from radiation/ ablation 
therapy. Surgically induced RUFs typically are small, 
located in bladder neck/trigonal region and can be 
closed primarily. Radiation/ablation induced fistula 
are large (>2 cm), involve the prostatic urethra and 
are fibrotic often requiring a combination of onlay 
grafting and interposition muscle flap for closure. The 
anterior, perineal sphincter-sparing approach may be 
the optimal approach for closure of most RUF (simple 
or complex). Lacarriere et al813 noted that the use of 
radiotherapy had a major impact on its prognosis. The 
flap, which seemed to have the best results, was the 
gracilis muscle flap. 

Hanna et al814 reviewed outcomes after surgical treat-
ment of RUF in radiated and nonirradiated patiens. 
Patients who had irradiated RUF underwent more 
complex operative repairs, including gracilis interpo-
sition flaps (38%) and pelvic exenterations (19%), 
whereas nonirradiated patients most commonly un-
derwent a York-Mason repair (50%). There were no 
statistically significant differences in RUF or in post-
operative and functional outcomes. Only 55% of irra-
diated patients had their stoma reversed vs 91% in 
the nonirradiated group. 

Beddy et al815 examined whether choice of operation 
and results of surgery for RUF in 50 patients are in-
fluenced by prior radiotherapy. Radiation was re-
ceived by patients for prostate or rectal cancer, and 
other patients developed a fistula following prostatec-
tomy, Crohn's disease or pelvic fracture (without radi-
ation). Prior to definitive surgery, 30 patients under-
went fecal diversion and 37 underwent urinary diver-
sion. Definitive surgery was approached predomi-
nantly abdominally in radiated patients and perineally 
in nonradiated patients successful primary fistula re-
pair was more frequent in the nonradiated group com-
pared with the radiated group. Permanent colostomy 
and urinary diversion were more often required in ra-
diated patients. 

Linder et al816 also evaluated the impact of pelvic ra-
diation (BT, external beam radiation) and ablative 
therapy (cryotherapy or high intensity focused ultra-
sound) on the surgical repair of RUF.Patients with 
prior radiation/ablation were significantly more likely 
to require permanent colostomy and permanent uri-
nary diversion as part of fistula management.  
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RUF following laparoscopic radical prostatectomy in 
10 patients was reported by Chun et al.817  Spontane-
ous healing of the fistula was noted in 6 patients fol-
lowing diversion (urinary ± fecal diversion). 

2.3. Diagnosis of RUF 
RUF may be strongly suspected from the patient’s 
history (fecaluria, abnormal urethral discharge, pneu-
maturia, leakage of urine from the rectum during mic-
turition). Rectal examination, proctoscopy, careful 
urethroscopy, intraurethral injection of methylene 
blue dye, radiopaque contrast agent placed into the 
bladder and then voided usually appears in the rec-
tum on X-ray, are the most important diagnostic steps 
(Figure 7).783,818 

Sa et al819 evaluated the value of three-dimensional 
spiral computed tomography/cysto-urethrography 
(CTCUG) in diagnosing posterior urethral strictures 
associated with RUF. The accuracy in determining 
the RUF was higher with CTCUG (93%) than with 
conventional urethrography (71%).URFs. 

2.4. Therapy of RUF 
Small fistulae may resolve spontaneously with urinary 
and/or fecal diversion. Therefore, an initial trial of con-
servative therapy is reasonable. Selected patients 
with chronic fistulas who are poor surgical candidates 
may also be managed conservatively with antibiotics, 
pads and symptomatic care. Timing of repair is often 
individualized, mainly according to the etiology, delay 
in diagnosis, size of fistula, whether it is the first or 
subsequent repairs, and the general condition of pa-
tient. 

Diversion of urine (suprapubic cystostomy) is gener-
ally recommended as well as correction of any ure-
thral stricture distal to the fistula. Fecal diversion, with 
colostomy is used by some as a mandatory part of 
double diversion or selectively by others.793 Gib-
bons820 stressed the need for a diverting colostomy 
for 3-4 months. 

However, as surgeons obtained more experience, 
bowel preparations became standardized, and effec-
tive antibiotics were developed, and the enthusiasm 
for colostomy diminished. Currently, colostomy is rec-
ommended in circumstances where antibiotics alone 
cannot control the inflammation and infection associ-
ated with the fistula or when the fistula involves radi-
ated tissue. Low residue diet is also useful for healing. 
Suitable drainage (perineal and urethral splinting) is 
stressed. 

2.5. SURGICAL APPROACHES 
Surgical management for rectourinary fistulas re-
mains a reconstructive challenge. Two-layer closure 
of the urethra and rectum with suture lines at right an-
gles and with interposition of soft tissue (eg, omen-
tum,821 gracilis muscle,822 or scrotal flap823) has been 
described. Surgical approaches include trans-
abdominal, transvesical, or direct exposure of the 
RUF.  

There are only a few guidelines to direct the surgeon 
to the most successful and least morbid technique. 
Rivera et al824 staged RUF as: stage I, low (less than 
4 cm from anal verge and nonirradiated); stage II, 
high (more than 4 cm from anal verge and nonirradi-
ated); stage III, small (less than 2 cm irradiated fis-
tula); stage IV, large (more than 2 cm irradiated fis-
tula); and stage V, large (ischial decubitus fistula). Di-
verting colostomy was performed for stages III to V 6 
weeks before definitive therapy. Some of the patients 
in addition to the RUF will also have urethral strictures 
that have to be managed. Reconstruction of both as-
pects to restore functional anatomy is possible with 
complex reconstructions.825 

Hechenbleikner et al826 searched MEDLINE (Pub-
Med, Ovid) and the Cochrane Library by using the 
term RUF. All studies were retrospective. Of the 569 
records identified, 26 articles were included.Four 
hundred sixteen patients were identified, including 
169 (40%) who had previous pelvic irradiation and/or 
ablation. Most patients (90%) underwent 1 of 4 cate-
gories of repair: transanal (5.9%), transabdominal 
(12.5%), transsphincteric (15.7%), and transperineal 
(65.9%). Tissue interposition flaps, predominantly 
gracilis muscle, were used in 72% of repairs. The fis-
tula was successfully closed in 87.5%. Overall per-
manent fecal and/or urinary diversion rates were 
10.6% and 8.3%. Most high-volume centers (>25 pa-
tients) performed transperineal repairs with tissue 
flaps in 100% of cases. 

 
Figure 7. Cystogram demonstrates a rectourethral 
fistula that occurred after a laparoscopic radical 
prostatectomy 
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TABLE 16. Surgical Approaches to Rectourethral Fistulas 

Approach Author, Year N 

PERINEAL Young, 1926827 11 

Lewis, 1947828 13 

Goodwin, 1958829 22 

Culp & Calhoon, 1964785 20 

Smith & Veenema, 1972791 4 

Youssef, 1999789 (perineal dartos flap) 12 

Benchekroun, 1999790 11 

Ng, 2004831 (buccal graft) 27 

Pratap, 2006832 8 

Samplaski, 2011833 13 

Selph, 2015834 6 

Voelzke, 2013835 23 

POSTERIOR – SAGITTAL Kilpatrick & Thompson, 1962836 6 

POSTERIOR – TRANSSPHINCTERIC Stephenson, 1996837 15 

Kilpatrick & Mason, 1969838 7 

Culp & Calhoon, 1964785 20 

Fengler & Abcarian, 1997803 8 

Fournier, 1996839 1 

Bukowski, 1995840 7 

Dal Moro, 2006841 7 

Erickson, 2006842 1 

Lorente, 2011843 10 

Pera, 2008844 5 

Rouanne, 2011845 10 

Kyrklund, 2014846 34 

Forest, 2014847 17 

Alam, 2014848 18 

Pfalzgraf, 2014849 17 

TRANSANAL Vose, 1949850 4 

Parks & Motson, 1983851 1 

Tiptaft, 1983794 3 

Noldus, 1997795 5 

Culkin, 2003852 5 

COMBINED (posterior transsphincteric anterior rectal 
wall advancement) 

al-Ali, 1997818 16 

Joshi, 2011853 5 

Keller, 2015854 30 

ANTERIOR TRANSANORECTAL (ASTRA) Geceleter, 1973855 19 

Venable, 1989823 1 
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Approach Author, Year N 

Zinman, 2003856 22 

ENDOSCOPIC Wilbert, 1996857 2 

Bardari, 2001858 1 

Pigalarga, 2011859 1 
 

The surgical approaches including the numbers of re-
ported patients are listed in Table 
16.785,790,791,794,795,803,818,823,827,828,829,830,831,832,833,834,835,

836,837,838,839,840,841,842,843,844,845,846,847,848,849,850,851,852,853,

854, 855,856,857,858,859 

2.5.1 Perineal Approach 
In 1926, Young827 dissected the rectum away from 
sphincters, divided the fistula, closed the urethra, and 
mobilized the rectum further cephalad in such a fash-
ion as to pull the affected rectum caudally out of the 
anus where it was then transected and discarded, su-
turing the proximal rectum to the anal skin. Subse-
quently Lewis,828 in 1947, described suturing the le-
vator muscle fibers together in the anterior midline 
when possible.  

Goodwin et al829 reported a series of 22 RUF ap-
proached perineally. They extensively mobilized the 
rectum posteriorly and the bladder anteriorly through 
wide perineal exposure allowing interposition of the 
levator ani muscles between the urinary tract and rec-
tum. Singh et al860 described the management of a 

delayed post-traumatic RUF repaired via transper-

ineal access without rectal or sphincteric transgres-
sion. An example of a preoperative and postoperative 
urethrogram is in Figure 8. Pratap et al832 described a 
simultaneous perineal and abdominal approach in a 
series of 8 patients with traumatic perineal injuries 
who had both complex urethral disruptions and RUF. 

Samplaski et al833 reported transperineal repair with 
gracilis muscle interposition in 13 patients with com-
plex RUFs of varying etiologies. One patient devel-
oped recurrence. They demonstrated low morbidity, 
high success rates, and reasonable bowel and blad-
der function postoperatively. 

Selph et al834 confirmed that patients who require 
placement of an AUS after a perineal RUF repair 
seem to fare just as well as patients who undergo pri-
mary AUS implantation with no increased rate of com-
plications postoperatively.  

Voelzke et al835 divided the fistula cohort of 23 pa-
tients into 2 groups, including postoperative and en-
ergy ablative fistulas, respectively. They recom-
mended rectal sphincter preserving transperineal re-
pair as a successful surgical method to repair postop-

erative and energy ablative rectourethral fistulas. An 
interposition muscle flap should be considered in the 

      
Figure 8.A. Cystogram demonstrates RUF caused by a TURP. Negative shadow from Foley catheter is seen 
in the bladder. B. Retrograde urethrogram after transperineal closure of RUF. 
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setting of energy ablative rectourethral fistulas to in-
crease successful outcomes. 

2.5.2 Posterior Sagittal Approach 
Kraske in 1885861 described a posterior midline inci-
sion extending to the left paramedian aspect of the 
coccyx and sacrum that involved partial removal of 
the sacrum in addition to coccygectomy. His method 
did not involve division of the sphincters, but rather 
sweeping the rectum laterally to ultimately facilitate 
resection and reanastomosis of a tumor-bearing rec-
tal segment, thereby preserving fecal continence. In 
1962, Kilpatrick and Thompson836 used this approach 
when the rectum was completely mobilized circumfer-
entially proximal and distal to the fistula. The RUF 
was then divided, sparing as much as possible on the 
urethral aspect. The rectal part of the fistula was ex-
cised and closed in two layers, and the urethra was 
repaired and stented with a catheter. 

2.5.3 Posterior (Parasacrococcygeal) 
Transsphincteric Approach 

In 1969, Kilpatrick and Mason838 updated this method 
and advocated a more radical method of dividing the 
rectal sphincters to give direct access to the RUF. 
The procedure (the York-Mason approach) is simpler 
than some complicated transabdominal or transper-
ineal approaches to RUF. It is still used because it 
allows direct visualization of the fistula via parasacro-
coccygeal (transsphincteric) incision especially to fis-
tulae in the mid to lower rectum.803 After the skin inci-
sion the mucocutaneous junction is marked with su-
tures and the internal sphincter is exposed. Division 
of the sphincter mechanism and posterior rectal wall 
allows exposure of the fistula. Each sphincter muscle 
is tagged with color-coded sutures. The next step of 

this procedure is the incision around fistula, followed 
by excision of the fistulous tract exposing the catheter 
in the prostatic urethra. The undermining of rectal wall 
allows sufficient mobilization. 

After closure of the prostatic urethra it is recom-
mended that the full-thickness rectal wall flaps are 
close in a “vest over pants” technique (Figure 9). It is 
important to make sure that the suture lines do not 
overlie each other. The procedure is completed by su-
ture of the rectal wall and approximation of the 
sphincter muscles (Figure 10). Fengler and 
Abcarian803 reported healing of RUF in all of 8 pa-
tients with the York-Mason approach. Bukowski et 
al840 managed 7 acquired recurrent RUF (3 after pros-
tatectomy, 3 after trauma and 1 after perineal ab-
scess) using York-Mason technique and a similar ex-
perience was described by Fournier et al839 in the 
management of a case of the urethroprostato-rectal 
fistula after a gunshot wound. 

Stephenson and Middleton837 modified the York-Ma-
son repair and reported their experience with poste-
rior sagittal, transanal, transrectal repair of RUF in 15 
patients. The transsphincteric, transanal surgical ap-
proach provides many advantages, including easy 
access and identification of the fistula tract, good sur-
gical exposure, adequate resection back to well vas-
cularized tissue, and access to several vascularized 

 
Figure 9. Rectourethral fistula repair. Full thick-
ness rectal wall is mobilized to close in a “vest 
over pants” technique to close the fistula. 

 
Figure 10. York-Mason approach to a rectourethral 
fistula via a parasacrococcygeal (transsphincteric) 
incision. Sutures are used to mark the sphincters. 
The speculum has been placed at the bottom of the 
incision and the anterior rectal wall is visible. 
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flaps for interposition between the repaired urinary 
and gastrointestinal tracts. 

Culkin852 reported preliminary experience with the 
transsphincteric, transanal surgical approach to cor-
rect acquired urethrorectal fistula in five men. Mean 
patient age was 56.6 years (range 37 to 72). The eti-
ology was surgical (radical prostatectomy) in 3 
cases, traumatic in 1 and idiopathic in 1.The time 
from the diagnosis of urethrorectal fistula to surgery 
was 4 weeks to 4 years. Five men underwent exci-
sion and closure of a urethrorectal fistula with divert-
ing colostomy. In 4 men (80%) urinary continence 
subsequently returned with adequate sphincter tone, 
while in 1 (20%) with perineal trauma and active 
proctitis the fistula recurred 6 weeks after surgery. 

Dal Moro et al841 reviewed a 15-year experience us-
ing the York-Mason posterior sagittal transrectal ap-
proach to iatrogenic RUF in 7 patients. In one patient 
with Crohn’s disease the fistula recurred 11 years af-
ter the first surgery. The colostomy remained in place 
only in one patient with Crohn’s disease and in an-
other with ulcerative rectocolitis. 

Erickson et al842 reported a novel surgical technique 
used to repair a rectourethral fistula associated with 
two short-segment urethral strictures located in the 
anterior and posterior segments of the urethra in a 
patient with prior unsuccessful repairs. The anterior 
urethral stricture was reconstructed with a ventral 
onlay of buccal mucosa in the exaggerated lithotomy 
position. In a modified prone position, the rec-
tourethral fistula was repaired using the transrectal 
transsphincteric (York-Mason) technique and the 
posterior urethral stricture with a radial forearm 
fasciocutaneous free flap which was anastomosed to 
the inferior gluteal artery and vein. The coexistence 
of a rectourethral fistula and distal urethral stricture 
requires simultaneous repair, because the urethral 
pressure from the distal obstruction may compromise 
fistula closure. Lorente et al843 reported early suc-
cessful closure in 10 patients with the posterior 
transsphincteric York-Mason technique, with good re-
covery of urinary and fecal continence. Pera et al844 
reported on 5 patients successfully treated after RP 
with the York Mason technique. 

They reported minor morbidity and no impairment of 
continence. 

Rouanne et al845 reported 10 male patients with RUF 
due to radical prostatectomy who underwent York 
Mason repair between 1998 and 2009. All patients in-
itially received both a urinary and a bowel diversion 
as the first step of the treatment. The second step 
consisted of a modification of the York Mason tech-
nique in which the approach began with a parasacro-
coccygeal incision extending from the coccyx to the 
anal verge. The mean time from surgery to York Ma-
son repair was 15 (range, 4-42) months. 

Kyrklund et al846 aimed to define the long-term bowel 
functional outcomes following PSARP (posterior sag-
ittal anorectoplasty) for RUF. They used validated 

Bowel Function Score (BFS) questionnaires mailed 
out to patients. Approximately one third of 34 re-
spondents reported voluntary bowel movements 
(VBMs) and complete continence and 24% were reli-
ant on anterograde continence enema (ACE) wash-
outs, and 1 patient had a colostomy. Their results 
suggest that in the long-term, functional symptoms 
remain highly prevalent among patients treated for 
RUF with PSARP. However, the majority can be ex-
pected to achieve social continence. 

Forest et al847 retrospectively analyzed the data of 17 
patients treated surgically for RUF with the York Ma-
son technique between 2000 and 2012. All patients 
had a bowel diversion before surgery. They observed 
four recurrences of RUF (23.5%). 

Alam et al848 from India prospectively reviewed the 
records of all the patients who developed RUF. A total 
of 18 patients were included and in all cases faecal 
and urinary diversion were done preoperatively. In 8 
patients repair of fistula was done through the peri-
neal approach where excision of the fistulous tract 
with anastomotic urethroplasty and repair of rectal 
wound was performed. Out of these 8 patients tunica 
vaginalis flap was applied in 3 and dartos pedicle flap 
in 5 cases; in the remaining 6 patients transrectal 
York-Mason repair was done. No patient developed 
urinary or faecal incontinence. Transrectal York-Ma-
son repair is easier to do with less morbidity and com-
plication while perineal approach with graft interposi-
tion may be done in cases where anastomotic ure-
throplasty is needed along with fistula repair. 

Pfalzgraf et al849 assessed fistula recurrence rate and 
health-related quality of life (HRQL) after repair in a 

 
Figure 11. Transanal repair of rectourethral fistula. 

A. Elliptical incision of rectal mucosa around the 
fistula. 

B. Denudation of the rectal mucosa. 

C. Fistula closed with absorbable suture. 

D. Rectal mucosal flap sutured with absorbable 
suture. 
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retrospective study of 17 patients treated for RUF af-
ter RP between 1993 and 2008.Fistula closure was 
abdominal in 10 patients, perineal in five and com-
bined abdominal and perineal in two, some with tis-
sue interposition. Perineal or abdominal fistula repair 
yields excellent success rates and high patient satis-
faction.  

Transanal Approach 

Parks and Motson851 popularized the addition of a full 
thickness local flap of anterior rectal wall as an ad-
junct to fistula repair through the intact anal canal 
(Figure 11862 and Figure 12). They modified the 
transanal technique by denuding the rectal mucosa 
lateral and distal to the fistula, and mobilized the rec-
tal wall away from Denonvilliers´ fascia proximal to 
the fistula for four centimeters. Tiptaft et al794 also 
used a special anal retractor for this surgery.  

With the Latzko procedure the RUF is closed in three 
layers with absorbable suture. A transurethral cathe-
ter is placed for 3 weeks. Noldus et al795 reported 23 
patients (3.9%) with rectal injury during 589 RP and 
cystoprostatectomies. Of these 23 patients, 12 devel-
oped a RUF. Seven fistulas closed spontaneously 
with prolonged catheter drainage. The remaining 5 

fistulas were all successfully closed with the transanal 
Latzko procedure. 

Al-Ali et al818 treated 30 men with RUF caused by war 
wounds. He used the method of posterior 
transsphincteric anterior rectal wall advancement as 
the treatment of choice. Double diversion (end sig-
moid colostomy and suprapubic cystostomy) for one 
month was performed in all patients. Double diversion 
alone resulted in ‘spontaneous’ RUF healing in 47% 
of patients but 53% required reconstruction. Early re-
pair was recommended for large fibrous fistulas. Un-
diversion was done after two months when the ure-
thra and anorectal canals were normal. 

Joshi et al853 successfully used a rectal advancement 
flap in five patiens with RUF.   

Keller et al854 introduced an algorithm-based treat-
ment approach for RUF. Selective fecal diversion is 
possible, and the majority of patients who require de-
finitive intervention can be treated with a transanal or 
transperineal(endorectal, dartos, or gracilis) ap-
proach. Only six patients (20%) required permanent 
urinary diversion or drainage catheters, but long-term 
urinary dysfunction is frequent. Healing rate was 90% 
and recurrence rate 0%. 

 

 
Figure 12. 

A. Retrograde urethrogram of a 55 year-old man who underwent a radical prostatectomy. He complained 
of fecaluria and urine per rectum. This shows urethral contrast in the rectum through a rectourethral fistula 
(Black arrow). 

B. Intraoperative photograph of transanal rectourethral fistula repair. The anus is held open by the ring 
retractor to permit direct access to the fistula. 

C. Intraoperative view of the rectal mucosal sutures in the rectourethral fistula repair. 

D. Retrograde urethrogram 3 months after transanal rectourethral fistula repair. There is no contrast en-
tering the rectum from the urethra. The patient’s suprapubic tube was removed and his colostomy was 
reversed. 
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2.5.4 Anterior Transsphincteric, Transanal 
Surgical Approach (ASTRA) 

In 1973, Gecelter855 performed a midline perineal in-
cision to gain access to the urinary tract after placing 
the patient in exaggerated lithotomy position. The 
anal sphincter was incised anteriorly, tag sutures 
carefully placed, and the rectal incision was carried to 
the fistulous tract, which was excised and repaired in 
multiple layers with transposition of tissue as availa-
ble. Castillo et al863 reviewed their first 110 consecu-
tive laparoscopic extraperitoneal radical prostatecto-
mies and reported 3 RUF. Only one was cured with 
conservative management. The other 2 patients were 
repaired by ASTRA.  

2.5.5 Endoscopic Approach 
Wilbert et al857 reported two patients with RUF who 
were repaired endoscopically transanally. The pa-
tients were positioned prone and the rectoscope 
mounted to the operating table was inserted into the 
rectum .The fistula was visualized and the opening 
excised to the level of the perirectal tissues with cau-
tery. The rectal wall was mobilized full thickness with 
scissors and closed primarily in two layers with a mi-
croscope. The patient was then placed in lithotomy 
position and the urethral side of the fistula was coag-
ulated and injected with fibrin. 

Bardari et al858 used cyanoacrilic biological glue to 
close one prostato-perineal fistula complicating an 
abdominoperineal resection of rectum and one per-
sistent neobladder-ileal fistula. The biologic sealant 
was administrated endoscopically through an open-
end 6F ureteral catheter. Quinlan et al864 presented 
the case of an iatrogenic fistula in a 71-year-old man 
treated by a transanal endoscopic microsurgical 
(TEM) approach, without recourse to a stoma. 
Bochove-Overgaauw et al865 reported successful re-
pair of 1 of 2 RUF with transanal endoscopic micro-
surgery (TEM): the RUF occurred after laparoscopic 
radical prostatectomy. Pigalarga et al859 described a 
case of successful repair of iatrogenic RUF through a 
multidisciplinary approach consisting of cystoscopy, 
urethral stent placement, colonoscopy, and transanal 
endoscopic microsurgery assisted rectal advance-
ment flap. 

2.5.6 Other Modifications 
Youssef et al830 successfully treated 12 male patients 
who presented with RUF from 1990 to 1997 using the 
perineal subcutaneous dartos flap procedure. The 
RUF resulted from crush pelvic injury in 6 cases, gun-
shot wounds in 2, and post prostatectomy in 4. The 
fistula was associated with a urethral stricture in 4 
cases. A perineal approach was used and combined 
with a transsymphyseal approach in the 4 patients 
with posterior urethral stricture. They interposed a 
subcutaneous dartos flap as a tissue flap between the 
repaired rectum and urethra. No leakage or perineal 
collection developed and there was no fistula recur-
rence. Follow-up ranged from 9 to 42 months. This 
technique of a perineal subcutaneous dartos flap may 

fulfill the principles for successful repair of RUF. 
Varma et al866 also concluded that dartos muscle in-
terposition is a straightforward technique that can re-
sult in successful fistula repair, but should not be used 
in immune-compromised patients or after radiation 
therapy. 

Felipetto et al810 used human fibrin sealant (Tissucol) 
to close a prostato-cutaneous fistula (as a complica-
tion of pseudomonas prostatitis). Venkatesh and Ra-
manujam867 prospectively studied the efficacy of au-
tologous fibrin glue for closure of recurrent anorectal 
fistulas. Overall success rate was 60% however pa-
tients with acquired immunodeficiency syndrome who 
had fistulas associated with the urinary tract failed to 
respond. Verriello et al868 used fibrin sealant (Quixil) 
to inject it into the fistula tract and a rectal mucosal 
flap was used to close the internal opening. The fis-
tula healed in few weeks, and the patient remained 
symptom free after 1 year of follow-up. Chirica et al869 
reported their experience with coloanal sleeve anas-
tomosis (Soave procedure) as a salvage procedure 
for complex rectourinary fistulas after radical prosta-
tectomy or following anterior resection for rectal can-
cer after radiochemotherapy. All eight patients had a 
temporary ileostomy, which was successfully re-
versed in 7. Lesser et al870 reported a case of radia-
tion and salvage cryoablation induced RUF after 
treatment of prostate cancer which was successfully 
repaired with a combined endorectal advancement 
flap with an Alloderm graft. 

Muhlmann et al871 compared techniques of rectal mu-
cosal advancement flaps (RMAF) and fistula plugs 
(FP) used to manage complex anal fistulas. The re-
sults of treatment of complex anal fistulas are disap-
pointing. The choice of operation of either a RMAF or 
a FP did not alter the poor healing rates of about one 
third of patients in each group. 

Gonzales-Contreras et al872 treated the RUF after 
radical prostatectomy with interposition of the gracilis 
muscle. Eight weeks after surgery and with colostomy 
closed, no evidence of recurrence was detected. 

Chen et al873 gained a high success rate in the treat-
ment of complex rectovaginal fistulas and RUF by the 
technique of the gracilis muscle transposition and 
postoperative salvage wound irrigation-suction.   

Yo et al874 also treated the recurrent RUF in a man 
after anoplasty for anorectal malformation during 
early infancy.They used a gracilis muscle flap approx-
imately 30 cm long which was harvested from the left 
thigh, brought into the deepest part between the sep-
arated rectum and urethra through a subcutaneous 
tunnel and afixed there.  

Iwamoto et al875 introduced a successful novel oper-
ative technique of a RUF with a pedicled vastus lat-
eralis musculofascial flap. A first attempt failed to 
close the fistula utilizing the transanal rectal flap ad-
vancement technique.  

Solomon et al876 described a new perineal approach 
using the medial aspect of the puborectalis muscles 
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as a double-breasted rotational interposition flap to 
repair the RUF.   

Ganio et al877 achieved the closure of the RUF in all 
11 patients by the repair of using a bulbocavernosus 
muscle graft. 

Lee et al878 presented a novel minimally invasive pro-
cedure: robotic-assisted laparoscopic segmental re-
section with rectoanal anastomosis for the manage-
ment of difficult RUFs.  

2.6. Summary 
A review of recent literature shows an increasing 
number of papers describing UCF or RCF  

treatment. The vast majority of available studies are 
retrospective cases and case series (level 3 evi-
dence). There are many causes of these fistulas de-
scribed in the literature but there is a lack of valid ep-
idemiologic data about the incidence of UCF and 
RUF. The aim of the surgical approach is the closure 
of all types of fistulas. While spontaneous closure and 
success with a one-stage procedure has been re-
ported, most cases to date involve 3 stages (double 
diversion, closure technique, and undiversion). An 
endoscopic approach using biological sealants is 
promising. Only a few urologists and general sur-
geons have gained wide experience in the manage-
ment of UCF or RUF, and the management of these 
difficult conditions should remain in the hands of ex-
perts working in tertiary referral centres. No single 
procedure has yet proved to be best or universally 
applicable. Conservative treatment is generally inef-
fective in the management of large RUF. Surgical in-
tervention offers symptomatic relief and improved 
quality of life in most patients. Regardless of complex-
ity, rectourethral fistulas have an initial closure rate 
approaching 90% when the transperineal approach is 
used. Permanent fecal and/or urinary diversion 
should be a last resort in patients with devastated, 
nonfunctional fecal and urinary systems. 

All reports are still only retrospective case series 
(Level of evidence 3; grade of recommendation 
C). 

 THE ARTIFICIAL URINARY 
SPHINCTER (AUS) 

Different devices designed to control urinary inconti-
nence in the male began to be developed in the mid-
dle of the 18th century.879 The gold standard today is 
the artificial urinary sphincter (AUS) designed by F.B. 
Scott, W.E. Bradley, and G.W. Timm in 1973.880 The 
original model underwent a number of modifications, 
but the basic principle remains the same. It consists 
of a fluid filled hydraulic system with a cuff around the 
urethra, a pressure regulating balloon and an activat-
ing device, the pump, placed in the scrotum (AMS 
800TM Urinary Control System, Boston Scientific, 
Marlborough, MA, USA). In recent years a competing 
model (ZSI 375, Zephyr Surgical Implants, Geneva, 

Switzerland) where the reservoir is incorporated into 
the pump in the scrotum has become available,881 
though a recent publication reports disappointing re-
sults.882 

1. AVAILABILITY AND COST 

The use of the AUS has increased dramatically since 
its introduction in 1975 when 90 AUS devices were 
implanted until 2008 when 4818 procedures were 
done, with 61% implanted for PPI.883,884 In 2005, just 
over 10% of US urologists perform AUS surgery with 
the vast majority (92%) performing 5 or fewer surger-
ies a year and there were only 8 surgeons who im-
planted 21 or more AUS devices per year.884  A recent 
study evaluating American Board of Urology case 
logs from 2003 to 2013 demonstrated that of those 
surgeons logging at least one AUS case the median 
number of AUS surgeries done over a 6 month period 
by those applying or recertifying for certification was 
1.885  The top 4% in that cohort logged a median of 8 
cases over the 6 month period.  This group performed 
29% (652) of all AUS placements logged. 

The results of an e-mail survey among urologists and 
gynecologists were previously published in the 3rd ICI, 
whereby members of the International Continence 
Society asking them if the AUS was available in their 
country; and if so, what was the price of the device (in 
US dollars). About 10% of the members responded 
by email from 31 countries. The high price in some 
countries at the time (Georgia, Hong-Kong, Romania 
and Saudi Arabia) precluded its use. Very few gyne-
cologists implant the sphincter, probably since the 
majority of patients receiving the device are male.  

2. INDICATIONS 

The indication for AUS placement is for the treatment 
of SUI that is persistently bothersome despite 6-12 
months of active conservative management. A recent 
ICS Consensus Conference recommended that pa-
tients with bothersome severe symptoms can be of-
fered an AUS 6 months postoperatively while those 
with improving symptoms, even at 12 months, can at 
surgeon discretion still be observed.886  As the most 
common cause of SUI in men is iatrogenic injury dur-
ing prostate cancer surgery, it follows that the most 
common indication for AUS is post-prostatectomy in-
continence (PPI).  The use of the AUS for the treat-
ment of PPI varies regionally.  For example, within the 
United States, state-by-state use of the AUS ranges 
from 1% to 10% of all RRP patients, with an average 
of 6% of RRP patients ultimately undergoing AUS im-
plantation.887 

Previous radiotherapy to the pelvis is not a contrain-
dication for AUS placement in males,888 as the ulti-
mate outcome seems to be similar in men whether or 
not they have received radiation therapy,889 although 
a higher incidence of urethral atrophy, erosion and in-
fection requiring surgical revision has been reported 



 

 
1688  COMMITTEE 13. SURGICAL TREATMENT OF URINARY INCONTINENCE IN MEN 
 

in irradiated patients compared to those not irradiated 
(41% vs 11%). These patients should be counselled 
about this higher need for revision.886 Despite this ob-
servation, long term continence and patient satisfac-
tion appear not to be adversely affected in the irradi-
ated male patient.889  

The compressive effect of the AUS is temporarily re-
lieved when the patient squeezes the scrotal pump, 
transferring fluid from the urethral cuff to the pres-
sure-regulating balloon.  Subsequently, the bladder 
can then empty either by bladder contraction and/or 
by abdominal straining. Accordingly, patients voiding 
with the Valsalva maneuver because of an underac-
tive or neurologically acontractile bladder, do not 
seem to be at an increased risk of complications.890  
It should also be noted that patients with previous 
anti-incontinence procedures show a significantly 
higher explantation rate.891  

Clinical experience suggests that enterocystoplasty 
or gastrocystoplasty can be done simultaneously with 
the implantation of the AUS.892,893  However, AUS 
placement at the time of cystoplasty is associated 
with earlier infections, especially during the first 3 
years postoperatively.894  In the long-term (> 3 years) 
the infection rate is the same whether the AUS is im-
planted after or at the time of cystoplasty. AUS can 
also be successfully implanted in patients after blad-
der substitution,471 and in those with locally recurrent 
prostate cancer with a relatively good prognosis,895 or 
those with severe post-radical prostatectomy anasto-
motic stricture in whom a stent has been placed pre-
viously.483  

Finally, advanced age is not a contraindication to 
AUS placement.  A retrospective analysis by O’Con-
nor and colleagues896 of a cohort of men over age 75, 
revealed excellent success rates, with 21 of 29 men 
(72%) achieving successful continence. Revision rate 
was 14% at an average of 5 years follow-up, with 14% 
requiring explantation, and 21% requiring device de-
activation due to deterioration in overall health pre-
cluding proper use of the AUS at an average of 47 
months after placement. A recent analysis by Ziegel-
mann et al897 demonstrated that patients over 80 
years of age were more likely to experience device 
erosion or infection compared to a reference group of 
patients under 60. Nevertheless the overall device 
failure rate was noted to be low and the AUS was rec-
ommended for the appropriately selected and coun-
selled octogenarian. A study by Raup et al898 evalu-
ating a similar population noted that those with intact 
cognition and manual dexterity did very well with an 
AUS, but cautioned that those with impaired cognition 
or manual dexterity showed a statistically significant 
increased rate of overall failure. 

3. SURGICAL TECHNIQUES 

Preoperative prophylactic antibiotics should be ad-
ministered within 60 minutes of skin incision and UTIs 
should be treated preoperatively.  Patients can be po-
sitioned in either lithotomy or supine – lithotomy is 
preferred for perineal approach while supine is pre-
ferred if a trans-scrotal approach is to be performed.  
An appropriate scrub should be performed -chlorhex-
idine-alcohol has been shown to be superior to pov-
idine-iodine.886   

The original technique of implantation is illustrated in 
Figure 13. The cuff of the sphincter is placed around 
the bulbar urethra via a midline perineal incision, 
while the pressure regulating balloon and the scrotal 
pump are inserted via a separate inguinal incision.  
The inguinal incision is carried through the fascia, 
above the level of the ligament and an area in the pre-
vesical space is bluntly cleared.  The pressure-regu-
lating balloon is placed there and filled with 23 cc of 
saline or contrast after which the fascia is closed.  A 
tunnel is made under Scarpas fascia into the scrotum 
deep to the dartos fascia where a pocket for the pump 
is developed.  The cuff tubing is transferred from the 
perineum to the inguinal incision after which the ex-
cess tubing is cut off and the appropriate connections 
are made with the quick connect system.   

Another surgical approach has been described using 
a single, upper transverse scrotal incision which al-
lows the placement of all 3 components of the sys-
tem, the cuff, the pump in a scrotal pouch, and the 
reservoir behind the fascia transversalis.363  Alterna-
tively, the pressure-regulating balloon may be placed 
through a separate inguinal incision, with the cuff and 
control pump placed via a single trans-scrotal inci-
sion, with the connections among scrotal pump, bal-
loon reservoir, and urethral cuff tubing made in the 
usual inguinal incision. While the trans-scrotal ap-
proach potentially minimizes the invasiveness of the 
AUS surgery, by limiting the surgical approach to a 
single incision,363 a few reports have revealed that 
surgical success might be diminished compared with 
perineal cuff placement and abdominal balloon reser-
voir placement.899,900  A multicenter retrospective 
study by Henry et al900 of 158 patients operated on at 
4 centers noted that in patients treated with a perineal 
vs trans-scrotal AUS the perineal group had a com-
pletely dry rate of 44%, vs 28% in the scrotal group 
(P<0.03) and had much higher rates of “social conti-
nence” as well.  Thus, the perineal approach for initial 
artificial urinary sphincter implantation appears to 
control male stress incontinence better than the 
trans-scrotal approach.   

 



 

 
THE ARTIFICIAL URINARY SPHINCTER (AUS)  1689 

 

Figure 13. Artificial Sphincter Technique 

 
A. With the patient in lithotomy po-
sition, a perineal incision is made 
behind the scrotum to exposure 
the bulbar urethra. 

 
B. The urethra is mobilized cir-
cumferentially within the 
bulbospongiosus muscle and 
the measuring tape is used to 
obtain the cuff size. 

 
C. The belt-like cuff is positioned 
around the urethra. 

 

D. A right lower quadrant (RLQ) abdominal 
incision is made and the extraperitoneal space is 
entered lateral to the rectus muscle for insertion 
of the reservoir. 

 
E.  

 
F.  

 
G.  
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Figure 13. Artificial Sphincter Technique 

 

H. Connectors are placed to join the tubes from 
the cuff and reservoir to the corresponding tubes 
from the pump in the RLQ incision. 

 

The trans-scrotal approach appears particularly use-
ful for simultaneous placement of an AUS and inflat-
able penile prosthesis through a single incision, with 
Kendirci and colleagues901 reporting a urethral ero-
sion rate of 9%, an overall revision rate of 14%, and 
a social continence rate of 100% in 22 patients at 17 
months average follow-up. Sellers et al902 recom-
mend the simultaneous surgery for cost-efficacy. 
They demonstrated a $7,000 cost savings when both 
devices were implanted simultaneously through a 
scrotal approach, compared to staged implantation 
with 2 separate surgeries.  

Recent experience with the relatively new 3.5 cm cuff 
has demonstrated significant efficacy, however men 
who with a history of radiation experienced a signifi-
cantly increased risk of erosion (21%).903 

A very well done concise review of pertinent surgical 
details (as well as indications and trouble-shooting) 
has recently been published by the 2015 ICS AUS 
Consensus Group886 and is worth reviewing. 

4. COMPLICATIONS 

Complications following implantation of the AUS can 
be divided into the categories of incontinence, ero-
sion and/or infection, and unusual complications. 
While the number of AUS procedures performed var-
ies geographically throughout the world. Certain “cen-
ters of excellence” perform substantially more proce-
dures than do community hospitals.887  However, the 
total number of procedures done in a given center 
does not seem to be a determining risk factor for com-
plications. Comparable erosion/infection rates have 
been reported from centers with fewer than 50 or 
more than 100 cases.326 This suggests that erosion 
and infection may be more closely related to the phys-
iologic state of the host rather than the experience of 
the surgical team, provided standard precautions are 
strictly applied.  Nevertheless, as experience with the 
AUS has grown the overall revision rate has report-
edly decreased.884 

4.1. Incontinence 
Incontinence following implantation of an AUS can re-
sult from (1) alteration in bladder function, (2) atrophy 
of the urethra, or (3) mechanical failure of the device. 
These causes may co-exist. 

4.1.1 Alteration in Bladder Function 
Lai and Boone307 noted that based on postoperative 
patient symptoms and the need for anticholinergic 
medication up to 23% of men undergoing AUS for PPI 
can develop denovo OAB. UDS were not repeated 
postoperatively to define the bladder changes asso-
ciated with this. 

Alteration in bladder function has been reported prin-
cipally in patients with neurogenic bladder dysfunc-
tion, especially in children.904,905,906,907,908,909 These 
changes include de novo involuntary detrusor con-
tractions, decrease in bladder compliance, and the 
development of a high-pressure system, causing in-
continence, hydronephrosis and ultimately renal fail-
ure. Modifications in detrusor behavior (including its 
consequences on the upper urinary tract) occur in up 
to 57% of cases.904,905,906,907,908,910,911,912,913,914,915 It 
should be pointed out, however, that there has never 
been a published report of hydronephrosis following 
implantation of an AUS for incontinence after prosta-
tectomy.916 While the ideal candidates for sphincter 
implantation are those with a low pressure, relaxed, 
and compliant bladder but an incompetent urethral 
sphincter913 data described earlier demonstrated that 
even those with “unfavourable” urodynamic factors 
may have a good outcome after AUS placement.62 

4.1.2 Atrophy of the Urethra 
Urethral atrophy may occur at the cuff site secondary 
to long-term mechanical compression of the periure-
thral and urethral tissues. However, some authors do 
not mention it as a possible cause of AUS fail-
ure.404,916,917 About 4 months following implantation, 
cuff efficiency diminishes, presumably because pres-
sure atrophy occurs in every patient to some ex-
tent.918 The incidence of urethral atrophy leading to 
revision varies from 3% to 
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9.3%.292,298,301,914,919,920,921,922 Atrophy can be less-
ened with nocturnal deactivation of the cuff.923 

However, a recent study from a very experienced 
center argues that urethral atrophy does not occur.924 
They reviewed 50 consecutive patients with recurrent 
incontinence after AUS placement who had the de-
vice explanted. In 31 a specific cause for malfunction 
of the AUS device was noted.  In the other 19 where 
no specific cause was found 14 had the device re-
placed with a new, but same size cuff and pressure 
regulating balloon. Of those 14, 12 were successful 
without any cuff downsizing. They hypothesize that 
material failure of the cuff or balloon, likely because 
of age and the resulting inability to generate the ap-
propriate pressure is the cause of failure and that 
urethral atrophy does not exist. In fact in 6 patients in 
whom the restrictive fibrous sheath around the cuff 
was excised, the urethral circumference was noted to 
immediately return to normal. 

4.2. Mechanical Failure 
This includes perforation of one of the components 
with loss of fluid from the system, air bubbles or or-
ganic debris within the system causing inadequate 
function of the pump, disconnection of the tubes, or 
kinking of the tubes. Introduction of “kink-free” tubing 
has virtually eliminated this last complication. The in-
cidence of these complications varies widely and 
ranges from 0%920 to 52.5%308 with the longest follow-
up. In this latter study, the cuff seemed to be the most 
vulnerable part of the system (22 cuff failures in 18 
patients, most of them occurring during the first 2 to 3 
years following implantation), followed by pump fail-
ure (6 times in 4 patients). Blockage is an exceptional 
event, occurring only once in 61 patients followed 
from 10 to 15 years.308 In a publication from Baylor,301 
chronicling a 13-year experience with the AUS, me-
chanical failure occurred at an average of 68.1 
months postoperatively. An unusual mechanical com-
plication has been reported. The locking tab became 

displaced distally into the cycling portion of the cuff 
preventing the fluid from flowing into the cuff sur-
rounding the urethra.925 

4.3. EROSION AND/OR INFECTION 
Erosion and infection are two major complications 
that almost invariably necessitate removal of the 
prosthesis (Figure 14 and Figure 15). Their incidence 
may be reported separately, or more commonly as a 
single complication. The incidence of these complica-
tions varies from 0% to 
24.6%.292,404,907,913,914,919,920,921,922,926,927 Most recent 
large series report an incidence of infection and ero-
sion generally less than 8%.60,300,301,313,916,917,928,929 As 
would be expected, the highest incidence has been 
reported with the longest follow-up (10-15 years).292 
Lai and colleagues301 from Baylor reported that ero-
sion occurred at an average of 19.8 months postop-
eratively rather than in the perioperative period. Pre-
vious surgery930 at the site of cuff placement in-
creases the risk of erosion. This, however, may be 
decreased by delayed cuff activation.931 A study by 
Lai et al932 noted that patients undergoing a “second-
ary” implant (after a prior explant for erosion or infec-
tion) had a four-fold higher erosion rate compared to 
“virgin” cases. Some authors, however, did not find 
an increased incidence of complications when a new 
cuff was implanted at the site where several months 
before a cuff has been removed for infection or ero-
sion.933 Other risk factors include urethral catheteri-
zation and urethral endoscopic manipulations with an 
activated sphincter in place.934 This point is important 
and it is crucial that patients with an AUS understand 
that if they are to have a catheter placed they should 
ask their physician to have a urologist deactivate the 
AUS first. 

A likely etiology of early erosion is intra-operative lac-
eration of the urethra when dissecting it from the cor-
pora cavernosa, where a difficult anatomical plane 
exists. Intraoperative recognition of urethral injury can 
be facilitated by retrograde perfusion sphincterometry 

 
Figure 15. AUS Infection 

"Courtesy of Drs Luis Augusto Seabra Rios and 
Márcio Augusto Averbeck and by permission 
of Urologia Essencial" 

 
Figure 14. Pump erosion. 

"Courtesy of Drs Luis Augusto Seabra Rios and 
Márcio Augusto Averbeck and by permission 
of Urologia Essencial" 
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using a flexible cystoscope.39 While recognition of a 
urethral injury may alert the surgeon to the necessary 
termination of the procedure, urethral erosion may 
still occur without a known urethral laceration.935 

As mentioned above, while the majority of authors 
consider previous radiotherapy a risk factor for in-
creased infection and erosion, it is not a contraindica-
tion to implantation of an AUS in the male patient with 
PPI.291,293,315,397,889,917,936 Overall patient satisfaction is 
similar in those who have been irradiated, compared 
to those who have not been.291,302,889 Furthermore, 
the degree of satisfaction does not diminish with an 
increased number of surgical revisions.306,937 

4.4. Rare Complications 
Several unusual and rare complications have been 
reported in the literature, such as the intravesical mi-
gration of the reservoir with secondary stone for-
mation in the bladder,938 or a giant urethral diverticu-
lum at the site of a previously removed cuff because 
of erosion and urinary extravasation.939 

5. DURABILITY OF AUS 
COMPONENTS 

When defining durability of one of the components or 
the AUS as a whole, one should distinguish between 
explantation of the device due to device malfunction 
(e.g. leak in one of the components) or complications 
caused by an otherwise properly functioning sphinc-
ter unit (e.g. cuff erosion, infection at the site of im-
plantation, etc.). This distinction is rarely made in the 
literature. Durability of a device is defined as time 
elapsed during which no mechanical problem alters 
the normal function of the device. This should exclude 
the second group from further analysis.  

There are very few references in the literature per-
taining to the length of time a device functioned nor-
mally before its removal due to mechanical failure. In 
a multicenter trial, for neurogenic bladders, con-
ducted in France,914 the authors mention that the 
“mean operational life” of the sphincter was 56 
months (range 3-118 months). Haab et al298 analyzed 
68 patients and noted that the mechanical failure rate 
dropped from 44.4% to 12.4% since modifications 
were made to the device, mainly the cuff component. 
Survival time of these components was not provided. 
Similar conclusions can be drawn from a series from 
the Mayo Clinic304 where the modification of the cuff 
design (narrower back) resulted in a substantial drop 
of the reoperation rate at 5 years. In the “narrow back” 
group 17% (31/184) required reoperation.  In that co-
hort, non-mechanical failure decreased from 17% to 
9% and mechanical failure decreased from 21% to 
8% following introduction of the narrow back cuff.304 
Mean time to reoperation was 26.2 months (mean 2-
68 months). Using Kaplan-Meier statistical analysis 
for this group of patients, the overall 5-year expected 
product survival was 75%. Another recent report from 

the Mayo Clinic noted that of 1082 patients with a pri-
mary AUS implantation, with a median follow-up of 
4.1 years, 32.1% required secondary surgery.940 Of 
338 revision surgeries, 89 were for device infection 
and/or erosion, 131 for device malfunction, 89 for ure-
thral atrophy and 29 for pump malposition or tubing 
complications. Of interest, while infection and/or ero-
sion occurred at a median of 2 years from implanta-
tion, device malfunctions and urethral atrophy oc-
curred at 4.5 and 4.7 years respectively. Overall de-
vice survival was 74% at 5 years, 57% at 10 years 
and 41% at 15 years.  In Lai’s report regarding Bay-
lor’s 13-year experience with the AUS, only 6% of de-
vices failed mechanically, at an average of 68.1 
months, with 75% of patients requiring no revisions at 
5 years.301 In a review, Venn et al404 analyzed the out-
come of 100 patients in whom an artificial urinary 
sphincter was implanted for more than 10 years. 
Thirty-six percent of them still had the original sphinc-
ter and were continent at a median follow-up of 11 
years. The bulbar cuff, as compared to the bladder 
neck cuff provided a slightly better continence rate at 
10 years, 92% and 84%, respectively. The lowest ero-
sion rate occurred with the bulbar cuff. Device sur-
vival rate at 10 years was 66% in this series. 

In a series of 30 boys with spina bifida, Spiess et al941 
found that the mean lifetime of all AUS was 4.7 years, 
with no statistically significant difference in sphincter 
survival of those inserted at the bladder neck or the 
bulbous urethra (4.6 and 4.9 years, respectively). A 
sharp drop was observed at 100 months with only 
8.3% of the original sphincters still functioning beyond 
this point.  In a series of 35 adolescents with neuro-
genic voiding dysfunction implanted with a bladder 
neck cuff over an 11-year period, with an average fol-
low-up of 5.5 years, Lopez Pereira and colleagues942 
reported a 20% mechanical failure rate, with an addi-
tional 8.6% erosion rate. Adverse bladder storage 
changes developed in 31.8% of patients, who thereby 
required augmentation cystoplasty. However, conti-
nence was achieved in 91.4% of individuals.  

In other series, the global long-term (2-7.7 years) re-
vision rate, for any of the above mentioned reasons 
varies between 16% and 
50%.300,301,305,306,530,937,942,943,944 In Webster’s report937 
of 554 implantations over a 10 year period, (i.e. per-
formed since the 1987 device modification), he noted 
a mechanical failure rate of only 31/554 (5.5%).  Non-
mechanical failure was 88/554 (15.9%), with 63/554 
(11.3%) due to urethral atrophy and 21/554 (3.8%) 
due to cuff erosion. Of the total cohort, 21.4% re-
quired at least one revision surgery, while 78.6% did 
not. Of those 119 patients who required re-operation, 
76.5% required no further treatment (similar to the 
non-reoperation rate of the initial cohort), while 23.5% 
required reoperation for either mechanical or non-me-
chanical failure.  Five-year durability of the AUS fol-
lowing primary or secondary implantation was com-
parable, with 80% for the initial placement, and 88% 
following revision surgery. Similarly, continence sta-
tus was comparable, with 90% of primary and 82% of 
revision patients achieving 0-1 pad per day urinary 
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control. Patients with neurological deficits seem to 
have a higher risk of non-mechanical failure and the 
overall continence rate may be lower compared to 
non-neurologic patients.36 

6. DIAGNOSTIC PROCEDURES 
RELATED TO ARTIFICIAL 

SPHINCTER FAILURE 

The diagnostic evaluation of urinary incontinence af-
ter the placement of the AUS is critical for the man-
agement of these patients and represents a challeng-
ing problem for the urologist. Several diagnostic and 
management algorithms have been proposed, some 

relatively simple, others more com-
plex.36,37,315,326,915,945,946,947 Figure 16 shows an algo-
rithm to investigate and treat the male patient with a 
previously functioning AUS who becomes inconti-
nent. 

Physical examination should exclude infection at the 
site of the cuff or the scrotal/labial pump (Figure 12). 
Difficulty compressing the pump suggests tube 
kinking, fluid loss or an obstructed system. Loss of 
fluid from the system may be suggested by the ina-
bility of the pump to appropriately refill after just one 
or two pumps. 

 

 

 

 
Figure 16. Algorithm for managing incontinence after AUS placement. 

 

Plain x-rays of the abdomen or pelvis may show fluid 
loss, if the system is filled with radio-opaque solution 

(Figure 1).948,949 Alternatively, sonography of the 
pressure-regulating balloon may show volume loss.  

 
Figure 17. Endoscopic view of AUS 
cuff erosion into the bulbar urethra. 
The patient had undergone radiation 
after radical prostatectomy. 
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One should obtain a baseline plain film after the pri-
mary implantation when the reservoir is filled with 
contrast for subsequent comparison as radiographic 
imaging of the balloon does not detect changes until 
at least 50% of its volume has been lost.19 Cystome-
trogram or complete urodynamic study will demon-
strate changes in bladder behavior following inser-
tion of the AUS as described above. Cystourethrog-
raphy could eventually demonstrate a urethral diver-
ticulum at the site of previous cuff erosion. Endos-
copy will disclose any urethral erosion by the cuff 
(Figure 17). 

Retrograde perfusion sphincterometry has been re-
ported to diagnose the loss of compressive pressure 
in the urethral cuff.36 It is done by infusing fluid from 
the meatus in a retrograde fashion. If the AUS cuff is 
functional and the urethral is intact there should be no 
flow when the pressure equals the AUS balloon pres-
sure. This technique can also be used intraopera-
tively to detect urethral perforation or to adjust the 
pressure in the cuff.39 This seems to be more useful 
than urethral pressure profile (UPP).911 

Intraoperative electrical testing, using an ohmme-
ter927,946 has been described to determine the site of 
fluid leakage from the system. This test can be helpful 
to avoid the need to change the whole system, and 
allow replacement of the leaking part only. 

7. TREATMENT OF COMPLICATIONS 

As outlined above, complications directly related to 
the presence of an artificial sphincter can be divided 
into categories: de novo OAB (which is typically 
treated as OAB), urethral atrophy, and/or mechanical 
failure, and infection/erosion. The treatment of these 
complications deserves comment, as no detailed ref-
erence can be found in the literature dealing exclu-
sively with the treatment of these complications. 

7.1. Atrophy of the Urethra 
Several therapeutic options exist to increase cuff 
pressure around the atrophied urethral wall: changing 
the balloon reservoir for one generating a higher 
pressure, downsizing the cuff diameter,19,293,950 or in-
creasing the amount of fluid in the system. The most 
common approach is downsizing of the cuff.  Another 
approach consists of placing the cuff inside the cor-
poral tunica albuginea on the dorsal aspect of the ure-
thra (transcorporal). This allows a safer mobilization 
of the urethra and adds some supplementary bulk of 
tissue to the circumference of the urethra, possibly 
decreasing the risk of erosion.311 It should be men-
tioned, however, that there is a risk of reduced erec-
tile function with this technique. The vast majority of 
such patients, however, already suffer from erectile 
dysfunction secondary to the prostate cancer sur-
gery. As noted earlier however, some have recently 
suggested that “urethral atrophy” does not exist and 
that mechanical or material failure is typically respon-
sible and that the cuff and balloon can simply be re-
placed with same size new components.924 

The implantation of a double-cuff AMS 800 had a re-
cent period of increased popularity, as a primary pro-
cedure in the totally or severely incontinent pa-
tient,312,951 or as a salvage procedure, by adding a 
second cuff, following a failed previous single 
cuff.309,310,951 Dimarco’s group310 and others showed 
excellent results with the addition of a second urethral 
cuff, placed 1.5–2.0 cm distal to the primary cuff. Al-
ternatively, a circumurethral wrap of an organic bulk-
ing agent can be fitted, with subsequent placement of 
the AUS cuff over the biologic external urethral bulk-
ing agent.952 Early reports of primary double cuff 
placement did not demonstrate any significant in-
crease in morbidity with the double-cuff as compared 
with the single cuff system,312 and patient satisfaction 
also seemed to be higher313 at an average of 21-41 
months follow-up. However, O’Connor et al314 re-
cently described their experience with 28 men who 
underwent double cuff placement and in contrast to 
an earlier report of theirs found that with longer follow-
up there was no difference in continence between 
those men and 28 who underwent single cuff place-
ment. In addition, those who had the double cuff 
placement had a higher rate of additional surgery due 
to complications. 

7.2. Mechanical Failure 
As with any device, mechanical failure can be ex-
pected with the AMS 800 AUS. The treatment in-
volves surgical replacement of the failed component 
and reconnecting the system. A recent study from the 
Mayo Clinic that retrospectively reviewed outcomes 
after repair of mechanical failures noted a trend to-
ward better outcomes if all components were re-
placed instead of just one component.953 

7.3. Infection 
With overt infection the accepted treatment option is 
removal of the entire device and appropriate antibiot-
ics. A second system can be subsequently implanted 
with equally good results.931 It has been demon-
strated, however, that immediate reimplantation of a 
new AUS after the removal of an infected, but not 
eroded, prosthesis can be a valid option with an over-
all success rate of 87%.954 In 2007, AMS introduced 
the InhibiZone-coated AUS (rifampin and minocycline 
hydrochloride coating).955 

7.4. Erosion 
In cases of urethral cuff erosion, the “offending” cuff 
must be removed. No clear guidelines exist whether 
removal of the whole system is superior to removal of 
the cuff alone but it must be assessed for infection 
and if present the whole device should be removed.   
However, the recent AUS consensus panel noted that 
the decision to remove the cuff exclusively or the en-
tire device mainly depends on time since AUS implan-
tation886.  In the immediate perioperative period (less 
than 6 weeks) erosion is likely the result of an unrec-
ognized urethral injury and should be treated with cuff 
removal and preservation of the remaining AUS por-
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tions (in the absence of evidence of infection).  Ero-
sions occurring years after surgery may require re-
moval of the entire device.  When in doubt remove 
the entire system.  Reservoir erosion into the bladder 
has been described following the removal of an 
eroded cuff.938 Furthermore, it is not known whether 
it is necessary to allow the urethra to heal over a cath-
eter vs surgical repair. Most though would leave a 
catheter to allow for spontaneous healing, with the 
expectation that the urethra will re-epithelialize and 
permit reimplantation in the future956 (after 4-6 
months). 

Some have advocated for the placement of sutures to 
re-approximate the urethral defect, known as abbre-
viated urethroplasty (AU), to facilitate healing and ex-
pedite time-to-reimplantation. Another option, espe-
cially for erosions accounting for >50% of the urethral 
circumference, would be to excise the cuff capsule, 
circumferentially dissect and debride the urethral 
margins, and mobilize the urethra sufficiently to allow 
a more formal primary urethral anastomosis.  

Rozanski et al957 compared stricture outcomes in pa-
tients with artificial urinary sphincter cuff erosion man-
aged with and without synchronous urethral repair. In 
this retrospective case-series two cohorts of patients 
were evaluated (in situ urethroplasty vs Foley cathe-
ter only). Of the 26 artificial urinary sphincter cuff ero-
sion cases identified 13 underwent in situ urethro-
plasty while 13 did not. Mean patient age was 73 
years (range 61 to 83) with a mean follow-up of 24 
months (range 8 to 69). The rate of urethral stricture 
formation after AUS explantation was significantly re-
duced among patients treated with in situ urethro-
plasty (5 of 13, 38%) compared to those treated with 
Foley catheter only (11 of 13, 85%; P=0.047). Per-
forming the ISU did not add significant time to the op-
erative procedure, averaging an additional 8 minutes. 
Those treated with in situ urethroplasty underwent 
significantly fewer procedures per patient before AUS 
replacement (0.4 vs 1.1, P=0.004) and had a much 
higher rate of eventually undergoing secondary AUS 
implantation (7 of 13, 54% vs 2 of 13, 15%, P=0.04) 
compared to those with cuff erosion treated with Fo-
ley catheter only. 

Chertack et al956 retrospectively reviewed medical 
records of patients treated for AUS cuff erosion from 
2005 to 2015, in order to examine cuff erosion in-
traoperative management methods: Foley catheter 
placement, AU, or mobilization with primary urethral 
anastomosis (PA). Seventy-five patients with a me-
dian age of 77 years (72-83) were treated for AUS 
cuff erosion. Fifty-two underwent Foley placement, 8 
AU, and 15 PA. Mean follow-up was 13 months (0-
106). Severe erosions were more common in the PA 
group than Foley or AU (100% vs 37%, 100% vs 38%, 
P <0.001, P <0.001, respectively). Severe erosions 
treated with Foley were more likely to develop stric-
tures than mild erosions (38% vs 5%, P =0.009). Tan-
dem cuff patients treated with Foley were more likely 
to develop diverticuli than single cuff patients (33% vs 
4%, P =0.016). There was no difference in probability 

of reimplantation between PA and Foley or AU (63% 
vs 69%, 63% vs 33%, P =0.748, P =0.438, respec-
tively). The authors concluded that Foley catheter 
placement alone may represent suboptimal manage-
ment for severe or tandem cuff erosions due to in-
creased risk of urethral complications. 

When a new cuff is placed it should be positioned 
away from the erosion site. In case of the erosion of 
one of the cuffs of a double system, removal of the 
eroded cuff can successfully convert a double-cuff 
system into a single cuff system.958  It is logical that 
intraoperative urethral injury may precipitate cuff ero-
sion if unrecognized.  

8. CONSENSUS PROTOCOL FOR 
FOLLOW-UP OF PATIENTS WITH 

AUS  

As complications continue to be seen for years after 
implantation,959 it is helpful to have a structured fol-
low-up plan. However, no standardized recommen-
dations are available in the literature. 

The consensus upon which the members of this sub-
committee agreed and which is based on expert opin-
ion are as follows: 

1. Perioperative antibiotics are required. Gram-
negative enteric bacteria and Staphylococcus 
epidermidis are the most frequently encountered 
microorganisms in infected prostheses.934 

2. Hospital stay should be kept to a minimum. 

3. Urethral catheters, if inserted, should be with-
drawn within 24-48 hours of surgery and the pre-
operative continence management continued.   

4. The sphincter device should not be activated im-
mediately postoperatively. In the initial period 
scrotal edema and pain prevent patients from 
manipulating the pump adequately. When this 
subsides after 6 to 8 weeks the device can be 
activated. Earlier activation may also be accepta-
ble. Irradiated patients may benefit from a longer 
initial period of deactivation, up to 12 weeks.293 
Nocturnal deactivation should be considered in 
high-risk patients.292 

5. Patients are reviewed at 3 months after activa-
tion to ensure the device is working adequately, 
and to assess the continence status. 

6. Long-term follow-up is different in the neurogenic 
and non-neurogenic patient. With time, alteration 
in bladder function may jeopardize renal function 
in the neurogenic patients. Periodic ultrasound 
evaluation of the upper urinary tract and monitor-
ing of renal function is essential. If changes oc-
cur, urodynamic studies should be done to rule 
out detrusor overactivity. In non-neurogenic pa-
tients, periodic ultrasound may not be necessary. 



 

 
1696  COMMITTEE 13. SURGICAL TREATMENT OF URINARY INCONTINENCE IN MEN 
 

7. When changes in the continence status occur di-
agnostic procedures depicted in the algorithm 
above should be considered. 

(Level of evidence 3; Grade of recommendation 
B-C) 

 NEW TECHNOLOGIES UNDER 
EVALUATION 

1. INTRODUCTION  

Despite the advances in the surgical treatment of 
post-prostatectomy urinary incontinence (PPUI), both 
slings and AUSs present limitations in terms of conti-
nence rates and complications. With greater than 
100,000 prostatectomies performed per year with a 
9%-20% risk of incontinence, treatment of PPUI is a 
common clinical issue treated by urologists.154 This 
context makes room for the development of new tech-
nologies and minimally invasive treatments. 

2. FLOWSECURE ARTIFICIAL 
URINARY SPHINCTER (RBM-MED)  

The FlowSecure sphincter is a one-piece device con-
sisting of two reservoirs placed in the paravesical 
space, a cuff that surrounds the urethra and a control 
pump with a self-sealant port that is placed in pa-
tient’s scrotum.960 The first reservoir regulates resting 
urethral pressure and the other relieves stress pres-
sure during intra-abdominal pressure increases. Dur-
ing bladder filling the cuff connected to the pressure 
regulating reservoir compresses and keeps the 
bulbar urethra closed at low pressure. When intra-ab-
dominal pressure rises, the stress relief balloon pro-
vides additional pressure to the cuff to maintain con-
tinence. The fluid pressure of the prosthesis may be 
regulated by injecting or removing saline through the 
self-sealing port in the control pump located in pa-
tient’s scrotum.961 When the patient wishes to void he 
presses the control pump until good urine flow is 
achieved. In this way the cuff is emptied by moving 
the fluid from it to the pressure-regulating reservoir. 
Redirection of fluid flow and filling of the cuff is recov-
ered when compression of the pump stops.962 

The main potential advantage of the FlowSecure de-
vice over the AUS 800 is that while the latter exerts a 
high constant pressure over the urethra, the former 
causes an immediate increase in urethral pressure 
only when there is a sudden increase of intra-ab-
dominal pressure. During the deactivated portion the 
cuff returns to the initial low pressure below 40 cm 
H2O, thus minimizing the danger of urethral ero-
sion.962 

Knight et al963 presented 9 male patients (mean age 
66 years) with urodynamically proven stress inconti-

nence due to radical prostatectomy treated with im-
plantation of a FlowSecure sphincter. All 9 patients 
tolerated the surgery well and were followed for a 
minimum of 12 months. Two devices had to be re-
moved for technical reasons. The mean leakage for 
the remaining 7 patients prior to implantation was 771 
± 658mL. Twelve months later the leakage was sta-
tistically significantly reduced to 52 ± 36 mL (P<0.05). 
Four patients required additional pressurization to 
achieve optimal continence and this was carried out 
without complication. Despite the promising initial re-
sults, no further series on PPUI are available in 
PUBMED. Further studies will be needed to define 
the role of this sphincter in the management of PPUI. 

3. PERIURETHRAL CONSTRICTOR 
(SILIMED)  

The Periurethral Constrictor (PUC) is a one-piece, 
two-part device. It is comprised of a constrictor cuff 
linked by a 20 cm silicone tube to a valve, which is 
elliptical in shape and rounded at the edges. The de-
vice was initially designed for implantation in pediatric 
patients to treat deficient bladder sphincter func-
tion.964 The adjustable cuff is implanted around the 
bladder neck through a suprapubic approach or 
around the bulbous urethra through a perineal inci-
sion.965 The injection port is designed to accommo-
date a fine Huber needle and is usually placed in the 
scrotum or in the subcutaneous space between the 
umbilicus and the iliac crest.966 

A limited number of studies with controversial results 
have been published for using PUC in PPUI.962 
Schiavini et al967 retrospectively studied 30 patients 
with PPUI and PUC implantation for a mean period of 
42.1 months. In 22 patients (73.3%) the devices were 
functional leading to a good continence result. In 7 
patients the device was removed due to cuff erosion 
(4 patients, 13.3%) and infection (3 patients, 10%).967 
In contrast, Lima et al. presented a study with 82.2-
month mean follow-up, reporting higher device re-
moval rates (41.07%).965 The average time between 
surgery and the removal of the device was 22.6 
months. The most frequent complication was urethral 
erosion in 15 patients (26.78%). Other complications 
were mechanical malfunction in 5 (8.9%), urethral 
stenosis in 3 (5.3%), urinary fistula in 2 (3.5%), infec-
tion in 2 (3.5%), and persistent urinary tract infection 
in 1 case (1.7%). In patients in whom the device was 
not removed (33), only 17 from them were continent, 
representing an overall success rate of 30.35%. 

While the simplicity and the low cost of the PUC are 
attractive the high removal rates and mechanical mal-
functions are concerning. 
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4. ZSI 375 (ZEPHYR SURGICAL 
IMPLANTS)  

The ZSI 375 device is a one-piece device consisting 
of an adjustable cuff, which is connected by a tube to 
a pump and a pressure-regulating tank. It has no ab-
dominal reservoir.  In comparison to the AUS 800, po-
tential advantages of the ZSI 375 include reduced 
cost, and the possibility to re-adjust the cuff in case of 
postoperative urethral atrophy.962 However, there are 
only a limited number of publications in the literature, 
showing conflicting results.  

Staerman et al968 evaluated 36 patients who under-
went a ZSI 375 device placement. The median 
(range) follow-up was 15.4 (6-28) months. No patient 
experienced bladder overactivity, chronic urinary re-
tention, or any other adverse effect after device acti-
vation. Complications leading to device removal 
arose in four patients (one case of erosion, three 
cases of infection). Social continence (0 or 1 pad/day) 
was achieved in 28/36 patients (78%) at 3 months 
and 26/36 patients (73%) at 6 months after device ac-
tivation. 

Kretschmer et al969 conducted a multicentric study to 
assess ZSI 375 efficacy and safety in men with stress 
urinary incontinence. Thirteen patients underwent im-
plantation of a ZSI375 artificial urinary sphincter de-
vice between 2010 and 2012 in three international 
continence referral centers.  There were no intraoper-
ative complications. Median follow-up was 13.5 
months. In this period, four device defects (30.8 %) 
were observed, being the main cause for device ex-
plantation, followed by device infection (15.4 %), non-
resolvable pain (7.7 %), and urethral erosion (7.7 %). 
Overall explantation rate was 61.5 %. Mean time-to-
explantation was 279 ± 308 days. There was no sig-
nificant influence of previous irradiation or previous 
invasive incontinence therapy (P=0.587 and 
P=0.685, respectively). Mean daily pad usage de-
creased from 5.8 ± 1.5 to 2.4 ± 2.1 (P=0.066). One 
patient (7.7 %) did not use any pads. Social conti-
nence (0-1 pads) was achieved in only 15.4 % of the 
patients. 

5. AROYO (GT UROLOGICAL)  

The Aroyo device is a one-piece pre-connected sys-
tem consisting of a reservoir, one-push pump and 
urethral cuff. The purported advantage of this device 
is the ability of the patient to push on the reservoir 
located in the lower quadrant to briefly increase the 
cuff pressure during periods of increased abdominal 
pressure (a cough for instance) and the fact that the 
pump only requires one push to open the cuff. A sin-
gle study reporting positive 12 month outcomes was 
presented at the ICS in 2015 but further published 
data is lacking.970  

6. STEM CELLS 

The use of stem cells has been studied and reported 
on in females with SUI. Currently two studies looking 
at stem cells for male stress urinary incontinence are 
listed on clinical trials.org as enrolling patients.971  
One evaluating the use of autologous adipose de-
rived regenerative cells is run through Nagoya Uni-
versity and the other utilizing autologous muscle de-
rived stem cells is run through Cook Myosite. While 
the use of stem cells to treat male SUI is very attrac-
tive data collection and evaluation are still in the early 
stages and its use outside of a clinical trial cannot be 
recommended 

SUMMARY AND 
RECOMMENDATIONS 

1. EVALUATION AND 
RECOMMENDATIONS 

Prior to surgery a basic patient evaluation should con-
sist of history and physical examination, urinalysis 
and postvoid residual urine (Level of evidence 1-2: 
grade of recommendation A).  

• A voiding diary is helpful to assess functional ca-
pacity and total urine output (Level of evidence 
1-2: grade of recommendation B). 

• Pad tests may be useful in certain circum-
stances, and pad use is a reasonable surrogate 
to a formal pad test (Level of evidence 1-2: grade 
of recommendation B). 

• Blood testing (BUN, creatinine, glucose) is rec-
ommended if compromised renal function is sus-
pected or if polyuria or poor urinary concentrating 
ability (in the absence of diuretics) is docu-
mented. 

• Additional testing with cystoscopy and appropri-
ate imaging of the urinary tract may be helpful in 
guiding therapy—this depends to a large degree 
on the type of incontinence and presumed etiol-
ogy (Level of evidence 2-3: grade of recommen-
dation B). 

• The committee felt that multichannel urodynam-
ics may be useful prior to invasive treatment for 
incontinence—this depends to a large degree on 
the type of incontinence and presumed etiology. 
(Level of evidence 3: grade of recommendation 
C). 

2. INCONTINENCE POST-
PROSTATECTOMY FOR BPO AND 
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POST-RADICAL PROSTATECTOMY 
FOR PROSTATE CANCER 

After a period of conservative management, which 
may also be from 6 to 12 months (Level of evidence 
3-4; grade of recommendation C): 

• The artificial sphincter is the preferred treatment 
for properly selected men who have moderate to 
severe stress incontinence after radical prosta-
tectomy as the AUS has the longest record of 
safety and efficacy. The AUS has been reported 
extensively for men with moderate to severe in-
continence. This recommendation relates exclu-
sively to the AMS 800 as newer devices do not 
have a similar evidence base or experience 
(Level of evidence 2-3; grade of recommenda-
tion A) 

• Male slings are an acceptable surgical approach 
with several-year follow-up data supporting their 
safety and efficacy in men with mild to moderate 
degrees of PPI. They are associated with a low 
rate of urinary retention, infection, urethral ero-
sion, and urethral atrophy. Adjustable slings do 
not appear to have a higher efficacy rate com-
pared to nonadjustable slings, but have a higher 
reoperation rate, typically for readjustment. 
(Level of evidence 3; grade of recommendation 
C) 

• Injectable agents, even with repeated applica-
tion, have a low success rate and should only be 
used when more effective treatments are contra-
indicated. (Level of evidence 3-4; grade of rec-
ommendation C) 

• Adjustable balloons have also been reported, but 
have a higher complication rate than do the AUS 
and male sling. (Level of evidence 3; grade of 
recommendation D [no recommendation possi-
ble]) 

3. INCONTINENCE FOLLOWING 
EXTERNAL BEAM RADIATION FOR 

PROSTATE CANCER 

• The artificial sphincter is most widely used but 
radiation may be a risk factor for an increase in 
complications. (Level of evidence 3; grade of rec-
ommendation B). 

• Slings generally have a lower success rate in ra-
diated patients that in those who have not had 
radiation. (Level of evidence 3; grade of recom-
mendation C). 

• Injectable agents have a low level of efficacy in 
radiated patients. (Level of evidence 3-4; grade 
of recommendation C). 

• Adjustable balloons have not been successful in 
the setting of radiation. (Level of evidence 3; 
grade of recommendation D [not recom-
mended]). 

4. INCONTINENCE FOLLOWING 
PELVIC TRAUMA 

(Level of evidence 3; grade of recommendation C) 

• The artificial sphincter is the most widely re-
ported treatment for stress incontinence. 

• Lower urinary tract reconstruction has also been 
reported on a limited basis. 

5. INCONTINENCE IN ADULT 
EPISPADIAS EXSTROPHY COMPLEX 

(Level of evidence 3; grade of recommendation C) 

• Patients should be treated in centers of excel-
lence. 

• A patient-directed approach should be taken. 

• The choices include further bladder neck recon-
structive surgery, bladder neck closure, bladder 
reconstruction or diversion with bowel. 

• The data are insufficient for a specific recom-
mendation. 

• Arrangements for transition between the pediat-
ric and adult urologist are standard. 

• Life-long follow-up is mandatory in terms of con-
tinence, voiding efficiency, upper tract status and 
other urological complications 

6. REFRACTORY URGENCY 
INCONTINENCE AND DETRUSOR 

OVERACTIVITY 

• BTx-A bladder injection is a minimally invasive 
treatment with efficacy (Level of evidence 1-2; 
grade of recommendation B). This is valid for 
onabotulinumtoxin—other types of BTx do not 
have the same recommendation grade. 

• Neurostimulation is a treatment option with suc-
cess reported in a limited number of male pa-
tients. (Level of evidence 3; grade of recommen-
dation C). 

• Detrusor myectomy has also been reported to be 
successful in a small number of male patients. 
(Level of evidence 3; grade of recommendation 
C). 
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• Augmentation cystoplasty is potentially success-
ful in controlling symptoms but may be associ-
ated with unacceptable side effects. (Level of ev-
idence 3; grade of recommendation C). 

• Urinary diversion is a final option. (Level of evi-
dence 3; grade of recommendation C). 

7. REDUCED CAPACITY BLADDER 

• Augmentation cystoplasty has been successful 
in most etiologies. Efficacy post-radiation ther-
apy is diminished. (Level of evidence 3; grade of 
recommendation B). 

8. URETHROCUTANEOUS FISTULA 
AND RECTOURETHRAL FISTULA 

(Level of evidence 3; grade of recommendation C) 

• Etiologic factors causing acquired urethrocuta-
neous or rectourethral fistulae are demonstrated 
by clinical, endoscopic and imaging studies. 

• Similar diagnostic maneuvers are applied to rec-
tourethral fistulae. 

• In those that do not close with or without tempo-
rary urinary and fecal diversion, surgical recon-
struction may be carried out. 

• Surgical reconstruction is applied in the majority 
of cases.  

• Most repairs are now carried out after prior uri-
nary and fecal diversion. 

• Various techniques are available for closure and 
can be done in collaboration with colorectal sur-
geons. 

9. MANAGEMENT OF AUS 
COMPLICATIONS 

(Level of evidence 3; grade of recommendation C). 

• Incontinence may result from alteration in blad-
der function, urethral atrophy, or mechanical 
malfunction. 

• Reported therapeutic options for recurrent uri-
nary incontinence due to urethral atrophy in-
clude: change of the balloon reservoir for one 
generating a higher pressure; downsizing the 
cuff diameter (most common approach); increas-
ing the amount of fluid in the system; transcor-
poral cuff and double-cuff implantation. 

• Infection and/or erosion of components demand 
surgical removal of all or part of the prosthesis. 

• Compared to primary urethral repair techniques, 
a Foley catheter placement alone may represent 

suboptimal management for severe cuff erosions 
due to increased risk of urethral complications. 
(Level of evidence 3, grade of recommendation 
C) 

• A treatment algorithm is presented to aid in man-
agement and in follow-up of patients. 

10. NEW TECHNOLOGIES 

(Level of evidence C; grade of recommendation D) 

• Tissue engineering has not been widely reported 
in males apart from isolated reports of prelimi-
nary studies.972,973 

• A number of new artificial sphincter devices and 
slings are being evaluated. Currently, the num-
ber of patients implanted and studies with re-
ported outcomes are relatively limited. 

11. FUTURE RESEARCH 
DIRECTIONS 

• New technologies, bulking agents, sling materi-
als, prosthetic devices, neuromodulation devices 
and stem cell based treatments should continue 
to be evaluated. 

• Accuracy in reporting of early research results is 
mandatory. 

• Mechanisms of post-prostatectomy incontinence 
and device effects need further research. 

12. CLINICAL TRIAL 
RECOMMENDATIONS 

• Randomized trials (AUS and slings). 

• Standardized workup and outcome measures in-
cluding QoL. 

• Evaluation of the role of urodynamics in the 
workup. 

• Complete reporting of complications and out-
comes especially those of slings. 

• Standardized definitions of cure/improved/un-
changed/worse. 

• Reporting of procedures to salvage failures. 

• Long-term results (>2 years). 

• Standardized reporting of durability. 
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INTRODUCTION 

This chapter aims to update the current status of sur-
gical interventions for non-neurogenic female urinary 
incontinence. The structure is built upon prior ver-
sions, most notably that of the ICI-5 published in 2013 

with the intent of building upon these previously pre-
sented data.  However, given the vast amount of lit-
erature produced since the prior version, it was nec-
essary to re-organise and expand several sections.   
This includes most notably considerable new data on 
MUSs including PVS, TO and single-incision mini-
slings.   In addition, new portions of the chapter in-
clude a section on the biology of implanted mesh as 
well as a section on evolving stem cell technology for 
urinary incontinence.  Finally, as compared to prior 
editions of this book, there are several áreas which 
are not covered in this chapter including urinary in-
continence in association with vaginal prolapse, and 
chemodenervation, which will be covered by the other 
committees elsewhere.   

Within the reorganisation of the chapter, we have 
tried to minimise overlap between comparative 
studies as much as possible.  For example, studies 
comparing a particular MUS vs. colposuspension 
will be covered in only one of the two relevant 
sections.   

SEARCH STRATEGY 

As in prior editions, material collected for this chapter 
was based on electronic searches of Medline, 
EMBASE, Cinhai, Cochrane Database of Systematic 
Reviews and the NICE website (www.nice.org.uk). 
Review papers were separately searched for addi-
tional references not identified by initial database 
search. Individual   papers were then selected from 
these searches for inclusion where appropriate.   
Search terms included; Urinary incontinence: stress, 
mixed, urge. Surgical procedures: minimally invasive, 
urogenital, gynaecologic, urologic, urinary tract, ure-
thra, vagina, bladder, colposuspension,   vesicosus-
pension, urethrosuspension, vesicourethral or ure-
throvesical, colpourethrosuspension, Burch, Mar-
shall-Marchetti-Krantz,   paravaginal,  obturator,  sur-
gical mesh, sling, bladder, surgical or     synthetic, or 
biological or autologous; tape; urethra,  suburethra, 
midurethra, transurethral, pubovesical; PVS, su-
prapubic; pubovaginal, implant; Prostheses: injec-
tions; bulking agents, Contigen; collagen; Macro-
plastique, silicones; microparticulate; hyaluronic acid; 
carbon  particles; polytetrafluoroethylene; biocompat-
ible   materials; urinary sphincter, artificial. 

Finally, we would like to acknowledge the overwhelm-
ing and tremendous contributions to this chapter 
made by the previous authors and committee mem-
bers from prior Consultations.   This includes the prior 
Chairs, Dr. ARB Smith and Dr. Roger Dmochowski.   
Our chapter is built on the framework set up by these 
individuals and truly represents an update to their 
prior work.  Furthermore, we would like to 
acknowledge the considerable contribution from Dr. 
Sandy Hanssens in this version with her assistance 
to Dr. Cosson.  And finally we are extremely grateful 
to Edna Johnson from Vanderbilt University for her 
editorial support. 
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 SURGERY FOR STRESS 
URINARY INCONTINENCE (SUI) 

1. TRADITIONAL BN PVS 

The term ‘traditional’ sling procedure is used here, in 
line with the terminology used in the latest Cochrane 
review.  (1). This is done mainly to distinguish open 
sling procedures typically placed at the region of the 
BN from the newer, minimally-invasive mid-urethral 
sling (MUS) procedures. 

Sling procedures came into prominence in the begin-
ning of the twentieth century. In 1907, Giordano 
transplanted gracilis muscle and wrapped it around 
the urethra. (2) Soon thereafter, other autologous tis-
sues were transplanted under the urethra to provide 
additional support: pyramidalis (3), levator ani (4) rec-
tus fascia (5), gracili (6), and bulbocavernosus mus-
cle and fat (7). While it was hypothesised that the 
transplanted muscle would retain its contractility and 
act as a neo-sphincter to prevent SUI, these proce-
dures compressed the urethra and created a partial 
obstruction. Complications such as recurrent cystitis, 
urethral sloughing, and fistula formation were com-
mon.  

The modern autologous BN sling exists mainly due to 
the work of Aldridge in the 1940’s and McGuire and 
Blaivas in the latter part of the twentieth century. (8-
10). The majority of sling procedures have involved a 
combined abdominovaginal approach, although pro-
cedures performed entirely through an abdominal ap-
proach have been described.  Suspended, or ‘sling 
on a string,’ methods have been developed in order 
to reduce the invasiveness of the procedure and to 
shorten the length of sling material. These shorter 
slings can also vary in length, from a “mid-length” 
sling (7-10 cm) to a “patch” sling (2-4 cm).  

Sling materials may vary widely and individual mate-
rials may have only a modest effect on initial sling ef-
ficacy. However, these materials may considerably 
affect the long-term outcomes of sling procedures 
and the associated morbidity. Materials may be syn-
thetic or biological. The latter include autografts (rec-
tus fascia, fascia lata, round ligament, dermis, vaginal 
skin, and gracilis, levator, and rectus muscles), ca-
daveric allografts (fascia, dermis, and dura mater) 
and xenografts (porcine dermis and small intestinal 
submucosa, bovine dermis and pericardium).  

Case series of autologous rectus fascial (ARF) sling 
were reviewed within the systematic review underly-
ing the NICE guidance on urinary incontinence (11). 
Ten series including a total of 1280 women were con-
sidered. Studies had a mean or median duration of 
follow-up between 2 and 6 years, while in three stud-
ies, maximum follow-up of 15–18 years was reported. 

Subjective cure rates ranged from 26% to 97% (me-
dian 81%); and cure rates that included subjective 
and objective elements ranged from 73% to 95%. 
Satisfaction rates of 86% and 92% were reported in 
two studies.  

Synthetic sling materials have included nylon, poly-
ethylene, polytetrafluoroethylene (PTFE), and poly-
propylene. On occasion, these polymers have been 
‘enhanced’ with synthetic or biologic coatings in an 
attempt to improve their biocompatibility profiles. 
Many additional variations in the technique have 
been described, although it is unclear which of these 
materially influence the outcome. Several case series 
have published outcomes for polyethylene and PTFE 
slings with short-term cure rates typically in the 80-
90% range, depending on the definition [EL=3]. Vag-
inal extrusion, erosion, and sinus formation have 
been common with these materials. Since the last ICI 
review, there have been no additional studies pub-
lished and the number of these procedures per-
formed appears to have waned significantly in favour 
of polypropylene MUSs. 

Both biological and synthetic sling materials are ana-
lysed together in the Cochrane review (1) although 
these were considered separately in the systematic 
review underlying the NICE guidance on urinary in-
continence (1, 11). NICE has also published a non-
systematic review of biological sling procedures un-
der its Interventional Procedures Programme. The 
most recent Cochrane review included 26 RCTs (or 
quasi-randomised trials) describing a total of 2284 
women of whom 1287 were treated with suburethral 
traditional slings. Sample sizes ranged from 20 to 655 
participants. Several of these trials are available only 
in abstract form and remain unpublished as full peer-
reviewed papers. Owing to the significant number of 
recent meeting abstracts about surgical procedures 
for SUI, only full publications have been included in 
this section. Additional studies have been included, 
but the majority of these are case-control studies and 
have a relatively low level of evidence. 

There have been no new trials identified that com-
pared traditional suburethral sling operation vs. no 
treatment, sham operation, conservative manage-
ment (e.g. pelvic floor muscle training, electrical stim-
ulation, cones, biofeedback), anterior repair, laparo-
scopic PVS suspension, or artificial urinary sphincter 
(1).  One trial studied patients with MUI treated with 
oxybutynin or surgery (12). The type of surgery was 
selected according to Valsalva leak point pressure 
(VLPP): those women withVLPP <90 cm H2O under-
went an ARF sling and those with VLPP ≥ 90cm H2O 
underwent Burch colposuspension. The results for 
the surgically managed group were similar to that in 
the subgroup having slings. The study suggested that 
slings are significantly better for treating MUI than ox-
ybutynin. 



 

 
1746  COMMITTEE 14. SURGERY FOR URINARY INCONTINENCE IN WOMEN 
 

Table 1: Traditional sling vs Bulking Agent 

Author RCT Sling Comparat
or 

N/N 
(n1/n2) 

F/U Cure; 
effect size 

EL Comments 

Corcos, 2005 Yes ARF/Col
po 

Bovine 
Collagen 

133 
   
(67:66) 

12m 55% vs. 52
% ; p=ns 
72% vs. 53
% ; p=sig 

2 ITT analysis 
Per protocol with 
verbal update 
No differenceces 
in SF-36, IIQ 

Maher, 2005 Yes ARF Macro- 
plastique 

45/45 
  (22:23) 

6m 81% vs. 9%;
 p=sig 

2 Silicone injected tr
ansurethrally 

Results were analysed in terms of patient reported in-
continence within one year (RR 0.18; 95% CI 0.08 to 
0.43). Fewer women had persistent UUI after the 
sling surgery (RR 0.29; 95% CI 0.09 to 0.94). 

1.1. Traditional sling vs. bulking agent 
(Table 1) 

One RCT compared ARF sling with a single periure-
thral silicone injection in women with SUI secondary 
to ISD (MUCP ≤20 cm H2O) in whom conservative 
treatment had failed (13). At 6 months, no significant 
differences were seen between groups in subjective 
cure (1-hour pad test) or satisfaction, QOL (UDI-6, 
IIQ). Significantly more women undergoing sling sur-
gery were objectively cured on the basis of urody-
namic assessment (81% vs. 9%; p=0.0001), but du-
ration of the procedure, catheterisation, inpatient 
stay, and time to return to normal activities were sig-
nificantly longer in the sling group. A telephone sur-
vey of two thirds of the women at 5 years found no 
statistically significant differences between groups in 
urinary symptoms or in satisfaction with surgery, alt-
hough fewer women in the silicone bulking group 
were satisfied (29% vs. 69%) (n=45). The average 
cost per patient for the Macroplastique (including re-
operations) was significantly greater (AU$4410) than 
for the sling (AU$3500) (P < 0.0001). [EL=2].  

Open continence surgery (a suspension procedure in 
46% and ARF sling in 54%) was compared with peri-
urethral collagen in women with SUI or MUI in an ad-
ditional RCT (14).   Notably, collagen is no longer 
commercially available as a bulking agent.  The col-
lagen group received an average of 9.7 mL of colla-
gen in 2.9 injections per patient. As in the previous 
study, there were no significant differences in patient 
satisfaction or QOL (SF-36, IIQ) between groups at 1 
year. Using ITT analysis, there was no significant dif-
ference in continence rates at 1 year (52% collagen, 
55% surgery). If only the 89% of women who under-
went the randomised intervention were considered, 
the continence rate with surgery was significantly 
higher (72% vs. 53%; p=0.01). The incidence of ad-
verse effects was significantly higher in the surgery 
group: urinary retention 13% vs. 2%, transient voiding 
difficulty 36% vs. 17%, UTI 6% vs. 0% (n = 133). 
[EL=2]   

A recent metanalysis (15) combined the results for 
the previous studies and suggested that the objective 

recurrence rate of periurethral bulking agents is sig-
nificantly higher in comparison with the traditional 
slings (OR: 6.35, 95% CI: 0.18, 222.85). Furthermore, 
lower subjective recurrence rate was observed 
among patients undergoing traditional sling proce-
dures in comparison with those undergoing bulking 
agents, although this trend was not statistically signif-
icant (OR: 2.02, 95% CI: 0.99, 4.12).  Moreover, pa-
tients undergoing injection of bulking agents experi-
enced a lower rate of voiding dysfunctions in compar-
ison to the sling group (OR: 0.23, 95% CI: 0.11, 0.48).    
Urinary tract infections were less common in the bulk-
ing agent group although the difference did not reach 
statistical significance (OR: 0.30, 95% CI: 0.07, 1.33) 
[EL=1/2] 

1.2. Traditional sling vs. colposuspension 
(Table 2) 

Nine randomised or quasi-randomised trials were 
identified from the literature. Six of the trials com-
pared suburethral slings with open abdominal PVS 
suspension  (16-21) while two trials reported the long-
term outcomes (22, 23) and another reported the 
complications  of the aforementioned trial (24) One 
additional trial compared sub urethral slings with the 
Stamey transvaginal needle suspension (25). The 
Cochrane review systematically evaluated the six tri-
als comparing suburethral slings with open PVS sus-
pension and an additional trial that was only pub-
lished in abstract form (1) 

One RCT compared duramater sling with open colpo-
suspension in 72 women with recurrent SUI after vag-
inal hysterectomy and at least one previous anterior 
repair (17). At a minimum follow-up of 32 months, the 
combined objective and subjective cure rates were 
92% after duramater sling compared with 86% after 
colposuspension. While both were common, signifi-
cantly more women in the sling group developed 
postoperative voiding difficulty or urinary retention 
(29% vs 11%). 

More women in the colposuspension group devel-
oped a postoperative rectocele (13%). Bladder perfo-
ration and de novo urgency were common in both 
groups. The time to spontaneous voiding was signifi-
cantly longer in the sling group (12.4 days vs 6.4 
days) (n = 72). [EL=1/2].
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Table 2: Traditional Sling vs Colposuspension 

Author RCT Sling Compar
ator 

N/N 
     (n1/n2) 

F/U Cure; effect size EL Comments 

Henriksson, 19
78 

Quasi Zoedler, Va
ginal 

MMK 30/30 
    (15:15) 

3m 100% vs. 100% (o)  2 Quasi-
RCT: by alternation; No ss calculation; analysis not c
lear if ITT 

Hilton, 1989 Yes Porcine De
rmis 

Stamey 20/20 
    (10/10) 

3m 
24m 

90% vs. 80% (o) 
92% vs. 86% (s) 

 2 Included only SUI w/vaginal narrowing unsuitable for
 colposuspension 

Enzelsberger, 
1996 
 

Yes Dura Mater Colpo 72/72 
     (36:36) 

32-48m 92% vs. 86% (s)  2 All patients had recurrent SUI after failed 
incontinence surgery; no ss calculation; analysis not 
clear if ITT  

Sand, 2000 Yes Gore-Tex Colpo 36/37 
     (17:19) 

3m 100% vs. 90% (o); p-ns  2 No ITT analysis 
2 (12%)  slings partial resection  due to erosion 

Culligan, 2003       28 
      (13:15) 

33-116 
m (Mea
n 
72.6m) 

100% vs. 85% (o); p-ns 
84% vs. 93% (s); p=ns 

 

Demirci, 2001 Quasi ARF Colpo 34/46 
    (17:17) 

12m 94% vs. 88% (0); RR 2.0; 95%
 CI 0.20, 
20.04 

 2 Quasi RCT by alternation; no ss calculation; analysis
 not clear if ITT 

Bai, 2005 Yes ARF Burch 61/61 
    (28:33) 

6m 
12m 

92.8% vs. 90.9% (s+o); p-ns 
92.8% vs. 87.8% (s+o); p-sig 

 2 No ss calculation; minimal details about randomizati
on; some disparities 
between text and tables 

Albo, 2007 
Chai, 2009  

Yes ARF Colpo 520/655 
(326:329) 

24m SUI cure: 47% vs. 38% (s+o); 
p-sig 
Overall cure: 66% vs. 49% (s+
o); p-sig 

 1 50% concomitant surgery for POP; 79% outcome 
assessment at 24m (265:255); postoperative UTIs, v
oiding 
and storage symptoms higher in ARF group 

Brubaker, 2012  Yes ARF  Colpo 357/482 
(183:174) 

60m Overall cure: 30.8%  vs 24.1% 
(s+o) p-sig  

 Paricipants enrolled more likely to be incontinent 
(85.5%) compared with those who were continent 
(52.2%), irrespective of assigned surgical group (p 
<0.0001). 
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Three trials compared ARF sling with open colposus-
pension. In a small trial alternating 17 women with pri-
mary USI (typeI/II) each to ARF and colposuspen-
sion, ARF had similar effectiveness to colposuspen-
sion at 12 months follow up by objective measures 
(94% vs. 88%) (19). In a second trial randomising 
women to ARF, colposuspension, and TVT, ARF was 
significantly superior to colposuspension at 12 
months (92.8% vs. 87.8%) using a subjective and ob-
jective definition of cure (20). The significant differ-
ence in the two procedures was not evident at 6 
months follow-up (92.8% vs. 90.9%).  Finally, the Uri-
nary Incontinence Treatment Network conducted the 
Stress Incontinence Surgical Treatment Efficacy Trial 
(SISTEr),(21) a randomised trial comparing out-
comes from Burch colposuspension versus autolo-
gous fascial sling. Overall 655 women were random-
ized and 79% of participants (265:255) were available 
for the 24-month outcome assessment. ARF was sig-
nificantly superior to colposuspension both in its cure 
of SUI (47% vs. 38%) and overall incontinence cure 
(66% vs. 49%) at 24 months. Fifty percent of the 
women underwent concomitant surgery for pelvic or-
gan prolapse (POP). The low success rates reported 
can be explained by the stringent criteria applied to 
define success, including no self-reported symptoms 
of SUI, less than 15g pad weight in 24 hours, no in-
continence documented in a 3-day voiding diary, a 
negative urinary stress test on physical examination, 
and no retreatment for urinary incontinence. The find-
ings on efficacy were not modified by performance of 
concomitant surgery for POP. Although highly effec-
tive for SUI, the PVS was accompanied by higher 
rates of urinary tract infection, urgency incontinence 
(27% vs 20%, P = 0.04), voiding dysfunction (14% vs. 
2%, p<0.001), and need for surgical revision to im-
prove voiding when compared with traditional colpo-
suspension. [EL=1] 

A further study by the same group was undertaken to 
assess in more detail the complications data in SIS-
TEr trial (24).  Subjects undergoing concomitant sur-
geries had a significantly higher serious adverse 
events (SAE) rate (14.2% vs 7.3%, p=0.01) and AE 
rate (60.5% vs. 48%, p<0.01) compared to subjects 
undergoing continence surgery alone. Women under-
going ARF sling had a higher percentage of postop-
erative UTIs within the first six weeks of follow –up 
(p<0.01), voiding and storage urinary symptoms. In-
termittent self-catheterization (ISC) increased the 
rate of cystitis by 17% and 23% in the Burch and sling 
groups, respectively. [EL=1] 

The same group of researchers presented the long 
term results (more than 5 years postoperatively) (22). 
Women who completed the SISTEr trial were asked 
to participate in a long term prospective observational 
study with the aim to characterise continence, satis-
faction, and AEs at least 5 years after a Burch ure-
thropexy or fascial sling. Urinary continence status 
was assessed yearly for a minimum of five years 
postoperatively. Continence was defined as no uri-
nary leakage on a three-day voiding diary and no self-
reported stress incontinence symptoms (telephone or 

mail contact) AND no stress incontinence surgical re-
treatment. Incontinent participants were more likely to 
enroll in the follow-up study than continent patients 
(85.5% vs. 52.2%), regardless of surgical group (p 
<0.0001). Overall the continence rates were lower in 
the Burch urethropexy group than in the fascial sling 
group (p=0.002). The continence rates at five years 
were 24.1% (95% CI 18.5% to 29.7%) compared to 
30.8% (24.7% to 36.9%), respectively. Satisfaction at 
5 years was related to continence status and higher 
in women undergoing a sling (83% vs. 73%, p=0.04). 
Satisfaction declined over time (P=0.001) and re-
mained higher in the sling group (p=0.03). The two 
groups had similar AE rates (10% Burch vs.9 % sling) 
and similar numbers of participants with AEs (23 
Burch vs. 22 sling). [EL=1] 

Two small RCTs evaluated an expanded polytetraflu-
oroethylene patch sling (PTFE; GoreTex®) and open 
colposuspension in women with USI with low pres-
sure urethra (MUCP<20cm H2O) and urethral hyper-
mobility. The second trial provided the long-term sub-
jective and objective outcomes of the same group of 
patients  

(18, 23). Although the groups were different at base-
line in terms of the proportion with DO (DO) (95% col-
posuspension vs. 41% sling), cure rates with PTFE 
were not significantly different from open colposus-
pension at 3 months (objective 100% vs. 90%) and at 
2.5 years (objective 100% vs. 85%; subjective 84% 
vs. 93%) (n = 36). No significant differences were 
found between groups in hospita stay or time to cath-
eter removal. [EL=2] 

In the Cochrane review, trials comparing rectus fascia 
with other materials heavily weighted the comparison 
of different types of sling (1). Furthermore, the results 
of the most recent, and by far the largest and most 
rigorous RCT of colposuspension and ARF sling 
heavily weighted the results of the analysis (21). This 
trial randomised 655 women of whom 520 were as-
sessed at 24 months, while the next largest trial ran-
domised 72 women (17). The summary statistic, com-
bining urodynamic and symptom only diagnosis, 
showed a lower incontinence rate with sling proce-
dures (RR 0.75; 95% CI 0.62 to 0.90) for a follow-up 
from 1-5 years. The data from the trials where women 
all had urodynamic SUI showed no significant differ-
ence in urinary incontinence after one year (RR 0.72, 
95% CI 0.31 to 1.67). Data beyond five years were 
provided by only one trial (23), and there was no sta-
tistically significant difference between the groups, 
but with very wide confidence intervals (RR 2.31; 95% 
CI 0.24 to 22.62). There was an inadequate number 
of studies to support a metaanalysis of objective cure. 
AEs in general (47% vs.63% (p<0.001) and voiding 
difficulty in particular (14% vs. 2%, p<0.001, RR 6.08; 
95% CI 3.10 to 11.95,) were more common in sling 
group (24).  Women in the colposuspension group 
had their catheters removed earlier (Mean difference 
:8 days; 95% CI 6.8 to 9.2). However, it is unclear if 
this was due to the procedures themselves or differ-
ences in hospital policies. There was no statistical 
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significant difference of de novo urge symptoms or 
DO between the two procedures[EL=1].  

Only one small trial (10 women in each group) is 
available to allow comparison between sling (porcine 
dermis) and needle suspension (Stamey) in a group 
of women unsuitable for abdominal colposuspension 
because of vaginal narrowing secondary to either 
previous interventions or atrophic change (25). Alt-
hough there were no differences in objective cure 
rates at 3 or 24 months, perioperative complications 
(RR 4.50; 95% CI 1.28 to 15.81) and length of hospi-
tal stay (RR 13.00; 95% CI 5.00 to 21.00) favored the 
needle suspension procedure (n=20). [EL=2]  

A recent Cochrane review (26) assessed the results 
of the open Burch Colposuspension. In a subgroup 
analysis of studies comparing traditional slings and 
open colposuspension showed better effectiveness 
with traditional slings in the medium and long term 
(RR 1.35; 95% CI 1.11 to 1.64 from one to five years 
follow up, RR 1.19; 95% CI 1.03 to 1.37). 

1.3. ARF vs. other traditional slings (Table 3) 
Our review identified 3 RCTs and 2 quasi-RCT com-
paring one type of traditional sling with another (27-
31), with an additional RCT providing long-term out-
comes of one of the aforementioned studies (32).  
The remainder were cohort and case control studies.  

ARF and vaginal wall slings were compared in one 
RCT and two non-randomised retrospective studies 
(29, 33, 34). All of these trials were considered to be 
of poor quality. The RCT reported high subjective 
cure, and satisfaction rates (80–100%) for both pro-
cedures, with median follow-up of 7 months and min-
imum follow-up of only 3 months (n = 26) (29) [EL=2]. 
The non-randomised studies reported similar ‘suc-
cess rates’ with both interventions, ranging from 80% 
to 97% with follow-up of 21 months and 70 months 
versus 45 months (n=232, n=79) (33, 34) [EL=2/3]. 
Other than the proportions of patients requiring inter-
mittent catheterisation after surgery (2% in the ARF 
group and 0% in the vaginal wall group), no additional 
differences were noted in rates of other postoperative 
complications (e.g. voiding and storage dysfunction, 
wound infection and seroma formation, and bladder 
or urethral injury).  

One RCT compared two techniques of fascial sling in 
168 women with urodynamic stress incontinence 
(USI),  89% of whom had had prior continence sur-
gery (28). Women underwent a standard fascial sling 
procedure or a ‘sling on a string’ (a shorter sling 
mounted on each end with a nylon thread) (28). At 1 
year, subjective cure rates were 84% using both tech-
niques. Satisfaction and changes in IIQ scores were 
also similar in both groups, whereas improvements in 
UDI scores were greater with the standard approach 
(adjusted for differences in baseline UDI data). A fur-
ther evaluation of women in this study was reported 
at 5 to 7 years of follow-up(32). There were no signif-
icant differences in symptoms of SUI or UUI between 

groups, with 40%-53% vs. 36%-51% reporting SUI in 
a sensitivity analysis. [EL=1] 

Eight non-randomised studies compared the out-
comes of autologous and allograft slings in a total of 
859 women with SUI (35-37) (38-42) while one addi-
tional study also compared both interventions with a 
xenograft material (porcine dermis) (43). All were ret-
rospective reviews, each with differences in duration 
of follow-up for the interventions evaluated (between 
1 month and 3 years), with dropout rates of 4% to 
34%. Additionally, between 16% and 82% in different 
studies underwent other concomitant surgeries, and 
all of these studies were considered to be of poor 
quality. [EL=3]. Four of these studies compared au-
tologous with allograft (cadaveric) fascia lata. Three 
reported similar results for all outcomes (subjective 
cure, satisfaction, and UDI-6, IIQ-7 and SEAPI 
scores) (35, 36, 41), while the fourth study reported 
significantly higher cure rates in the autologous group 
(40) [EL=3]  

In three studies that compared autologous rectus fas-
cia or fascia lata with allograft fascia lata, two found a 
significantly higher cure rate in the autologous group 
(37, 43) the other found no significant differences in 
cure rate, although satisfaction rates were higher in 
the autologous group after 2 years follow-up (38). In 
the study with a xenograft arm, cure rates were sig-
nificantly higher with autograft material (43).  The 
study comparing ARF to cadaveric dermis found no 
significant difference in subjective cure rates at a 
mean follow-up of 18 months and 13 months, respec-
tively (42)[EL=3]. 

One RCT compared the porcine dermis sling vs. ARF 
(sling on a string technique) and tension-free vaginal 
tape (TVT), a RP MUS (44). Women recruited had 
primary SUI. It should be noted that the ARF and por-
cine dermis slings were placed at the midurethra ra-
ther than the BN, but suspended above the rectus 
fascia like traditional slings. The primary outcome 
was patient-reported improvement rates at 6 months 
and 1 year. At 6 months, the porcine dermis arm had 
significantly poorer improvement rates (73%) than 
TVT (92%) and ARF (95%), and, at 1 year, only 61% 
of the porcine dermis slings remained as improved, 
vs. 93% and 90% of the TVT and ARF arms, respec-
tively. At 1 year, women undergoing porcine dermis 
slings had significantly lower dry rates (22%) as com-
pared to TVT (55%) and ARF slings (48%), respec-
tively. Subsequently, the porcine dermis arm was 
suspended following interim analysis. 

There was no difference in success rates between the 
TVT and ARF arms.
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Table 3: Traditional Sling vs Traditional Sling 

Author RCT Sling Comparat
or 

N/N 
 (n1/n2) 

F/U Cure; effect size E
L 

Comments 

Kaplan, 1996 No ARF Vaginal Wa
ll 

79 
 (43:39) 

6-51 m  
(Mean 21.4m) 

84% vs. 89% (s+o) 3 9%o vs. 94% satisfied or very  
satisfied 

Barbalias, 1997 Yes ARF Gore-Tex 
 

   48/48 
 (32:16) 

6m & 30m 81% vs. 88%(s-6m) 
65% vs. 88%(s-12m) 

2 computer randomisation 2:1 
No baseline data reported per 
 treatment group, no analysis of  
results 

Wright, 1998 No AFL CFL 92 
(33:59) 

1-28m 
(Mean 11.5m) 

SEAPI improvemen; p-ns 3/
4 

 

Brown, 2000 
O'Reilly, 2002 

No AFL CFL     167 
(46:121) 

44m:12m (Mea
n) 

90% vs. 85% (s) 3 High satisfaction rates in both groups;    an additi
onal 8 women experienced  
failure at 4-13m F/U 

Choe, 2000 Qua
si 

PTFE 
MycroMes
h 

Vaginal 
Wall 

 40/40 
(20:20) 

   12-27m 95% vs. 75% (s+o; mean 22
m) 

 2  

Lucas, 2000 
Guerrero, 2007 

Yes ARF 
(20cm) 

ARF 
(8-10cm) 

165/168 
(81:84) 

12m 
25-
60m (Mean 42
m) 
61-89m  
(Mean 74m) 

68-84% vs. 70- 
80% on sensitivity 
analysis (s); p-ns 
47-60% vs. 49-64% (s); p=ns 
29-62% vs. 44-
57% (s); p=sig on ITT 
analysis only 

 1 ss calculated; cure ranges reflect  
ITT, per protocol, and best  
possible % cure 

Kuo. 2001 Qua
si 

ARF Prolene    50 
(24:26) 

Median 23-
24m 

91.6% vs. 92.3 (s); p-ns  2 ss not calculated 

Maher, 2001  No ARF ARF & Vicr
yl 
Mesh 

   51 
(24:27) 

Mean 8m:5m 58% vs. 85% (s); p-sig 
50% vs. 52% (o); p-ns 

 3  

Soergel, 2001  No ARF CFL 45:50 
(33:12) 

3-6m 69.7% vs. 16.7%(o);p=sig  
3/
4 

 

Flynn, 2002  No ARF/ 
AFL 

CFL 134/140 
(71/63) 

24m 77% vs. 71%o  
(o-pad test);  
p-ns 

 3  

Viseshsindh, 20
03 

Yes ARF Vaginal 
Wall 

26/26 
(15:11) 

3-12m 93% vs. 100%; p-ns  2 Lack of details regarding  
randomization, analysis of results 

Almeida, 2004  No AFL CFL    60 
(30:30) 

22-44m  
(Mean 33-36m) 

40% vs. 70%; p-sig  
3/
4 
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Table 3: Traditional Sling vs Traditional Sling 

Author RCT Sling Comparat
or 

N/N 
 (n1/n2) 

F/U Cure; effect size E
L 

Comments 

Rodrigues, 2004
  

No ARF Vaginal 
Wall 

232 
(128:104
) 

Mean 70.3m: 
44.9m 

93.7% vs. 79.8%  
(s; SUI cure rate) 
73.4% vs. 61.5% (s; no SUI 
+ no 
storage/ voiding  
dysfunction) 

3 No statistical comparison between cures 

MoBride, 2005  No AFL CFL 47/71 
(39:32) 

24m 100% vs. 58.3%  
(o-CST); p=sig 

3/
4 

Subjective indices criteria similar 

Simsiman, 2005
  

No ARF Porcine 
Dermis 

    241 
(78:83:8
0) 

12m 87% vs. 54% vs. 64% (o);  
p-sig for ARF 

 3  

Giri, 2006 No ARF Porcine 
Dermis 

94/101 
(46/48) 

36m 80.4% vs. 54% (s; cure + 
 improved);P=sig 

3  

Morgan, 2007  No ARF Porcine 
Dermis 

111 
(81:30) 

Mean 24m:25
m 

Symptom severity higher for  
Porcine Dermis; p-sig 

3  

Onur, 2008  No ARF Cadaver 
Dermis 

49 
(25:24) 

Mean 18m:13
m 

84% vs. 79% (s; cure+ 
 improved); p-ns 

3/
4 

 

Wilson, 2008  No ARF Bovine 
Dermis 

85 
(48:37) 

12m 81.3% vs. 83.8% (s+o; SUI  
cure); p-ns 
60.4%) vs. 54.1%)  
(s; global cure); p-ns 

3/
4 

Significant demographic differences between 
groups 

Winckler, 2010  No ARF Bovine 
Dermis 

85 
(48:37) 

12m 81.3% vs. 83.8% (s+o; SUI  
cure); p-ns 
60.4%) vs. 54.1%)  
(s; global cure); p-ns 

3/
4 
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One in five women in the porcine dermis arm had sur-
gery for SUI  by 1 year, but none had undergone ad-
ditional  surgery in the other arms.  [EL=1/2]. 

One non-randomised trial compared porcine dermis 
sling vs. ARF (45), a second compared porcine der-
mis sling vs. both ARF and TVT(46), and a third trial 
mentioned earlier compared porcine dermis vs. both 
ARF and allograft slings (43). At a follow-up of 36 
months, the subjective success rate (cure and im-
proved) after ARF sling was significantly higher than 
porcine dermis sling (80.4% vs. 54%) (45). Women 
undergoing porcine dermis slings were found to have 
significantly higher postoperative symptom severity 
than women undergoing either ARF sling or TVT (46). 
Objective cure rates after ARF were significantly 
higher (87%) than either porcine dermis sling (54%) 
or cadaveric fascia lata (64%) (43) [EL=2/3] 

A quasi-RCT compared an ARF sling with a self fash-
ioned polypropylene mesh sling placed at the BN 
(31). At a median follow-up of approximately 24 
months, cure and satisfaction rates were similar but 
operating time and hospital stay were significantly 
shorter in the polypropylene  sling group. Delayed 
voiding and wound pain occurred in more women in 
the ARF sling group. No other significant differences 
were seen between groups in complications (e.g. 
haematoma, dysuria, de novo urgency or UUI) 
(n=50). [EL=2] A second, retrospective,non-random-
ised trial found no significant difference in subjective 
cure rate (81% vs. 88.9%) in women undergoing ARF 
and polypropylene mesh (Marlex) slings (47). It 
should be noted that both slings in this study were 
placed at the midurethra but tied without tension 
above the rectus fascia as in the traditional BN sling. 
Interestingly, vaginal extrusion rates and rates of sur-
gical intervention for extrusion were not significantly 
different between ARF and Marlex slings. [EL=3]  

One RCT compared ARF and PTFE slings in women 
with type III SUI, 92% of whom had had previous con-
tinence surgery (27). Combined objective and subjec-
tive cure rates at 6 months follow-up were 81% and 
88%, respectively. No complications were reported in 
the ARF sling group; however, , recurrent UTI and de 
novo DO were very common with PTFE (n= 48). In 2 
patients there was an erosion of the urethra and the 
Goretex sling had to be removed 3.5 years later. [EL 
= 1] A quasi-randomised comparison of a MycroMesh 
patch sling (PTFE mesh impregnated with silver diac-
etate and chlorhexidine) with vaginal wall sling gave 
no statistical analysis, but found combined subjective 
and objective cure in 95% vs. 75% at mean follow-up 
of 22 months. Complications reported were wound in-
fection, UTI, bleeding, vaginitis and transient de novo  
UUI  (30) [EL=2] Again, the need for sling removal 
was common, reported in up to 31% (median 8%) in 
a review of case series within the systematic review 
underlying the NICE guidance on UI (11)[EL=3]. 

A retrospective cohort study compared an ARF sling 
with one reinforced with polyglactin mesh in women 
with  USI, one-third of whom also had UUI (n=51) 

(48). Follow-up differed between groups and, overall, 
no clear difference was seen between groups in suc-
cess rates. As with most studies, results depended on 
the definition of success used. No significant differ-
ences were noted between groups in terms of com-
plications (e.g. wound infection, incisional hernia, 
voiding dysfunction, and de novo DO). [EL=3]  

A small, non randomised trial compared ARF to bo-
vine dermis sling (n=85) (49). Patients were allocated 
to material by institution and all had ISD (VLPP≤60 
cm H2O)., advanced age, and/or recurrent SUI after 
previous anti-incontinence surgery. At 12 months fol-
low-up, the SUI-specific cure rates (consisting of sub-
jective stress SEAPI domain and negative cough 
stress test) and global cure rates (consisting of SEAPI 
composite score and visual analog score) were not 
significantly different between the two slings. QOL in-
dices (UDI-6, IIQ-7) were significantly improved in 
both groups. There were significant differences in 
several preoperative demographic variables between 
the groups.  

In the Cochrane review of traditional BN slings, there 
were  six studies  comparing one type of sling to an-
other (1) including  four published trials in their statis-
tical comparison (27-29, 32) as well as  two  trials in 
abstract form. A total of 379 women studied after 12 
months showed no statistically significant difference 
in incontinence rates (RR 0.89; 95% CI 0.72 to 1.10). 
However, results reported improvement after one 
year in favour of the traditional ARF sling (RR 0.33; 
95% CI 0.17 to 0.64). The incontinence rate after five 
years was reported in only one trial (28) and showed 
no statistically significant difference between different 
lengths of the autologous material used (RR 1.17; 
95% CI 0.86 to 1.59). There was significant heteroge-
neity in the incidence of perioperative complications 
between groups in two trials, which was attributed 
more to complications with the use of Gore-Tex in one 
trial (RR 0.05; 95% CI 0.00 to 0.80, (27). In the other 
trial, there was no statistically significant difference 
between two biological slings (RR1.14, 95% CI 0.78 
to 1.66, (28). No statistically significant difference was 
found in assessment of the following AEs, reported in 
only one trial : bladder perforation (RR 0.69; 95% CI 
0.12 to 4.03), UTI (RR 1.73; 95% CI 0.66 to 4.54), de 
novo DO or urge symptoms (RR 3.11; 95% CI 0.65 to 
14.97), and voiding dysfunction (RR 1.16; 95% CI 
0.65 to 2.07). 

1.4. Traditional sling vs. MUS (Tables 4 and 
5) 

Our review identified 17 trials that addressed the 
comparison between traditional sling operations and 
MUS operations. Eight RCTs compared traditional 
slings placed at the BN with the RP MUS (Table 4) 
(20, 50-56) and 3 additional RCTs provided long-term 
outcomes of aforementioned studies (44, 57, 58). 
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Table 4: Traditional Sling vs RP MUS (continued) 

Author RCT Sling Comp
arator 

N/N 
(n1/n2) 

F/U Cure; effect size E
L 

Comments 

Arunkalaivanan, 
2003 

 
Yes 

 
Porcine Dermi
s 

 
TVT 

128/142 
(74:68) 

Median 12m 89% vs. 85% (s); p=ns       
2 

No ss calculation 

Abdel-
Fattah, 2004 

     
(68:60) 

Median 36m   82.4% vs. 88.3% (s); p=ns       
2 

90.1% response rate to questionnaire at 36m 

Hung, 2004  No Prolene    TVT   80 
     
(57:23) 

Mean 20m:23
m 

93% vs. 91.3% (o); p=ns 
68.8% vs. 77.4% (s); p=ns 

      
3 

TVT better than prolene at BMK27.3 kg/m' 

Bai, 2005 Yes ARF    TVT 59/59 
    
(28:31) 

   6m 
   12m 

92.8% vs. 90.3% (s+o); p=ns 
92.8% vs. 87.0% (s+o); p=sig 

      
2 

No ss calculation; minimal details about randomi
zation; 
some disparities between text and tables 

Wadie, 2005  
Yes 

 
ARF 
 

    
TVT 
   

53/53 
   
(25:28) 

    6m 92% vs. 92.9% (o-
1 week); p=ns 

      
2 

No ss calculation; may be underpowered; cure d
etermined 
at first F/U visit because of results of interim ana
lysis;  
UDI-6, IIQ-7 significantly decreased at 24m 

Wadie, 2010 63/75 
    
(39:24) 

24m (median 5
4m) 

93.7% vs. 95.2% (s+o); p=ns       
2 

No ss calculation; may be underpowered; cure d
etermined 
at first F/U visit because of results of interim ana
lysis;  
UDI-6, IIQ-7 significantly decreased at 24m 

Kondo, 2006 Yes ARF TVT 60/63 
    
(29:31) 

24m 66.7% vs. 82.6% (s); p=ns 
47.6% vs. 69.6% (o); p=ns 

      
2 

Subjects for analysis reduced to 21 in ARF grou
p & 23 in 
TVT group 

Morgan, 2007  No ARF TVT   143 
     
(81:62) 

Mean 24m: 18
m 

Similar symptom severity; p=n
s 

      
3 

 

Basok, 2008 Yes CFL IVS   139 
     
(67:72) 

12m 79% vs. 70.8% (o); p=ns 
82% vs. 87.5% (s); p=ns 

      
2 

Method of randomization not stated; 67% had M
UI; 
significantly higher persistent UUI and de novo 
DO for CFL 

Jeon, 2008 No PVS TVT         
181 
     
(87:94) 

24m 
84m 

87.3% vs. 86.9% (s+o); p=ns 
59.1% vs. 55.1% (s+o); p=ns 

      
3 

Retrospective; complication rates similar at 24m 

Sharifiaghdas, 20
08 

Yes ARF TVT 61/100 
    
(36:25) 

12m (mean 39
m) 

75% vs. 76% (o-
pad weight); p=ns 

      
2 

No ss calculation; 39% dropped out by 12m; no 
details 
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Table 4: Traditional Sling vs RP MUS (continued) 

Author RCT Sling Comp
arator 

N/N 
(n1/n2) 

F/U Cure; effect size E
L 

Comments 

about randomization; subjective cure (IIQ) simila
r 

Amaro,2009 Yes ARF TVT 41/41 
    
(21/20) 

12m 
36m 

57% vs. 65% (s); p=ns 
55% vs. 63% (s); p=ns 

      
2 

No statistical difference in satisfaction, KHQ do
mains, de 
novo urgency; op time shorter for TVT 

Trabuco, 2009 No ARF Uretex 242/290 
(79:163) 

36m Survival rate free of SUI: 73.8
% vs. 
87.9% (s); p=ns 

      
2 

RR for SUI after ARF=1.8x higher that Uretex at
 36m; 
satisfaction lower in ARF group, voiding dysfunc
tion higher 

Guerrero, 2010A  
(Lucas, 2004 in 
abstract form)  

Yes A
R
F 

Porcine 
Dermis 

TVT 189/201 
   
(73/45/7
1) 
182/201 
(67/46/6
9) 

6m 
12m 

95% vs. 73% vs. 92% (s; impr
oved); 
p=sig, PD vs. others 
48% vs. 22% vs. 55% (s; dry);
 p=sig, PD vs. others 

      
2 

ss performed, but porcine dermis arm suspende
d following 
interim analysis at 12m 

Khan 2013  Yes 162/201 
61/38/6
3 

10 years 75.4%; 58%  73% (s cured 
 50.8%  vs 15.7%  vs 31.7% 
(s; dry) p=sig  

  

Mock 2015] No A
R
F 

 RP-
MUS 
Top-
down 

91/110 13.8m 75.8 vs 80.9% p-ns 3 SUI, CST positive no POP  
Surgery on patients informed choice 
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One of the trials (51) was only available as an ab-
stract and 3 studies were non-randomised case-con-
trol or cohort studies (46, 59, 60). Two RCTs com-
pared a traditional ARF sling to a TO MUS (Safyre-t) 
(Table 5) (61, 62). Finally, a non-randomised trial 
compared PVSs (material not stated) with TVT and 
TO MUS (63). Six RCTs compared ARF sling with 
TVT and reported on a total of 463 patients (20, 51, 
56); (52, 54, 55). Three of the studies were recently 
updated at a longer-term follow-up (44, 58, 64). Cure 
rates at 12-36 months (subjective +/- objective) varied 
widely depending on definition and were 47%-95% 
for both ARF and TVT.  

Although a statistical difference was not observed at 
6 months, one trial (20) showed a significant differ-
ence in subjective + objective cure rate at 12 months 
favoring TVT (92.8% vs. 87%). This trial also had a 
colposuspension arm, which had a 12 month cure 
rate of 88%. [EL=2]. The remainder five RCTs did not 
reveal a statistical difference in cure rates (subjective 
or objective) between ARF and TVT. [EL=1/2].  

Another trial randomised 201 women with clinically 
and urodynamically confirmed SUI to TVT, ARF (sling 
on a string) or PelvicolTM sling (44, 51). At 6 months 
the PelvicolTM arm had poorer improvement rates 
(73%) than TVT (92%)/ARF (95%); P = 0.003. At 1 
year only 61% of the Pelvicol slings remained as im-
proved, versus 93% of TVTs and 90% of ARFs (P < 
0.001). Following interim analysis the PelvicolTM arm 
was suspended due to the significant poorer results. 
There was no difference in the success rates between 
TVT and ARF. ARF took longer to do (54 minutes ver-
sus 35 minutes for TVT/ 36 minutes for Pelvicol) and 
had higher intermittent self catheterisation rates (9.9 
versus 0% Pelvicol /TVT 1.5%). Hospital stay was 
shortest for TVT (2 days). [EL=2] 

In order to assess long term efficacy, participants 
were assessed by postal questionnaires or via a tele-
phone interview (64)  In all, 162 (80.6%) women were 
available for follow-up with a median (range) duration 
of 10 (6.6–12.6) years. ‘Success’ rates for TVT, AFS 
and PelvicolTM were 73%, 75.4% and 58%, respec-
tively. Comparing the 1- and 10-year ‘success’ rates, 
there was deterioration from 93% to 73% (P <  0.05) 
in the TVT arm and 90% to 75.4% (P <  0.05) in the 
AFS arm; ‘dry’rates were 31.7%, 50.8% and 15.7%, 
respectively. Overall, the ‘dry’ rates favoured AFS 
when compared with Pelvicol (P <  0.001) and TVT 
(P =  0.036). The re-operation rate for persistent SUI 
was 3.2% (two patients) in the TVT arm, 13.1% (five) 
in the Pelvicol arm, while none of the patients in the 
AFS arm required further intervention. [EL=2] 

A non randomised prospective comparative study ex-
amined the efficacy and complications of ARF and 
MUS in surgically naïve women with SUI. A total of 
201 women were given the option between a PVS 
and an MUS (top-down). Ninety-one women (45%) 
underwent ARF and 110 underwent MUS (55%). The 

two groups were comparable on the baseline charac-
teristics. At a median follow-up of 13.8 months the 
cure rate in the ARF group (75.8%) was not statistical 
significant different from that in the MUS group 
(80.9% ) De novo urinary urgency incontinence ap-
peared in 16.7% of the PVS group and 33.3% of the 
MUS group (non significant). Complications and void-
ing difficulty were similar between the groups (4.4% 
in ARF vs 2.7% in MUS)(65)  [EL=2] 

One RCT found no statistical difference in objective 
and subjective cure rates at 12 months after cadav-
eric fascia lata slings and the intravaginal slingplasty 
(IVS), a multifilament, polypropylene MUS (53) 
[EL=2] 

One non-randomised trial that also included a porcine 
dermis arm found no statistical difference between 
ARF slings and TVT (46). Symptom severity, as as-
sessed by validated questionnaire, was not signifi-
cantly different between the ARF sling and TVT 
groups. [EL=2/3]. 

Two randomized studies compared the porcine der-
mis sling with PVS tape (TVT)  (50, 51)  The first RCT 
comparing porcine dermis sling with TVT found no 
significant differences in operating time, hospital stay, 
complication rates, or subjective cure at 1 year (85% 
vs. 89%) (50), nor in cure (88% vs. 82%) or satisfac-
tion at 3 years, assessed by mailed questionnaire 
(77% vs. 80%) (57) [EL=1]. The other study (44, 51) 
compared 3 treatment arms  (ARF, porcine dermis 
sling-PelvicolTM, and TVT). At 1 year only 61% of the 
PelvicolTM slings remained as improved, versus 93% 
of TVTs and 90% of AFSs (P < 0.001). It is not clear 
why the first study (50) found comparable results be-
tween porcine dermis and TVT, whereas the 3-arm 
trial found such significantly poorer results after por-
cine dermis to require the premature curtailment of 
recruitment (44, 51). 

The non-randomised trial mentioned in the previous 
section (46) that included a porcine dermis arm, found 
that symptom severity was significantly higher in the 
porcine dermis group than in the other 2 groups of 
ARF and TVT. [EL=2/3] 

A retrospective study compared traditional ARF sling, 
TVT, and the TO MUS  (63). Overall complication 
rates were not significantly different between the sling 
groups. At 2 years postoperatively, the cumulative 
cure rates of the traditional sling, TVT, and TO MUS 
groups were significantly different (87.3% vs. 86.7% 
vs. 34.9%, respectively; p<0.0001). 

The risk of treatment failure in women who received 
TO MUS was 4.6 times higher than in women who 
underwent traditional sling. The 7-year cumulative 
cure rates of traditional sling and TVT groups were 
59.1% and 55.1%, respectively. [EL=2/3]. Another 
retrospective cohort study of 242 women who under-
went ARF  (n = 79) or midurethral (n = 163) sling 
found that women with rectus fascia slings were more 
likely to report any leakage of urine (P = .04) and were  

Table 5: Traditional Sling vs  TO MUS 
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Author RCT Sli
ng 

Compar
ator 

N/N 
     
(n1/n2) 

F/U Cure; 
effect size 

EL Comments 

Silva-
Filho, 2006  

Yes A
R
F 

Safyre-t 20 
   
(10:10) 

6m 39g vs. 8.4g 
(o; pad weig
ht); p=sig 

2 Mean operating time & hospi
tal stay significantly  
shorter in Safyre qroup 

 Jeon, 2008  No P
V
S 

TO MUS   
TVT 

159 
   
(87:72) 

24m 87.3% vs. 3
4.9% (s+o); 
p=sig 

3 Retrospective; complication 
rates similar at 24m; RR 
treatment failure of TO 
MUS=4.6x hiqher than ARF 

Tcherniakov
sky, 2009 
 

Yes A
R
F 

Safyre-t 41/41 
(20:21) 

12m 95% vs. 90.
5% (s+o); p=
ns 

2 Randomization technique no
t stated; no ss calculation 

13 times more likely to require urethrolysis (P < .001) 
than patients with MUSs. Patient satisfaction was 
lower in the rectus fascia sling group compared with 
the MUS group (P = .01). (60) [EL=3] 

Two small RCTs compared ARF sling to Safyre-t TO 
MUS (61, 62). At a follow-up of 12 months, subjective 
+ objective cure rates were not statistically different 
(95% vs. 90.5%) in one trial (62), while higher pad 
weight at 6 months was observed for the ARF group 
in another trial (39g vs. 8.4g) (61) [EL=2] 

The Cochrane database identified 12 trials that ad-
dressed the comparison between traditional sling pro-
cedures and minimally invasive, MUS operations. 
(1).Ten of these studies have been summarized in 
our assessment and 2 studies were only in abstract 
form. (8, 20, 44, 50, 53-55, 58, 62, 63). Data on in-
continence after the first year were available from four 
RCTs (20, 44, 50, 54). Incontinence was reported by 
31.6% of those women in the traditional sling and 
25.3% of those in the MUS groups. This was not sta-
tistically significant (RR 1.23; 95% CI 0.91 to 1.66). 
This translates to 311 per 1000 women being inconti-
nent after a traditional sling compared with 253 per 
1000 after a MUS. Improvement after a year was ad-
dressed by two trials (44, 50) and there was no sta-
tistically significant difference between the two types 
of sling (RR 1.30; 95% CI 0.57 to 2.94).  

Pooled data from 3 trials (50, 54, 62) showed a sta-
tistically significant higher risk of perioperative com-
plications after traditional sling operations (RR 1.59; 
95% CI 1.03 to 2.44). Seven RCTs(20, 50, 54, 
55);(66) (abstract only); (58, 62) reported bladder per-
foration. There were more perforations after MUS 
procedures, but this did not reach statistical signifi-
cance (RR 0.62; 95% CI 0.34 to 1.11) and the confi-
dence interval was wide. The combined results from 
3 trials showed less de novo urgency symptoms after 
MUS (RR 3.13; 95% CI 0.96 to 10.24) but this did not 
reach statistical significance and the confidence inter-
val was wide. However, 3 trials showed that develop-
ment of de novo DO was significantly less after MUS 
operations (RR 3.21; 95% CI 1.29 to 8.03). This was 
principally due to the higher weighting given to the 
largest trial (53). The combined results from 5 trials 
showed that more women had postoperative voiding 
dysfunction after traditional slings than after MUS 
(RR 1.60; 95% CI 0.94 to 2.71) but this did not quite 

reach statistical significance and the confidence inter-
val was wide. More women in the traditional sling 
group required release of sling (9% versus 2%), re-
ported in two trials (RR 3.67; 95% CI 0.95 to 14.22) 
but again this was not statistically significant. There 
was no statistically significant difference in urinary re-
tention up to 6 weeks (RR 5.51; 95% CI 0.68 to 44.63) 
from one trial and vaginal erosion (RR 0.35; 95% CI 
0.02 to 8.10) based on one trial. 

Summary  
Only a few new studies have emerged on traditional 
slings since the 5th edition.  

AFS (autologous fascial sling) is the most widely eval-
uated biological sling and is an effective and durable 
treatment for SUI. [EL=1].  

There is little short term difference in efficacy between 
biological slings using autograft or allograft (EL=2/3) 
and synthetic slings and biological slings placed at 
the BN.    However, those studies that find a differ-
ence between biological materials for sling all favor 
autologous materials [EL=2].  

As compared to AFS, AEs may be more common fol-
lowing the use of synthetic materials as ‘traditional’ 
(BN) sling procedures (exposure, erosion, etc.) 
[EL=3]. 

In comparison to other procedures: 

AFS is more durable than injectable bulking agents 
as a treatment for SUI (EL=2/3) 

AFS (BN slings) are as effective as MUS in the short 
term  [EL=1] however OR time and LOS are signifi-
cantly shorter with MUS  

AFS is modestly more effective than colposuspension 
at mid-long term (EL= 1/2) albeit with a higher rate of 
early postoperative voiding dysfunction.  The limited 
data available suggest that the overall rates of late 
surgical complications are similar after sling and col-
posuspension; however, the pattern of complications 
may vary. 

Due to the variability and somewhat unique array of 
complications associated with each procedure, as 
well as the relatively low incidence of short term and 
long term complications overall, and the relatively 
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small number of comparative trials with a complete 
accounting of all complications between AFS, biolog-
ical materials, MUS, and colposuspension, there is an 
insufficient database on which to recommend or dif-
ferentiate these procedures on the basis of AEs/com-
plications alone.   

Recommendations 
Autologous fascial sling (AFS) is recommended as an 
effective treatment for female stress urinary inconti-
nence, which has longevity for both primary and redo 
surgery. [Grade A]  

2. COLPOSUSPENSION  

2.1. Open Colposuspension 
Open PVS colposuspension is a surgical treatment 
which involves lifting the tissues near the BN and 
proximal urethra in the area behind the anterior pubic 
bones to correct deficient urethral closure.   Since its 
introduction by Goebell, Stroekl, and Frangenheim in 
1910, various alternative techniques have been de-
scribed. The Marshall-Marchetti- (67)and the Burch 
procedures (68, 69) are two traditional approaches 
that have had long-term success rates in restoring 
continence. 

2.1.1 Marshall-Marchetti-Krantz (MMK) Proce-
dure 

There were no new RCTs involving the MMK proce-
dure and therefore no new recommendations since 
the 2009 edition of the ICI-3 book.  

Although short-term results indicate comparable cure 
rates to colposuspension, there is limited evidence 
that longer-term outcome is poorer following MMK 
[EL=1], and declines further over time [EL=3]. The 
previous edition of this consultation found no reason 
to support the continued use of MMK over colposus-
pension; there is no new evidence to indicate a 
change in this view. 

Recommendation 
The MMK Procedure is not recommended for the 
treatment of SUI. [Grade A] 

2.1.2 Burch Colposuspension  
There have been only two newly published random-
ised trials since the 2009 edition of the ICI-3 book, 
which are one comparing open colposuspension with 
TVT procedure(70) and one with TO MUS procedure.  
(71) 

In common with previous systematic review sup-
ported by meta-analysis, (26)the combined results 
from the various studies show open colposuspension 
to have comparable subjective and objective out-
comes to both traditional sling procedures and to the 
newer minimally invasive midurethral PVS sling pro-

cedures; it has better outcomes than anterior colpor-
rhaphy, BN needle suspension and MMK procedure 
[EL=1].  

Open colposuspension has been shown to be an ef-
fective surgical treatment for stress urinary inconti-
nence.  In common with other procedures there is 
some loss of efficacy with time. 

Recommendations 
Open Burch PVS colposuspension can be recom-
mended as an effective treatment for primary  and re-
current stress urinary incontinence, which has lon-
gevity. [Grade A] 

Open Burch colposuspension can be considered for 
those women in whom an open abdominal procedure 
is required concurrently with surgery for SUI. [Grade 
D] 

2.2. Laparoscopic/Robotic 
Colposuspension 

Laparoscopic minimally invasive approaches to PVS 
was introduced by Vancaillie and Schuessler in 1991, 
as an alternative technique of open colposuspension 
that features the advantages of reduced pain, a 
shorter length of hospitalisation, and a more expedi-
ent return to activity while avoiding the morbidity as-
sociated with the open PVS colposuspension. 

2.2.1 Laparoscopic versus Open Colposus-
pension (Table 6)  

The Cochrane review of laparoscopic colposuspen-
sion includes details of 22 RCTs that include laparo-
scopic colposuspension (72), 14 more than their ini-
tial review (34). Of these 22 trials, ten compared lap-
aroscopic colposuspension with open colposuspen-
sion (18, 61, 73-80). 

Eight of the ten studies comparing laparoscopic col-
posuspension with open colposuspension were in-
cluded along with eight retrospective cohort studies in 
a recently published meta-analysis (43). 

One RCT compared laparoscopic colposuspension 
(81) with open colposuspension and one RCT com-
pared different techniques of laparoscopic colposus-
pension.  In addition, two publications with longer-
term follow-up (37) or cost-effectiveness data (82) 
were added. 

We identified two RCTs  (83, 84), which were in-
cluded in the Cochrane review of open colposuspen-
sion.
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Table 6: Published level 1 & 2 evidence relating to laparoscopic colposuspension (continued) 

Study refer-
ences Type Comparator N/N(n1:n2) FU Cure(obj or sub)/ effect size EL Comments 

85 RCT 
Transperitoneal 
vs. extraperitoneal 22 (?:?) 1-12m 92% (s+o) 2 

Mixture of suturing/stapling techniques outcomes 
not separately evaluable 

74 RCT 

Sutures vs.  

mesh/staples 69/69(25:34) 1y 
91% vs. 94%: RR 0.97: 95& 
Cl 0.85, 1.11 2 

 

86 RCT Open colpo 92/92 (46:46) 6m 80% vs. 95&: p= 0.044(o) 2 
Part preference, part randomised: sample size cal-
culation req'd 152. 

87,88,89,90 RCT 

2 single bite vs. 

 1 double bite su-
tures 161/?(83:78) 1y 83% vs. 58%: p<0.001 2 Enrollment curtailed early after interim analysis 

91 RCT 

Sutures vs.  

mesh/staples 53/60 (27:26) 1 & 3y 

89% vs. 75 % (o-at 1y) 70% 
vs.42% (o-at 2y) 58% vs.38% 
(o-at 3y):p<0.05 2 

Only completers analysed in 2001 paper: ITT used 
in 3 year follow-op 

92 RCT Open colpo 74/74 (34:40) 18m 88% vs. 85%: p=ns (0+s) 2 No ss calcuation 

93 RCT TVT 68/79 (31:370 1Y 
87% vs.89% RR 0.98: 95% Cl 
0.82, 1.16 2 

270 approcahed: 79 randomised. Study designed to 
examine costs. 

94 RCT Open colpo 90/90 (47:43) 1y 85% vs. 86%: p=ns (o) 2 15% vs. 37% underwent concomitant hysterectomy 

95 RCT TVT 46/46(23:23) 3-24m 
83% vs. 83%; RR1.00; 95% 
Cl 0.77, 1.60 (s+o) 2 

No information on randomisation; no allowance for 
variation in FU 

96,97,98 RCT TVT 
121/128 
(51:70) 1y 

57% vs. 86% (95% for Cl for 
diff. 1.27,43.9); p=0.000(o) 2 Lap. Colpo with mesh. SS calcuation required 176. 

99 RCT TVT 71/72 (35:36) 
12-43m  
12-88m 

97% vs 81% (0-at median 
18m)   43% vs 52% (s-at me-
dian 65m) 2 

SS 130; recruitment stopped early because of slow 
recruitment. 63 (88) FU at 1y; 33(46%) at 2y 

100 RCT 
Open colpo   Lap 
colpo(mesh) 

184/211 
(49:63:72) 1y 

90% vs. 92% vs. 63% (o)  
p<0.05 open vs.mesh 2 

Unclear randomisation; all pts randomised to Burch 
or lap colpo(mesh0 also included in separate multi-
centre study [265]. Omly completers anlaysed. 
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Table 6: Published level 1 & 2 evidence relating to laparoscopic colposuspension (continued) 

Study refer-
ences Type Comparator N/N(n1:n2) FU Cure(obj or sub)/ effect size EL Comments 

101 RCT Open colpo 52/52 (26:26) 3-24m 81% vs. 81%; p=ns 2 
Many concurrent procedures- varied between 
groups 

102,103 RCT Open colpo 
242/291 
(144:147) 2y 80 vs.70% (o) 1 

5 had no op., & 12 changed op, after randomis'n. 
Objective data on 83& 

104 RCT Open colpo 
164/200 
(766:88) 3-5y 

72% vs. 78%; p= 0.22 (o at 
6m)   69% vs. 80%; p= 0.38(s 
at 2y) 2 Telephone interview at 3-5y; results similar to 24 m 

16 RCT TVT 121/128 5 yr 78% vs 94% p<0.028 2 Valpas et al, 2015 (105) 
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One is only an abstract (83). They reported shorter 
operative times with open colposuspension, by 15-30 
minutes and a longer hospital stay after open com-
pared to laparoscopic colposuspension. Tuygun also 
reported that the time to catheter removal or the time 
to return to normal activities was longer in the open 
colposuspension group. 

Studies included in the Cochrane review had different 
lengths of follow-up, although eight studies had fol-
low-up in the region 6 to 18 months. In comparison 
with open colposuspension they found subjective 
cure rates to range from 58% to 96% in the open and 
62% to 100% in the laparoscopic group within the 18 
months follow up, with a non-significant 5% lower rel-
ative subjective cure rate for laparoscopic colposus-
pension (RR 0.95, 95% CI 0.90 to 1.00)(72) [EL=1]. 
The two studies with follow-up at five years or beyond 
unfortunately remain unpublished and available in ab-
stract form only. Both these studies were relatively 
small, and their results are inconsistent, one finding 
better subjective outcome from the laparoscopic pro-
cedure (80), and one favouring the open procedure 
(79); the methodology of this latter study in particular 
has been questioned [EL=2]. 

Overall, the objective cure rate as judged by cough 
stress testing or pad test within 18 months was statis-
tically significantly lower following laparoscopic colpo-
suspension (RR 0.91, 95%CI 0.86 to 0.96) [EL=1]. 
Between 18 months and five years there was no sig-
nificant difference (RR 1.01, 95%CI 0.88 to 1.16); 
again however, there was heterogeneity with one 
small trial greatly favouring open procedure (79) and 
the other favouring laparoscopic(80) [EL=2]. When 
objective cure was judged by urodynamic investiga-
tions there was a significantly higher success rate fol-
lowing open colposuspension (RR 0.91, 95%CI 0.85 
to 0.99). 

2.2.2 Laparoscopic Colposuspension vs. 
Other Techniques 

Eight trials have compared laparoscopic colposus-
pension with minimally invasive mid-urethral slings(4, 
106-110). 

In comparison with minimally invasive mid-urethral 
slings there was no statistically significant difference 
in subjective cure rates within 18 months (RR 0.91, 
95% CI 0.80 to 1.02) [EL=1]. The definition of objec-
tive cure varied widely between studies, although 
overall the objective cure rate was higher for mini-
mally invasive mid-urethral slings than laparoscopic 
colposuspension (RR 0.92, 95% CI 0.85 to 0.99) 
[EL=1]. (for addition information on laparoscoptic col-
posuspension vs. MUS,  please see section on RP 
MUS) 

Although laparoscopic colposuspension is regarded 
as a less invasive operation than the open colposus-
pension, the mid-urethra tape procedures had signif-
icantly shorter operating time (<0.001), hospital stay 
(<0.001) and time for resuming normal activity (<0.01 

-0.001) as compared to the laparoscopic colposus-
pension. 

2.2.3 Different Techniques of Laparoscopic 
Colposuspension 

Different aspects of the laparoscopic technique have 
been compared including  one vs. two sutures (111), 
sutures vs. mesh (86, 112, 113) and transperitoneal 
vs. extraperitoneal approach to laparoscopy(114). 

Two sutures on either side of the BN resulted in 
higher subjective (RR 1.37, 95% CI 1.14 to 1.64) and 
objective (RR 1.42, 95% CI 1.14 to 1.77) cure rates 
as compared to one [285] [EL=2]. 

When comparing sutures and mesh to secure parau-
rethral support, sutures resulted in a higher subjective 
(RR 1.28, 95% CI 1.11 to 1.47) and objective (RR 
1.20, 95%CI 1.07 to 1.35) cure rate than mesh (74, 
86, 112, 113) [EL=1]. 

The transperitoneal versus extraperitoneal study re-
ported above employed different techniques (sutures 
vs mesh) and therefore gives little insight into the 
value of either approach given the superior results 
obtained with sutures. 

The use of glue or fibrin sealants has not been re-
ported outside small case series. 

2.2.4 Complications of Laparoscopic Colpo-
suspension 

Bladder, ureteric and vascular injuries are recognised 
complications of colposuspension. The Cochrane re-
view reported 21 bladder injuries among 521 laparo-
scopic procedures (compared with 10 among 507 
open procedures) and two studies reported obturator 
vein lacerations. However, when compared with the 
traditional open colposuspension, the laparoscopic 
group was found to have significantly fewer postoper-
ative complications (RR 0.74, 95% CI 0.58–0.96) with 
lower estimated blood losses and shorter duration of 
catheterisation. 

Longer operating times are a significant disadvantage 
of the laparoscopic approach (73, 76, 83, 84); how-
ever, women have reported significantly less pain, 
(79, 115-117) shorter hospital admissions, faster re-
coveries and quicker return to normal activities. (91, 
93), (102),(86),(62, 70, 118, 119) (83),(84). 

2.2.5 Longevity of Laparoscopic Colposus-
pension 

A long-term review of women who had undergone 
laparoscopic colposuspension more than 10 years 
previously(60, 120) compared the results with a 
group of women who had open colposuspension. 
Subjective cure rates deteriorated over time from 
71% and 67% at 6 months to 52% and 36% at 10 
years for the laparoscopic and open procedures, re-
spectively. Vaipas updated their previous study com-
paring TVT with laparoscopic colposuspension (109), 
and showed that both objective and subjective cure 
rates were significantly higher in the TVT group (94%, 
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64%) than in the laparoscopic mesh colposuspension 
group (78%, 51%) (105). 

The conclusion from the Cochrane review was that 
the available evidence suggests that laparoscopic 
colposuspension may be as effective as open colpo-
suspension two years postoperatively (72). The sys-
tematic review specific to laparoscopic colposuspen-
sion and TVT™ concluded that the evidence so far 
appears to favour the latter as the minimal access 
technique of choice for USI (121). In both cases how-
ever the authors indicated that the place of laparo-
scopic colposuspension in clinical practice could not 
be clearly defined without further long term results. 

It should also be noted that much of the published re-
search in this area is from individuals with enthusiasm 
and skill in laparoscopic surgery; their results should 
not necessarily be seen as being generalizable to the 
urogynecological/urological community at large. The 
NICE guidance includes amongst its recommenda-
tions that laparoscopic colposuspension is not recom-
mended as a routine procedure for the treatment of 
SUI in women, but that the procedure should be per-
formed only by an experienced laparoscopic surgeon 
working in a multidisciplinary team with expertise in 
the assessment and treatment of UI (122, 123); this 
same point is emphasised in the meta analysis from 
Tan and colleagues [275] [EL=4]. 

Summary 
Laparoscopic colposuspension shows comparable 
subjective and objective outcome to open colposus-
pension in the short to medium term; longer term out-
comes are unknown [EL=2]. 

Limited evidence suggests that the subjective out-
come from laparoscopic colposuspension is similar to 
the TVT™ , however the objective outcome is poorer. 
(EL=2) 

Recommendations 
Laparoscopic colposuspension can only be recom-
mended for the surgical treatment of SUI in women 
by surgeons with appropriate training and expertise. 
(Grade C) 

Women should be advised about the limited evidence 
available about the long term durability of laparo-
scopic colposuspension. (Grade C) 

3. MIDURETHRAL SLING  

3.1. Retropubic MUS 
The tension-free vaginal tape (TVT) procedure for 
treatment of female PVS was first introduced by 
Ulmsten, et al. in 1996(124). The development of the 
TVT operation was an attempt to support the middle 
portion of the urethra, instead of restoring anatomy 
and correcting urethral hyper-mobility at the BN. The 
idea of supporting the “mid-urethra” has been derived 

from the results of several research projects con-
ducted during the last thirty years. The work of Zach-
arin in 1968 and DeLancey in 1994 had already 
shown that the pubourethral ligaments inserted at the 
mid-urethra and that the urogenital diaphragm also 
was closer to the middle portion of the urethra than 
the BN(125, 126). In 1978, Owman et al. found that 
the most densely innervated portion of the urethra 
was the middle part and Huisman in 1983 showed in 
histological studies that the mid-urethra had the most 
abundant vascularisation(127). Additionally, Westby 
et al. in 1982 showed in radiographic studies how the 
urine stream was interrupted at the mid-urethra on 
holding in continent women and Asmussen et al. in 
1983 showed that the maximal urethral closure pres-
sure was situated at the midurethra(128, 129). It 
quickly became apparent that focusing on the mid-
urethra might bring improvement in the performance 
of incontinence surgery. 

Prospective observational cohort studies revealed 
that placing a macroporous, monofilament polypro-
pylene tape at the mid urethra resulted in cure rates 
between 80-90 % in primary cases of SUI  (123, 124, 
130-132), in recurrent cases (133, 134), in mixed in-
continence cases (133), and in an unselected group 
of women including primary, recurrent and mixed in-
continence as well as women with ISD(132). Since 
those initial reports of success, several groups have 
reported long-term outcomes exceeding 5 years 
(107, 135-138) and 10 years after the TVT procedure 
(139, 140). A variety of follow-up regimens and defi-
nitions of success reveal that the effects of the TVT 
on resolution of SUI are durable over the long-term. 

Since the last ICI review was conducted, the literature 
regarding the TVT and other RP MUS procedures has 
expanded at an almost exponential pace. As an ex-
ample, 16 RCTs comparing MUS to other procedures 
were available for review. The number of RCTs and 
large cohort studies now available significantly ex-
ceeds the previous review, and, unless otherwise 
mentioned, only fully-published studies have been in-
cluded herein. 

3.1.1 RP MUS vs. No Treatment (Table 7a) 
No recent trial has compared RP MUS and no treat-
ment. A multicentre, prospective RCT performed by 
Campeau et al. enrolled 69 elderly females who ini-
tially consented to be randomised to either undergo 
immediate TVT surgery or to wait for 6 months before 
submitting to the same surgery (control group). (141) 
The main outcomes measured at every visit (pre-ran-
domisation, 8-12 weeks and 6 months) consisted of 
the Incontinence-Quality of Life (I-QOL) Question-
naire, the Patient Satisfaction Questionnaire and the 
Urinary Problems Self-assessment Questionnaire. 
The analysis included 31 patients in the immediate 
surgery group and 27 subjects in the control group. 
Perioperative complications in the immediate surgery 
group were bladder perforation (22.6%), urinary re-
tention (12.9%), urinary tract infection (3.2%) and de 
novourgency (3.2%). At 6 months, the mean scores 



 

 
1762  COMMITTEE 14. SURGERY FOR URINARY INCONTINENCE IN WOMEN 
 

on each questionnaire were significantly in favour of 
the TVT group. [EL=1/2] 

3.1.2 RP MUS vs. Pelvic Floor Muscle Train-
ing (PFMT) 

Pelvic floor muscle training (PFMT) with or without bi-
ofeedback is a recognised and effective treatment for 
various pelvic floor conditions, including SUI, UUI, 
and pelvic pain.  

Since ICI-5, Labrie et al. published a multicentre RCT 
which included 215 women in the surgery group and 
202 women in the physiotherapy group. At 1 year, a 
total of 49.0% of women in the physiotherapy group 
and 11.2% of women in the surgery group crossed 
over to the alternative treatment. In an intention-to-
treat analysis, at 1 year, there was higher rates of 
subjective improvement (90.8% versus 64.4% (abso-
lute difference, 26.4 percentage points; 95% [CI], 
18.1 to 34.5), subjective cure (85.2% vs 53.4% (AD, 
31.8 pp; 95% CI, 22.6 to 40.3) and objective cure 
(76.5% vs 58.8% (AD, 17.8 pp; 95% CI, 7.9 to 27.3) 
in women in the surgery group compared with women 
in the physiotherapy group (Lot 1). A post hoc per-
protocol analysis showed that women who crossed 
over to the surgery group had outcomes similar to 
those of women initially assigned to surgery and that 
both these groups had outcomes superior to those of 
women who did not cross over to surgery. 

3.1.3 RP MUS vs. Bulking Agents 
No trial comparing bulking agents to MUS slings was 
found. 

3.1.4 RP MUS vs. Open Colposuspension (Ta-
ble 7b)  

Since the ICI-5 review, only  two additional studies 
have been published comparing TVT and open col-
posuspension. (142, 143) While El-Din Shawki 2012 
reported outcomes, we were not able to include the 
data in the review because  they did not specify how 
the participants were allocated across the three treat-
ment groups. For Trabuco 2014, only the abstract 
was available and the trial has not been included in 
this review. 

Three of the studies from ICI-5 compared TVT with 
open colposuspension (70, 144, 145). In a nonran-
domised trial with significant failed-to-complete-fol-
low-up, McCracken et al. found no difference in sub-
jective success rates via questionnaire between col-
posuspension and TVT at 5 to 10 years. [30] In an 
RCT randomising 49 women to TVT or colposuspen-
sion, Tellez Martinez-Fornes found no significant dif-
ference in subjective success rates (cured/improved) 
between the 2 procedures at follow-up periods of 6, 
12, and 36 months.(70) In a retrospective, nonran-
domised trial comparing 105 women who underwent 
TVT with 81 women who underwent MMK, the au-
thors found that while the short-term success rate of 
the MMK was 89%, the rate fell to 68.2% at 5 years 
and 32% at 10 years. (145) In comparison, the short-
term success rate of the TVT was statistically similar 

to the MMK (90%) but decreased only to 84.3% at 5 
years. Women who underwent TVT also experienced 
shorter operative time, less blood loss, and shorter 
hospital stay. [EL=3] 

A systematic review and meta-analysis comparing 
open colposuspension and sling procedures was 
published in the Cochrane Database(146). Twenty-
two trials compared suburethral slings (traditional 
slings or trans-vaginal tape or TO tape) and open col-
posuspension, involving a total of 2343 women 
(slings procedures n=1254, vs. open colposuspen-
sion n=1089). The authors of this review acknowl-
edged the discrepancy of the data which was at-
tributed to the different types of sling operations per-
formed. There were non-significant differences in 
long-term patient reported cure rate (RR 1.11; 95% 
CI 0.97 to 1.27) and in objective cure rate (RR 0.70; 
95% CI 0.30 to 1.64). Six trials involved traditional 
(BN) suburethral sling procedures, 12 trials used 
RPMUS, 3 trials TO MUS and one trial did not specify 
whether the TVT or TO MUS procedure was the ap-
proach taken.  

The operative time (18.06 ; 95%CI 14.67 to 21.46) 
and the hospitalisation stay (MD (Mean difference) 
3.99; 95%CI 3.71 to 4.28) were shorter with TVT as 
compared to open colposuspension. The time for 
catheter removal was shorter in the TVT group com-
pared with the open colposuspension (RR 4.51; 
95%CI 3.05 to 5.97). 

There was no significant difference in the periopera-
tive complication rates between colposuspension and 
TVT (RR 1.11; 95% CI 0.66 to 1.87). There was no 
significant difference between these two groups in the 
number of de novo urgency symptoms or urgency in-
continence (RR1.28 ; 95%CI 0.65 to 2.50) or for de 
novo DO  (RR 1.28 ; 95%CI 0.71 to 2.32). However, 
there was a nearly 40% lesser risk of developing void-
ing difficulties after open colposuspension as com-
pared to sling procedures (RR 0.41; 95% CI 0.26 to 
0.67). Trials which focused on TVT however, showed 
no significant difference in the risk of voiding dysfunc-
tion between the two groups (RR 0.66 ; 95%CI 0.06 
to 7.09). Women had a higher risk of developing new 
or recurrent prolapse when undergoing open PVS 
colposuspension compared to those undergoing sling 
procedures (RR 1.85; 95% CI 1.25 to 2.75). 

There was a lower risk of bladder perforation (RR 
0.20; 95% CI 0.08 to 0.49) and vascular injury in open 
colposuspension compared to TVT. 
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Table 7a: Studies comparing RP MUSs with no treatment and pelvic floor muscle training 

Author RPMUS Comparator No. Patients F/U Power 
calculation 

# Lost 
to F/U 

% Cure Significance LE Notes 

RP MUS vs. No treatment 

Campeau, 2007* (141) TVT - 31/27 6m Yes 0/20 N/A 0.0001 1 Favors 
TVT 

RP MUS vs. pelvic floor muscle training (PFMT) 
Labrie, 2013 TVT PFMT 215/202 12m Yes 19/28 90.8/64.4 

(subjective 
improvement) 

yes 

1 

  

85.2/53.4 
(subjective 
cure) 

yes 

76.5/58.8 (ob-
jective cure) yes 
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Table 7b: Studies comparing RP MUSs with open colposuspension (OC) 

Author RPMUS Comparator : 
OC 

No. 
Patients 

F/U Power 
calculation 

# Lost to 
F/U 

% Cure Significance LE Notes 

RP MUS vs. Open Colposuspension (OC) 

Ward, 2002* (147) 

TVT OC 175/169 

6m 

Yes 

N/A 66/57 (o) No 1   

Ward, 2004* (148)  24m 19/26 63/51 (o) No 1   

Ward, 2008* (149)  60m 103/120 81/90 (o) 
91/90 (s) 

No 1/2 >50% lost to F/U 

Liapis, 2002* (150)  TVT OC 36/35 24m No N/A 84/86 (o) No 2   

Wang, 2003* (151)  TVT OC 49/49 22m No N/A 82/76 (o) 
92/93 (s) 

No 2   

Bai, 2005* (20)  TVT OC 31/33 12m No 0/0 87/87.4 (s) No 2   

El-Barky, 2005* (152)  TVT OC 25/25 3-6m No 0/0 72/72 (s) No 2   

McCracken, 2007 * (144) TVT OC 40/45 
1.5-3m 

No 
8/14 88.5/92 (s) 

No 3/4 
  

60-
120m 17/22 77/70 (s) 

Tellez Martinez- Fornes, 
2009* (70) TVT OC 24/25 

6m 

No 

3/1 76.2/87.5 
(s) 

No 2 Success=cure + improved 12m 1/1 78.3/87.5 
(s) 

36m 3/2 77.3/91.3 
(s) 

Wu, 2010*  (145) TVT OC 105/81 

12m 

No 0/0 

90/89.5 (o) 

- 3 No statistical comparison 
performed 60m 84.3/68.2 

(o) 
120m -/32 (o) 
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3.1.5 RP MUS vs. Laparoscopic Colposus-
pension (Table 7c) 

Since ICI-5, there are no additional trials published 
comparing RP MUS and laparoscopic colposuspen-
sion. Four of the 12 RCTs in ICI-4 comparing RP 
MUS with traditional incontinence procedures com-
pared TVT with laparoscopic colposuspension. (87, 
94, 96, 98)  Two additional trials were added for ICI-
5(119, 153) as well as an update of the Paraiso et al. 
study(99).  The Cochrane review included 5 fully-pub-
lished manuscripts (87, 94, 96, 98, 153)   along with 
2 abstracts. (154).    

In the studies comparing TVT or Supra Pubic Arc 
Sling (SPARC; a monofilament polypropylene MUS 
placed through a top-down approach) with laparo-
scopic colposuspension objective cure was assessed 
by a pad test in 2 of the 6 studies (87, 96),  and by a 
cough-stress test in 3 of the studies (94, 96, 98). The 
criteria for cure or improvement were unclear in the 
study by Foote et al. (153). The trial by Valpas et al. 
with the greatest number of patients enrolled showed 
a significantly higher objective and subjective cure 
rate in the TVT group than in the laparoscopic colpo-
suspension group (p<0.0001), (96) while the other 
studies showed similar cure rates for both procedures 
ranging between 72.9% and 96.8% in the TVT groups 
and between 58.8% and 87% in the laparoscopic col-
posuspension groups. It was thought that the Valpas 
et al. trial may have shown a significant difference in 
outcomes in favour of TVT due to a difference in lap-
aroscopic technique (using mesh rather than sutures 
to perform colposuspension). (154) In their trial, 
Paraiso et al. performed postoperative multichannel 
urodynamic studies in 32 laparoscopic Burch colpo-
suspension and 31 TVT patients.  This showed a 
higher rate of urodynamic stress incontinence at 1 
year in the laparoscopic Burch colposuspension 
group, 18.8% versus 3.2% (p=0.056). (98)  There was 
a significant improvement in the number of inconti-
nent episodes per week and in UDI and IIQ scores in 
both groups at 1 and 2 years after surgery (p<0.001). 
However, postoperative subjective symptoms of in-
continence (stress, urge, and any urinary inconti-
nence) were reported significantly more often in the 
laparoscopic Burch colposuspension group than in 
the TVT group (p<0.04 for each category). At long-
term follow-up of the previous study, Jelovsek et al. 
confirmed that the TVT has similar efficacy to the lap-
aroscopic Burch for the treatment of SUI. (99)  While 
not always bothersome, the authors cited a substan-
tial number of women in either group who had some 
degree of incontinence 4 to 8 years after surgery. Alt-
hough laparoscopically-performed colposuspension 
is regarded as a less-invasive operation than the 
open colposuspension the MUS procedures had sig-
nificantly shorter operating time, hospital stay, and 
time for resuming normal activity as compared to lap-
aroscopic colposuspension.  [EL=2] 

As with the studies comparing open colposuspension 
with MUS, the conclusions of studies comparing MUS 
with laparoscopic colposuspension may be limited 

due to underpowering. Dean et al. performed a sys-
tematic review of laparoscopic colposuspension 
(n=264) and TVT (n=290) which included 7 trials. 
(155)  There was no statistically significant difference 
in the reported subjective cure rate between laparo-
scopic colposuspension and TVT within 18 months 
(RR 1.12, 95% CI 0.98 to 1.29). However, within the 
same time period, the overall objective cure rate was 
statistically significantly higher for TVT (RR 1.16, 95% 
CI 1.07 to 1.25). There were no significant differences 
between the two procedures with regards to periop-
erative complications, de novo DO, voiding dysfunc-
tion, procedural costs and QoL scores. The authors 
confirmed that the TVT procedure was quicker to per-
form and was associated with a shorter hospital stay. 
[EL=1/2] 

A systematic review by Novara et al. evaluated open 
and laparoscopic colposuspensions together with RP 
MUS. (156) Women receiving MUS had significantly 
higher overall (OR 0.61; 95% CI 0.46 to 0.82, 
p=0.00009) and objective (OR 0.38; 95% CI 0.25 to 
0.57, p<0.0001) cure rates than those receiving col-
posuspension. A clinical and economic subanalysis 
of the Valpas et al. study suggested that over a follow-
up period of 1 year the TVT is more cost-effective 
than laparoscopic mesh colposuspension as a pri-
mary treatment for female SUI.  [103] ??[49][EL=1/2] 

3.1.6 RP MUS vs. Traditional Sling  
This comparison is addressed in the section on tradi-
tional PVSs. 

3.1.7 RP MUS vs. Other RP MUS (Table 7d) 
The favourable results obtained with the TVT opera-
tion have resulted in several modifications of the pro-
cedure and the use of different tape materials. These 
PVS modifications have not been evaluated satisfac-
torily clinically and only 6 randomised studies com-
paring these with the TVT have been published. 

The meta-analysis by Novara et al. did not differenti-
ate between different types of RP MUS procedures.  
(156)  In ICI-5, 4 non-randomised studies compared 
TVT with SPARC. (157-160)  In the Dietz et al., study 
(TVT vs. SPARC), there were no significant differ-
ences for subjective cure/improvement, patient satis-
faction, or symptoms of incontinence. (157) The 
cough-stress test was positive in 8 of 37 women who 
underwent SPARC compared to 4 of 69 TVT patients 
( p=0.019). The TVT had a more negative effect 
(p=0.001) on postoperative voiding. In the Gandhi et 
al. study, 107 of 122 women returned for objective 
postoperative evaluation after surgery. (158) 

The TVT procedure was associated with higher sub-
jective (86% vs. 60%, p=0.001) and objective (95% 
vs. 70%, p<0.001) SUI cure rates, while there was no 
difference between the TVT and SPARC groups in 
the resolution of subjective and objective UUI. 
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Table 7c: Studies comparing RP MUSs with laparoscopic colposuspension (LC) 

Author RPMUS Comparator : LC No. Patients F/U Power 
calculation 

# Lost 
to F/U 

% Cure Significa
nce 

LE Notes 

RP MUS vs. Laparoscopic  Colposuspension (LC) 

Persson, 2002* (92)  TVT LC 28/32 12m Yes 2/2 89/87 
(o) 
57/52 
(s) 

No 1   

Ustun, 2003*  (94)  TVT LC 23/23 3m No 0/0 82.6/82.
6 (o) 
82.6/82.
6 (s) 

No 2   

Paraiso, 2004* (98)   
Jelovsek, 2008*  (99)   TVT LC 36/36 

12m 

Yes 

8/6 97/81 
(o) 0.056 1 Trends 

to TVT 

12-88m 
(Median 65m) 

74% 
had F/U 
48-96m 

52/42 
(s) No 2 

Cure=no 
reported 
incontine
nce 

Valpas, 2004*  (96)  TVT LC 70/51 12m Yes 6/4 85.7/56.
9 (o) 
82/58 
(s) 

0.001 1 Favors 
TVT 

Foote, 2006*  (153)   SPARC LC 49/48 27m Yes 10/10 77.4/81.
4 (s) No 2   

Tong, 2008* (119)     TVT LC 67/30 9m (Mean) No 0/0 95.5/86.
5 (s) No 3   
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Table 7d: Studies comparing RP MUS with other RP MUS (continued) 

Author RPMUS Comparator : 
RP MUS 

No. Patients F/U Power cal-
culation 

# 
Lost 
to 
F/U 

% Cure Significance LE Notes 

RP MUS vs. RP MUS 

Rechberger, 2003* (164) TVT IVS 50/50 4-18m No 0/0 88/80 (s+o) No 2   

Dietz, 2004* (157) TVT SPARC 69/37 1-18m No 0/0 94.2/78.4 (o) 0.019 3 Favors TVT 

Andonian, 2005* (165) TVT SPARC 43/41 12m Yes 0/0 95/83 (o) IIQ 
(s) 

No 1   

Lim, 2005* (166) TVT IVS/SPARC 65/65/65 1.5-3m No 4/5/4 87.9/81.5/72.4  
(o) 
78.5/67.7/64.6  
(o; ITT) 

No 1/2   

Tseng, 2005* (122) TVT SPARC 31/31 24-30m 
(Median 
25m) 

Yes 0/0 87.1/80.7 (o) No 2 0% vs. 12.9% 
bladder punc-
ture 
(p=0.112) 

Gandhi, 2006* (158) TVT SPARC 73/49 >1.5m 
(Median 
~4m) 

No 
0/0 86/60 (s) 

95/70 (o) 
0.001 3 Favors TVT; 

short F/U 

Kim, 2006* (159) TVT SPARC 62/62 12m No 20/14 91.7/100 (o) No 2/3 Satisfaction 
rate similar 

Lord, 2006* (167) TVT SPARC 147/154 1.5m Yes 0/0 
97.3/97.4 (o) No 

1 
Short F/U 

87.1/76.5 (s) 0.03 Favors TVT 

Meschia, 2006* (168) TVT IVS 95/95 24m Yes 3/8 85/72 (o) 
87/78 (s) 

No 1   

Yoon, 2007* (162) TVT IRIS 32/34 12m No 0/0 96.9/88.2 
(s+o) No 2/3   
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Table 7d: Studies comparing RP MUS with other RP MUS (continued) 

Author RPMUS Comparator : 
RP MUS 

No. Patients F/U Power cal-
culation 

# 
Lost 
to 
F/U 

% Cure Significance LE Notes 

36m 90.6/85.3 
(s+o) 

Agarwala, 2008* [64] TVT Lynx 48/48 - No 0/0 94/92 (s) 
96/94 (o) 

No 2 Consecutively 
assigned to 
sling 

Paick, 2008* (160) TVT SPARC 72/22 6m No 0/0 95.8/90 (s+o; 
SUI) 
81.9/86.4 
(s+o; MUI) 

No 3/4   

Prien-Larsen*, (169) TVT IVS 103/213 3m No   98/86 (o) 
82/79 (s) 

<0.03 (o) 
No (s) 

3 Objective 
cure favors 
TVT; 0% vs. 
11.8% 
vaginal extru-
sion 

12m 95/86 (o) 
79/81 (s) 

60m 94/80 (o) 
74/71 (s) 

Thubert 2016*  (170) TVT TVT-Exact 49/49 12m No 0/0 80.0 / 82.0 (s) No 1   
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Kim et al. found no difference in objective cure rates 
at 1 year of follow-up and complication rates were 
similarly low. (159) Paick et al. found no significant 
difference in cure of SUI or cure of all incontinence 
between TVT and SPARC at 6 months. (160) 
[EL=3/4].  Notably, SPARC is no longer commercially 
available as of 2016.   

In ICI-5, two studies compared TVT against other 
PVS midurethral MUS procedures. Agarwala found 
no difference in subjective (94% vs. 92%) and objec-
tive (96% vs. 94%) cure rates in 96 women consecu-
tively assigned to TVT or to Lynx mid-urethral sling 
(Boston Scientific; monofilament polypropylene), re-
spectively. (161) Yoon et al. compared TVT to the 
IRIS (Innovative Replacement of Incontinence Sur-
gery) with a follow-up of 3 years. (162) The instrument 
of the IRIS system is comprised of a nondisposable 
metal handle to which two metal needles can be at-
tached. The needles have an outer diameter of 5-6 
mm and the non-absorbable polypropylene tape, 
which is 11 mm wide and 450 mm long with a plastic 
sheath cover, is fixed to the needles. The tape of the 
IRIS system is polypropylene monofilament mesh 
(Trelex; Meadox Medicals, Oakland, NJ/Boston Sci-
entific, NJ, U.S.A.), and the diameter of the pore size 
is greater than 75 μm such as the tape of TVT. Suc-
cess rate encompassing both objective and subjec-
tive criteria were not statistically different between the 
2 procedures at 12 and 36 months. Likewise, the in-
cidence of perioperative complications and postoper-
ative voiding dysfunction was not statistically differ-
ent. [EL=3] 

A recent Cochrane systematic review and meta-anal-
ysis of mid-urethral sling operations compared the 
PVS bottom-to-top approach to the PVS top-to-bot-
tom approach(163) . Five trials were included, includ-
ing a total of 636 women. 

The subjective cure rate within 12 months was signif-
icantly higher with the bottom-to-top approach (TVT) 
compared with the top-to-bottom approach (SPARC) 
(RR 1.10, 95%CI 1.01 to 1.19), while the objective 
cure rate was similar (RR 1.06, 95%CI 0.97 to 1.17). 
At one year follow-up, there was no statistically sig-
nificant difference in the mean IIQ scores for quality 
of life (-4.6; 95% CI: -7.5 to16.7). 

There were no significant differences between the 2 
groups for the duration of operation (RR -2.15, 95% 
CI -4.68 to 0.38), length of hospital stay (RR -0.03, 
95% CI -0.37 to 0.30), or postoperative de novo ur-
gency symptoms (RR 0.84, 95% CI 0.52 to 1.34). 
With the bottom-to-top approach, there were fewer 
bladder or urethral perforations (RR 0.55, 95% CI 
0.31 to 0.98), less voiding dysfunction (RR 0.40, 95% 
CI 0.18 to 0.90), and fewer vaginal tape erosions (RR 
0.27, 95% CI 0.08 to 0.95). There were no data re-
ported on the need for further treatment. 

3.1.8 RP MUS vs. Single-Incision Mini-Slings 
(SIMS) (Table 7e) 

Single-incision mini-slings (SIMS) have emerged as 
an additional option for the woman with SUI. These 
procedures theoretically require minimal anesthesia 
and may be performed, in some instances, under lo-
cal anesthestic. A recent systematic review and 
meta-analysis of SIMS and RP MUS procedures was 
published in the Cochrane Database. (171) Five stud-
ies were included, comparing TVT-Secur (n=X) to 
bottom-to-top RP MUS. No trials compared single-in-
cision slings to top-to-bottom RP MUS. Four trials in-
volved one type of mini-sling : TVT-Secur. One of the 
trials (Andrada Hamer 2012) was stopped at interim 
analysis (2 months) because of poor efficacy and high 
complication rates associated with the TVT-Secur. A 
total of 573 women were included (RPMUS n=281, 
vs. SIMS n=292). The meta-analysis reported no sig-
nificant difference in patient reported cure rate when 
comparing SIMS with RPMUS (RR 1.38, 95% CI 0.55 
to 3.46). RPMUS were associated with significantly 
higher objective cure rates when compared to SIMS 
(RR 4.44, 95% CI 2.06 to 9.56). Quality of life was 
statistically better in the PVS group.  A shorter oper-
ation time was associated with SIMS (RR -17.33 95% 
CI -32.09 to -2.57) but there was no significant differ-
ence in the length of inpatient stay between the two 
procedures (RR -0.10 95% CI -0.69 to 0.49). SIMS 
had a higher risk of de novo urgency compared with 
RPMUS (RR 2.39, 95% CI 1.25 to 4.56). 

There were no significant differences between the 
two groups for the other complications : operative 
blood loss (-16.60 95% CI -34.41 to -1.21), major vas-
cular or visceral injury (RR 3.23 95% CI 0.13 to 
77.90), vaginal wall perforation (RR 1.02 95% CI 0.07 
to 15.89, not estimable), bladder or urethral perfora-
tion (RR 0.45 95% CI 0.15 to 1.38), urinary retention 
or need for catheterisation (RR 0.87 95% CI 0.38 to 
1.99), infection related to use of synthetic mesh (RR 
2.00 95% CI 0.22 to 17.89), vaginal mesh exposure 
(RR 1.37 95% CI 0.23 to 8.16), mesh extrusion into 
bladder or urethra (RR 0.76 95% CI 0.19 to 3.01), 
long-term pain (not estimable), dyspareunia (RR 2.90 
95% CI 0.32 to 26.30), new-onset DO (RR 0.89 95% 
CI 0.13 to 5.98), repeat stress incontinence surgery 
(RR 2.34 95% CI 0.79 to 6.92) or need for any other 
additional or new surgical procedure to treat expo-
sure (RR 1.18 95% CI 0.29 to 4.74). The authors con-
cluded that the overall results demonstrated that 
TVT-Secur was considerably inferior to PVS slings for 
the treatment of women with stress incontinence.  
This product has already been withdrawn from clinical 
use. Six additional studies comparing TVT and SIMS 
were published since the last Cochrane review. (171) 
Five of them are randomised trials(172) (LE (Level of 
evidence) 3/4); (173) (LE 2) ; (174-176) (LE 2) ; and 
one was a retrospective trial (172). 
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Table 7e: Studies comparing RP MUSs with single incision mini slings (SIMS) 

Author RPMUS Comparator No. 
Patients 

F/U Power 
calculation 

# Lost to 
F/U 

% Cure Signifi
cance 

LE Notes 

RP MUS vs. Mini Slings 
Andraden Hamer 2013 (177) 

TVT TVT Secur 62/61 12m yes 61/60 
98/80 
(o) yes 1 

stopped at interim 
analysis (2months) 
because of poor 
efficacity and 
complications 
rates with the TVT-
Secur 

              
94/71 
(s)       

Barber 2012 (178) TVT TVT Secur 129/127 24m yes - 
60.6/55
.8 no 1 

include women 
with concomittant 
prolapse 
(concomittant 
surgery) 

Ross 2014(173) TVT TVT Secur 34/40 12m yes 6/7 89/82 no 2 
stopped because 
of poor recruitment  

Madsen 2014 (172) TVT Align MiniArc 183/141 
22.9/
18.6 no 74/48 

35.8/23
.7 (o) yes 3/4 retrospective study 

              
69.7/60
.2 (s)       

Basu 2013 (175) TVT MiniArc 33/38 36 yes 7/3 91/47.4 yes 2   

Naumann 2013(176) TVT 
MiniArc and 
Ajust 75/75 6m no 0/0 

88/84 
(o) yes 2 

the aim of the 
study was to 
evaluate the effect 
of surgical 
preocedure for SUI 
on sexual function 

              
96/89.3 
(s)       
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Excepting the Ross et al. trial, which was small, all of 
these studies are in demonstrate inferiority of the 
SIMS procedures (Table 7e). 

3.1.9 RP MUS vs. TO MUS (Table 7f) 
A unique complication of the RP MUS procedures has 
been inadvertent puncture of PVS and, on occasion, 
intra-abdominal viscera or neurovascular structures. 
The most common organ punctured is the bladder 
and the rates of puncture have varied between 0.8% 
and 21 % in different studies (179).  Two systematic 
registries on the rates of complications associated 
with the TVT operation have been published, one 
from Finland including the first 1455 operations per-
formed nation-wide and one from Austria including 
2795 operations (106, 180).  The rates of bladder per-
foration were 3.8% and 2.7%, respectively. In an ef-
fort to minimise the incidence and morbidity of blad-
der injuries, Delorme in 2001 introduced a modified 
tape procedure in which the tape was brought to sup-
port the mid-urethra from inside the thighs through the 
obturator foramina on both sides (‘outside-in’)(181).  
De Leval further modified the outside-in TO MUS pro-
cedure to be an ‘inside-out’ procedure, now called the 
tension-free vaginal tape-obturator (TVT-O)(182).  

The comparison between the PVS and TO MUS pro-
cedures has been the subject of numerous publica-
tions over the last few years.   ICI-5 reported the re-
sults of 2 Cochrane systematic reviews(154, 156) . 
The two reviews did not show any difference for the 
subjective cure rate between the two procedures.  
However, the objective cure rate was significantly 
higher when using the PVS route(154). Moreover, in 
one of these reviews [48], a statistically significant dif-
ference in favour of TVT was shown when comparing 
objective continence rates between TVT and inside-
out TO MUS (OR: 0.71; 95% CI OR: 0.52 to 0.96; p= 
0.03), whereas no difference was found comparing 
TVT to outside-in TO MUS (OR: 0.90; 95% CI OR: 
0.66to 1.22; p= 0.51). Sensitivity analyses limited to 
studies of higher methodological quality showed only 
a nonstatistically significant trend in favour of TVT 
with regard to objective cure rate (OR: 0.74; 95% CI 
OR: 0.54 to 1.01; p= 0.05).  

With regard to complications, bladder or vaginal per-
forations, and postoperative haematoma were signif-
icantly more common following RP MUS (156). The 
rates of vaginal extrusion were slightly higher follow-
ing TO MUS in one of these reviews(156), possibly 
due to the use of ObTape, a device removed from the 
market due to a high risk of erosion and extru-
sion,however, there were no statistically significant 
differences in the second review (154). 

There was no significant difference between the 2 
groups in the need for repeat incontinence surgery, 
postoperative DO, de novo urgency and urgency in-
continence(154, 156).  There was a significantly 
higher occurrence of groin pain (12%) in women with 
a TO approach compared with a higher incidence of 
suprapubic pain in women with a PVS sling. However, 

postoperative voiding dysfunction occurred signifi-
cantly less frequently in the TO route group (4% ver-
sus 7%, RR 0.63, 95% CI 0.44 to 0.89) in one of these 
reviews(156) but with no difference noted in the sec-
ond one(156).    

In ICI-5, one other RCT trial compared PVS and TO 
MUS(149).  This was a multicentre, randomised 
equivalence trial with the primary outcome being ob-
jective and subjective success at 12 months. A total 
of 597 women were randomly assigned to a study 
group and 565 (94.6%) completed the 12-month as-
sessment. The objective and the subjective cure 
rates were significantly higher in the RP group. The 
rates of voiding dysfunction requiring surgery was 
higher in the RP group (2.7% versus 0% ,p = 0.004) 
and the rate of neurological symptoms were higher in 
the TO group (4.0% versus 9.4%, p = 0.01). There 
were no significant differences between groups in 
postoperative urgency incontinence, satisfaction with 
the results of the procedure, or quality of life. Thus, 
the success rates met the predetermined criteria for 
equivalence of the 2 procedures. [EL=1] 

In ICI-5, numerous additional, non-randomised trials 
published in peer-reviewed literature. [100-118] The 
majority of these concluded that there is no statisti-
cally significant difference in subjective or objective 
outcome measures between PVS and TO MUS pro-
cedures. As concluded in the RCTs, postoperative 
complications are more common in the RP MUS 
group. [EL=3/4] 

A recent Cochrane systematic review and meta-anal-
ysis of mid-urethral sling operations compared TO 
MUS and RP MUS(163).  Fifty-five trials with a total 
of 8652 women were included, with a sample size 
ranging from 20 to 597. The meta-analysis reported 
non-significant differences in subjective cure rate at 
12 months (RR 0.98, 95%CI 0.96 to 1.00) ranging 
from 62% to 98% in the TO MUS group, and from 
71% to 97% in the RP MUS group. Short-term objec-
tive cure was similar in the 2 groups (RR 0.98, 95% 
CI 0.96 to 1.00). Long-term subjective cure was also 
similar between the groups (RR 0.95, 95% CI 0.80 to 
1.12).The rate of bladder perforation was lower after 
TO MUS compared with RP MUS (RR 0.13, 95% CI 
0.08 to 0.20). Major vascular/visceral injury (RR 0.33 
95% CI 0.19 to 0.55), mean operating time (RR -7.54 
95% CI -9.31 to -5.77), operative blood loss (RR -6.49 
95% CI -12.33 to -0.65) and length of hospital stay 
(RR -0.25 95% CI -0.59 to -0.09) were lower with the 
TO approach.  Postoperative voiding dysfunction was 
less frequent following TO MUS (RR 0.53, 95% CI 
0.43 to 0.65).  There were no significant difference in 
de novo urgency and urgency urinary incontinance 
between the 2 groups (RR 0.98, 95% CI 0.82 to 1.17). 
Groin pain was higher in the TO MUS group (RR 4.12, 
95% CI 2.71 to 6.27) whereas suprapubic pain was 
lower (RR 0.29, 95% CI 0.11 to 0.78); both being of 
short duration. There was no significant difference in 
vaginal tape erosion/exposure/extrusion (RR 1.13, 
95% CI 0.78 to 1.65) or bladder or urethral erosion 
(RR 0.34, 95% CI 0.01 to 8.13) between the 2 groups. 
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Repeat incontinence surgery in the long term was 
more likely with the TO approach as compared to 
PVS.  (RR 8.79, 95% CI 3.36 to 23.00). At 24-month 
follow-up, there were no significant differences in sex-
ual function or in dyspareunia between the two 
groups.  

Ten additionnal RCTs compared PVS and trans-ob-
turator approaches(183) (LoE (Level of evidence) 1), 
(184) (LE 1), (185) (LE 1), (186)  (LE 3), (187)  (LE 3), 
(188)(LE 3), (189)(LE 1), (190) (LE 3), (191) (LE 1) 
and (192) (LE 2)). There was no significant difference 
between the objective and the subjective cure rates 
in these studies. In Albo 2012, 253 women underwent 
TVT and 263 TO. At 24 months, the subjective 
(55.7% versus 48.3%, 95% CI for difference of 7.4% : 
-0.7, 15.5%) and the objective cure rates (77.3 versus 
72.3%, 95% CI for difference of 5.1% : -2.0, 12.1%) 
were similar. In another study, Bellaster included 24 
women in the TVT group and 37 in the TO group. 
There was no difference for the subjective cure rates 
between these groups.  

In Costantini 2016, there were no differences for the 
objective cure rate. The Kaplan–Meier survival curve 
showed that the continence rate decreased for up to 
25 months after surgery, with stabilisation thereafter 
for the TVT group while continuing to drop in the TO 
MUS group, with no inter-group difference. The pa-
tients in both groups were highly satisfied at long-term 
follow-up. The Brennand 2015 study is subset of orig-
inal RCT by Ross 2009. TO and RP MUS were 
grouped together in this analysis. The probability of 
objective cure remained significantly higher for non-
obese women than obese women (p=0.018, RR 1.26, 
95% CI 1.04–1.52), after controlling for MUS type. 
Surgery type was not significantly associated with 
cure (p=0.492, RR 0.95, 95% CI 0.83–1.10). In Ken-
ton 2015, the authors made a per protocol analysis; 
RP MUS treatment success rate was 7.9% greater 
than TO MUS (95% CI -1.4 to 17.2), and did not meet 
the prespecified criteria for equivalence of 12% in the 
original trial or 15% in the current study. However, the 
CI included 0%, indicating that success rates also 
cannot be considered different from one another. 
Treatment failures were primarily due to SUI symp-
toms only, while others were due to SUI symptoms 
and surgical retreatment, as well as surgical retreat-
ment only.  

Cavkaytar 2015 is a non-randomised, prospective ob-
servational study; in both groups, postoperative Q-tip 
values were significantly reduced, but postoperative 
urethral mobility was more frequent in the TO MUS 
group. In Bohlin 2015, authors conducted an obser-
vational study; pre-, peri- and postoperative (8 weeks 
and 1 year) data were retrieved from the Swedish Na-
tional Register for Gynecological Surgery of MUS 
procedures (PVS procedures, n=4.539; TO proce-
dures, n =1.769) performed between January 2006 
and December 2011; multiple logistic regression 
analyses were performed between the outcome vari-
ables and BMI and smoking, presented as adjusted 
odds ratios (adjOR) with 95 % CI; subjective 1-year 

cure rate was 87.4 % for all MUS procedures (88.3 % 
with the PVS technique and 85.2 % with the TO tech-
nique (p=0.002); preoperative daily urinary leakage 
and urgency were more common with increasing 
BMI, but surgery reduced symptoms in all BMI 
groups; lower cure rate was seen in women with a 
BMI >30 (0.49; CI 0.33–0.73), in diabetics (0.50; CI 
0.35–0.74) and women aged>80 years (0.18; CI 
0.06–0.51); perioperative complications were more 
common in the PVS group (4.7 % vs 2.3 % in the TO 
group, p=0.001) and in women with BMI<25. Smok-
ing did not influence any of the outcome variables.  

Jeong 2014 was a retrospective study; when dividing 
women by the route of approach, the success rates 
in the TO approach became worse with increasing 
BMI (P=0.037, linear by linear association), while 
those in the RP approach were not different accord-
ing to the BMI groups (P=0.06, linear by linear asso-
ciation); the satisfaction rates were not different 
among the BMI groups in either approach; in the mul-
tivariate logistic regression models, only the presence 
of preoperative MUI (clinically-defined) was identified 
as a risk factor for treatment failure in all patients.  

Laurikainen 2014 is a 60-month update of Palva K, 
Rinne K, Aukee P, et al. There were no differences 
between the groups (TVT and TVT-O). In the Zyczyn-
ski 2014 study, there were no statistical differences in 
the objective and the subjective cure rate. The total 
incidence of complications was 13.4% for the TVT, 
9.3% for the TO MUS and 8.6% for the modified TO 
MUS (sig higher for TVT)(190) 

Summary  
RP MUS has demonstrated equal or superior efficacy 
compared to other procedures for female SUI 
(LE=1/2).   

RP vs. colposuspension: 

RP MUS is at least as effective as open colposuspen-
sion in the short and medium term, and may be supe-
rior to laparoscopic colposuspension although most 
studies are small and underpowered (EL=1/2). Over-
all the rate of complications of RP MUS and colpo-
suspension are similar between procedures. How-
ever, the rates of specific complications (e.g. bladder 
perforation, need for subsequent POP surgery, etc.) 
differ between the procedures. RP MUS is associated 
with a shorter operative time and hospital stay.  
(EL=1/2) 

RP MUS vs. TO MUS: 

Overall, PVS and TO MUS procedures perform 
equally at a short term follow-up of 6 to 12 months. 
(EL= 1/2). There  are insufficient data to make con-
clusions regarding the long term comparable efficacy 
of these procedures.  
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Table 7f: Studies comparing RP MUSs with TO MUSs (continued) 

Author RP 
MUS 

Com-
parator 

No. 
Pa-
tient
s 

F/U Power 
calcu-
lation 

# Lost 
to F/U 

% Cure Signif-
icance 

LE Notes 

RP MUS vs. TO MUS 

Ansquer, 2004*  
(193) TVT TOT? 25/2

4 1m No 0/0 80/83 (s) No 3/4   

Mellier, 2004* 
(194) TVT Monarc 90/8

5 6w No 0/0 91/95 (s) No 3   

Enzelsberger, 
2005* (195) TVT TO 

MUS 
52/5
3 12m No 0/0 86/84 (o) No 1/2   

Kim, 2005*  Sparc Monarc 22/2
1 6m No 0/0 81.8/80.9 (s+o) No 2   

Wang A, 2006*    Sparc Monarc 31/3
1 

6-14m 
(Median 
9m) 

Yes 2/0 Significant improve-
ment in pad weight 
for both 

No 2 Cure rate never mentioned 

Liapis, 2006* 
(196) 

TVT TVT-O 46/4
3 

12m No 0/0 89/90 (o) 
73.9/76.7 (s) 

No 1/2   

Morey, 2006* 
(197) 

TVT, 
Sparc 

Monarc, 
ObTape 

350/
154 6m No 0/0 85.6/89.4 (o) No 3   

Andonian, 
2007* (198) TVT TO 

MUS 
80/7
8 12m Yes 0/0 86/83 (o) No 1   

Darai, 2007*  

(199) 
I-Stop I-Stop 42/4

6 
3m 

Yes 0/0 
90.5/89.1 (s+o) 

No 2 
  

6-12m 88.5/86.5 (s+o) 

Falkert, 2007* 
(200) TVT TO 

MUS 
56/4
9 12m No 0/0 90/96 (o) No 3   

TVT TVT-O 2m Yes 0/0 98.5/95.4 (o) No 1 ITT analysis not significantly different 
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Table 7f: Studies comparing RP MUSs with TO MUSs (continued) 

Author RP 
MUS 

Com-
parator 

No. 
Pa-
tient
s 

F/U Power 
calcu-
lation 

# Lost 
to F/U 

% Cure Signif-
icance 

LE Notes 

Laurikainen, 
2007* , 
(201)Rinne, 
2008* (202), 
Palva, 2010*  
(203) 

136/
131 

12m 2/0 95.5/93.1 (o) 
90/93 (s) 

36m 5/5 94.6/89.5 (o) 

Lee, 2007*   TVT TVT-O 60/6
0 12m No 0/0 86.8/86.8 (s+o) No 2 Quasi-RCT (alternation) 

Meschia, 2007*  
(204) 

TVT TVT-O 114/
117 

6m (Me-
dian) 

Yes 6/7 92/89 (o) 
92/87 (s) 

No 1   

Neuman, 2007* 
[104] TVT TVT-O 75/7

5 6m No 0/0 97.3/98.7 (s) No 3   

Paick, 2007* 
[105] TVT TO 

MUS 
252/
212 6m Yes 0/0 92.1/84.9 (s+o) 0.015 2 Favors TVT 

Porena, 2007*  
(205) TVT ObTape 73/7

5 12m Yes 3/0 71.4/77.3 (o) No 1   

Sola, 2007*  
(82) TVT TVT-O 76/9

8 3m No 0/0 96/100 (s) No 3 ~80% each group additional surgery 

Zhu, 2007* 
(206) TVT TVT-O 28/2

7 22m No 0/0 92.6/92.9 (s) No 2 All had concomitant prolapse surgery 

Zullo, 
2007*(207)   TVT TVT-O 35/3

7 12m Yes 0/0 91/89 (o) No 1/2   

Araco, 2008*   TVT TVT-O 120/
120 12m Yes 12/20 

100/66 (o) (severe 
SUI) 0.001 

1 Favors TVT for severe SUI 
100/100 (o) (mild 
SUI) No 
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Table 7f: Studies comparing RP MUSs with TO MUSs (continued) 

Author RP 
MUS 

Com-
parator 

No. 
Pa-
tient
s 

F/U Power 
calcu-
lation 

# Lost 
to F/U 

% Cure Signif-
icance 

LE Notes 

Barber, 2008* 
(208) TVT Monarc 88/8

2 12m Yes 2/6 58.8/62.3 (s) 0.006 1 Monarc not inferior to TVT 

Barry, 2008*  TVT Monarc 107/
80 3m Yes 25/22 86.6/72.4 (s) 

79.3/84.5 (o) No 1/2 Short F/U 

Charalambous, 
2008*   TVT TVT-O 265/

50 12m No 0/0 87/94 (not stated) No 3   

Jeon, 2008*  
(63) 

TVT Iris 61/6
0 

3m No 0/0 96.7/95 (s+o) No 3   

6m 90.2/91.7 (s+o) 

12m 88.5/88.3 (s+o) 

Long, 2008*   TVT TVT-O 53/2
9 

36m/14m No 0/0 92.5/79.3 (s) 
94.3/86.2 (o) 

No 3/4   

Paick, 2008* 
(160) 

TVT TO 
MUS 

72/5
0 

6m No 0/0 95.8/94 (SUI) 
81.9/82 (all inconti-
nence) 

No 3/4   

Paick, 2008*   Sparc TO 
MUS 

22/5
0 

6m No 0/0 90/94 (SUI) 
86.4/82 (all inconti-
nence) 

No 3/4   

Schierlitz, 
2008*  (110) TVT Monarc 82/8

2 6m Yes 15/11 79/55 (o) 0.004 1 Favors TVT; all women w/ISD 

Wang W, 2008 * TVT TVT-O 35/3
4 

14.5m 
(Mean) No 0/0 88.6/85.3 (s) No 2   

Aniuliene, 
2009*   TVT TVT-O 114/

150 12m No 0/0 94.6/94.6 (s) No 2 Vague criteria for “effectiveness” 

Gungorduk,  
2009*   TVT Safyre-t 180/

120 
12m 

No 
0/0 93.9/82.5 (s+o) 0.0002 

3 Favors TVT 
48m - 78.3/52.5 (s+o) 0.0001 
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Table 7f: Studies comparing RP MUSs with TO MUSs (continued) 

Author RP 
MUS 

Com-
parator 

No. 
Pa-
tient
s 

F/U Power 
calcu-
lation 

# Lost 
to F/U 

% Cure Signif-
icance 

LE Notes 

Houwert, 2009* 
(209) 

TVT TVT-O 
Monarc 

214/
173 

12m Yes 0/0 82/75 (s) No 2/3   

Hsiao, 2009*   TVT Monarc 61/6
0 12m No 0/0 82/78.3 (s+o) No 3   

Karateke, 2009*  TVT TVT-O 81/8
3 12-16m Yes 2/1 88.9/86.7 (s+o) No 1   

Rapp, 2009*  

 

Sparc Monarc 107/
43 

12m No 10/4 29/41 (s; dry) 
76/77 (s; success) 

No 3   

Rechberger,  
2009* 
(210)(Rechberg
er,2007† ab-
stract only) 

IVS-
02 

IVS-04 269/
268 

18m Yes 68/71 75.1/74.1 (s) No 1   

Reich, 2009*  TVT TVT-O 120/
120 

3m No 0/0 85/77 (s+o) No 2/3   

Ross, 2009 

 

TVT Obtryx 105/
94 

12m Yes 18/10 77/81 (o) No 1 TO MUS palpable in 80% (vs. 27% 
TVT group) 

Wang W, 2009* 
(211) Wang W, 
2011* (212) 

TVT TVT-O 160/
155 

6m 

No 

6/9 93.5/91.1 (o) 

No 1/2 

  

12m 45/37 89.6/89.8 (o) 

24m 82/68 87.2/86.2 (o) 

36m 125/12
5 82.9/83.3 (o) 

Castillo-Pino*, 
2010 (213) TVT Safyre-t 55/4

9 
12m 

No 0/0 
74.5/77.6 (o) 

No 3 
  

24m 81.8/83.7 (s+o) 
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Table 7f: Studies comparing RP MUSs with TO MUSs (continued) 

Author RP 
MUS 

Com-
parator 

No. 
Pa-
tient
s 

F/U Power 
calcu-
lation 

# Lost 
to F/U 

% Cure Signif-
icance 

LE Notes 

Deffieux, 2010*; 
(Deffieux, 
2007* abstract 
only) (137) 

TVT TVT-O 75/7
4 

6m 

Yes 

3/3 88/91 (s+o) 

No 1 

  

12m 6/5 89/88 (s+o) 

24m 8/9 83/83 (s+o) 

Duckett, 2010*  
(214) 

TVT TO 
MUS 

34/3
4 

6w/6m/ 
12m 

No 0/0 100/70.6 (no repeat 
surgery) 

Yes 3 All had DO; OR 10.1, 95% CI 2.6 to 
38.2 for TO MUS to have additional 
surgery 

George, 2010*  
(215) TVT Uretex-

TO 
76/7
3 24m No 0/0 97.3/94.5 (s+o) No 3   

Krofta, 2010* 
(216) 

TVT TVT-O 141/
147 

12m No 0/0 90.1/88.4 (o) 
84.7/80.9 (s) 

No 1   

Richter, 2010*  

(217) 

TVT TVT-O 
Monarc 

298/
299 

12m Yes 17/15 80.8/77.7 (o) 
62.2/55.8 (s) 

No 1 Per protocol analysis 

Tanuri, 2010*  
(117) 

Safyr
e-rp 

Safyre-t 10/2
0 

12m No 1/1 88.8/84.2 (o) 
88.8/85 (s) 

No 2   

Wang F, 2010* 
(218) 

TVT TO 
MUS 

70/7
0 

12m No 0/0 90/91.4 (s) 
92.8/91.4 (o) 

No 1/2   

Teo, 2011*  
(Teo, 2007* ab-
stract only) 

TVT TVT-O 66/6
1 

6m Yes 7/8 78/83 (o) 
81.4/77.4 (s) 

No 1 ITT analysis NS at both F/U intervals; 
trial stopped early (leg pain w/TVT-O) 

12m 25/32 80.5/86.2 (o) 
85.4/89.7 (s) 

Zyczkowski, 
2014 

(190) 

TVT TO 
MUS/m
TOT 

142/
129/
256 

6m No   91.5/93/93.3 (s) no 3   

              96.4/96.1/94.4 (o)       
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Table 7f: Studies comparing RP MUSs with TO MUSs (continued) 

Author RP 
MUS 

Com-
parator 

No. 
Pa-
tient
s 

F/U Power 
calcu-
lation 

# Lost 
to F/U 

% Cure Signif-
icance 

LE Notes 

Laurikainen, 
2014 (189) 

TVT TVT-O 136/
132 

60+ m Yes 5/9 84.7/86.2 (o) no 1   

              94.2/91.7 (s)       

Jeong, 2014 

(188) 

RP 
MUS 

TO 
MUS 

74/1
69 

36+ m No 0/0 72 (o+s), 16.9 
(Cure+impr) 

no 3   

Bohlin, 2015 

(187) 

RP 
MUS 

TO 
MUS 

4539
/176
9 

12m No   88.3/85.2 Yes 3   

Costantini, 
2016  (183) 

TVT ObTape 44/5
1 

75+ m Yes 4/4 87.5/70.2 (o) no 1   

              75/59.6 (s)       

Brennand, 2015 
(184) 

Non-
obese 

Obese 136/
61 

12m Yes 25/3 85.6/67.8 (o) Yes 1 Postop UUI: 37.1% (obese) vs. 61% 
(non-obese) (Sig); complication rates 
similar 

              85.5/70.7 (s)       

Kenton, 2015  
(185) 

RP 
MUS 

TO 
MUS 

298/
299 

60m Yes 7/6 51.3/43.4 yes* 1 Per protocol analysis; did not meet cri-
teria for equivalence; 40 women expe-
rienced 52 nonserious AEs and 6 had 
serious AE requiring surgical, endo-
scopic, or radiological intervention 
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Table 8a: Long-term Outcomes of Single Arm Studies of TO MUS 

Author MUS N 
(reported) 

F/U # 
Lost 
To 
F/U 

% 
Objective 
Cure 

% 
Subjective 
Cure 

AEs  Notes 

Costantini 
, 
2009(222) 

Out in 
TO 
MUS 

65 46m 
med 
(36-
82) 

6 74.4% 
VLPP>60 
65% 
VLPP≤60 

- - - 

Liapis, 
2010 
(223) 

TVT-O 74 48-
52m 

6 82.4% 81% 9 UTI, 13 
↑PVR, 2 
extrusion, 13 
leg pain 

- 
TVT-
O+AC 

41 80.5% 76% 

Heinonen, 
2013(224)  

Out in 
TO 
MUS 

139 6.5y 
mean 

52 89% 83% - MUI 
patients 
less 
satisfied 

Chun, 
2014 
(225) 

Out in 
TO 
MUS 

129 7.1y 
med 

- 87.1% - - 

TVT-O 86 66.7% 
Lienhart, 
2014 
(226) 

I-Stop 
(out in) 

131 7y - - 72% 0.3% 
extrusion 

80% 
satisfied 

Yonguc, 
2014 
(227, 228)  

Out in 
TO 
MUS1 

126 61.2m 
mean 
(55-
82) 

12 87.3% 65.9% 
(higher for 
SUI vs. 
MUI) 

1 UTI, 5 
groin pain, 2 
extrusion, 2 
retention 

73% 
satisfied 
(higher for 
SUI vs. 
MUI) 

Toz, 2015 
(229) 

Safyre 
T2 (out 
in) 

153 96m - 77.6% 77.6% - - 

Lo, 2016 
(230) 

Monarc 
(out in) 

56 80.3m 
med 
(78-
83) 

4 89.3% 87.5% None - 

Pereira, 
2016 
(231) 

TVT-O 
(obese) 

72 48m 50 95%  2 extrusion, 
1 retention 

KHQ 
similarly 
improved 
for each 
BMI group 

TVT-O 
(non-
obese) 

96 63 95.8%  2 extrusion 

Key: 

MUS: midurethral sling; N: number; F/U: follow-up; AEs: AEs; TO MUS: transobturator midurethral sling; m: 
months; y=years; med: median; VLPP: valsalva leak point pressure; UTI: urinary tract infection; PVR: post-
void residual; MUI: mixed urinary incontinence; SUI: stress urinary incontinence; KHQ: King’s Health Ques-
tionnaire; BMI: body-mass index. 

1. Two types of outside-in TO MUS used: Heine Medizin® urethral support system, Germany, and I-STOP® 
CL Medical, France. 

2. Safyre T®, Promedon, Argentina. 
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The rate of complications, including bladder puncture 
postoperative voiding dysfunction, and haematoma 
formation are higher for the RP MUS as compared to 
the TO approach whereas thigh discomfort is more 
common with the TO approach. [EL=1/2].    The over-
all rate of vaginal MUS erosion is no different between 
these techniques.  (EL=1/2) 

Surgical approach for RP MUS (top-down vs. bottom-
up): 

RP MUS appears to be somewhat more efficacious 
when being placed from ‘bottom-up’ as compared to 
an ‘top-down’ approach (LE=2).   But only limited long 
term “up-down” data exists (LE=2)  Intraoperative and 
postoperative AEs are less common with the ‘bottom-
up’ approach.  (EL=1/2) 

Recommendations 
RP MUS is recommended as an effective and durable 
treatment for stress urinary incontinence. [Grade A]  

3.2. TO MUS 
Owing to trocar passage through the PVS space, in-
advertent puncture of PVS and, infrequently, intra-ab-
dominal viscera or neurovascular structures com-
prises a unique complication of the PVS slings, and 
RP MUS in particular.  (106, 219-221) 

In an effort to minimise the incidence and morbidity of 
bladder injuries, a novel modified MUS procedure 
was introduced in which the tape was brought to sup-
port the mid-urethra from inside the thighs through the 
obturator foramina bilaterally (181). De Leval further 
modified the outside-in TO MUS procedure to be an 
inside-out procedure, now called the tension-free 
vaginal tape-obturator (TVT-O™; Gynecare, Ethicon, 
Somerville, NJ, USA)(182).  

The materials used for TO MUS have continued to be 
modified to decrease risk of erosion, extrusion and in-
fection.  Today, nearly all of the commercially-availa-
ble synthetic TO MUS products are made of Amid 
type I polypropylene mesh and have an extrusion and 
erosion rate well below 5%.   

The TO technique has since gained immense popu-
larity, owing to its reproducible results and low rates 
of complications.  The “outside-in” and “inside-out” 
methods of insertion continue to be the major division 
in the classification of surgical outcomes and compli-
cations.   

3.2.1 Long-Term Outcomes of TO MUS 
Long-term outcomes are rapidly emerging for the TO 
MUS and several case series have reached mean or 
median follow-up periods ≥48 months (Table 8a). 

Despite wide variations in objective and subjective 
definitions of success, both the outside-in and inside-
out TO MUS are associated with good long-term out-
comes (Level 3b/4).  The conclusions should be inter-
preted with caution since all of the available data are 
from single-institution, retrospective cohort studies. 

3.2.2 Trials Comparing TO MUS and Other 
Slings 

A Cochrane systematic review recently compiled ran-
domised controlled trials (RCT) comparing TO MUS 
vs. other procedures. (163) The review assessed 81 
trials that included 12,113 women.  The outcome 
analysis between the PVS and TO MUS is the most 
studied comparison of two procedures in the SUI lit-
erature.  To minimise redundancy, the discussion of 
this comparison is covered in the section on RP MUS.  
Likewise, the comparison between TO MUS and sin-
gle-incision mini slings (SIMS) will be covered in the 
section on SIMS.  What follows is an evaluation of the 
existing literature comparing the TO MUS to other 
surgical procedures.  Studies and analyses previ-
ously covered in ICI-5 will be summarized, while new 
literature will be covered in greater detail. 

3.2.2.1 TO “Inside-Out” Approach vs. “Out-
side-In” Approach 

Nine trials in the Cochrane review compared the in-
side-out approach with the outside-in approach. (209, 
232-239)  The study by Hassan et al. was reported 
only as an abstract, while the other eight trials were 
reported as full articles.  An additional trial appeared 
in a trials registry, but, to date, there has been no ad-
ditional information provided by the authors (240).  
Median sample sizes was 110 (range 74 to 341).  Five 
studies included women with MUI [But and Faganelj, 
2008; Lee et al., 2008; Abdel-Fattah et al., 2010; Park 
et al, 2012; Scheiner et al., 2012], and two trials in-
cluded women who had undergone previous inconti-
nence surgery [Abdel-Fattah et al., 2010; Scheiner et 
al., 2012].  The trial by Scheiner et al. included 
women with POP as well as women undergoing con-
comitant pelvic surgery.  Median follow-up was 12 
months (range 3-36 months).  The outcomes of the 
initial trial by Abdel-Fattah et al. (235) have since 
been updated in several additional reports. (241-246)  
The most recent Cochrane review has added an ad-
ditional five trials to the previous version, that in-
cluded four trials of small size 

3.2.2.1.1 Objective and Subjective Out-
comes 

There were no statistically significant differences in 
either short-term (≤12 months) subjective cure rates 
(6 studies, 759 women; RR 1.0, 95% CI 0.96 to 1.06) 
or subjective cured and improved rates (5 studies, 
732 women; RR 1.02, 95% CI 0.97 to 1.08).  Similarly, 
there were no statistically significant differences in ei-
ther medium-term subjective cure rates (2 studies, 
235 women; RR 1.06, 95% CI 0.91 to 1.23) or sub-
jective cured and improved rates (2 studies, 399 
women; RR 1.00, 95% CI 0.90 to 1.11).  No trials 
have thus far published long-term data.  There were 
no statistically significant differences in short-term ob-
jective cure (6 studies, 745 women; RR 0.99, 95% CI 
0.95 to 1.04) or cured plus improved rate (RR 1.00, 
95% CI 0.95 to 1.07) between the two groups.  
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In a recently-published, secondary analysis of a sin-
gle-blind RCT, 83 of 341 women (24%) with MUI were 
randomised to outside-in (Aris®, Coloplast, Denmark, 
n=42) or inside-out (TVT-O, n=41) TO MUS (247).  
The primary outcome was patient-reported success 
rate, defined as very much improved/much improved 
on the Patient Global Impression of Improvement 
(PGI-I), while secondary outcomes included improve-
ment in QoL, impact on preoperative urgency/UUI, 
and repeat surgery for SUI.  A total of 66 women com-
pleted 3-year follow-up.  The patient reported suc-
cess rate was 73.8% with no significant differences 
between the groups (OR 1.035, 95% CI 0.342-3.134, 
p=0.951).  Overall, 34 (50.1%) and 26 women 
(56.5%) reported cure of preoperative urgency/UUI, 
respectively, while 52 women (86.7%) had a clinically 
significant improvement in QoL (≥18 points in total 
Kings Health Questionnaire (KHQ) score) compared 
to baseline.  In each group, two women underwent 
further continence surgery.   

A recent systematic review and meta-analysis of in-
side-out vs. outside-in TO tapes summarised five 
RCTs and three cohort studies (248).  As in the 
Cochrane Review, there was no significant difference 
in short-term subjective cure/improvement (OR 1.25, 
95% CI 0.78 to 1.99, p=0.35) or in objective cure/im-
provement (OR 1.66, 95% CI 0.8 to 3.43, p=0.17) be-
tween the two groups.  Meta-analysis of cohort stud-
ies confirmed similar results. 

3.2.2.1.2 Perioperative and Postoperative 
Complications 

There were no statistically significant differences be-
tween the two groups in terms of: duration of opera-
tion in minutes, (4 studies, 481 women; MD 0.52, 95% 
CI 1.09 to 2.13); operative blood loss in mL (3 studies, 
255 women; MD 1.11, 95% CI -6.01 to 8.22); length 
of hospital stay in days (2 studies, 190 women; MD -
0.77, 95% CI -2.54 to 0.99); and, time to return to nor-
mal activity in weeks (1 study, 100 women; MD -0.60, 

95% CI -1.80 to 0.60).  The following table summa-
rizes the perioperative and postoperative complica-
tions from the Cochrane Review (Table 8)(163).  

As in the Cochrane Review, Madhuvrata et al. con-
cluded that vaginal angle injuries (vaginal perforation) 
were significantly higher with the outside-in route (OR 
0.14, 95% CI 0.05 to 0.41, p=0.0003), while 
groin/thigh pain (OR 1.42, 95% CI 0.94 to 2.13, 
p=0.10) and de novo urgency (OR 1.46, 95% CI 0.63 
to 3.36, p=0.38) were not significantly higher with the 
inside-out route. [35]  Meta-analysis of cohort studies 
confirmed these findings.   

3.2.2.1.3 Impact on QoL 
Five of the ten trials in the Cochrane Review as-
sessed QoL using validated questionnaires(163).   In 
the trial by Houwert et al., there was significant post-
operative improvement in IIQ-7 and UDI-6 scores 
compared to scores obtained preoperatively within 
each group, but no significant postoperative differ-
ences between the two groups (42 women; MD 
16.54, 95% CI 4.84 to 28.24)(209).  But and Faganelj 
assessed QoL with IIQ and UDI questionnaires and 
visual analog score (VAS), but reported no re-
sults(232).   Lee et al. used a validated Korean ver-
sion of the Incontinence QoL (I-QoL) and showed im-
provements within the groups, but with no significant 
postoperative differences between the groups(233).   
Scheiner et al. used the KHQ and found no significant 
difference between the groups at baseline and post-
operatively, but noted improvement following surgery 
compared to baseline scores in all domains(238).  Ab-
del-Fattah et al. used the KHQ, Birmingham Bowel 
and Urinary Symptoms Questionnaire, Pelvic Organ 
Prolapse/Urinary Incontinence Sexual Questionnaire 
(PISQ-12), PGI-I and the short form of the ICIQ to as-
sess QoL(235).   Overall, there was statistically 
significant postoperative improvement in total scores, 
as well as in each of the nine domains of the KHQ.  
There was no significant postoperative difference in 
any of the QoL scores between the two routes.

 

 

Table 8b: Perioperative and postoperative complications (from Cochrane) 

Category Incidence # Studies N RR CI Significant 
Vaginal Perforation 7.39% 3 541 0.25 0.12-0.53 Yes: less w/inside-out 
Voiding Dysfunction 5.53% 8 1121 1.74 1.06-2.88 Yes: less w/outside-in 
Overall Perioperative 
Complications 

 2 214 1.30 0.23-7.51 No 

Major Vascular/ Visceral Injury  4 622 0.71 0.23-2.19 No 
Bladder Perforation  6 794 0.38 0.07-1.92 No 
De Novo Urge/ UUI  3 357 1.01 0.46-2.20 No 
Detrusor Overactivity (DO)  1 114 0.87 0.27-2.84 No 
Vaginal Extrusion  7 1087 0.42 0.16-1.09 No 
Groin/Thigh Pain 9.2% vs. 8% 6 837 1.15 0.75-1.76 No 

Key: N: number of patients; RR: relative risk; CI: 95% confidence interval 

3.2.2.1.4 Impact on Sexual Function 
Three trials in the Cochrane Review evaluated post-
operative sexual function following inside-out and 

outside-in TO MUS(163, 209, 235, 237).   There was 
significant improvement in PISQ-12 scores following 
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surgery (improved sexual function compared to base-
line), but no significant difference between the two 
groups at follow-up.  Rates of de novo dyspareunia 
following surgery were extremely low, with evidence 
of symptom resolution by 24 months of follow-up. 

Several recent retrospective cohort studies have 
added to the information available regarding postop-
erative sexual function in these women.  Forty-eight 
of the 62 women returning a follow-up questionnaire 
following inside-out or outside-in TO MUS were sex-
ually active before and after surgery(249).   The fre-
quency and appreciation of intercourse, extent of sex-
uality, and the frequency of leakage during inter-
course were not significantly different after surgery.  
Fifteen women (31.2%) reported an improvement in 
intercourse satisfaction while five (10.4%) com-
plained of sexual function deteriorating after the TO 
MUS.  Of the 62 women, ten (16.1%) were dissatis-
fied with the surgical outcome because of persistent 
or recurrence of SUI (6) and a deterioration of inter-
course satisfaction after surgery (4).  Partner discom-
fort remained unchanged.  Narin et al. administered 
the self-reported libido scoring system (LSS) in 59 
sexually-active women preoperatively and six months 
after outside-in TO MUS(250).   Two parameters of 
the LSS, orgasm and who starts the sexual activity, 
increased at a statistically significant rate following 
surgery.  Kamalak et al. used the Female Sexual 
Function Index (FSFI) in 30 women before and three 
months after TO MUS(251).    There was a statisti-
cally significant improvement in libido (desire), 
arousal, lubrication, orgasm and satisfaction.  A re-
duction of urinary leakage during sexual activity was 
also seen. 

Finally, the Nine Questions Regarding Sexual Func-
tioning (NSF-9) questionnaire was administered be-
fore TO MUS to 34 sexually active women and re-
peated at the 3-month, 6-month, 12-month follow-up 
visits and annually thereafter (252).  Scores in all do-
mains of sexual function were significantly improved 
after surgery.  The frequency improved in 24 women 
(70.5%), lubrication improved in 12 (57.1%), orgasm 
improved in 21 (67.1%), pain improved in 14 (70%), 
and, in leaking patients, sexual satisfaction improved 
in 85.7%, while in non-leaking patients improvement 
was seen in 40%.  Sexual relations were not satisfac-
tory in 26 women (76.4%) before surgery; however, 
of these, 21 (80%) had improved sexual satisfaction 
after surgery.  De novo urgency and dyspareunia de-
veloped in one and two patients, respectively. 

Summary  
Ten RCTs in the Cochrane Review totaling 1199 
women compared the TO inside-out approach with 
the outside-in approach (Level 1/2).  Evidence from 
the ten trials, two of which reported medium-term 
data, showed no significant difference between the 
two approaches in regards to objective and subjective 
cure and cured/improved rates.  Likewise, the rates 
of the majority of perioperative and postoperative var-

iables and complications were not significantly differ-
ent between approaches.  The only exceptions were 
voiding dysfunction, where higher rates were re-
ported in the inside-out group, and vaginal perfora-
tion, which had higher rates in the outside-in group.  
Despite this, there was no resultant increase in the 
rate of tape erosion.  Postoperative improvement in 
QoL and sexual function was observed with each ap-
proach, regardless of the outcome measure em-
ployed.  The addition of a contemporary update of 
one of the RCTs (247)  and several cohort studies has 
not served to alter these conclusions. 

Recommendations 
Since both approaches (outside-in and inside-out) to 
TO sling are associated with similar outcomes and 
overall incidence of AEs,  the choice of surgical tech-
nique in those individuals undergoing a TO MUS 
should be based on other factors such as profes-
sional judgement and experience..  Grade A/B 

3.2.2.2 TO MUS vs. BN PVS 
A Cochrane Review identified two trials in which a TO 
MUS was compared with a traditional BN sling (1).  
Silva-Filho et al. randomized 20 women to aPVS or 
Safyre outside-in TO MUS(61).   The Safyre consists 
of a polypropylene suburethral portion held between 
polydimethylsiloxane self-anchoring columns.  Pre- 
and postoperative quantification of the severity of in-
continence and QoL was done by pad test and KHQ, 
respectively.  While mean operating time (21.1 vs. 
69.5 minutes; p<0.001) and hospital stay (28.8 vs. 
44.4 hours; p<0.001) were shorter in the Safyre 
group, the postoperative pad test (39.4 vs. 8.4 g; 
p=0.01) was in favour of the autologous sling.  Like-
wise, improvement in KHQ was significantly higher in 
the autologous sling group.  Tcherniakovski et al. ran-
domised 21 women to TO MUS and 20 patients to 
PVS sling(62).   At 12 months of follow-up, the suc-
cess rates were 90.5% (19/21) and 95% (19/20), re-
spectively, with fewer overall complications observed 
in the TO MUS group. 

In an additional retrospective cohort trial 203 women 
who underwent TO MUS were compared with 260 
women who received autologous rectus fascia (ARF) 
slings (253).  Both groups were statistically similar 
with regard to age, parity, BMI, number of previous 
gynaecological surgeries, and anti-incontinence ther-
apies.  After 12 months, women in the TO MUS group 
had a higher subjective efficacy rate compared to 
those in the ARF sling group (94% vs. 88%, p<0.05).  
However, this difference was no longer statistically 
significant at 24-month follow-up (88.7% vs. 84.6%, 
p=0.20).  The TO MUS was associated with fewer 
overall postoperative complications (14.1% vs. 
25.6%, p<0.05) and similar intraoperative complica-
tion rates (1.15% vs. 2.3%, p=0.22). 
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Summary 
The available data from two small RCTs and a retro-
spective trial suggest that overall outcomes after au-
tologous BN slings and TO MUS are similar (Level 
2b/3) at short to medium terms.  These conclusions 
should be interpreted with caution owing to the small 
numbers of women recruited in the RCTs. 

Recommendation 
The surgeon may offer either TO MUS or autologous 
fascial sling to the index patient. (Grade B/C) 

3.2.2.3 One Method of TO MUS Insertion vs. 
Another (Via Same Route) 

Five trials in the Cochrane Review compared different 
TO outside-in approaches (240): Monarc vs. TO MUS 
(254); TO MUS vs. adjustable TO MUS(255); TO 
MUS vs. TO MUS with two-point fixation sutures 
(256); and, synthetic TO MUS vs. biological TO 
MUS(257, 258).  Four additional trials compared TO 
inside-out approaches: TVT-O vs. shorter TVT-O and 
less lateral dissection (259); TVT-O vs. TVT-O plus 
Ingleman-Sundberg (IS) bladder denervation proce-
dure(260); TVT-O vs. TVT-O with less dissection 
(261); and, TVT-O vs. self-tailored TVT-O mesh 
(262).  

Other than the synthetic vs. biological TO MUS com-
parison which was addressed in two small trials, the 
remaining comparison groups included only a single 
small trial.  For all outcomes measured in each trial, 
there were no statistically significant differences re-
ported, with the exception of the study by Juang et al. 
(260)  In this study, 96 women with MUI were ran-
domised to TVT-O plus IS (Ingleman Sundberg) 
(n=49) and to TVT-O alone (n=47).  The primary out-
come measure was objective assessment of surgical 
outcomes, and the secondary outcome measure was 
warning time.  Objective cure rate was statistically in 
favor of TVT-O plus IS  (84.8% vs. 62.8%; p=0.019).  
Furthermore, a significant increase in warning time 
was observed in the TVT-O plus IS group (from 3.9 to 
9.4 min; p=0.006), but the increase in warning time 
within the TVT-O alone group was not statistically sig-
nificant (from 4.3 to 4.5 min; p=0.695).  The short-
term objective cure rates between synthetic and bio-
logical TO MUS were not significantly different (RR 
1.03, 95% CI 0.94 to 1.14).  The trials by Paparella et 
al. and Tommaselli et al. revealed that the PISQ-12 
scores decreased after the procedure in both groups, 
indicating improved sexual function after surgery. 
(257, 261)  No significant differences were observed 
between groups after the procedures. 

Two additional, retrospective cohort studies have ad-
dressed different TO MUS from the same approach.  
A hand-made outside-in MUS (polypropylene mono-
filament; n=41) was compared with a commercially-
available, outside-in TO MUS (n=61) [Ciftci et al., 
2015]. (263)  Age, menopausal status, and BMI were 
similar for both groups.  There was no significant dif-
ference in 1-year success rates between the groups 

(p=0.319); however, the rate of vaginal extrusion 
(p=0.016) was significantly lower in the commercially-
available MUS group.  Likewise, a self-created TO 
MUS (SCTOT; n=67) was compared with the stand-
ard, industrially-created TO MUS (ICTOT; n=47) 
(264).  The IIQ-7, UDI-6, ICIQ-SF, and OAB symptom 
score (OABSS) were recorded.  Cure was defined as 
a negative CST and no need for additional surgery.  
At 18-month follow-up, objective cure was achieved 
in 56 women (83.5%) in the SCTOT group and in 40 
women (85.1%) in the ICTOT group (p>0.05).  There 
was a significant improvement in IIQ-7, UDI-6, ICIQ5-
SF, and OABSS in both groups.  Improvement was 
better in the group with pure SUI than in patients with 
MUI, but this difference was not significant. The post-
operative infection rates were 7-10% and not signifi-
cantly different between groups.  De novo OAB symp-
toms occurred in four women (5.9%) in the SCTOT 
group and three (6.3%) in the ICTOT group.  

Summary  
Despite several design or procedural modifications to 
TO MUS inserted via the same route, there was no 
difference in the efficacy, surgical outcomes or occur-
rence of AEs.  These conclusions should be inter-
preted with caution owing to the small numbers of tri-
als evaluating each comparison and short term fol-
low-up. (Level 2b/3) 

3.2.2.4 Other Materials Used for TO MUS 
Linder and Elliott evaluated 33 consecutive women 
that underwent autologous rectus fascia TO MUS. 
(265)  Patients were seen at three months postoper-
atively and mailed a questionnaire at least one year 
after surgery for further follow-up.  Outcomes were 
measured by ICIQ-FLUTS.  When isolated sling 
placement was performed, 88% (15/17) were outpa-
tient procedures. Median follow-up was 14.9 months 
(IQR 3.6, 18.7), during which five patients underwent 
repeat anti-incontinence surgery.  For those without 
retreatment, 25/28 (89%) completed ICIQ-FLUTS at 
last follow-up.  Compared to preoperative scores, pa-
tients who completed ICIQ-FLUTS questionnaires at 
1-year or greater (n=18) showed significant improve-
ment in all domains: frequency (p=0.007), voiding 
(p=0.02) and incontinence (p=0.004), and in QoL re-
lated to frequency (p=0.008), voiding (p=0.002) and 
incontinence (p=0.01).  Among those who completed 
questionnaires both at 3-month and at least 1 year 
after surgery (N=17), there was no significant deteri-
oration in ICIQ-FLUTS scores.  Overall retreatment-
free survival rate was 92% at 1 year.  No patients suf-
fered severe (Clavien III-V) complications or required 
sling release. 

Sabadell et al. compared the efficacy and safety of 
polyvinylidene fluoride (PVDF) TO MUS to polypro-
pylene (PP) MUS. (266)  A PVDF sling was used in 
23 women and a comparison group was randomly se-
lected among all women treated with a PP sling in a 
1:4 ratio (n=92).  The median follow-up was 24.6 
months in the PP group and 21.3 months in the PVDF 
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group.  The survival functions showed a higher inci-
dence of failures in the PP group, primarily because 
of obstructive symptoms.  However, the differences 
were not statistically significant (HR of failure 4.31; 
95% CI 0.56 to 33.05).  Complication rates did not 
differ between the two groups; however, more cases 
of voiding dysfunction were observed in the PP 
group. 

Summary 
Little can be concluded regarding alternative materi-
als for TO MUS slings from two, short term  retrospec-
tive cohort studies. (Level 4) 

3.2.2.5 TO MUS in Special Populations 
Several risk factors for failure of anti-incontinence 
surgery, in general, have been assessed in the litera-
ture.  Several of these (obesity, ISD, presence of MUI, 
and previous MUS failure) are addressed below in the 
context of TO MUS procedures. 

3.2.2.5.1 Obese Women 
Obesity, defined as a BMI≥30 kg/m2, and its relation-
ship to TO MUS outcomes has been evaluated in sev-
eral studies.  The results, thus far, have been mixed.  
Pereira et al. found no difference in 48-month, objec-
tive cure rates between obese (n=72) and non-obese 
women (n=96) undergoing TO MUS (95% vs. 95.8%, 
respectively). (231)  The cumulative incidence of 
complications was, likewise, not significantly different 
between BMI groups.  On the other hand, Heinonen 
et al. noted that women with BMI>30 kg/m2 had sig-
nificantly higher scores on the IIQ-7 (p<0.01), UDI-6 
(p<0.01), VAS (p<0.001), UISS (p<0.01), and DIS 
(p<0.001), than those with BMI<30 kg/m2. (224)  Like-
wise, in the study by Jeong et al., success rates were 
lower for women with higher BMI measurements. 
(188)  This was a retrospective assessment of 243 
women, of whom 69.5% underwent one of three TO 
MUS procedures: TVT-O, Monarc, and SMESH 
(WooRhi Medical, Namyangju, Korea).  The mean fol-
low-up was 58.4 months (range 36-101) and 30.5% 
were of normal weight, 51% were overweight, and 
18.5% were obese.  It must be noted that the BMI 
cutoffs for the Asian population were used (normal 
weight (18.5-23 kg/m2), overweight (23.1-27.4 kg/m2), 
and obese (≥27.5 kg/m2).  Cure was defined as ab-
sence of subjective complaint of leakage and nega-
tive CST, while improvement was defined as rare 
subjective leakage and satisfaction, regardless of the 
CST.  The cured/improved rates after the transobtu-
rator MUS decreased as BMI increased: 94.3%, 
88.6%, and 78.6%, for normal weight, overweight, 
and obese groups, respectively (p=0.037).  Notably 
MONARC is no longer commercially available as of 
2016. 

3.2.2.5.2 Intrinsic Sphincter Deficiency 
(ISD; Low MUCP and/or Low VLPP) 

As with evaluating obesity as a risk factor for TO MUS 
failure, the findings for lower leak point or closure 
pressures have been inconsistent.  In the study by 

Costantini et al., the overall objective cure rates (dry) 
were 74.4% for patients with VLPP>60 cm H2O and 
65% in those ≤60 cm H2O (p<0.654). (222)  The over-
all objective cure rates were 75% for patients with 
MUCP>40 cm H2O and 68.6% in those ≤40 cm H2O.  
Finally, the overall objective cure rates were 82.4% 
for patients with MUCP>40 cm H2O and VLPP>60 cm 
H2O and 69.2% in those with MUCP≤40 cm H2O and 
VLPP≤60 cm H2O (p<0.956).  No significant differ-
ences were recorded for women with MUI.  In a RCT 
comparing PVS and TO MUS from the same group, 
95/145 (65.5%) of the patients had a VLPP>60 cm 
H2O and the remaining 50 (34.5%) had a VLPP≤60 
cm H2O. (267)  The objective cure rates were 75.8% 
for patients with VLPP>60 cm H2O and 72% for those 
with VLPP≤60 cm H2O (p<0.619).  No significant dif-
ferences in objective cure rates emerged when pa-
tients were stratified for preoperative VLPP and 
matched for either TO or RP MUS.  Thus, no differ-
ence was seen for those with lower VLPP/MUCP 
compared to higher VLPP/MUCP. 

Ryu et al. reported on 204 women who underwent 
TVT-O, with cure defined as absence of objective and 
subjective SUI. (268)[59]  The numbers of women 
with Stamey grades I, II, and III were 99 (48.5%), 84 
(41.2%), and 21 (10.3%), respectively.  A total of 30 
(14.7%), 87 (42.6%), and 87 patients (42.6%) had 
VLPP≤60, 60<VLPP≤90, and VLPP>90 cm H2O, re-
spectively.  Preoperative VLPP was not significantly 
different according to preoperative I-QoL or change in 
I-QoL after surgery; however, I-QoL after surgery im-
proved in patients with a high preoperative Stamey 
grade (p=0.001).  In this study, VLPP was not a factor 
related to surgical outcome from the MUS; however, 
Stamey grade was important for predicting subjective 
QoL and improved incontinence-related QoL after 
surgery. 

On the other hand, at a mean follow-up of 8.1 (range 
6-12) months after a Monarc MUS, 56/70 (80%) 
women with urodynamically diagnosed SUI and ure-
thral hypermobility were continent based on a CST 
and subjective report (269).   The median VLPP at 
150 mL (VLPP150) in the failures and successes was 
not different (p=0.12).  However, the median VLPP at 
cystometric capacity (VLPPcap) in the failures was 32 
cm H2O vs. 71 cm H2O in the successes (p<0.001).  
Also, the median MUCP in the failures was 20 cm 
H2O and 45 cm H2O in the successes (p<0.001).  No 
correlation existed between the degree of urethral hy-
permobility, as measured by the cotton swab test, and 
surgical success (p=0.17).  Using a combined model, 
the cutoff values of VLPPcap >60 cm H2O and MUCP 
>40 cm H2O were the most predictive of surgical suc-
cess, revealing a sensitivity of 83% (0.55, 0.95) and 
specificity of 79% (0.67, 0.88). 

3.2.2.5.3 Recurrent SUI 
From a multivariate analysis of potential preoperative 
risk factors for failure of TO MUS, Abdel-Fattah et al. 
found that a history of previous incontinence surgery 
was the only independent risk factor based both on 
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the patient-reported and objective outcome. (235)  
Van Baelen and Delaere reported retrospectively on 
21 women who underwent repeat TO MUS procedure 
after failed MUS treatment (TVT in five, TO MUS in 
16). (270)  At a mean of 16 months, physician-deter-
mined cure and improvement were achieved in 55% 
and 15% of patients, respectively.  Subjective cure 
and improvement based on the ICIQ was seen in 53% 
and 5%, respectively.  Additionally, a Cochrane Re-
view attempted to summarize the data regarding dif-
ferent types of MUS procedures for recurrent SUI af-
ter failure of primary surgical therapy. (271)  Twelve 
studies were identified, but all were excluded from 
group analysis because they did not meet eligibility 
criteria.  Thus, there were no data to recommend or 
refute any of the different management strategies for 
recurrent or persistent SUI after failed MUS surgery. 

While there are sparse data to support or refute the 
use of TO MUS in recurrent SUI, recent surveys sug-
gest that this approach may not be the reoperative 
procedure of choice for female pelvic medicine sub-
specialists.  A pretested, web-based survey designed 
to explore assessment and surgical management 
was sent to IUGA members. (272)  A total of 385 par-
ticipants opened the survey and 331 eligible re-
sponses were obtained.  The type of previous sur-
gery, urodynamic findings, and surgeon's prefer-
ence/experience were considered to be the most im-
portant factors in choosing the type of surgical man-
agement.  RP MUS was the preferred surgical option 
in most of the clinical scenarios with urethral bulking 
agents being more popular in the absence of urethral 
hypermobility after a failed RP MUS. 

Likewise, a recent update of two UITN trials suggests 
that any MUS, in general, may not be preferred in 
cases of recurrent SUI.(273)  A secondary analysis of 
the SISTEr and ToMUS  trials compared the retreat-
ment-free survival rates by initial surgical procedure.  
Half of the women in the SISTEr trial met inclusion 
criteria for this analysis (329/655, 174 Burch and 155 
fascial sling), as did 444/597 (74%) of subjects in To-
MUS (221 TO MUS (TMUS), and 223 RP MUS 
(RMUS).  Types of surgical retreatment included au-
tologous fascial sling (19), bulking agent (18), and 
synthetic sling (1).  Five-year retreatment free sur-
vival rates (and standard errors) were 87% (3%), 96% 
(2%), 97% (1%), and 99% (0.7%) for Burch, autolo-
gous fascial sling, TMUS, and RMUS groups respec-
tively (p<0.0001).  In these cohorts, 6% of women af-
ter standard anti-incontinence procedures were re-
treated within five years, mostly with injection therapy 
or autologous fascial sling.  Not all women with recur-
rent SUI chose surgical retreatment. 

3.2.2.5.4 Women with MUI 
Although Jeong et al. found that cured/improved rates 
after the TO MUS decreased as BMI increased, in 
their multivariate model, only the presence of pre-
operative MUI was proven to be the risk factor for 
treatment failure after the TO approach (OR 6.39, 
p=0.003). (188)  The percentage of women with MUI 

was higher in obese women than in non-obese 
women undergoing the TO MUS.  However, it also 
appears that OAB symptoms improve after the TO 
MUS.  Habibi et al. evaluated 87 women with stress-
predominant MUI one year after undergoing TVT-O. 
(274)  Prospective assessment included 3-day blad-
der diary, Urgency Perception Score (UPS),  ICIQ-
FLUTS, and IIQ-7.  At 1-year follow-up, subjective 
cure of SUI was 78% and significant point improve-
ments (vs. baseline) in mean daily pad use (2.5 to 0.9, 
p<0.05) and mean incontinence episodes (3.6 to 0.7, 
p<0.05) were seen.  Mean questionnaire scores for 
UUI significantly improved from 2.0 to 1.0 (p<0.001), 
with 32% and 31% of patients reporting cure and im-
provement of UUI, respectively.  Similarly, mean UPS 
score improved from 10.1 to 6.7 (p<0.001).  Eighty-
two percent of the women did not require anticholin-
ergics over the 1-year follow-up period and urgency 
outcomes were associated with improvements in 
QoL. 

Finally, Lee et al. evaluated OAB symptoms, espe-
cially nocturia, in 237 women with MUI after outside-
in TO MUS. (275)  Of these, 86 (36.4%) had preoper-
ative nocturia. Women with neurogenic DO and those 
who were being treated with anticholinergics and an-
tidiuretic hormones were excluded, leaving 70 sub-
jects for analysis.  TO MUS treatment resulted in an 
overall significant improvement in OAB symptoms in-
cluding nocturia.  Frequency-volume charts revealed 
that TO MUS treatment significantly decreased the 
actual number of nightly voids (ANV) and the noctur-
nal bladder capacity index (NBCi) in the entire cohort.  
However, in a subgroup of women with nocturnal pol-
yuria, there was no significant change in ANV or NBCi 
after the sling operation.  Correlation analysis of the 
whole cohort revealed that the postoperative changes 
in NBCi correlated positively with postoperative 
changes in ANV. 

Summary (TO MUS in special populations) 
Currently available data are insufficient to make con-
clusions regarding the utility of the TO MUS in the 
obese population, those women with ISD or MUI, or 
those undergoing reoperation for recurrent or persis-
tent SUI after definitive MUS. (LE= 3/4)  Likewise, no 
Level 1 data is available to recommend the TO MUS 
vs. other anti-incontinence procedures for these spe-
cial populations. 

Summary 
TO MUS demonstrates similar efficacy vs. other pro-
cedures (aPVS, colposuspension, RP MUS, SIMS) at 
short to medium term (LE= 1/2) however long term 
RCT data are lacking vs. these procedures. 

Both approaches (outside-in vs. inside-out) to TO 
MUS are associated with similar short/medium term 
efficacy outcomes. (LE=1) However, vaginal wall per-
foration is higher with the outside-in approach and 
voiding dysfunction is higher with inside-out ap-
proach. 
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Recommendation 
TO MUS may be offered as an effective treatment for 
SUI with appropriate counseling regarding its current 
limitations including unique AEs, and limited long 
term RCT data regarding durability.  (Grade B) 

3.3. Single Incision Mini-Slings (SIMS) 
The single incision mini slings (SIMS) have been de-
veloped in an attempt to further reduce the morbidity 
associated with continence surgery and to provide an 
outpatient or office procedure to treat PVS(276, 277). 
The blind passage of needles, during TVT and TO 
MUS procedures, through the PVS space or the ob-
turator foramen respectively is associated with a 
small risk of vascular, nerve or visceral injury (278). 
The shorter SIMS is thought to minimise this risk 
while maintaining the efficacy of these predicate pro-
cedures. The concept of the single incision sling is not 
novel. Smith presented a small series of SIMS in 
1987 using porcine dermis.   However this was a xen-
ograft sling procedure which demonstrated poor long 
term cure rates which could have been attributed to 
in-vivo degradation.  

The first commercially available mid-urethral single 
incision sling, TVT-Secur (Gynaecare), was launched 
in 2006 with no published human trial data. However 
5 of the 7 trials of TVT-Secur found it to be inferior to 
TVT or TVT-O. Several different outcome measures 
were reported in these 7 trials, making it difficult to 
compare the trials directly. Two of these trials were 
stopped prematurely following an interim analysis 
which demonstrated TVT-Secur results to be signifi-
cantly less effective than the comparator MUS (Table 
9). Hamer et al (279) also reported concerns about 
the morbidity associated with TVT-Secur. They re-
ported three significant complications in 67 cases, 
one hemorrhage 1000ml, one urethral perforation 
and one perforation of the bladder. Based on these 
reports, TVT-Secur was withdrawn from the market 
by the manufacturer, having been shown to have 
poor clinical outcomes at the midterm follow-up (280). 
(Table 9) 

In the meantime, additional SIMSs were launched 
with different anchoring mechanisms in the obturator 
foramen. All are made of type I polypropylene mesh 
however the length and anchoring mechanisms are 
variable. The method of insertion is either U shaped, 
inserted in the same manner as the TVT or the H 
“hammock” insertion of the TO MUS. Three trials 
compared MiniArc to MUS, two found no significant 
difference between MiniArc and obturator tapes how-
ever the third trial by Basu et al (281) reported a con-
siderably worse outcome for MiniArc compared to 
TVT, 9 out of the 37 patients who underwent the Min-
iArc subsequently had a TVT (Table 2).  Notably, Min-
iArc is no longer commercially available as of 2016. 

After excluding RCTs evaluating TVT-Secur, updated 
meta-analysis of RCT comparing SIMS to standard 
MUS was reported by Mostafa et al. in 2014. A total 

26 RCTs (n=3308) were included. There was no evi-
dence of significant differences between SIMS and 
MUS in patient-reported cure rate (RR:0.94; 95% CI, 
0.88-1.00) and objective cure rates (RR:0.98; 95% 
CI, 0.94-1.01) at a mean follow-up of 18.6 months 
(282). 

Afterwards 8 more trials have been published includ-
ing 1581 women (Table 10). Three RCTs compared 
MiniArc to MUS, 3 compared Ajust to MUS, 1 com-
pared Fixation single incision sling to MUS and 1 
compared to Contasure to MUS. Three RCTs of Min-
iArc found it to be not inferior to MUS and 3 RCTs of 
Ajust reported that there was no difference for sub-
jective and objective outcome from MUS. 

One of the reasons for the development of SIMS is to 
reduce the morbidity of continence surgery. Hence 
trial design should include an assessment of morbid-
ity, including perforation, hemorrhage, chronic pain 
and voiding difficulty. The meta-analysis showed that 
SIMS had significantly lower postoperative pain 
(weighted means difference [WMD]: -2.94; 95% CI, -
4.16 to -1.73) and earlier return to normal activities 
(WMD:-50.8; 95% CI, -9.59 to -0.56 and WMD: -7.20: 
95% CI -12.43 to -1.98, respectively) (282).  Recent 
RCTs (Table 2) also reported that there was no sig-
nificant difference for postoperative complications 
and SIMS was superior with respect to postoperative 
pain. 

Nambiar et al. (171) have published the Cochrane re-
view of SIMS which will enable ongoing assessment 
of data. Due to the considerable variation in the an-
choring mechanisms of each type of SIMS, data from 
one device cannot be extrapolated to another. Pal-
omba et al. reported a 2014 update of their trial com-
paring three SIMS procedures at 24 months. Subjec-
tive cure rates were not statistically different between 
the Ajust, MiniArc and TVT-Secur and similar patients 
in each group received a second anti-incontinence 
procedure for SUI (174). There is a need for further 
RCT comparing with various SIMS. 

Summary 
Several trials report that SIMS (except TVT-Secur) 
are not inferior to standard MUS in the short to mid-
term (longest data 24-36 months).  (LE=2)    These 
procedures may be associated w/ less pain, but sim-
ilar AEs compared to standard MUS.  Rates of post-
operative pain favor SIMS in the short-term, but ap-
pear to be similar with longer follow-up. 

Recommendations 
SIMS is an option for some individuals with SUI after 
appropriate counseling including the lack of long term 
RCT data (Grade B) 

3.4. Other considerations with synthetic 
mesh: Host Response and the Risk of 
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Tumorigenesis with Polypropylene 
Mesh 

While the United States Food and Drug Administra-
tion has stated in their 2013 report that the safety and 
efficacy of MUSs has been well established in clinical 
trials that followed patients for up to one year (299) 
some authors have questioned the potential for these 
materials to induce a harmful immunogenic, inflam-
matory and possibly malignant response in host tis-
sues. (300, 301) Evaluation of the potential impact of 
implanted biografts is difficult to separate from the 
host’s normal response to surgical wounding.  

3.4.1 The Impact of Biografts on Wound Heal-
ing After Sling Placement 

Any surgical incision or tissue trauma is associated 
with a normal cascade of events that is triggered in 
mammalian tissues as a response to the injury.  Ini-
tially, a cascade of hemostasis, inflammation, prolif-
eration, and remodeling will occur over time with the 
generation of scar tissue.(302) The quality of the scar 
tissue and its integration into the surrounding tissues 
will vary based on numerous host characteristics in-
cluding the presence of pre-existing immunological 
disease, history of smoking, obesity, medications, 
age, and diabetes, among others.  The presence of 
prolapse itself has been shown to potentially influ-
ence wound healing during vaginal reconstructive 
surgery.  Jackson and colleagues(303) showed an 
association between prolapse and a reduction in total 
collagen and decreased collagen solubility with an in-
crease in matrix metalloproteinase 9 activity leading 
to a fourfold increase in collagen turnover in those 
women with prolapse compared to controls.   

With implantation of a polypropylene mesh sling, the 
normal healing cascade is impacted to some degree 
by the host’s response to a foreign body with a sepa-
rate cascade of seven overlapping phases including: 
injury, protein adsorption, acute inflammation, chronic 
inflammation, foreign body reaction, the formation of 
granulation tissue and encapsulation.  It is now clear 
that the characteristics of implanted mesh may have 
a profound effect on the host’s response to implanted 
materials, and more specifically, mesh used for vagi-
nal reconstruction such as slings.  Use of lightweight, 
loosely woven, monofilament, polypropylene sling 
mesh with large pores will be better incorporated into 
the vaginal and periurethral tissues than heavier 
weight multifilamentous mesh with small interstices.   
Pascual et al.(304) looked at the effect of pore size 
and mesh weight on collagen formation and the ten-
sile strength of a healing abdominal wound.  They 
compared four different types of polypropylene mesh 
and found that large pore, lighter weight mesh 
showed more rapid incorporation with Type III colla-
gen and faster conversion to the stronger Type I col-
lagen compared to heavier meshes.  The most po-
rous lightweight mesh achieved the greatest tensile 
strength in a short term model. 

During the acute and chronic inflammation phase of 
the foreign body reaction, a matrix forms around the 

sling that is rich in cytokines, growth factors and 
chemoattractants.  This leads to histamine-mediated 
phagocyte recruitment and mast cells coming into the 
wound along the graft.  Their release of histamine and 
interleukin enhances neutrophil activity and then 
monocytes and lymphocytes become active in the 
chronic phase of inflammation and lead to the for-
mation of foreign body giant cells.(305, 306) The cy-
tokines and growth factors influence the activity of 
macrophages and fibroblast proliferation that leads to 
tissue ingrowth into the sling.  Cytokine responses 
and leukocyte adherence from cells adhering to hy-
drophobic materials, like polypropylene, are more 
marked than when cells are in contact with hydrophilic 
materials.(307) Rechberger and colleagues(210) ex-
amined the affect of increased cytokines on the risk 
for sling exposure through the vagina.  They found 
that women with mesh exposure had higher inter-
feron levels preoperatively compared those women 
whose slings healed normally.  These data suggest 
that pre-existing systemic inflammation may play an 
adverse role in wound healing after sling placement 
but that there is no evidence for an enhanced local 
inflammatory response leading to systemic immuno-
logical symptoms.  Moalli and colleagues concluded 
that the foreign body reaction and inflammation sur-
rounding polypropylene mesh implants is largely lim-
ited to the immediate area of the implant with no evi-
dence for a systemic inflammatory response.  Further 
knowledge of the influence of polypropylene on 
wound healing and the presence of risk factors for im-
paired wound healing will be important to further re-
duce the low risk of poor healing when polypropylene 
is used for anti-incontinence and prolapse surgery. 

3.4.2 Tumorigenesis in Animals with Bio-
grafts 

Tumorigenesis in laboratory animals after implant 
placement has been demonstrated. Ostergard and 
Azadi have questioned whether these animal data 
would extend to humans having polypropylene grafts 
implanted through the vagina.  They present data on 
studies showing induction of sarcomas in mice with 
polypropylene coated transponder chips(308) and 
sarcomas induced in rats that had radiated polypro-
pylene discs implants.(309) But Witherspoon et al. 
showed no tumor induction in mice over two years 
who had monofilament polypropylene hernia mesh 
implanted.(310) The absence of tumorigenesis fol-
lowing implantation of a loosely woven polypropylene 
mesh in a rodent model is likely due to the “Oppen-
heimer effect”. 
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Table 9. Summary of the data on TVT-Secur 

   % Objective cure % Subjective cure    

Author N F/U (months) TVT-S SMUS TVT-S SMUS Year % lost FU EL 

Author N F/U (months) 
% Objective cure % Subjective cure 

Year % lost FU EL 
TVT-S SMUS TVT-S SMUS 

Oliveira  et al. (283) 90 12  
67 v 87 v 83 

TVT-S v MiniArc v TVT-
O 

2010 12 2 

Tommaselli  et al. (261) 84 12 83.8 
81.6 

TVT-O 
  2010 10.7 2 

Hinoul  et al. (284) 194 12 84   98 76 92 2011 17.5 1 

Hola  et al. (285) 142(86) 3 52.8 
97.4 

TVT-O 
  2011  2 

Hamer et al. (279) 308(133) 2   71 92 2011 1.6 2 

Wang et al. (212) 106 12 
67.7 v 91.7 v 93.8 

TVT-S v TVT-O v TVT 
  2011 3.7 

2 

Abdelwahab, et al(286) 60 9  90            93 2010 0 2 
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Table 10. Summary of the data on SIMS except TVT-Secur 

   % Objective cure % Subjective cure    

Author N F/U (months) TVT-S SMUS TVT-S SMUS Year % lost FU EL 

De Ridder D et al. (287) 90 24  
85 

Monarc 

82 

MiniArc 
2010 0 2 

Basu et al. (281) 71 0 
MiniArc  v TVT 

USI OR 7.58 (CI 2.7-24.7) 
OR 8.14 (2.7-24.7) 2010 0 2 

Amat et al. (288) 158 12 
87.5 

Contasure-Needleless 

90.0 

TVT-O 

87.3 

TVT-O 

75.4 

Contasure-Needleless 
2011 16.4 2 

Schellart et al. (289) 193 12 
89 

MiniArc 

91 

Monarc 
83 86 2014 10.3 2 

Jurakova et al. (290) 93 12 
90.0 

Fixation SIS 

87.0 

TO MUS 
93.2 91.3 2015 3.2 2 

Martinez et al. (291) 257 36 
88.9 

Contasure-Needleless 

84.7 

TVT-O 
90.7 95.4 2015 7.0 2 

Lee JK et al. (292) 225 12 
94.4 

MiniArc 

96.7 

Monarc 
92.2 94.2 2015 14.0 2 

Schellart et al. (293) 193 24 
93 

MiniArc 

94 

Monarc 
84 89 2015 16.5 2 

Schweitzer et al. (294) 156 12 
90.8 

Ajust 

88.6 

TO MUS 
77.2 72.9 2015 30.7 3 

Schellart et al. (295) 193 24 
93 

MiniArc 

94 

Monarc 
84 89 2016 28.4 2 
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Table 10. Summary of the data on SIMS except TVT-Secur 

   % Objective cure % Subjective cure    

Author N F/U (months) TVT-S SMUS TVT-S SMUS Year % lost FU EL 

Xin X et al. (296) 368 12 
97.2 

Ajust 

90.7 

TVT-O 
94.4 90.7 2016 2.1 2 

Masata J et al. (297) 96 12 
89.8 

Ajust 

87.2 

TVT-O 
89.8 91.5 2016 5 2 

Jurakova et al. (298) 93 12 
90.9 

Ophira 

87.0 

TOT 
93.2 91.3 2016 3.2 2 
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Oppenheimer showed that the surface characteristics 
of an implant are important in tumorigenesis. They 
showed that while inert materials (glass and inert met-
als) implanted as discs and sheets might induce sar-
comas, the powder and porous forms of these mate-
rials woud not induce cancers in the same species. 
This would explain why smooth sheets and discs of 
polypropylene would induce sarcomas but polypro-
pylene mesh would not.  So while the WHO in 1999 
listed smooth sheets of polypropylene as possibly 
carcinogenic (Category 2b), Williams stresses that at 
the Lyon meeting of the WHO many products were 
placed in the 2b category because there was no hard 
evidence that they were not carcinogenic and the 
WHO felt it was prudent to say that smooth sheets of 
polypropylene were possibly carcinogenic.(311)  It 
has been suggested that a biofilm induced inflamma-
tory response around an implanted polypropylene 
mesh sling might be an inductive factor in carcinogen-
esis.  This might lead to genomic instability and mu-
tagenesis.  However, Weber et al. were unable to find 
any genomic instability in a rat model of animals with 
preneoplastic and neoplastic tumors.(312) 

It is important to recognise that tumorigenesis in ro-
dents is common and very rare in humans.  There-
fore,whether or not the processes that ultimately re-
sult in carcinogenesis in rodents are relevant in hu-
mans is unknown and suggesting that such a relation-
ship exists is purely speculative. Moalli and col-
leagues bring up the potential absurdity of directly 
translating animal research data to human clinical 
care in referencing the article by Moore and Palmer 
in 1977,  reported in the Journal of the American Med-
ical Association entitled “Money causes cancer: ban 
it”.(313)  They found that implanting metal coins into 
rats caused 60% to develop sarcomas within 16 
months.   

3.4.3 Tumorigenesis in Humans with Bio-
grafts 

Peer reviewed scientific literature on the subject of 
mesh induced carcinogenesis in humans is lacking.  
Ostergard and Azadi stress that we may not be see-
ing associated malignancies in humans because the 
induction time for malignancy is quite long in humans 
and estimated to be 15 to 20 years- but may be as 
long as 40 years.  This suggestion does warrant long 
term diligence but must be balanced against the clear 
advantages brought to the clinical arena in the last 
two decades by the MUS as compared to prior proce-
dures for female SUI.   

Williams, in his review, brings up data that shows that 
even when humans have been exposed to potential 
carcinogens, the risk for malignancy remains very 
low. For example, while product liability law suits in 
the later 20th century flourished  asserting that silicone 
leaking into the breast tissue would be carcinogenic, 
careful scientific review has shown no greater inci-
dence of cancer, death from cancer or negative im-
pact on breast cancer survival in women who re-
ceived these silicone  implants.(314)  Even Trilucent 

™breast implants that had a filler of polyunsaturated 
fatty acids in a silicone elastomer shell did not induce 
cancers or any local or systemic markers of cancer.  
This was in spite of the fact that lipids had a tendency 
to degrade the silicone elastomer shell allowing some 
of the lipid filler to leak into the tissues.  It is known 
that when these fatty acids undergo lipid peroxidation 
when exposed to body fluids that it leads to the for-
mation of aldehydes, including malondialdehyde.  
The malondialdehyde is known to be mutagenic and 
carcinogenic in animals but no humans developed 
cancers in 4 years of study.  This was in spite of pe-
roxidation in the tissue.(315)  

King et al(316) specifically examined the malignant 
potential of polypropylene MUSs in a single centre 
study of 2361 such slings performed at their institu-
tion between 2004 and 2013.  With an average follow-
up of 42 months and as long as 122 months they 
noted that 2 of the 2361 women had developed a sin-
gle bladder and a vaginal cancer felt to be unrelated 
to the sling placement.  The bladder cancer was a 
high grade urothelial cell carcinoma that occurred 4 
years after a TO MUS with no bladder perforation.  
The vaginal cancer was anatomically separate from 
the sling at the apex and was associated with human 
papilloma virus.  The overall incidence was 0%.    

In 2014, Birolini et al.(317) reported on two cases of 
mesh-related squamous cell carcinomas of the ab-
dominal wall associated with long term mesh infec-
tions for 6 and 24 years.  The mesh was a polyester 
mesh and the authors concluded that it was the long 
term infection with poorly incorporated mesh that led 
to the evolution of these malignancies and that this 
was not related to the material.  More recently, Lin et 
al(318) reported a case of clear cell carcinoma along-
side an exposed midurethral polypropylene sling.  
She presented with retention 10 years after place-
ment of an inside-out TO MUS.  She had no history 
of intrauterine diethylstilbestrol.  She initially had a 
tender and indurated anterior vaginal wall with a 1cm 
mesh exposure in the right vaginal sulcus and she 
had a mesh excision two weeks later.  But two months 
after excision she was noted to have friable vaginal 
tissue under the distal 3 cm of the urethra.  Biopsy 
revealed a poorly differentiated high-grade clear cell 
carcinoma.  The authors considered that the inflam-
mation caused by the sling exposure could have been 
related but recognise that there is nothing in the liter-
ature to support that mesh causes cancer in humans.   

In an editorial comment on this case report, Dwyer 
reported another case of a squamous cell carcinoma 
proximate to a RP MUS discovered as a 3 cm parau-
rethral mass 14 months after placement of the 
sling.(319)  These authors concluded that the ex-
posed mesh was likely just an incidental finding in a 
patient with clear cell carcinoma.  They remark that 
this is the first case in 20 years of MUSs where a ma-
lignancy has been found proximate to a MUS.  Tens 
of millions of patients have undergone surgery with 
polypropylene mesh or sutures in the past 60 years 
without prior reports of, or an association with clear 
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cell cancer.  Goldman and Dwyer also recognised 
that animal studies had only identified the potential for 
sarcomas.   Williams suggests that with exposure in 
over 100 million humans to all types of implantable 
medical devices with more than a billion implant-
years of observation one would expect that tumors 
would develop in proximity to the implant but the evi-
dence to date does not support this(315).  

Review of the literature shows that there is little evi-
dence of an association between the implantation of 
polypropylene mesh MUSs and tumorigenesis in hu-
mans.  The data also show that trying to extrapolate 
experimental data from rodents on inflammatory and 
oncologic induction in humans is misguided.  While it 
is clear that we need to be vigilant in looking for cases 
of malignancy in subjects with implantable mesh we 
need to be careful not to frighten women who are con-
sidering having a MUS with excessive concern and 
anxiety about the neoplastic potential of these im-
plants.   

3.4.4 Degradation of Mesh in Vivo 
Legal proceedings have suggested that polypropyl-
ene mesh may fracture in vivo and cause harm.  This 
has been suggested because of the cracked appear-
ance of explanted mesh.   However, Ong and col-
leagues  (320)have recently shown that this may be 
an artifact due to the formalin fixation process and in-
adequate mesh cleaning.  Careful cleaning of the ex-
planted mesh with distilled water, sodium hypoclorite 
and Proteinase K shows that cracked flaking material 
seen on explanted mesh was from inadequate clean-
ing and could be washed away leaving clean, 
smooth, unoxidized and non-degraded polypropylene 
fibers.  Analysis of the flaking material shows it con-
tains magnesium, phosphorous and calcium indica-
tive of the adsorbed protein coating on the polypro-
pylene and not disruption of the fibers themselves.  
The authors concluded that in vivo degradation of pol-
ypropylene mesh is a myth. 

Summary 
A causative relationship between the implantation of 
MUSs with loosely woven polypropylene MUSs and 
the development of systemic inflammation or aber-
rant host response has not been proven in humans. 
(EL=4) 

A causative relationship between the implantation of 
MUSs with loosely woven polypropylene MUSs and 
the development malignancy (oncogenesis) has not 
been proven in humans.(EL=4) 

 

Recommendation 
The option of utilizing loosely woven polypropylene 
MUS for the treatment of SUI should NOT be limited 
or impacted by the risk of subsequent development of 
tumorigenesis or systemic inflammation (Grade D) 

4. URETHRAL BULKING AGENTS 

One of the mechanisms for stress continence is reli-
ant on effective coaptation of the urethra during in-
creases in intra-abdominal pressure.  If the “water-
tight seal” is inadequate, SUI results.  Urethral bulking 
agents are designed to address defective coaptation 
and may be injected either transurethrally or periure-
thrally in a retrograde fashion, using either direct cys-
toscopic, ultrasonographic, or implacer-guided device 
implantation.  The procedure may be performed un-
der local, regional, or general anesthesia.  Device im-
plantation optimally occurs in the mid- to-proximal 
urethra, and strategic planning for reinjection at some 
point after initial injection is warranted.  Clinical trials 
have defined specific injection schedules (usually 
three injections) as part of trial therapeutic algorithms; 
however, the optimal injection technique has yet to be 
standardised. 

4.1. Available Agents 
Due to manufacturing cessation, bovine collagen 
(Contigen®) was already obsolete by the ICI-5 com-
pilation.  Its inclusion in this chapter is strictly as a 
comparison (control) group.  Currently available 
agents include: calcium hydroxyl apatite (Coaptite®), 
carbon coated zirconium beads (Durasphere®), pol-
ydimethylsiloxane elastomer (PDMS; Macro-
plastique®), polyacrylamide hydrogel (PAHG; Bulka-
mid®), and Urolastic (Urogyn BV, Nijmegen, The 
Netherlands), a new bulking agent that consists of vi-
nyldimethyl terminated PDMS, tetrapropoxysilane 
cross-linking agent, platinum vinyltetramethyl silox-
ane complex catalyst, and titanium dioxide radiopac-
ifying agent.  Additionally, limited data has been pub-
lished regarding non-animal stabilised hyaluronic 
acid/dextranomer (NASHA-dx; Zuidex®).  Polytetra-
fluoroethylene (Polytef paste) continues to be availa-
ble in some International sites.  In the Cochrane Re-
view, women treated with NASHA-dx appeared to 
have significantly higher rates of injection site compli-
cations (16% with NASHA-dx vs. 0% with bovine col-
lagen; RR 37.78, 95% CI 2.34 to 610) and this prod-
uct has now been withdrawn from the U. S. market. 
(321)  It remains available for injection therapy to ad-
dress vesicoureteral reflux.  Its inclusion in this chap-
ter is for completeness only.  Recent experience with 
adult stem cells for SUI treatment will be covered in 
the section “Stem cell technologies for SUI” 

4.2. Outcomes 

4.2.1 Cohort Studies 
Mohr et al. reported a large series of 514 women 
treated with various forms of bulking therapy (bovine 
collagen, NASHA-dx, ethylene vinyl alcohol (no 
longer marketed,) and PAHG). (322)  Outcomes were 
reported using standardized pad tests, visual ana-
logue score (VAS) for severity of incontinence, and 
Kings Health Questionnaire (KHQ).  Sixty-one 
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women were lost to follow-up.  At one year post-im-
plantation, pad testing was negative in 73.2% of 
women and there was statistical improvement in both 
pad weight and VAS for each of the agents used.  Re-
injection was permitted six weeks after initial injec-
tion.   

4.2.2 Carbon-coated Zirconium Beads  
No new studies of periurethral carbon-coated zirco-
nium beads were located from ICI-5. 

4.2.3 Calcium Hydroxyl Apatite 
From 2011-2013, 60 women underwent one (30%), 
two (63%) or three (7%) periurethral calcium hydrox-
ylapatite injections performed by a single surgeon. 
(323)  Thirty-seven patients provided questionnaires 
and 38 provided pad counts, all with a mean age of 
75 years.  The overall American Urological Associa-
tion Symptom Score (AUASS), AUASS QOL, and 
overall Michigan Incontinence Symptom Index (M-
ISI) scores improved in 67.6%, 54.8%, and 61.3 % 
respectively (4.5 ± 7.9, 1.3 ± 1.7 and 5.5 ± 8.6 respec-
tively).  The M-ISI bother score improved in 44.8 % 
with a mean improvement of 0.5 ± 2.9, but did not 
reach significance.  There was a 1.7 ± 3.7 decrease 
in the mean number of pads used daily after the pro-
cedure (p = 0.006) and 19 % experienced transient 
urinary retention. 

4.2.4 Polydimethylsiloxane Elastomer 
(PDMS) 

Ghoniem et al. evaluated the 24-month outcomes in 
women treated with PDMS in a multicenter study. 
(324)  The participants were culled from a RCT com-
paring polydimethylsiloxane vs. bovine collagen 
(325), and included those women achieving initial 
treatment success (defined as ≥1 Stamey grade im-
provement 12 months from baseline).  Outcome 
measures were Stamey grade, PGI-I, Physician As-
sessment of Improvement, 1-hour pad weight, Incon-
tinence Quality of Life (I-QoL) scores, and safety as-
sessment.  At 24 months, 56 of 67 patients (84%) had 
sustained success from their 12-month visit, of whom 
45 of 67 (67%) were dry (Stamey grade 0).  Of the dry 
patients at 12 months, 33 of 38 (87%) maintained 
cure at 24 months.  Also, 12 of 29 patients (41%) con-
sidered improved at 12 months were dry at 24 
months.  Overall I-QoL scores and all subscales 
showed statistically significant improvement from 
baseline (p <0.001).  Mean pad weight was 24 g at 
baseline and 4 g at 12- and 24-month follow-up.  Pa-
tient and physician assessments rated 85% of pa-
tients dry or markedly improved 24 months after the 
last treatment. 

Ghoniem and Miller performed a systematic review of 
the scientific literature from 1990 to 2010 to quantita-
tively summarise the safety and effectiveness of 
PDMS. (326)  A total of 958 patients from 23 cohorts 
were eligible for inclusion and were analyzed.  Ran-
dom-effects models were used to estimate the im-
provement and cure rates following treatment at three 

time periods: short-term (<6 months), mid-term (6-18 
months), and long-term (>18 months).  Improvement 
rates were 75% [95% CI, 69 to 81] in the short-term, 
73% (9 % CI, 62 to 83) in the mid-term, and 64% (95% 
CI, 57 to 71) in the long-term.  Cure/dry rates were 
43% (95% CI, 33 to 54), 37% (95% CI, 28 to 46), and 
36% (95% CI, 27 to 46) over the same follow-up pe-
riods, respectively. Higher study reinjection rates 
were associated with improved long-term SUI out-
comes.  Safety events associated with injection in-
cluded retention, irritative voiding symptoms, dysuria, 
and urinary tract infection.   

4.2.5 Polyacrylamide Hydrogel (PAHG) 
The use of PAHG in women with SUI or MUI has been 
reported in several recent cohort studies.  At 12-
month follow-up, 47 of 135 women (35%) underwent 
repeat injection (327).  The overall subjective re-
sponse rate was 66% and incontinence episodes per 
24 hours decreased from a baseline of 3 to 0.7.  Ad-
ditionally, pad weight decreased from 29 g at baseline 
to 4 g at the end of the trial.  ICIQ demonstrated over-
all improvement in QoL.  At 24-month follow-up in this 
cohort, 64% maintained subjective improvement (vs. 
67% at 12 months)(328).  The overall decrease in in-
continence episodes and pad weights, as well as im-
provement in QoL indices, remained stable from the 
12-month evaluation. 

From 2006 to 2011, 256 women underwent bulking 
with PAHG and were assessed at least annually with 
QoL and ICIQ questionnaires(329).  Eighty-two per-
cent reported cure/significant improvement at three 
months and the high satisfaction rate (via both VAS 
and ICIQ scores) was maintained at a median follow 
up of 38 months.  There were no reported adverse 
reactions and no significant safety concerns. 

In a single-centre, prospective study, 80 women with 
severe SUI had PAHG bulking between June 2010 
and October 2011(330).  Before and after treatment, 
QoL was assessed with the Patient Global Impres-
sion of Severity (PGI-S), ICIQ-SF, and PGI-I.  At a 
mean follow-up of 18.6 ± 5.3 months, 60% of women 
had improvement and no patient had worsening of 
PGI-I after injection.  The ICIQ -SF score improved 
from 17 ± 2.84 before injection to 13 ± 5.52 after sur-
gery, with a significant 30% decrease (P<0.00001).  
The reinjection rate was 29%.  The complication rate 
was 16% (17/108): 11 cases of transient postopera-
tive retention, two cases of cystitis, and four episodes 
of dysuria.  There were no abscesses or infection at 
the injection site. 

Recently, 24 of 25 women who underwent PAHG in-
jection eight years earlier were contacted (331).  Fif-
teen had had no further treatment, seven underwent 
MUS placement, and two had been re-injected with 
PAHG.   Eleven women attended for objective exam-
ination and all non-attenders were interviewed by tel-
ephone.  In 44%, SUI was subjectively cured or much 
improved, with a positive outcome according to the 
KHQ.  Objectively, all patients had visible PAHG de-
posits on vaginal ultrasonography.  No local adverse 
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reactions were seen in the vaginal mucosa and the 
results of staged MUS were reportedly unaffected by 
previous bulking. 

Finally, a systematic review of the MEDLINE (1966-
2015), Scopus (2004-2015), POPLINE (1974-2015) 
and ClinicalTrials.gov (2008-2015) databases was 
performed to assess efficacy and AE profile of PAHG 
bulking (332).  Observational studies, prospective, 
retrospective, and RCTs were included.  Eight studies 
which enrolled a total of 767 women were included.  
In order to achieve adequate efficacy, 186/767 
women (24.3%, range 12-35%) required reinjection.  
The most frequent adverse effects were pain at the 
site of injection (4-14%) and UTIs (3-7%).  Both the 
number of incontinence episodes/24 h and the num-
ber of mL/24 h were significantly reduced one year 
following treatment.  Likewise, QoL was significantly 
improved. 

4.2.6 Vinyldimethyl-terminated Polydime-
thylsiloxane Polymer (VDM-PDMS) 

A prospective, cohort study included 20 women who 
underwent VDM-PDMS periurethral injections under 
local anesthesia(333).  The injection procedure was 
repeated after six weeks, when indicated.  Patients 
were evaluated for efficacy and safety parameters at 
six weeks, three months, and 12 months after ther-
apy.  Thirteen patients (65%) received one injection 
each (overall average of 2.1 mL), while seven re-
ceived a second injection.  Nineteen women com-
pleted the 12-month follow-up. The mean Stamey 
grade significantly decreased from 1.9 at baseline to 
0.4 at 12 months (p<0.001).  While none of the pa-
tients were dry at baseline, 68% were dry at 12 
months.  The mean number of incontinence episodes 
significantly decreased from 6/day at baseline to 
1.6/day at visit IV (p<0.001).  Pad weight reduced 
from 20.2 g to 7.8 g at one year.  The mean I-QoL 
score significantly increased from 51 at baseline to 76 
at visit #4 (p<0.001).  Six women (30%) developed 
minor complications related to the injection proce-
dure.  

The 19 women completing 12-month follow-up in the 
study above were invited for the 24-month follow-up 
study (334).  Four of the 18 women who responded 
to the correspondence reported removal of the VDM-
PDMS implant at another facility.  The explanation for 
this removal was painful intercourse in one woman 
and less than optimal dryness in three.  The overall 
objective improvement in continence status at 24-
months was 66% compared to the 89% at the 12-
month follow-up.  The 1-hour pad weight test showed 
>50% reduction in pad weight in 66% of patients com-
pared to 84% at the 12-month follow-up.  AEs re-
ported were UTI in one woman, local genital infection 
with erosion into the vagina in one, painful intercourse 
in two, and urgency in four. 

4.2.7 Adjustable Continence Therapy (ACT®) 
The ACT device consists of two balloons each at-
tached to an injectable port placed in the labia majora.  

The port enables postoperative adjustment in balloon 
coaptation pressure. 

A review of the PubMed database yielded eight stud-
ies that were published between 2007 and 2013. 
(335)  The mean follow-up of these studies was 1-6 
years.  The mean age of the patients ranged between 
62 and 73 years, and 40-100% of the patients had 
already been treated surgically for their SUI.  A signif-
icant reduction in the number of pads used per day 
was observed after ACT(®) balloon placement, with 
improvement of short pad tests from 49.6 to 77.3 g 
preoperatively to 11.2-25.7 g after balloon placement.  
Fifteen to 44% of patients considered that their SUI 
had been cured, and 66-78.4% of the patients were 
satisfied with the result.  No major complication was 
reported; however, the explantation rate was 18.7-
30.8%.  Quality of life was significantly improved. 

More recently, a single-centre retrospective study re-
ported on 52 women who underwent ACT balloon 
placement between 2000 and 2013, with 64.5% per-
formed under local anesthesia. (336)  Among these 
women, 35 (67.3%) had already undergone previous 
surgery for SUI.  Clavien grade I-II early post-opera-
tive complications occurred in five (9.6 %) patients.  
Median follow-up was 10.5 months (IQR 3-24.25) 
with 11 women (21.1 %) lost to follow-up.  At last fol-
low-up, seven patients (13.5%) were subjectively 
continent after the first implantation and 13 (25%) had 
an >80% improvement rate (10 patients after first im-
plantation, two after second implantation, and one af-
ter third implantation).  Four patients (7.7%) found the 
procedure unsuccessful even after several consecu-
tive implantations.  Ten patients (19.2%) reported a 
partial result and were still having successive balloon 
inflations.  Explantation occurred in 22 patients, 
caused by infection, erosion or balloon migration.  In 
intention-to-treat analysis, the failure rate was 42.3%. 

4.3. Method and Location of Injection 
A Cochrane Review identified 14 trials (excluding one 
that was subsequently withdrawn from publication 
and not included in this analysis) including 2004 
women; however, the Review has not been updated 
since ICI-5(321).  The limited data available were not 
suitable for meta-analysis because they all came 
from separate trials.  Trials were small and generally 
of moderate quality.  The Cochrane Analysis con-
cluded that there was no difference in periurethral vs. 
transurethral manner of delivery, although there was 
a non-significant trend towards higher early complica-
tions with periurethral injection.  Additionally, weak 
evidence supports mid-urethral injection resulting in 
improved patient satisfaction compared to BN injec-
tion. 

4.4. RCTs Comparing Bulking Agents 
A RCT enrolling 247 women compared PDMS 
(n=122) and bovine collagen (control group; n=125) 
(325).  Repeat injection was allowed at three months 
after initial delivery for persistent incontinence.  Effi-
cacy was determined at one year post last injection 
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using Stamey grade scoring, pad weight change, and 
Urinary Incontinence Quality of Life Scale.  At one 
year post-treatment, 61.5% of women who received 
PDMS had improved by one Stamey grade vs. 48% 
of controls.  The dry/cure rate at one year was 36.9% 
in the PDMS group vs. 24.8% in the control group 
(p<0.05).  One hour pad weight change was 25.4 mL 
from baseline in the PDMS group vs. 28 mL in the 
control group (p=0.64).  Both groups had improve-
ment in QoL assessment (28.7% and 26.4%, respec-
tively; p=0.49). 

The Zuidex Study Group performed a prospective 2:1 
randomised trial of NASHA-dx vs. bovine collagen in 
344 women at 23 North American sites (337).  Out-
comes at 12 months from last treatment failed to 
demonstrate that NASHA-dx was equivalent to bo-
vine collagen in the primary outcome, which was the 
proportion of women who achieved a 50% reduction 
in urinary leakage on CST (84% in the bovine colla-
gen group vs. 65% of NASHA-dx). 

A single-blind, randomised, prospective, 33-centre, 2-
arm parallel study of PAHG vs. bovine collagen had 
follow-up to one year (338).  At baseline, women un-
derwent CST, pad weight, bladder diaries, and QoL 
questionnaires.  After randomisation, patients could 
receive up to three injections at 1-month intervals.  At 
the last visit Valsalva leak point pressure was meas-
ured.  Of the 345 women 229 were randomized to 
PAHG and 116 were randomised to bovine collagen.  
At 12 months, a ≥50% decrease in leakage and in-
continence episodes was seen in 53.2% and 55.4% 
of patients who received PAHG and collagen, respec-
tively.  At 12 months, 47.2% of patients with PAHG 
and 50% with collagen reported zero SUI episodes, 
while 77.1% and 70%, respectively, considered them-
selves cured or improved.  Major AEs were rare in 
each group.  

The Cochrane analysis concluded that all bulking 
agents appeared to provide similar overall improve-
ments as compared to bovine collagen. (321) Eight 
trials compared different agents and all results had 
wide confidence intervals.  Silicone particles, calcium 
hydroxyl apatite, ethylene vinyl alcohol, carbon 
spheres and NASHA-dx gave improvements which 
were not shown to be more or less efficacious than 
bovine collagen.  Finally, a recent systematic review 
that included only RCTs has been published (339).  
The primary outcomes were clinical and urodynamic 
parameters.  Initially, 942 studies were identified; 
however, only 14 eligible trials fulfilled the prerequi-
sites.  Altogether, the review included 1814 patients 
from trials of eight different types of bulking agents 
and confirmed the findings of the Cochrane Review.  
The most common complications of the bulking 
agents were urinary retention and UTI.  The authors 
cautioned that the lack of adequate studies, the het-
erogeneous populations studied, the wide variety of 
materials used, and the lack of long-term follow-up 
limit guidance of practice. 

4.5. Bulking Agents vs. Surgery 
In the two trials in the Cochrane Review that com-
pared injection therapy with surgical management, 
better overall objective cure was obtained after sur-
gery vs. injection (RR 4.77, 95% CI 1.96 to 11.64; and 
RR 1.69, 95% CI 1.02 to 2.79).  (321)  Of note, the 
latter trial data did not reach statistical significance if 
an intention-to-treat analysis was used. 

A recent review assessed the objective and subjec-
tive outcomes of bulking agents in comparison with 
MUS, Burch colposuspensions, and PVSs for SUI 
(15).  A PubMed and Medline search yielded three 
studies evaluating bulking agents in comparison with 
other surgical approaches for either primary or recur-
rent SUI.  Two of these studies were RCTs evaluating 
the use of bulking agents vs. other surgical proce-
dures for the treatment of primary SUI.  The remain-
ing article was a retrospective cohort study that com-
pared the effectiveness and safety of repeat MUS 
with urethral bulking after failed MUS.  The combined 
results of all analyses showed that the objective re-
currence rate of bulking is significantly higher in com-
parison with other surgical procedures.  Similar find-
ings were observed when considering separately the 
treatment for primary or recurrent SUI.  Furthermore, 
lower subjective recurrence rate was observed 
among patients undergoing other surgical treatment 
in comparison with those undergoing bulking agents; 
however, this trend was not statistically significant.  
As may be expected, women undergoing injection of 
bulking agents experienced a lower rate of voiding 
dysfunctions in comparison to surgery group.  

4.6. Role of Bulking in Special Populations 

4.6.1 Bulking in the Elderly 
Twenty consecutive women with a mean age 84.5 
years (range 80-87) were prospectively enrolled to 
undergo PAHG injection (340).  All subjects were 
evaluated at baseline and re-evaluated at six-month 
intervals after treatment.  A statistically significant de-
crease in the number of pads was observed at the 24-
month follow-up (p=0.0002).  Physical examination 
showed a statistically significant lack of, or reduction 
in, urine loss with CST (p=0.0163).  Urodynamic find-
ings showed an increase in VLPP, MUCP, and func-
tional urethral length.  IIQ-7 showed a statistically sig-
nificant improvement in QoL (p=0.0001).  Patient sat-
isfaction assessed with the VAS and PGI-I respec-
tively produced evaluations of ″satisfied″ and "much 
improved" even after 24 months. 
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Table 11:  Bulking Agents: Cohort Studies 

Lead Author(s)  Year Injectable N 
(initial) 

N 
(reported) 

F/U Injections Objective 
Outcome 

Subjective 
Improvement 

Complications 

Mohr (322) 2013 Collagen  
NASHA-dx 
EVA 
PAHG 

312 
54 
104 
44 

453 (61 lost to 
FU) 

12m Med 1 
Range (1-3)  
Permitted at 6w 

73.2% [≤2g on 
2h pad test] 

(S) VAS 
(S) general 
health & role 
limitation KHQ 
domains 

3.2% 
5.6% 
5.7% 
0% 

Griffin (323) 2016 Ca-HA 60 44 (37 had 
quest 
& 38 pad #) 

169d 
(32-499) 

1 (18, 30%) 
2 (38, 63%) 
3 (4, 7%) 

(S) ↓ (mean 1.7) 
in pad # 

(S) AUASS, 
AUASS QOL, 
M-ISI 

19% transient 
urinary retention 

Ghoniem (324, 325) 2010 PDMS 75 67 24m 49% reinjection 
at 3m 

67% Stamey 
Grade=0 
79% ≥50% ↓ vol 
on 1h pad test 

85% dry or v. 
improved PGI-I 
(S) I-QOL 

NR 

Ghoniem & Miller 
(326)(Systematic 
Review) 

2013 PDMS - 958 (24 studies) - 30% reinjection 
(17 studies) 

Short-term: 75% improved, 43% 
cure 
Mid-term: 73% improved, 37% cure 
Long-term: 64% improved, 36% cure 

7% transient 
urinary retention 
3% UTIs, 50% 
transient dysuria; 
45% transient 
hematuria 

Lose (327) 2010 PAHG 135 94 (per protocol) 12m 35% reinjection (S) ↓ incont 
episodes 
(3→0.7) 
(S) ↓pad wt 
(29→4g) 

24% cured; 
66% cure + 
improved; (S) 
ICIQ 
improvement 

88/96 AEs not-
serious; 
32 TRAEs: 10 
UTI, 2 retention; 2 
hematuria, 1 
injection-site 
rupture 

Toosz-Hobson 
(328) 

2012 PAHG 135 86 (per protocol) 24m 35% reinjection Improvement in 
incont episodes, 
pad wt sustained 

ICIQ, VAS 
improvement 
sustained 
94% sustained 
subj success 

16 new non-
serious AEs 
No new emptying 
difficulties at 24m 

Pai & Al-Singary 
(329) 

2015 PAHG 256  3m min 
38m 
med 

18 (7%) 
reinjection 

(S) ↓ incont 
episodes, pad wt 

82% cure/signif 
improved at 3m 
43% cure at 3m 
(S) ICIQ, VAS 
improvement  

2 worse storage 
symptoms, 4 
acute cystitis, 1 
retention 
No abscesses 

Beraru (330) 2014 PAHG 80 80 18.6 
mean 

29% reinjection - 60% improved 
PGI-I 
(S) ↓ICIQ-SF 

16%: 11 retention, 
2 cystitis, 4 
dysuria 
No abscesses 
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Lead Author(s)  Year Injectable N 
(initial) 

N 
(reported) 

F/U Injections Objective 
Outcome 

Subjective 
Improvement 

Complications 

Mouritsen (331) 2014 PAHG 25 24 (interview) 
11 (exam) 

8y 2 (8%) 
reinjection 

- 15 (62.5%) no 
additional 
surgery during 
FU 
6/15 cured, 4/15 
improved + 
satisfied 

1 stranguria, 7 
recurrent cystitis 

Kasi (332) 
(systematic review) 

2016 PAHG - 767 (8 studies) 1-50m 186 (24.3%) 
reinjection 

(S) ↓ incont 
episodes, pad wt 

(S) QOL 
improvement 

4-14% pain, 3-7% 
UTIs 

Zajda & Farag (333) 2013 VDM-PDMS 20 19 12m 1 (13, 65%) 
2 (7, 35%) at 
6w 

(S) ↓ incont 
episodes, pad wt 

68% dry 
(Stamey 0) 
89% ↓ Stamey 
grade 
(S) ↑ I-QoL 

6 (30%): 1 small 
hematoma, 3 
retention, 2 
dyspareunia; 1 
implant removal 

Zajda & Farag (334) 2015 VDM-PDMS 20 18 24m 1 (13, 65%) 
2 (7, 35%) at 
6w 

(S) ↓ incont 
episodes, pad wt 

45% dry 
(Stamey 0) 
66% ↓ Stamey 
grade 
 

1 UTI, 1 vaginal 
erosion, 2 
dyspareunia, 4 
urgency; 4 implant 
removals 

Key: 

EVA: Ethylene vinyl alcohol; 

Ca-HA: calcium hydroxyl apatite 

VDM-PDMS: vinyldimethyl-terminated polydimethylsiloxane polymer
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4.6.2 Recurrent SUI 
Several studies have indicated that bulking agents 
represent a viable option for treating persistent or re-
current SUI after failed primary surgery.  Hansen et 
al. queried the Danish National Patient Registry to 
identify women who had undergone first-time syn-
thetic MUS from 1998 through 2007. (341)  The out-
come was repeat surgery with any subsequent pro-
cedure code for urinary incontinence within a 5-year 
period of the first procedure.  A total of 5,820 women 
(mean age 55.4±12.1 years) underwent a primary 
synthetic MUS, and 354 (6%) underwent reoperation.  
The first-choice treatment for reoperation was an-
other synthetic MUS (45.5%) followed by urethral in-
jection therapy (36.7%) and miscellaneous opera-
tions (13.8%).  PVSs (2.8%) and Burch colposuspen-
sion (1.1%) were seldom used.  A secondary analysis 
of the UITN SISTEr and ToMUS trials of women who 
underwent primary SUI treatment was assessed for 
retreatment-free survival rates by initial surgical pro-
cedure (273).  Half of the women in the SISTEr trial 
met inclusion criteria for this analysis (329/655, 174 
Burch and 155 fascial sling), as did 444/597 (74%) of 
subjects in ToMUS (221 TO and 223 PVS).  Types of 
surgical retreatment included autologous fascial 
sling(339), synthetic sling (321), and bulking agent 
(338). 

Studies evaluating individual bulking agents have 
demonstrated some success with injection for recur-
rent SUI.  In a retrospective study of 23 women who 
had received therapy with PDMS or carbon-coated 
zirconium beads after a failed MUS, the authors noted 
a cure rate of 34.8% at a median follow-up of 10 
months and improvement in secondary outcomes 
(342).  Overall, 92% of these patients reported benefit 
from therapy and the authors reported no complica-
tions.  Another observational study included 60 pa-
tients who underwent PAHG injection after a failed 
MUS (343).  Patients were considered cured based 
on a negative CST, <2 g urine loss on 1-hr pad test, 
and a VAS score improved by ≥90%.  Women con-
sidered improved were those with the loss of only a 
few drops of urine on CST and 2-10 g urine loss on 1-
hr pad test, or a reduction of >50% compared with 
preoperative urine loss and a VAS score improved by 
≥75%.  The volume of PAHG injected ranged from 1-
3 mL.  Cured/improved rates were 93.3% (56/60), 
88.3% (53/60), and 83.6% (46/55) at 1, 6, and 12 
months, respectively.  Those with MUI had UUI reso-
lution rates of 36.8%, 47.4%, and 38.9%, respec-
tively.  Voiding dysfunction rates were 13.3% (8/60), 
8.3% (5/60), and 1.8% (1/55) at 1, 6, and 12 months, 
respectively, while UTI rates were 5% (3/60), 11.7% 
(7/60), and 3.6% (2/55), respectively.  Other AEs 
were short-term and/or observed in <4% of patients. 

Another retrospective study described outcomes in 
52 women who underwent PAHG, 40 of whom had 
failed previous anti-incontinence surgery (344).  Cure 

was evaluated by VAS (0-100 (dry)) and a 5-point Lik-
ert scale.  A negative CST was observed in 19.6% of 
women at a mean follow-up of 22 months.  Subjective 
assessment by the ICIQ-UI SF questionnaire showed 
that 15.7% of patients were completely dry, while 
45.1% of patients were dry or improved.  The mean 
VAS score was 51.3, and, on the Likert scale, the 
cure effect was evaluated as 5 or 4 ("cured" or "im-
proved") in 54.9% of patients. 

An open multicentre study of VDM-PDMS recruited 
105 women from three tertiary gynecological clinics, 
91 of whom had recurrent SUI (345).  At each follow-
up visit, CST and 1-hour pad test were performed.  
Objective success rate after 12 months in those 
women with recurrent SUI was 59.3%, compared with 
71.4% of patients treated for primary SUI.   

While bulking may be considered and used for recur-
rent SUI, the outcomes following injection therapy ap-
pear to be inferior to repeat sling surgery.  A retro-
spective cohort study of women within the Kaiser Per-
manente Southern California Medical Group who un-
derwent a MUS from 2008-2011 assessed the out-
comes following either MUS or urethral bulking for re-
current SUI (346).  The primary outcome was either 
subjective failure defined by SUI or objective failure 
defined as a positive CST, urodynamic SUI, or re-
treatment for SUI.  Secondary outcomes included 
perioperative complications and AEs.  Of 6,914 MUS 
performed, 165 women underwent a repeat proce-
dure for recurrent SUI, including 98 MUS and 67 ure-
thral bulking.  Of those 165, there were 11 failures 
(11.2%) in the MUS group and 26 (38.8%) in the ure-
thral bulking group (p=0.004).  There were no differ-
ences in perioperative complications or AEs between 
the groups.  In multivariable logistic regression, risk 
of failure was significantly higher in those undergoing 
urethral bulking compared with those undergoing 
MUS (OR 3.49, 95% CI 1.34-9.09, p=0.01).   

Finally, an electronic database search was performed 
(1980-2014) using the keywords: stress urinary in-
continence, failure, recurrence, and treatment (347).  
The search was restricted to female patients and cur-
rently-used surgical procedures, including studies 
with five or more cases.  The authors found that the 
pooled objective cure rate for urethral bulking in re-
current SUI was 38% (95% CI ±10.7), compared to 
66.2% (95% CI ±4) for repeat MUS and 79.3% (95% 
CI ±6.54) for PVSs. 

4.6.3 Radiation-Associated Incontinence 
A multicentre prospective trial enrolled a total of 46 
women with severe SUI who underwent PAHG (348).  
Group A consisted of 24 women with previous pelvic 
radiotherapy for a gynecological malignancy, while 
Group B consisted of 22 women without previous ra-
diotherapy.  At a mean follow-up of 12.4 months, 
complete continence was achieved in 25% of patients 
in group A and in 36.4% of patients in group B.  Sig-
nificantly reduced urinary leakage was observed in 
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both groups (p=0.0164 in group A and p=0.0002 in 
group B).  Total scores in the ICIQ decreased by 5.2 
in group A (p=0.0000) and 6.36 in group B 
(p=0.0001).  The scores for the Total Patient Percep-
tion of Bladder Condition decreased by 1.54 in group 
A (p=0.0001) and 2.59 in group B (p=0.0000), with a 
significant difference between groups (p=0.0224).  
No clinically significant changes in urodynamic pa-
rameters were observed and no severe AEs were 
noted. 

4.6.4 Neurogenic SUI  
SUI related to a relevant neurologic condition can be 
considered neurogenic SUI.  A systematic review of 
the published literature from Pub Med and Web of 
Science was undertaken for studies describing surgi-
cal treatment of neurogenic SUI between 1990 and 
2013 (349).  Thirty studies were identified, all with 
Level 3 evidence. None of the studies followed a RCT 
design, so the quality of evidence is modest.  Three 
primary surgical procedures were used in 29 of 30 
studies: artificial urinary sphincter (AUS), urethral 
slings, and urethral bulking agents.  One study used 
a ProACT device.  AUS was considered more suc-
cessful than urethral bulking agents (77 ± 15% vs. 
27 ± 20%, p=0.002).  Urethral bulking agents reported 
higher failures than urethral sling procedures 
(49 ± 16% vs. 21 ± 19%, p=0.016) and AUS 
(21 ± 19% vs. 10 ± 11%, p<0.002).   

A retrospective cohort study reported outcomes in 22 
children (16 females, 6 males) who had NASHA-dx 
injections from January 2001 to June 2011 for persis-
tent incontinence from either the BN (7), Mitrofanoff 
(10), or both (5) (350). Median age at injection was 
13 years (range 4-21).  All patients had adequate 
bladder capacity and compliance on maximized med-
ical therapy before injection.  "Success" was defined 
as either "continence" (daytime dry interval >3 hours) 
or "improvement" (daytime dry interval >2 hours).  
Children underwent an average of 1.6 injection ses-
sions per patient with an average of 2.6 mL of 
NASHA-dx per session.  At a median follow-up of 72 
months (range 4-104), 19 (86.4%) patients had suc-
cessful results (16 continent, 3 improved).  For those 
incontinent from BN, 42% became continent after 1, 
75% after 2, and 83% after 3 injections, for a success 
rate of 91% (10 continent, 1 improved).  For those in-
continent from Mitrofanoff, 20% became continent af-
ter 1, and 73% after 2 injections, for a success rate of 
86% (11 continent, 2 improved).  

4.7. Complications 
As mentioned in several studies above, bulking ther-
apy is infrequently associated with severe complica-
tions.  The most frequent AE in the trial by Lose et al. 
was UTI in 10 women. (327)  Occasionally, the inject-
ables themselves cause unique complications.  Mal-
abarey and Walter described a case of urinary reten-
tion and a large firm para-urethral vaginal mass as a 
complication of periurethral collagen injections three 
years before presentation. (351)  The patient was 

managed successfully with complete surgical resec-
tion of the mass and subsequent, recurrent SUI was 
managed using a rectus fascial sling.  Likewise, 
Crites et al. reported a single case of bladder mass 
post bovine collagen injection which required tran-
surethral resection for improvement of symptoms. 
(352) Kumar et al. reported a pseudo-diverticulum of 
the urethra due to an encysted collagen implant.  
(353)  The use of PAHG has also been linked to a 
periurethral abscess which required surgical drainage 
(354) .   

Of note, NASHA-dx was associated with injection site 
sterile abscesses in 8.4% of patients, injection site 
mass in 4.4%, and pseudo cyst formation in 2.2% of 
patients(337).  Irritative voiding symptoms and injec-
tion site pain were more common with NASHA-dx 
than with bovine collagen.  Additionally, Lightner et al. 
reported a single-institution retrospective case series 
of 35 women with ISD who underwent implantation 
with NASHA-dx. (355)  Four of these women devel-
oped pseudo abscess formation requiring multiple 
operative interventions.  It must be noted that the 
NASHA-dx was the only bulking agent injected using 
the implacer device, a template used to position four 
syringes (0.7 mL each) in the urethra.  Furthermore, 
the bulking agent was not injected under direct visual 
control and the volume injected was typically large, 
potentially accounting for some of the abscesses and 
other complications. 

Summary 
Limited Level 1 information has emerged regarding 
bulking therapy since compilation and publication of 
ICI-5.  While bulking agents provide a treatment op-
tion for primary SUI, optimal results may be obtained 
with repeated injections as effect wanes with time.   

The few RCTs that exist (Level 2b/3) suggest that out-
comes are similar regardless of bulking agent used, 
with no single bulking agent demonstrating superior-
ity to bovine collagen.  

There appears to be no difference in outcomes 
whether the transurethral or paraurethral technique is 
used. Likewise, there appears to be no difference in 
outcomes whether the bulking was performed at the 
BN or the midurethra (Level 2b).  

Limited data suggest that bulking is inferior to surgical 
therapy for both primary and recurrent SUI (Level 
3b/4).   

Limited, non-randomised data suggest some benefit 
of bulking therapy in special populations, such those 
women with SUI following pelvic irradiation (Level 4).   

Overall complication rates associated with bulking 
agents continue to be relatively low (Level 2b/3b/4); 
however, the long-term implications of permanent 
bulking agents in the periurethral milieu is unknown. 



 

 
1800  COMMITTEE 14. SURGERY FOR URINARY INCONTINENCE IN WOMEN 
 

Recommendations 
Bulking agents should not be offered as first-line ther-
apy for those women desiring a “one-time” durable 
solution for primary or recurrent SUI (Grade B). 

Bulking therapy is an option for selected individuals 
with SUI (e.g.  poor candidates for anti-incontinence 
surgery or those desiring an office-based, minimally-
invasive procedure) after appropriate counseling re-
garding lack of long term durability (Grade B) 

Bulking agents may be offered to women as first-line 
therapy for recurrent or persistent SUI following anti-
incontinence surgery, although these outcomes are 
likely inferior to repeat anti-incontinence surgery in 
the long term (Grade C). 

5. ARTIFICIAL URINARY SPHINCTER 
FOR WOMEN  

The artificial urinary sphincter has been used to treat 
some female individuals with SUI for several dec-
ades.  It has been used as a salvage procedure, for 
patients with special circumstances (e.g. neurogenic 
sphincter dysfunction, etc.), and as a primary proce-
dure in some centres.   

In the 5th Edition there were 13 publications on AUS 
in women performed vaginally, abdominally and lap-
aroscopically from 2007 to 2012. Nine of these will be 
shared in this 6th Edition.   

Roupret, et al .,(356) reported 12 women who under-
went laparoscopic insertion of an artificial sphincter 
over a 2 year period, 11 of whom had undergone pre-
vious procedures. After a variable period of activation 
ranging from 4 to 14 weeks, with a mean follow-up of 
12.1 month (range 5.2 to 27 months) incontinence 
was cured in 88% of the women. Complications in-
cluded the need for open conversion in 2 patients, 2 
bladder injuries, 2 vaginal injuries with an overall 
complication rate of 25%.  

Mandron, et al ., (357) reported their experience with 
25 patients undergoing laparoscopic AUS implanta-
tion over four years. No cases required open conver-
sion and the authors reported only an intraoperative 
complication, of vaginal perforation. Five of the pa-
tients developed urinary retention which required re-
catheterisation of less than 4 weeks. At a mean fol-
low-up of 26.1 months, two patients failed due to vag-
inal erosion and required removal of the AUS. Over-
all, 23 patients reported continence, either total (19) 
or social (minimal pad use) (4).  

Vayleux, et al., (358)reported an analysis of 215 
women undergoing sphincter implantation over a 22 
year period. 88% of women had undergone previous 
treatment for incontinence. 73.5% of the patients 
were considered continent (0 to 1 pad use) and 170 
(79%) were satisfied at follow-up. The revision rate in 
this group was 15.3% after a mean interval of 8.47 
years. 15 explantations (7% of total) were performed. 

The major risk factor for intraoperative complications 
was a history of smoking (10.7%). Multivariate analy-
sis revealed age to be the major risk factor for failure 
(odds ratio 2.46), which occurred in 23.7% of the sub-
jects. In addition, pelvic radiotherapy was also asso-
ciated with failure (4.37 odds ratio).  

The largest long term analysis was published by 
Costa, et al. (359) Over a 20 year period, 376 devices 
were implanted in 344 women. At mean follow-up of 
9.6 years, 85.6% of patients were fully continent (no 
incontinence), 8.8 were socially incontinent (occa-
sional incontinence episode) and 5.6% were inconti-
nent (defined as one pad or more incontinence). 3, 5 
and 10 year device survival rates by Kaplan-Meier 
analysis were 92%, 88.6% and 69.2%. Mean me-
chanical survival time was 176 months (14.7 years). 
The authors identified three factors for AUS survival 
including number of previous incontinent procedures, 
presence of associated neurogenic disease, and sim-
ultaneous augmentation procedure.  

Chung, et al., (360)reviewed 29 patients in whom 
AUS was implanted after failed anti-incontinence pro-
cedures. 5 (17%) of those patients required explanta-
tion of the device either due to erosion or infection. In 
addition, 13 revisions were performed with device 
malfunction accounting for 95% of those cases. Over-
all survival analysis revealed 90% malfunction of the 
device at less than 100 months from the time of im-
plant. There was a significant decrease in pad use 
noted in the trials and overall continence rates (no 
pad use) were 70% in this study.  

Other additional device modifications have included 
the use of a larger implanted cuff (greater than 8cm). 
Revaux, et al., (361) reported 50 women who under-
went implantation with a large cuff device over a 23 
year period, of whom 86% had undergone previous 
incontinence procedures. At a mean follow-up of 
eight years, 34 women had complete resolution of 
their incontinence (68%). Factors that were associ-
ated with device survivability included less than two 
pregnancies, urethral closure pressure higher than 
19cm of H2O and a cuff size equivalent to 8 cm.  

Several consensus statements regarding use of the 
artificial urinary sphincter have been published. 
Chartier-Kastler, et al., (362)noted a higher risk of 
erosion and revision rates in women after multiple 
previous procedures. The authors concluded that the 
AUS should be implanted at high volume specialist 
centres with appropriate knowledge and experience 
in the management of complex cases of inconti-
nence.   

Richard, et al., (363) reported the recommendations 
of the committee in Women’s Urology and Pelvi-
perineology of the French Association of Urology. 
This guideline recommended avoidance of patients 
who had not had multiple prior procedures and where 
a well standardised technique performed by surgeons 
with regular experience and sufficiently long deacti-
vation after implantation, long term monitoring as key 
aspects for device success. 
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Lovatsis, et al., (364) summarised the guidelines for 
the evaluation of treatment of urinary incontinence for 
the Society of Obstetricians and Gynaecologists of 
Canada. The authors concluded that the AUS was an 
option in patients with significantly decreased dexter-
ity and mobility (recommendation of III-C).  

Since the 5th Edition, there were  five publications: two 
on long-term functional outcomes, two on robotic-as-
sisted laparoscopic approach and the last on a retro-
spective comparison of robot-assisted and open ap-
proaches which would be summarised in this 6th Edi-
tion.  

Phe , et al., (365) studied 34 women retrospectively 
with ISD who underwent an AUS between 1994 and 
1992. Their median age at surgery was 56.5 (IQR 50-
64.7) years and the median follow-up was 17 (IQR 
12-19) years. The 10-, 15- & 20-year survival rates 
without explantation were 80, 80 & 74% respectively. 
The 10-, 15- & 20-year survival rate of the device 
without revision were 79, 65 & 40% respectively. After 
20 years of follow-up, 11 (61%) women still had suc-
cessful outcome.  

Phe , et al.,(366) reported the long-term functional 
outcomes of AUS implantation in 26 female adult neu-
rological patients suffering from ISD between 1984 
and 2011. Their median age was 49.2 years (IQR 
28.5–59.7) and at the end of the median follow-up 
time of 7.5 years (IQR 3.9–23.8), 15 patients (57.7%) 
still had their primary AUS. The AUS was explanted 
in five women because of infection or erosion. Sur-
vival rates, using Kaplan-Meier curves, without AUS 
explantation were 90%, 84%, 84%, and 74% at 5, 10, 
15, 20 years, respectively. Survival rates without AUS 
revision were 75%, 51%, 51%, and 51% at 5, 10, 15, 
20 years, respectively. 71.4% of patients with AUS 
were continent. When considering the 26 initial pa-
tients, including the patients in whom the AUS was 
explanted, the continence rate was 57.7%.  

Fournier , et al., (367)reported the initial results of six 
women with ISD who underwent a robotic-assisted 
AUS implantation between 2012 and 2013. The mean 
age was 65 ± 9.6 years. Five patients had previous 
surgery for incontinence. The mean duration of fol-
low-up was 14.3 months. A transperitoneal approach 
with a lateral positioning of the robotic arms was per-
formed. The cuff implantation, positioning of the res-
ervoir, and the pump were carried out similarly to the 
laparoscopic technique. Operative time, intraopera-
tive occurrence of injuries of the bladder or vagina, 
postoperative complications, and continence (pad per 
day) were assessed. The robotic-assisted AUS im-
plantation was feasible in all cases without intraoper-
ative injury and 1 grade 1 postoperative complication. 
Mean operative time, postoperative bladder catheter-
isation, and hospitalisation time were 210 ± 
32 minutes, 7 days, and 6 days, respectively. At the 
end of the follow-up, 83% of cases were fully conti-
nent. 

Biardeau, et al.,  (368) reported the feasibility and 
short-term outcomes of a robot-assisted laparoscopic 

approach for AUS implantation in 11 women with 
stress urinary incontinence. The authors reported 
successful AUS implantation in 8 of 11 patients 
(72.7%), with a complete continence rate of 87.5% (7 
of 8 patients) after a mean follow-up of 17.6 (inter-
quantile range 10.8-26) months. However the intra-
operative complication was 36.4% (4 of 11, of which 
2 each were bladder and vaginal injuries) and similar 
rate of post-operative complications (2 each of minor 
and major). 

Peyronnet B, et al.,  (369)retrospectively compared 
the robot-assisted and open approaches of AUS im-
plantation in 24 women with SUI. Twenty-four women 
were assessed: 16 in the open group and eight in the 
robot-assisted group. Three patients had neurogenic 
stress urinary incontinence. Most patients had under-
gone previous procedures for urinary incontinence 
(15 in the open group and seven in the robotic group). 
Mean operative time was similar in both groups (214 
vs. 211 min; p = 0.90). Postoperative complications 
rate was lower in the robot-assisted group (25 vs. 
75 %; p = 0.02). There was a trend toward a lower in-
traoperative complication rate (37.5 vs. 
62.5 %; p = 0.25), decreased blood loss (17 ml vs. 
275 ml; p = 0.22), and shorter length of stay (3.5 vs. 
9.3 days; p = 0.09) in the robot-assisted group. Conti-
nence rates were comparable in both groups (75 vs. 
68.8 %; p = 0.75). Three AUS explantations were 
needed in the open group (18.8 %) compared with 
one in the robot-assisted group (12.5 %; p = 0.70). 

Summary 
There is a paucity of data regarding the use of AUS 
in women with SUI (EL=3) 

Although short term efficacy of the AUS in females is 
satisfactory, durability in the long term is unproven 
(EL=3). 

The procedure has a high rate of complications and 
surgical revision (EL=3).  

Recommendations 
AUS for female SUI should be limited only to highly 
selected individuals usually with recurrent SUI and 
only with appropriate counseling regarding the likely 
need for revision over time and the lack of long term 
RCT data (Grade C).  

6. STEM CELL TECHNOLOGIES 

The use of stem cell modalities for the treatment of 
urinary incontinence and bladder dysfunction has 
been proposed for more than a decade. (370-373)  
Basic and clinical science reports of stem cell use for 
the indication of PVS(SUI) or DO based incontinence 
(OAB) are extant and indicate potential utility for both 
of these indications.  Varying types of stem cell pop-
ulations have been utilised for these indications as 
delineated below.  For purposes of this discussion, 
the literature and evidence will be surveyed for the 
indication of SUI in women only.   
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As a premise, stem cells are categorised by their dif-
ferentiation capabilities.  The term embryonic stem 
cell incorporates the concept of toti-potentiality of the 
cells. (374)  Adult stem cells, in contradistinction, are 
pluripotent and/or multipotent and cannot undergo 
differentiation into as many different cell types as em-
bryonic cells.  Generally, adult stem cells are specific 
for unique tissues based upon their derivation.  Stem 
cells have been found in a variety of tissues. Cells 
from these unique sources are somewhat similar in 
phenotypic expression and cellular characteristics 
dependent on the cell source.  Stem cells are thought 
to have local beneficial effects in host tissues includ-
ing the ability to alter immune function, release para-
crine factors and to be capable of proliferation. (375) 
Key surface inclusion (including CD73, and α7β1 in-
tegrin), exclusion (such as CD45) and intracellular 
markers (for example vimentin and Pax 7) contribute 
to the unique local effects that these cells induce in 
host tissues. Vascular endothelial growth factor 
(VEGF) has been noted to promote host tissue incor-
poration of expanded stem cells. (376) Additionally 
exogenous materials such as microbeads (377) or 
calcium alginate gels (378), nanoparticles (379), or 
polyglycolic acid (380) have all been posited to bene-
fit cell viability. 

There are six common cell types that have been eval-
uated for the indication of female SUI inclusive of em-
bryonic, muscle derived (satellite cells), bone marrow 
derived (381), mesenchymal, adipose, urinary and 
human umbilical cord blood types. Also human amni-
otic fluid stem cells (hAFSCs) have been proposed as 
an alternative source. (382, 383) Other potential stem 
cell sources do exist in the mammalian systems but 
have yet to be studied extensively for purposes of the 
indication of stress urinary incontinence. Pluripotent 
stem cells (PSC) have been proposed as a potential 
contributor of smooth and skeletal sphincter compo-
nents. (384)  

The actual mode of effectiveness of stem cell injec-
tion for urinary incontinence is as yet unspecified.   
There is some evidence of cell fusion into the host 
tissue, although this has not been definitively proven.   
There may also be benefits of stem cells by release 
of local factors which stimulate injured and uninjured 
host tissue to respond more effectively. Cytokines 
may actually upregulate the functional activity of nor-
mal cells.  These include hepatocyte growth factor 
(HGF), insulin-like growth factor (IGF-1), IGF-2, and 
basic fibroblast growth factor(bFGF)], transforming 
growth factor-b (TGF-b 1), and platelet derived 
growth factor (PDGF). (385) Actual cellular differenti-
ation into different cell types is controversial as there 
is some evidence of stem cell differentiation into my-
oblast lines on the basis of studies done in cardiac 
smooth muscle. (382)  Also, in the case of SUI, the 
injected volume of viable cells may produce a bulking 
effect similar to other biologic and synthetic agents 
but with durability conveyed by viable cell persis-
tence. 

After extraction, all stem cells are post treated by a 
process known as an expansion in which either as 
progenitor cells or by incubation in differentiation me-
dia, either smooth muscle cells or myoblasts (if from 
striated muscle) are derived which then further de-
velop into multinucleated  myofibers. (386)  The route 
of administration of stem cells into the urethra has 
been performed by either transurethral or periurethral 
injection technique.  There is also some recent evi-
dence of improved deposition of cell load when an ul-
trasound aided injection technique is used. (387)   

Most of the data that is extant in clinical trials are re-
ported in small, uncontrolled, non-randomised set-
tings. 

6.1. Clinical Trials 
Several of the stem cell concepts have resulted in 
clinical trials.  In a pilot study, five patients were 
treated with ASCs combined with bovine collagen gel 
and saline. (388) Prior to the treatment, the ASCs 
were isolated from subcutaneous fat and expanded 
for three weeks followed by transurethral injection via 
cystoscope.  Patients were followed-up at 3, 6, and 
12 months after the injections.  The primary objective 
and subjective endpoints were CST and validated 
questionnaires, respectively.  After six months, one of 
five patients had a negative CST with 500 mL in the 
bladder.  At one year, the CST was negative with 
three patients, two of whom were satisfied with the 
treatment and did not wish further treatment for SUI.  
Validated questionnaires showed some subjective 
improvement in all five patients. 

A total of 20 and 15 women with uncomplicated and 
complicated SUI, respectively, received intraurethral 
injections of minced autologous skeletal muscle tis-
sue and were followed for one year(389). Efficacy 
was assessed by the number of leakage episodes in 
a 3-day diary and by ICIQ-SF scores.  Cure was de-
fined as zero leaks in 3 days plus an ICIQ-SF score 
of 5 or less, while improvement was defined as sim-
ultaneous decreases in each outcome measure.   Sig-
nificant reductions were observed in each group in 
the mean number of leakages (p<0.01) and in ICIQ-
SF scores (p<0.001).  In the uncomplicated group, 
cure and improvement were observed in 25% and 
63% of patients, and in the complicated group they 
were noted in 7% and 57%, respectively.  No voiding 
dysfunction developed and only minor AEs were re-
ported. 

Autologous muscle derived cells have also been eval-
uated in a feasibility study for intrasphincteric injec-
tion (390). A total of 38 women in whom SUI had not 
improved with conservative therapy underwent in-
trasphincter injection of low doses (1, 2, 4, 8 or 16 × 
106) or high doses (32, 64 or 128 × 106) of autologous 
muscle derived cells obtained from biopsies of their 
quadriceps femoris.   All patients could elect a second 
treatment of the same dose after 3-month follow-up.  
Assessments were made at one, three, six, and 12 
months after the last treatment.  The primary end 
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point was the incidence and severity of AEs.  In addi-
tion, changes in SUI severity were evaluated by pad 
test, incontinence diary, and QoL surveys.  Of the 38 
patients 33 completed the study.  Treatment related 
complications were limited to minor events such as 
pain/bruising at the biopsy and injection sites.  Of 
those patients who received two injections and were 
eligible for analysis, a higher percentage of those in 
the high dose vs. the low dose group experienced a 
50% or greater reduction in pad weight (88.9%, 8 of 
9 vs. 61.5%, 8 of 13), had a 50% or greater reduction 
in diary reported stress leaks (77.8%, 7 of 9 vs. 
53.3%, 8 of 15) and had 0-1 leaks during a 3-day pe-
riod (88.9%, 8 of 9 vs. 33.3%, 5 of 15) at final follow-
up. 

A 12-month safety and efficacy update was recently 
published (391). Pooled data from two phase I/II stud-
ies with identical patient selection criteria and out-
come measures were analyzed.  Patients received in-
trasphincter injection of 10 (16), 50 (16), 100 (24) or 
200×106 (24) autologous muscle derived cells for uri-
nary sphincter repair.  A total of 80 patients under-
went injection and 72 completed diaries and pad tests 
at 12-month follow-up.  As with the feasibility study, 
no AEs attributed to autologous muscle derived cells 
were reported.  Likewise, higher dose groups tended 
to have greater percentages of patients with at least 
a 50% reduction in stress leaks and pad weight at 12-
month follow-up.  All dose groups had statistically sig-
nificant improvement in UDI-6 and IIQ-7 scores com-
pared to baseline. 

Strangel-Wojcikiewicz et al recently reported two year 
follow up demonstrating safety and  50 % resolution 
of incontinence. (392) 

Autologous myoblasts have also been injected into 
the external urethral sphincter under ultrasound-guid-
ance followed by electrical stimulation (ES) as a pos-
sible 2-step treatment for SUI (393). Autologous my-
oblasts isolated from the biceps muscle were injected 
into the external urethral sphincter of 38 females fol-
lowed by postoperative ES to enhance cell integra-
tion.  The effects of the myoblast injections followed 
by an ES cycle were compared to those of a preoper-
ative ES cycle undergone by the same patients.  No 
serious AEs or complications were noted and the pro-
cedure was well tolerated.  Compared with the objec-
tive and subjective measurements collected after the 
preoperative ES cycle, the corresponding measure-
ments obtained after a second ES cycle six weeks 
postoperatively indicated considerable improvement.  
CST was negative for 29 (78.4%) of the patients and 
5 (13.5%) and 29 (78.4%) considered their SUI cured 
and improved, respectively.  Additional improvement 
or a plateau was observed at three and six months 
postoperatively, and was not negatively influenced by 
discontinuation of injection therapy(387). Of the pa-
tients, 23.7% considered their SUI cured and 52.6% 
reported improvement at six months, while 95% 
would recommend this treatment to others. 

In 2013, Aref-Adib, assessed the current evidence for 
the use of stem cell therapy for stress urinary inconti-
nence.  Overall, they found eight studies that met in-
clusion criteria (7 observational and one random-
ised).  The outcomes, as reported in these various tri-
als varied from urodynamic to quality of life improve-
ment outcomes.   Additionally, there were limited ra-
diographic assessments using urethral ultrasound 
done in the reported trials. Additionally, three studies 
noted increases in rhabdosphincter function and 
structure with two suggesting increases in the EMG 
activity. Unfortunately, these authors found the data 
to be somewhat limited due to lack of durability and 
inconsistent quality of reporting.   Of the included ar-
ticles, seven of eight used autologous mesoderm de-
rived stem cells (MDSC) and one used umbilical cord 
derived stem cells.   Follow-up in those trials ranged 
from 1.5 to 24 months and the trials included from 8 
to 123 patients.  Only one was randomized.  Of note, 
complications were minimal.  Interestingly, when 
done, urethral ultrasound revealed increase in 
sphincter thickness and contractility after stem cell in-
jection. (394) 

In the most recent assessment of the extant literature, 
Pokrywczynska et al again note inconsistencies in 
outcomes reporting and follow up. (395)They identi-
fied 16 articles which met inclusion criteria which in-
cluded 383 female patients and noted that mean cure 
and improvement rates over a 12-month follow-up 
were 37.2 ± 29.7% and 33.1 ± 14.3% (of included pa-
tients). Cell types included; myoblasts, muscle-de-
rived stem cells (MDSCs), and fibroblasts (most com-
mon). Less commonly, adipose-derived regenerative 
cells, cord blood stem cells and total nucleated cells 
(TNCs) and platelets were used. The number of cells 
used for the trials was noted to range between 0.6 
million to 1020 million cells with some studies sug-
gesting higher cell numbers to be associated with im-
proved outcomes. (391) 

In studies where only cells were implanted as com-
pared to those where implantation together with a 
bulking agent (collagen or adipose) was performed, 
cure rates over 12-month follow-up was lower (p < 
0.001) for the cell only patient (21.7 ± 8.9%) com-
pared to the cell-bulking agent combination (60.8 ± 
36%). No serious AEs or major complications were 
reported. The most common AEs were; exacerbation 
of incontinence, short term urinary retention, injection 
site pain, and urinary tract infection.(391)  

Notably, a randomised Phase III regulatory trial eval-
uating muscle derived stem cells is in progress in 
North America currently. 

6.2. Other Technology 
A macro/nanogel composed of in situ forming gelatin-
based macrogels and self-assembled heparin-based 
nanogels served as an injectable and bioactive bulk-
ing material for SUI (396).  The hybrid hydrogels were 
prepared via enzymatic reaction in the presence of 
horseradish peroxidase and hydrogen peroxide.  In-
corporating a growth factor (GF)-loaded heparin 
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nanogel into a gelatin gel matrix enabled the hybrid 
gel matrix to release GF continuously up to 28 days.  
The hydrogel composites stimulated the regeneration 
of the urethral muscle tissue surrounding the urethral 
wall and promoted the recovery of their biological 
function when injected in vivo. 

Plasmid DNA (pDNA; encoding for bFGF) complex-
loaded poly(DL-lactic-co-glycolic acid) 
(PLGA)/Pluronic F127 mixture dispersed with poly-
caprolactone (PCL) microspheres was prepared as 
an injectable bioactive bulking (397).  This thought 
was that this agent may provide bulking effect (via the 
PCL microspheres) and allow stimulation of the de-
fective periurethral tissues around (via synthesis of 
bFGF from cells or tissues transfected by the pDNA 
complex).  From in vitro experiments, the pDNA com-
plex incorporated in the bulking agent was released 
in a sustained manner over 84 days (≥80% of the ini-
tial loading amount).  The pDNA complex was effec-
tively transfected into fibroblasts and the cells were 
continuously producing the target protein, bFGF.  
From the in vivo study using hairless mice and Spra-
gue-Dawley rats, it was confirmed that the pDNA 
complex released from the bulking agent is trans-
fected into surrounding cells/tissue, and the cells/tis-
sues synthesised sufficient bFGF to regenerate 
smooth muscle with biological function around the 
urethra. 

Summary 
It is clear that the science of stem cell use for the in-
dication of SUI continues to evolve. Current evidence 
is limited by a lack of comparator arms or other study 
design flaws. Additionally, the optimal cell type, injec-
tion method, and final administration characteristics 
for cell transfer (inclusive of volume of viable cells) 
remain areas for improvement and study. 

Recommendation 
The use of stem cell technology for the treatment of 
female SUI remains investigational, and such therapy 
should not be offered to individuals with primary or 
recurrent SUI except in the setting of clinical trials.  
(Grade D) 

7. OTHER SURGERY FOR FEMALE 
SUI 

7.1. Transurethral Radiofrequency Collagen 
Denaturation 

Radiofrequency ablation (RFA) is a method of heat-
ing tissue that can cause tissue ablation and necrosis 
(higher temperatures) or denatured protein (lower 
temperatures, 65°C to 75°C)(398). In the treatment of 
female urinary incontinence low-level radiofrequency 
energy has been used for localized collagen denatur-
ation of the BN and proximal urethra for the treatment 
of female stress urinary incontinence. 

In 2005, Novasys Medical received US Food and 
Drug Administration (FDA) clearance to market tran-
surethral radiofrequency collagen denaturation under 
the trade name Renessa® in the United States. More 
recently, the device used to perform this procedure 
has been marketed under the trade name Lyrette® by 
the Verathon Company (lyretterf.com)(399) Per-
ceived or potential advantages of this procedure are 
that it can be done in the office setting with the patient 
under local anesthesia or intravenous sedation, with-
out imaging, in less than one hour. 

7.1.1 Mechanism of Action 
The low levels of radiofrequency energy at 65◦C are 
thought to create localised microscopic collagen de-
naturation sites within the BN and proximal urethra 
without creating strictures, fibrosis, significant tissue 
necrosis, gross shrinkage, or neurovascular injury. 
The denatured collagen results in reduced dynamic 
compliance of the surrounding untreated tissue(400). 

In a preclinical porcine study employing transurethral 
RF, Valsalva leak point pressure was higher in the 
treatment group receiving 24 foci of RF energy at 
65◦C as compared to controls at 8 weeks (P = 
0.06)(400). 

7.1.2 Outcomes 
The Cochrane review(401) included only one small 
sham-controlled randomized trial of 173 women with 
(402). In this study, 110 women underwent tran-
surethral radiofrequency collagen denaturation in the 
treatment arm and 63 underwent sham treatment in 
the control arm. Mean participant age was 50 years 
(range 22 to 76 years), and mean duration of SUI was 
eight years (range one to 49 years). All participants 
were treated with the same type of radiofrequency 
probe (Novasys Medical, Inc., Newark, California) 
and one of two similar radiofrequency generators 
(Novasys Medical, Inc.; CuronMedical, Inc., Fremont, 
California).  

In this study, 48% of the treatment arm subjects and 
44% of the sham treatment arm subjects demon-
strated≧10 point I-QOL score improvement at 12 
months (P = 0.7).   However, in a subgroup analysis,  
74 percent of women suffering from moderate to se-
vere SUI experienced ≧10 point I-QOL score im-
provement at 12 months following RF micro-remodel-
ing versus 50% of women who underwent sham treat-
ment (P = 0.03). 

The Cochrane review concluded that transurethral ra-
diofrequency collagen denaturation was not associ-
ated with an increase in the number of women with 
an I-QOL score improvement greater than or equal to 
10 points at 12months when compared with sham 
treatment in an analysis of available data (RR 1.11, 
95% CI 0.77 to 1.62; participants = 142).  Therefore, 
the Cochrane review concluded that evidence is in-
sufficient to show whether the procedure improves 
disease-specific quality of life. [EL=4] The Cochrane 
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review evaluation downgraded the quality of the evi-
dence by two levels to low because of the high risk of 
bias and imprecision. Furthermore, the number of 
women reporting UI symptoms after intervention was 
not reported in this paper. 

In a sub-analysis of this study, Leihan showed that 
Menopausal status and HRT demonstrated no impact 
on the quality of life improvement experienced by 
women with moderate-to-severe SUI who underwent 
RF tissue micro-remodeling(403). 

Appell et al. also showed that women who underwent 
RF micro-remodeling demonstrated an increase in 
mean LPP at 12 months (13.2 ± 39.2cmH20), while 
women who underwent sham treatment demon-
strated a reduction in mean LPP at 12 months (−2.0 
±33.8 cmH20), and the difference in mean LPP 
change between the two arms was statistically signif-
icant (P = 0.02).(402) 

7.1.3 Long Term Results 
A summary of prospective trials of transurethral ra-
diofrequency collagen denaturation is presented in 
Table 1(403-409). An early 12-month study(404) ex-
amined the use of four different timing and placement 
methods for the delivery of radiofrequency energy. 
Cure rates ranged from 22% to 67%, with reductions 
in episode frequency from 67% to 89% of patients. 
The longest follow-up period described was 3 
years(405, 406) Appell et al. reported that 56% of 
women who underwent radiofrequency collagen de-
naturation continued to report a 50% or greater re-
duction in SUI episode frequency(405).  

In a single-armed original cohort study by Elser et al 
(407). , 45% of patients were considered dry, with 
29% experiencing no leaks and 16% leaking less 
than 1 gram on a standardized in-office pad weight 
test. Additionally, 69% of women experienced a 50% 
or greater reduction in leakage, and 71% reported im-
provements on quality of life measures. A follow-up 
report from the same study revealed that 61.7% of 
evaluated patients continued to experience at least a 
50% reduction in SUI leaks at 18 months(408) , and 
showed that mean I-QOL score improved 17 points 
from baseline (P = .0004), while mean UDI-6 score 
improved (decreased) 19 points (P = .0005) at 36 
months(406). 

7.1.4 Complications 
Appel, et al showed that dysuria occurred in 9.1% of 
actively treated participants and in 1.6% of sham-
treated participants (RR 5.73, 95% CI 0.75 to 43.70), 
and dry OAB was more common in the transurethral 
radiofrequency collagen denaturation arm (7.3% vs 
3.2%), but this finding was not statistically signifi-
cant(402). Urinary tract infection was observed to oc-
cur equally in both groups (4.5% vs 4.8%). However, 
the Cochrane review concluded that evidence is in-
sufficient to show whether the procedure causes se-
rious AEs or other AEs in comparison with sham 
treatment. 

Summary 
There is only one small sham-controlled randomized 
trial of transurethral radiofrequency collagen denatur-
ation. [EL=2/3] Evidence is insufficient to show 
whether the procedure improves disease-specific 
quality of life. Evidence is also insufficient to show 
whether the procedure causes serious AEs or other 
AEs in comparison with sham treatment, and no evi-
dence was found for comparison with any other 
method of treatment for UI. There is a need for further 
prospective randomized assessments of this treat-
ment.  

Recommendation  
There is insufficient evidence to recommend this pro-
cedure as a treatment for female SUI (Grade D) 

7.2. Transvaginal and Transurethral Laser 
Treatment 

Non-invasive laser applications utilising applied cool-
ing have been successfully exploited for skin resur-
facing (thermal denaturation and shrinkage of colla-
gen for tissue remodeling), hair removal, tattoo re-
moval, and treatment of vascular birthmarks (410).  
Erbium:YAG (λ＝2.94mm) and CO2 (λ＝10.6mm) 
skin resurfacing lasers have recently been applied in 
gynecology for sub-ablative resurfacing of atrophic 
vaginal tissue in post-menopausal women, and for 
treatment of female SUI. Short-term studies appear 
have been published  for vaginal rejuvenation. 

7.2.1 Mechanism of Action 
Laser energy to achieve heat pulsing (i.e., temporarily 
increasing the temperature) of collagen is thought to 
improve collagen structure and initiate neocollagene-
sis. As a result of the temperature increase, intermo-
lecular cross-links that stabilize collagen triple-helix 
structure are broken, which leads to the shrinkage of 
collagen fibrils and improvement in tissue firmness 
(411). Therefore, laser-mediated heat pulsing of the 
endopelvic fascia and pelvic floor tissue could repre-
sent an effective non-surgical method for treating fe-
male urinary incontinence and other disorders result-
ing from diminished pelvic floor support. 

7.2.2 Outcomes 
There are only a few original cohort studies with 
short-term results and there are no randomised con-
trol trials. Ogrinc et al (412) reported a prospective, 
single centre, non-randomised, pilot study of trans-
vaginal Er:YAG laser treatment in 175 women with 
newly diagnosed SUI (66% of women) and MUI 
(34%). They used a 2940nm Er:YAG laser (SP Spec-
tro, Fotona®, Slovenia) set in “smooth mode” (fluence 
10.0 J/cm2; four pulses per packet, packet pulse du-
ration is 250 ms; spot size 7mm; repetition rate 1.6 
Hz) which enables non-ablative, thermal-only opera-
tion. At one-year-follow-up, Incontinence Severity In-
dex decreased 2.6 ±1.0 points in patients diagnosed 
with mild UI before the treatment, 3.6 ±1.4 points in 
those with moderate UI, for 5.7 ±1.8 points in those 
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with severe UI and 8.4 ± 2.6 in those with very severe 
UI (P<0.001, paired samples t-test)[EL=4]. Fistonic et 
al (411) conducted a pilot clinical study recruiting 31 
women with SUI. The procedure was performed with 
a 2940 nm Er:YAG laser (XS Dynamis, Fotona®, Slo-
venia), based on the pulsing sequence designed to 
achieve deep heating of the vaginal mucosa to 
around 60 °C. The International Consultation on In-
continence Questionnaire-Urinary Incontinence Short 
Form (ICIQ-UI SF) score was decreased on average 
by 6.3 points after 1 month, by 5.3 points after 2 
months, and by 5.1 points 6 months after treat-
ment[EL=4]. In this study, no serious AEs were ob-
served or reported throughout the course of laser 
treatment and the follow-up period. All patients expe-
rienced a sensation of warmth or teasing during treat-
ment. Most patients reported increased vaginal dis-
charge in the next few days after the procedure and 
slight vulval oedema, which disappeared within 48 h 
after the treatment. 

Summary 
Evidence is insufficient to evaluate the efficacy and 
AEs. 

There is a need for further prospective randomised 
assessments and long-term follow up data for this 
treatment. [EL=4].  

Recommendation 
There is insufficient evidence to recommend this pro-
cedure as a treatment for female SUI (Grade D) 

7.3. Intravesical Pressure Attenuation 
Device 

7.3.1 Mechanism of Action 
The Vesair™  Device (Solace Therapeutics, Framing-
ham, MA, USA) is an intravesical pressure attenua-
tion device which is a novel approach to the treatment 
of female SUI.  As opposed to treatments for SUI 
which are directed toward improving urethra/bladder 
outlet closure (slings, colposuspension, bulking 
agents, etc.), this intravesically placed balloon device 
works by attenuating intravesical/intraabdominal ex-
plusive forces without having a direct effect on the 
outlet. 

After intravesical placement, the polyurethrane bal-
loon filled is filled with 15 or 30 ml of air with liquid 
perfluorocarbons sealing the balloon. Because gas is 
more compressible than water, the intravesical bal-
loon floats near the dome of the bladder and attenu-
ates the rapid intravesical pressure increases from 
rises in abdominal pressure to decrease SUI epi-
sodes. 

7.3.2 Outcomes 
The Vesair™  device has been studied in two pro-
spective, single-blind,  randomizsd, sham-controlled 
trials in North America1 and Europe(413, 414). 

The North American trial recruited 166 women with 
SUI in a 2:1 randomisation scheme for a 6 month trial 
with replacement of the balloon device every 90 days 
(413).  This trial had a very high withdrawal rate 
(31%).  The primary outcome variable was a reduc-
tion in one Stamey grade.  This was not achieved in 
the intent to treat (ITT) population with only 28.6% of 
the women with the active device having a reduction 
of one Stamey grade at 6 months versus 22.2% in the 
sham arm (p=0.455).  Data for Stamey grade reduc-
tion was significantly different between the cohorts in 
the per protocol (PP) analysis [40.9% of active device 
patients versus 22.4% of controls (p= 0.046)].  A sec-
ondary composite outcome variable of a 50% reduc-
tion in pad weight and improvement in the patient im-
pression of improvement scale was achieved by 
50.8% of patients versus 16.3% of the controls 
(p<0.001) in the ITT population. Three day voiding di-
aries showed a significant reduction in incontinence 
episode frequency in the device group from 4.4 to 2.5 
episodes/ day (43.2%) versus 5.4 to 4.1 episodes/day 
(24.1%) in the control group (p<0.001). 

However, the active device group had a very high rate 
of AEs complicating its usage with 88.4% having at 
least one AE.  Most common were symptomatic UTIs 
in 29.5% in the device group versus 9.3% in the sham 
group.  The women with devices in their bladders also 
had urgency and hypertonic bladder in 18.7%, hema-
turia in 17%, dysuria in 11.6%, pelvic pain in 10.7%, 
UUI in 8.9% and bladder pain in 8% versus <2% in 
controls.  The balloon ruptured in 8% of women and 
was voided out.  Eight percent withdrew from the trial 
because of discomfort with the device and 4% be-
cause of urinary tract infections.  

The European trial (414)was somewhat similar to the 
North American trial with a modified thicker balloon 
that was inflated with 30 ml of air (instead of 15 ml) 
with assessments over only 3 months in a smaller co-
hort.  A proprietary delivery instrument further pro-
tected the urethra during insertion and removal of the 
device.   Participants were given prophylactic antibi-
otics during instrumentation to prevent UTIs.  These 
modifications led to lower AE rates and study with-
drawls.   They recruited only 63 women with 41 ran-
domised to receive the intravesical balloon and 22 
were in the sham arm.  The outcome variables were 
different from the North American trial with the com-
posite outcome of a ≥ 50% decrease in office pad 
testing and a ≥10 point increase in the incontinence 
quality of life survey (I-QOL) as the primary outcome 
and secondary outcomes of incontinence episode fre-
quency and the patient global impression of improve-
ment (PGII).  Significant differences were found in the 
composite outcome with 63% of women in the active 
device group reaching this goal compared to only 
31% in the sham group (p=0.02).  Pad weight in-
creases ≤1 gram on the office pad test (dryness) was 
found in 41.6% of the subjects with the intravesical 
balloon versus none in the control group (p<0.001).  
The PGII improvement was significantly better in pa-
tients than controls (p=0.025).  The overall AE rate 
was reduced to 44% but the trial was only 3 months 
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in length.  The symptomatic UTI incidence was only 
7.3% but hematuria was frequent in 9.8% and dysuria 
occurred in 14.6% of women in the intravesical bal-
loon group.  Ten of the 41 women (24%) withdrew 
from the 3 month study prematurely because of AEs.   

Examination of some of the removed balloons micro-
scopically and chemically showed deposition of cal-
cium oxalate on the balloon surface in the 6 month 
study group but not in the 3 month study group.   

Summary 
Based on these data the Vesair™ intravesical balloon 
appears to be efficacious in a selected population at 
short term followup (LE=2).   However, the frequently 
seen AEs and patient acceptability may limit its clini-
cal utility.  

Recommendation 
There is insufficient evidence to recommend this pro-
cedure as a treatment for female SUI (Grade C) 

 SURGERY FOR NON-
NEUROGENIC UUI 

1. SACRAL NEUROSTIMULATION 
(SNS) 

1.1. Sacral (Interstim®) 
SNS was developed in the early 1980s by Tanagho 
and Schmidt.(415, 416) They demonstrated that con-
tinuous stimulation of the sacral root S3 with an elec-
trode connected to an implanted pulse generator 
could modulate detrusor and sphincter activity and 
improve LPP.(417) InterStim® Therapy (Medtronic, 
Minneapolis, MN, USA) is licensed by the US Food 
and Drug Administration (FDA) for the treatment of 
urinary urge incontinence (UI) since 1997 and for ur-
gency-frequency (UF) and chronic non-obstructive 
urinary retention (UR) since 1999. SNS is a potential 
treatment for other forms of bladder dysfunction and 
has been used for disorders such as chronic pelvic 
pain and interstitial cystitis as well as for faecal incon-
tinence.(418-421) 

The mechanism of action of SNS is not completely 
understood. The therapeutic benefits of SNS may 
arise from the effects of electrical stimulation on affer-
ent and efferent nerve fibers connecting the pelvic 
viscera and the spinal interneurons to the central 
nervous system. Although it is referred to as a “restor-
ative” therapy for patients with various voiding dys-
functions refractory to conservative measures, com-
pelling evidence of permanent remodeling, reinnerva-
tion or alteration of pathways in the central or periph-
eral nervous systems in humans following successful 
therapy is lacking.  SNS seems to predominantly in-

fluence sacral afferents and modulate spinal cord re-
flexes and brain centers involved in lower urinary tract 
function.(422-424) 

Continual improvements in SNS have been intro-
duced and it is now a minimally invasive technique. 
Briefly, an electrode is implanted in the S3 foramen 
and connected to an implantable pulse generator 
(IPG). The patient undergoes a test phase lasting for 
days to weeks to determine whether SNS has pro-
vided a relevant benefit. If the results of the test phase 
are positive, the IPG is implanted in the upper but-
tocks. The introduction of the tined-lead electrode en-
abled a less invasive percutaneous implantation that 
is associated with lesser migration rates.(425-427)  

The test phase of SNS may also be performed by pe-
ripheral nerve evaluation (PNE) using a temporary 
electrode or by staged implantation of a permanent, 
tined-lead electrode. Because PNE may underesti-
mate treatment effect and result in significant false-
negative rates, most physicians utilise the staged im-
plantation of a tined-lead for the first stage.(428-430) 

1.2. Efficacy 

1.2.1 SNS vs No Therapy 
At the time of the last ICI review, outcomes of SNS 
for UI and UF were based on a small number of stud-
ies that randomized patients to active or delayed ther-
apy as well as numerous prospective and retrospec-
tive case series. Schmidt and coworkers (1999) re-
ported on SNS therapy in 76 patients with refractory 
UI from 16 centers worldwide randomized to active or 
delayed therapy (control group) during the study pe-
riod of 6 months.(431) Daily incontinence episodes 
and use of pads/diapers were significantly reduced in 
the stimulation compared to the delay group. Of the 
34 patients receiving active SNS therapy, 16 (47%) 
were completely dry and an additional 10 (29%) 
demonstrated more than 50% reduction in inconti-
nence episodes. Patients returned to baseline levels 
of incontinence when stimulation was inactivated. 
Hassouna and colleagues (2000) reported the out-
comes of SNS for refractory UF in 51 patients ran-
domised from 12 centers during an initial 6-month pe-
riod that was extended to 2 years.(432) Outcomes at 
6 months in the active SNS group showed improve-
ment in the number of daily voids (16.9 ± 9.7 to 9.3 ± 
5.1), volume voided (118 ± 74 mL to 226 ± 124 mL), 
degree of urgency (rank score of 2.2 ± 0.6 to 1.6 ± 
0.9), and SF-36 quality of life (QOL) measures. At 6 
months after implantation, stimulators in the active 
group were turned off and urinary symptoms returned 
to baseline values. After reactivation of SNS, sus-
tained efficacy was documented at 12 and 24 
months. 

A Cochrane review from 2009 (433) examined the ev-
idence of the effects of SNS in the treatment of UI, UF 
and UR. Eight RCTs were considered eligible and 
were included in the analysis. At 6 months follow-up, 
SNS was found to be superior to no treatment for all 
indications with highly significant improvements in all 
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the outcomes measured (leakage episodes, number 
of voids, rating of urgency, pad usage, bladder capac-
ity). Both the SF-36 mental and physical scales fa-
voured the immediate implant group but the results 
were not statistically significantly different between 
the treatment and no treatment groups. The review 
concluded that SNS can be of benefit in selected pa-
tients with OAB and chronic non-obstructive UR. 
(Level of evidence 2) 

1.2.2 SNS vs Medical Therapy:  
The InSite trial is an ongoing two-phase study includ-
ing a prospective, multi-centre, randomised clinical 
trial comparing SNS to standard medical therapy 
(SMT) consisting of anticholinergic medication for pa-
tients with refractory mild to moderate symptoms of 
OAB including urinary urge incontinence (UI) and/or 
urgency-frequency (UF), within a six-month follow-up 
period (430). The primary hypothesis of the random-
ised portion of the study was that SNS is superior to 
SMT in OAB patients for whom at least one medica-
tion had been tried, but other pharmacologic agents 
were still available. The second phase is a prospec-
tive long-term evaluation of the safety and efficacy of 
SNS, which was an FDA mandated requirement to 
evaluate the cumulative five year rate of AEs (AEs) 
including need for surgery, rates of infection and lead 
migration as well as therapeutic success and QOL. 
Investigators have published results for one (434) 
and three years (427) of follow-up. The primary out-
come measure of the randomized phase of the study 
was OAB therapeutic success, which was determined 
using voiding diaries collected at the 6-month follow-
up visit. Success was defined for patients with UI and 
UF as a ≥ 50% improvement in average leaks/day or 
voids/day from baseline or a return to normal voiding 
frequency (<8 voids/day), respectively. Additional ob-
jectives were to compare QOL, impact on sexual 
function and depressive symptoms between groups 
using the ICI Modular Questionnaire (ICIQ)-OABqol, 
the ICIQ—Male/Female Lower Urinary Tract Symp-
toms-Sex, and the Beck Depression Inventory II. 
Overall, 147 subjects were randomised (70 to SNS 
and 77 to SMT); 93% were female and mean age was 
58. Subjects randomised to SNS underwent a staged 
procedure using the InterStim requiring a 14-day test 
stimulation period. If successful test stimulation was 
demonstrated, the neurostimulator was implanted. Of 
the 70 subjects randomised to SNS, 59 underwent 
test stimulation and 51/59 (86%) received a full sys-
tem implant. The primary intent to treat analysis 
showed OAB therapeutic success was significantly 
greater in the SNS group (61%) than in the SMT 
group (42%; P = 0.02). In the as treated analysis, 
OAB therapeutic success was 76% for SNS and 49% 
for SMT (P = 0.002). Complete continence was al-
most doubled in the SNS group (39% vs 21% in the 
SMT group; P=0.06) which also showed significant 
improvements in QOL versus the SMT group (all P < 
0.001). SNS females had a greater improvement in 
sexual function and a greater improvement in depres-
sion compared to SMT. The device-related AE rate 
was 30.5% and the medication-related AE rate was 

27.3%, none of which were serious. The most com-
mon device-related AE’s in SNS subjects were unde-
sirable change in stimulation in 10.2% (6/59), implant 
site pain 8.5% (5/59), lead migration/ dislodgment 
3.4% (2/59), and implant site infection 3.4% (2/59). 
For the 51 SNS subjects with full system implant, the 
6-month post-implant surgical intervention rate was 
3.9% (2/51). The most common OAB medication-re-
lated events were constipation in 9.1%, drug toxicity 
in 6.5% and dry mouth in 5.2%.(Level of evidence 1) 

1.2.3 SNS vs OnabotulinumtoxinA (BTX-A) 

1.2.3.1 Efficacy 
The use of BTX-A has been approved by the FDA for 
use in patients with refractory idiopathic OAB.. SNS 
is more invasive but offers long-term efficacy 
whereas treatment with BTX-A injections is less inva-
sive but needs to be repeated on a less than a year 
basis in order to provide sustained efficacy. Each 
treatment modality has its own range of possible AEs.  

The  ROSETTA Trial  (Refractory OAB: Sacral Neu-
romodulation vs Botulinum Toxin Assessment)   is an 
ongoing RCT comparing SNS versus intradetrusor in-
jection of 200 U BTX in women with refractory 
OAB.(435) Results for 6 months follow-up were pre-
sented during the AUA Meeting in San Diego 
(May/2016). A total of 386 women were randomly as-
signed and 369 were treated, including 364 who were 
available for the primary outcome analyses. Mean 
age in the study cohort was approximately 63 years, 
and more than 80% of both treatment groups rated 
themselves as severely or very severely incontinent. 
In the SNS group, women underwent a two-stage pro-
cedure. The rate of clinical response — defined as a 
reduction of at least 50% in urgent urinary inconti-
nence episodes on a 3-day bladder diary — was sim-
ilar in the injection and neurostimulation groups (83% 
vs 84%). This was measured at 1 month in the injec-
tion group and during the test phase in the neurostim-
ulation group. 

In both the intention to treat and clinical responder, 
primary outcome analyses, the BTX group reported 
significantly greater mean reduction in daily UUI epi-
sodes per day compared to the neurostimulation 
group. In the intention-to-treat analysis at 6 months, 
the change in the mean number of daily incontinence 
episodes from baseline was–3.9 in the injection group 
and –3.3 episodes/day in the SNS group; P = .01). 

More patients in the injection group than in the SNS 
group achieved complete symptom resolution at 6 
months (20% vs 4%; P < .0001) and a reduction of at 
least 75% in episodes per day (46% vs 26%; P = 
.0002). 

OAB symptom bother scores, measured with the 
OAB Questionnaire Short Form, were significantly 
better in both groups after treatment, but the change 
from baseline was greater in the injection group than 
in the SNS group (–46.71 vs –38.5; P = .002). 
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Treatment satisfaction was better in the injection 
group than in the neurostimulation group (P = .01), as 
was endorsement, assessed with the OAB Satisfac-
tion of Treatment Questionnaire (P = .0009). 

1.2.3.2 Adverse Events 
At 6 months, the rate of urinary tract infection was 
higher in the injection group than in the neurostimula-
tion group (35% vs 11%; P < .0001). 

In addition, in the injection group, intermittent cathe-
terisation was required by 8% of patients at 1 month, 
by 4% at 3 months, and by 2% at 6 months. In the 
neurostimulation group, 3% of patients required sur-
gical revision or removal. 

An important drawback of this study is the fact that it 
used a 200 U dose of onabotulinum toxin A but the 
FDA-approved dose is 100 U. Longer term follow-up 
will be necessary to better understand how these 
treatment modalities differ in the treatment of refrac-
tory OAB.  

(Level of evidence 1) 

The use of SNS in patients who discontinued BTX-A 
treatment has been evaluated by Smits et al, who re-
ported on a group of 14 patients who had discontin-
ued BTX-A treatment due to lack of efficacy (85%) or 
the desire for a more permanent treatment 
(15%).(436) At one year post-implant, 11 of 14 pa-
tients (79%) reported satisfaction with treatment. 

(Level of evidence 4) 

1.3. Testing procedure: PNE vs Staged 
The application of the two-stage procedure using the 
permanent tined lead appears to be superior to the 
percutaneous PNE technique.  (437), in a retrospec-
tive case control study, the authors examined urody-
namic and clinical outcomes of the two different test-
ing techniques and found that permanent quadripolar 
electrodes led to significant differences in the overall 
response rate (81.8% versus 47.6%) and urodynamic 
parameters (max detrusor pressure, bladder capac-
ity) compared to the PNE. This has to be balanced 
against the cost implications (e.g. the permanent 
electrodes are several times the cost of the cheaper 
PNE wires) and invasiveness (e.g. the staged or tined 
lead approach requires 2 anesthetics: one for lead 
implantation, and if successful, a second anesthetic 
for IPG implant, whereas the PNE is done under local 
anesthesia).  In a recent study (438) 41 of 76 (54%) 
patients who failed to respond to PNE were subse-
quently tested with the tined lead or staged proce-
dure.. Of those, 18 (44%) were implanted with a neu-
rostimulator after a successful response suggesting 
that the tined lead procedure is a more sensitive 
screening tool. At 53-month follow-up, 12 of these pa-
tients (67%) had a successful outcome, which was 
not statistically different from the success rate in pa-
tients with a positive response to an initial PNE test.  

The response rate to PNE as compared to the 1st 
stage tined-lead placement test (FSTLP) was com-
pared in a prospective single centre study.(428) One 
hundred patients with refractory idiopathic OAB or 
non-obstructive UR, screened with both PNE and 
FSTLP. The positive response rate on PNE was 47%. 
FSTLP showed a 69% positive response rate, which 
was negatively related to age. The 22% gain in posi-
tive response was statistically significant (p < 0.001) 
and positively associated with female gender and 
younger age. This study also suggests that the 
FSTLP may be a more sensitive screening method 
than PNE. (LE=2) 

1.4. Use of Computed Tomography (CT) for 
Lead Placement 

In an attempt to improve the efficacy and accuracy of 
neuromodulator lead placement into the S3 foramen, 
investigators have evaluated alternative imaging 
techniques as compared to fluoroscopic guidance. 
Amoroso et al used CT with the patient in the prone 
position to identify the location of S3 foramina and 
guide electrode placement.(439) Thirty patients un-
derwent PNE under CT guidance. Electrode place-
ment through the S3 foramen was successful at the 
first attempt in 36/38 attempts (8 patients had bilateral 
PNE test). Two cases required several attempts. In 
one patient who had a nonconsolidated sacral frac-
ture, CT guidance enabled insertion of the electrode 
inside the only practicable foramen, which would 
probably not have been possible under fluoroscopic 
guidance. A positive response to the PNE was ob-
tained in 18/30 patients (60%). The procedure lasted 
about 45 minutes. Other authors successfully used 
CT guidance for lead placement in small case series 
and recommend that it should be considered espe-
cially in patients with an altered anatomy in the sacral 
region.(440-443)  (Level of evidence 4) 

1.5. Unilateral vs Bilateral SNS 
A retrospective study by Pham et al. (444) compared 
the success of the bilateral to unilateral neuromodu-
lator lead placement in 124 patients undergoing 
screening for permanent placement of sacral neu-
rostimulation. Fifty-five (44%) patients underwent uni-
lateral stage I lead placement and 69 (56%) received 
bilateral S3 leads. Successful stage I trials were re-
ported in 32/55 (58%) and 53/69 (76%) of unilateral 
and bilateral cohorts, respectively (P = 0.03). There 
was no difference in wound infection or other compli-
cations.  

In a prospective randomised crossover trial, 
Scheepens et al investigated 33 patients who under-
went bilateral implantation of a temporary test 
lead.(445) Patients were randomly assigned to start 
with bilateral or unilateral stimulation. Eight patients 
were excluded due to lead migration. Of the 25 pa-
tients included in the analysis, 12 patients had UI and 
13 had urinary retention. A significant and compara-
ble improvement of symptoms was seen during the 
test stimulation for both the bilateral and unilateral 
stimulation. Two patients with urinary retention only 
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started voiding to completion during bilateral stimula-
tion. The authors concluded that bilateral is in general 
not superior to unilateral SNS but a few individuals 
may have improved results with bilateral stimulation. 

A recent randomized single-blinded crossover study 
failed to demonstrate superior results with bilateral 
SNS compared to unilateral stimulation for faecal in-
continence.(446) 

(Level of evidence 2/3) 

1.6. SNS and Different Programming 
Parameters 

A crossover study evaluated the effect of three differ-
ent stimulator settings on OAB symptoms and 
AEs.(447) Patients in this study had an SNS implant 
with a tined lead for at least three months prior to the 
start of the study. Twelve women were randomised to 
one of three rate-setting sequences: 5.2, 14, and 25 
Hz. Each rate setting was tested for 1 week in every 
subject. Rate had a significant effect on the number 
of incontinent episodes (P < 0.001) and number of 
pad changes (P = 0.039) with more incontinent epi-
sodes in the 5.2-Hz setting compared to the 14- and 
25-Hz settings (P < 0.04) for both measurements. 
The number of AEs was similar across the three rate 
settings with programming-related AEs lowest in the 
14 Hz group. 

Hoen et al evaluated the effect of intermittent SNS 
(iSNS) in OAB patients.(448) In this prospective co-
hort study, 19 women who had received a SNS im-
plant for refractory UI for a minimum of 6 months, had 
their neurostimulator programmed to 8 hr "on" and 16 
hr "off" per day, for 12 weeks. Prior to iSNS, data were 
collected during no SNS and continuous SNS 
(cSNS). Twelve (63%) patients showed an improve-
ment of >50% of incontinence episodes during iSNS 
compared to pre-SNS, of which seven (37%) had an 
improvement of > 90%. iSNS was superior to pre-
SNS in incontinence episodes/24 hr, voiding epi-
sodes/24 hr and voided volume. The UDI-6 and the 
IIQ-7 scores were also improvemed during iSNS 
compared to pre-SNS. No difference was demon-
strated between iSNS and cSNS, indicating that iSNS 
could be a cost-effective alternative prolonging bat-
tery life of the IPG. (Level of evidence 3) 

1.7. Long Term Results for OAB 
The long-term results of SNS have been addressed 
by several case studies. It is important to highlight 
that most studies reporting on long term data refer to 
older SNS technology and it is possible that with the 
newer techniques used, efficacy and complication/re-
intervention rates will improve.  

De Groen et al (449) evaluated the long-term results 
of SNS in 60 patients with refractory UI. Patients were 
assessed prospectively at regular intervals for at least 
5 years after implantation. The success rate gradually 
decreased from 52 patients (87%) at 1 month to 37 
(62%) at 5 years. Complete continence persisted in 
15% of patients. The analysis was extended to the 41 

patients who passed the 10-year follow-up. At least 
25 of these women (61%) were still on active SNS. 
The 10-year success rates did not appear to be dif-
ferent from the 5-year results suggesting that a dete-
rioration of the results is observed during the first 5 
years, which stabilised thereafter. A total of 57 AEs 
occurred in 32 (53%) patients, the majority of those 
being related to hardware failure and pain or discom-
fort at various sites. A total of 23 reoperations, includ-
ing 2 explantations, were done in 15 patients (25%). 
Different long-term studies evaluated the same 
groups of OAB patients and reported that, at 5 years 
post-surgery, greater than 50% improvement was 
achieved by 68% of those with UI and 56% of those 
with UF (450-452).  

A number of retrospective studies reported on the 
long term efficacy of SNS for different urological con-
ditions. Peeters et al reported on 217 patients with a 
mean follow-up of 47 months.(453) The success and 
cure rates for UI were 70% and 20%, and for UF were 
68% and 33%, respectively. In those with unsuccess-
ful outcome, the mean time to failure was 24.6 
months after implantation. At least one re-intervention 
was needed in 88 (41%) patients, most of which 
(47%) were performed within the first two years of fol-
low up.  

In the InSite study, an ongoing multicentre prospec-
tive study, authors evaluated the success rates of 
SNS at 12 (434) and 36 months (427). A total of 340 
subjects went through test stimulation and 272 were 
implanted with SNS. Of these, 91% were female with 
a mean age of 57 years. UI subjects had an average 
of 3.1 leaks/day. The completers analysis included all 
subjects with diary data at baseline and 12 or 36 
months and showed a sustainable effect of SNS 
through 36 months, with a mean reduction of 2.2 
leaks/day after 12 months and 2.3 leaks/day after 36 
months (P < 0.0001). Subjects showed significant im-
provements from baseline in all measures of ICIQ-
OABqol and 80% reported improved changes in their 
urinary symptom interference at 12 and 36 months.  

Device-related AE’s occurred in 16% (56/340) of sub-
jects during test stimulation, 30% (82/272) of subjects 
12 months post-implant and 47% (127/272) after 36 
months. The most frequent AE types reported were 
undesirable change in stimulation (49/272, 18%), im-
plant site pain (34/272, 13%), and therapeutic product 
ineffective (16/272, 6%). Lead migrations were re-
ported in 4% of subjects (12/272), with the majority 
occurring between 12 and 24 months post-implant. 
Implant site infections were reported in 4% of im-
planted subjects (10/272), with half reported between 
the implant procedure and 3 months post-implant. 
Surgical interventions related to the neurostimulator, 
lead, or chronic extension were experienced in 32% 
of subjects (86/272) after implant. The rate of device 
replacement was 20% (55/272) and device revision 
was 4% (11/272). Surgical interventions due to bat-
tery replacement occurred in 11% (29/272) of sub-
jects, and 93% (27/29) of these neurostimulators 
were assessed to be within the expected longevity 
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ranges based on the set parameters of the device. In 
total, 13% (34/272) of subjects underwent permanent 
explant. The top reason for permanent explant was 
due to an AE (8%). Other reasons were lack and/or 
loss of efficacy in 3% (9/272), subject’s need for mag-
netic resonance imaging and “other”.(Level of evi-
dence 2) 

Although the medium/long-term clinical efficacy of 
SNS has been demonstrated by several case series, 
its impact on patient satisfaction and improvement of 
QOL has not been clearly defined bearing in mind that 
there are technical problems and adverse effects re-
quiring constant medical attention and surgical revi-
sions in a significant proportion of patients.  Leong et 
al (454) examined the long-term satisfaction of pa-
tients with an implanted SNS for various medical in-
dications such as OAB syndrome, non-obstructive 
UR, combined OAB and UR, and pelvic pain. Overall, 
275 patients received a postal questionnaire regard-
ing satisfaction and experiences with the system, 
such as side effects, complications, burden, impact 
on sexuality and defecation changes. The response 
rate was 75% (207 patients) with a median post-im-
plantation period 77 months (range 12 to 214). The 
patient satisfaction rate was high at 90% and signifi-
cantly related to the perceived clinical effect and 85% 
of all explanted cases (13 patients) were considered 
as failures. Satisfaction had no direct relationship with 
patient age, gender, duration of therapy or type of 
complaint for which SNS was offered, but was lower 
in patients with more than 1 pelvic floor comorbidity. 
The patient’s attitude towards yearly follow-up and 
the ability to use the programmer was positively re-
lated to the degree of satisfaction. Overall 40% re-
ported having some limitations or concerns with SNS 
such as exclusion from MRI and passing through 
metal detectors. Most patients perceived regular pain 
(56%) and discomfort (40%). (Level of evidence 3) 

1.8. Effect of SNS on Sexual Function 
The effect of SNS on female sexual function (FSF) 
has been investigated in a number of studies. Lom-
bardi et al have recently reviewed nine studies that 
investigated the impact on sexual response when the 
aim of the SNS was to resolve urinary symptoms 
mainly due to OAB (seven studies) or fecal inconti-
nence.(455) Most women included were of menopau-
sal age. Three studies included sexually inactive 
women. Post-SNS follow-up varied from 3 to 36 
months. Meta-analysis of efficacy results was not 
possible due to the heterogeneity of the sexual and 
pelvic dysfunctions. The most specific questionnaire 
assessing FSF was the Female Sexual Function In-
dex (FSFI), which was used in six studies. During fol-
low-up women showed statistically significant im-
provement in at least one FSFI domain compared to 
baseline. In one study significant improvement in the 
FSFI pain domain was exclusively detected in women 
with neurological disease. Two studies, however, us-
ing the questionnaire to screen for sexual dysfunction 
did not find any statistically significant differences af-
ter SNS. Authors concluded that available data were 

still insufficient to definitely assert the positive effect 
of SNS on FSF. 

In the InSite study, FSF was investigated as a sec-
ondary outcome measure. Women who underwent 
SNS had a greater improvement in sexual function 
based on the Female LUTS-sex questionnaire than 
those treated with SMT after 6, 12 and 36 
months.(427, 430, 434)  (Level of evidence 1-2) 

1.9. Predictors of Outcomes 
Authors have investigated a number of possible pre-
dictors of success for SNS in OAB patients, including 
age, severity of incontinence, obesity, prior medica-
tion use, previous spinal surgery, urodynamic find-
ings and other. 

Davis et al showed comparable success rates at the 
testing phase for patients who presented for SNS be-
cause of lack of medication efficacy versus intolera-
ble medication side effects (70% and 71% respec-
tively).(456)  

Yazdany et al also reported on testing phase success 
in a group of patients with severe incontinence (mean 
10.4 episodes/day); the authors note that patients 
with >10 incontinence episodes per day were more 
likely to have a successful stage I trial compared to 
those with less than 5 episodes/day.(457)  

Levin (2012) reported on the impact of obesity on 
stage I success rates.(458)  Of 149 patients, 80 
(53.7%) were obese (BMI mean 37.3) and 69 (46.3%) 
were non-obese (BMI mean 25.6).  The overall stage 
I success rate was 81% and the success rates for 
non-obese patients (83%) was comparable to rates 
for obese patients (78%).   

Peters et al. evaluated the impact of age on the out-
comes of SNS.(459) They analysed urologic diagno-
sis, rate of IPG placement, complications, and revi-
sions from medical records of adults enrolled in a pro-
spective observational study. Urge incontinence was 
predominant in the older groups and more patients 
<40 years had IC/PBS. A total of 266 patients had a 
sacral lead placed. In this group, the rate of IPG im-
plant (89-90%) and explant (9.3-13%) did not vary be-
tween different age groups (<40 years, 40-64 and 
>/=65) but there was a tendency for higher complica-
tion rates in younger patients (23% vs. 15% vs. 8.5%, 
respectively; P= 0.08). Angioli et al reported their re-
sults of SNS in patients older than 65 years (mean 
patient age 76 years).(460)   At 12 months post-im-
plant, 27.8% of patients reported improvement and 
55.5% of patients reported complete success with 
cessation of UUI episodes. Overall, UUI episodes de-
creased from mean 6.3/day to mean 0.5/day. Inconti-
nence episodes, frequency, nocturia, and number of 
pads used daily also significantly decreased.  All sub-
scales of the OAB-q were significantly improved. 

Peters et al evaluated predictors of reoperation after 
SNS in a single centre retrospective study.(461) Of a 
total of 407 patients, 134 (33%) had at least one re-
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operation over a median follow-up of 28.9 months, in-
cluding 78/407 (19%) revisions and 56/407 (14%) ex-
plantations. The most common reason for reopera-
tion was lack and/or loss of efficacy (65%). On multi-
variate analysis, only longer follow-up (P = 0.0011; 
OR 1.048; CI 1.019, 1.078) and having a complication 
(P < 0.0001; OR 23.2; CI 11.47, 46.75) were signifi-
cant predictors of reoperations. (LE=3) 

The role of urodynamics as a predictor of outcome for 
SNS has been evaluated by different authors. 
Groenendijk et al reported on 111 patients with UI un-
dergoing permanent SNS after a successful PNE test 
of whom 67 had, and 44 did not have, DO  on urody-
namics. (462)  Both groups improved bladder vol-
umes at first sensation of filling and at maximum fill 
volume compared with baseline. Resolution of DO 
post treatment occurred in 51% of patients, however 
the success in those patients was not significantly dif-
ferent from those with persistent DO. Interestingly pa-
tients with UI and no DO had a higher rate of clinical 
success (73%) than those with UI and DO (61%), alt-
hough this did not reach statistical significance.  

South et al had similar results evaluating 104 patients 
with refractory UI who underwent SNS test stimula-
tion and compared responders to the test stimulation 
and non-responders. (463) There was no relationship 
between the presence or absence of DO and the like-
lihood for test stimulation success. 

Drossaerts et al. explored the predictive role of con-
ventional and ambulatory urodynamics for SNS out-
come.(464) Over a period of more than ten years, 98 
patients who performed conventional and ambulatory 
urodynamics and underwent SNS test were evalu-
ated. They found similar success rates for SNS in pa-
tients with storage dysfunction according to either 
conventional-UDS or ambulatory-UDS. However, 
conventional-UDS overestimated the amount of pa-
tients diagnosed with hypocontractile or acontractile 
bladder, for whom SNS success rates were 67 % and 
35 %, respectively. According to ambulatory-UDS di-
agnosis, success rates for patients with reduced blad-
der contractility were much lower, with 32 and 17 %, 
respectively for hypocontractile and acontractile blad-
der. (LE= 3) 

1.10. Magnetic Resonance Imaging (MRI) 
Recommendations 

MRI is a relative contraindication for patients who 
may be considering or who have an implantable elec-
trical stimulation device. Magnetic fields produce cur-
rents in neuroelectrodes and heating of the leads has 
been demonstrated in vivo and in vitro.(465, 466) 
Whereas the clinical significance of the small temper-
ature changes observed in the leads is questionable, 
the potential exists to produce nerve damage, and the 
magnetic field may change the generator itself.(467) 
There is limited evidence that MRI may be performed 
with no harm to the patient based on few case reports 
or small case series that have reported on the use of 
MRI under very specific conditions.(468, 469)   

For patients who have InterStim devices in place, cur-
rent manufacturer recommendations advocate re-
moval of the device in preparation for elective 
MRI.(470) The only exception are patients who re-
ceived the new models of Interstim II, who may be 
eligible to have MRI examinations of the head only. 
However, the manufacturer indicates that it must be 
performed under specific conditions. Before ordering 
a head MRI for a patient with a SNS system, it is im-
portant to certify his eligibility with the manufacturer 
support team or review the MRI Guideline for the In-
terstim Neuromodulation Systems.  (Level of evi-
dence 5) 

1.11. Pregnancy 
Electrical stimulation has the potential to induce tera-
togenicity or abortion and SNS has been considered 
contraindicated in pregnant women. However, 
whether electrical stimulation can cause abortion or 
malformation is not known. Wang and Hassouna 
(471) reported no adverse effects of electrical stimu-
lation on pregnant rats. They counseled that termina-
tion of pregnancy is not advised for prospective moth-
ers when electrical stimulation has been performed 
unknowingly in early pregnancy. Women with electri-
cal stimulation devices for pelvic health conditions 
who become pregnant should turn off their devices 
during pregnancy. (Level of evidence 5) 

1.12. Neurostimulation with Pudendal Nerve 
stimulation 

Neurostimulation techniques other than SNS have 
been used for the treatment of different urological 
conditions with varying techniques and results.  

Pudendal nerve efferent activation directed toward 
the urethral sphincter is an important mechanism for 
the control of bladder contractions. In addition, many 
of the sensory afferent nerve fibers contained in the 
sacral spinal nerves originate in the pudendal nerve. 
Thus, the pudendal nerve fibers are important targets 
for neuromodulating the inhibitory reflex on the mictu-
rition reflex.(472-476) 

Pudendal nerve stimulation has been used with dif-
ferent techniques to treat numerous pelvic floor func-
tion impairments such as urinary and/or fecal inconti-
nence, urinary retention and constipation. Spinelli 
and associates (477) modified existing SNS technol-
ogy and adapted it to pudendal nerve stimulation. 
They performed a staged procedure similar to that of 
sacral neurostimulation (SNS) to place tined leads 
near the pudendal nerve, using neurophysiological 
guidance that allowed accurate pudendal nerve stim-
ulation through either a perineal or posterior ap-
proach. Few trials using pudendal neurostimulation 
have been reported for patients with neurogenic void-
ing dysfunction (477), interstitial cystitis (478) and 
non neurogenic voiding dysfunction (479). Despite 
the good results reported, studies are based on small 
patient samples with short term follow up. (Level of 
evidence 3/4) 
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Summary 
There is limited evidence for long term efficacy for 
SNS beyond 12-36 months.(LE = 2) 

Maintenance of therapeutic effect requires repro-
gramming and surgical revision rate in a substantial 
number of patients. (LE= 2 ) 

Preoperative predictors of optimal patient response to 
this invasive therapy remain unclear except for a pos-
itive response to PNE or staged implant (LE=2) 

Recommendations 
SNS is an effective therapy for selected individuals 
with urgency/frequency and UUI  refractory to behav-
ioural therapy and oral medications (Grade B). 

Patients should be counseled regarding the potential 
for AEs, need for long term monitoring and interven-
tion/adjustment of the implant, and additional surger-
ies to maintain favourable therapeutic effects.   
(Grade B) 

2. PERCUTANEOUS TIBIAL NERVE 
STIMULATION (PTNS)  

2.1. Mechanism of Action 
The exact mechanism of action of PTNS on bladder 
function is unclear but it is thought to be mediated 
through the retrograde stimulation of the sacral nerve 
plexus. The posterior tibial nerve is a peripheral nerve 
with mixed sensory and motor fibers. It originates 
from spinal roots L4 through S3, which also contribute 
directly to sensory and motor control of the urinary 
bladder and pelvic floor. Current literature suggests 
that a plastic reorganisation of the cortical network 
triggered by peripheral neurostimulation could be a 
mechanism of action of PTNS.(480)  

Based on translational findings of the traditional Chi-
nese practice of using acupuncture points over the 
common peroneal or posterior tibial nerve to inhibit 
bladder activity, McGuire and associates (1983) used 
transcutaneous stimulation of the common peroneal 
or posterior tibial nerve for inhibition of DO.(481) 
PTNS (Urgent PC, Cogentix Medical) as approved by 
the FDA currently consists of weekly 30-minute stim-
ulation treatments provided by insertion of a small-
gauge stimulating needle approximately 5 cm cepha-
lad from the medial malleolus and just posterior to the 
margin of the tibia with the grounding electrode pad 
placed on the medial surface of the calcaneus. Treat-
ment usually consists of 12 weekly PTNS sessions 
followed by additional maintenance sessions.(482)  

2.2. Efficacy 
Recent studies have shown, with level of evidence I, 
that PTNS can effectively improve OAB symptoms 
(frequency, urgency, nocturia, and incontinence) and 
quality of life with no serious AEs in patients with re-
fractory OAB. The 2015 AUA/SUFU Guideline 

Amendment for Diagnosis and Treatment of OAB 
(Non-Neurogenic) in Adults (483) recommends PTNS 
as a 3rd line treatment option for refractory OAB. 

2.2.1 PTNS vs Placebo (Sham Device) 
Peters et al in a multicentre, double-blind, RCT (SU-
miT trial) compared the efficacy of PTNS to sham 
through 12 weeks of therapy.(484) A total of 220 
adults with OAB were randomized 1:1 to 12 weeks of 
treatment with weekly PTNS or sham therapy. In the 
sham group, a Streitberger placebo needle was used 
to simulate the location and sensation of PTNS nee-
dle electrode insertion. In addition, two active TENS 
surface electrodes were placed and sham stimulation 
was performed. Patients were evaluated by OAB and 
QoL questionnaires as well as 3-day voiding diaries 
before treatment and at week 13. At 13 weeks follow-
up there was moderate or marked improvement in 
overall bladder symptoms in 54.5%(60/110) and 
20.9% (23/110) of subjects respectively (p<0.001). All 
individual symptoms such as frequency, nighttime 
voids, voids with moderate to severe urgency and 
UUI episodes were significantly improved from base-
line to 13 weeks for the PTNS group compared to the 
sham group. This was also confirmed on voiding dia-
ries. There were no serious AEs, with 4% (5/110) re-
porting bleeding and discomfort at the needle site, 
one case of ankle bruising, and one with leg tingling. 

In a double-blind RCT, Finazzi-Agro et al randomised 
35 patients that did not respond to anticholinergics 
into PTNS or a control group.(485) The control group 
(17 patients) received an original placebo treatment 
using a 34 gauge needle placed in the medial part of 
the gastrocnemius muscle and stimulated for 30 sec-
onds. Patients were considered to be responders if 
they had a reduction in UI episodes greater than 50%. 
After 12 weeks of weekly treatments, 71% (12/17) in 
the PTNS group and 0% (0/12) in the placebo group 
were considered responders (p < 0.001). The number 
of UI episodes and voids, voided volume, and I-QoL 
score significantly improved only in the PTNS group. 
(Level of evidence 2/3) 

2.2.2 PTNS vs Antimuscarinics 
A multicentre RCT showed comparable efficacy of 
PTNS to medical treatment (OrBIT trial).(486) A total 
of 100 adults with OAB (urinary frequency > 8 
times/day) were randomised 1:1 to 12 weeks of treat-
ment with weekly PTNS or to 4 mg daily extended-
release tolterodine. Voiding diaries and an OAB 
questionnaire were completed at baseline and at the 
end of therapy. Global response assessments (GRA) 
were completed by subjects and investigators after 
12 weeks of therapy. At 12 weeks, 79.5% (35/44) of 
the PTNS and 54.8% (23/42) of the tolterodine pa-
tients considered themselves to be cured or improved 
(p=0.01). Urinary frequency, UI episodes, urgency 
severity, nighttime voids, voided volume and QoL im-
proved significantly in both groups. 
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A long-term follow-up of the OrBIT Trial evaluated the 
durability of PTNS benefits.(487) Patients who were 
randomised to weekly PTNS in the OrBIT trial were 
offered an additional 9 months of treatment with as-
sessments at 6 and 12 months from baseline. A total 
of 33 PTNS responders continued therapy with 32 
and 25 subjects completing 6 and 12 months of ther-
apy, respectively. Subjects received a mean of 12.1 
treatments at various intervals during an average of 
263 days, with a mean of 21 days (median 17) be-
tween treatments. Sustained improvement was 
shown with 94% (30/32) of patients continuing peri-
odic treatment considering themselves to be cured or 
improved at 6 months and 96% (24/25) at 12 months 
follow-up. OAB questionnaire symptom severity was 
significantly improved from 12 weeks to 12 months as 
well as from 6 to 12 months (both p <0.01). No seri-
ous AEs were reported. (LE= 2) 

In a recent RCT, Preyer et al randomised 36 patients 
with OAB to 3 months treatment with PTNS weekly or 
tolterodine 2mg twice a day.(488) Micturition fre-
quency did not decline significantly in either group. 
QoL scores showed improvement over time com-
pared to baseline measurements but no significant 
differences between treatment groups (p=0.07). UI 
episodes/day significantly declined during therapy in 
both groups comparably (p=0.89). PTNS had fewer 
side effects than tolterodine (p=0.04).  

In a randomised controlled crossover study, Vecchi-
oli-Scaldazza et al divided 40 women in two groups – 
A) 20 patients received solifenacin succinate (SS) 
5mg/day for 40 days, then went on a 3 month wash-
out period followed by PTNS (twice a week for 30 
minutes for a total of 6 weeks); B) 20 patients re-
ceived PTNS, then went on a 3 month washout period 
followed by the same SS therapy.(489) Micturition di-
ary, OAB Questionnaire Short Form and Patient Per-
ception of Intensity of Urgency Scale were used to 
assess patients and were completed before and after 
each treatment. A reduction in the number of daily 
micturitions, episodes of nocturia and urge inconti-
nence were found with both SS and PTNS in all 
groups, but PTNS showed greater effectiveness than 
SS. PTNS also showed a greater effect in patient per-
ception of urgency and QoL. (Level of evidence 2) 

2.2.3 Systematic Reviews and Meta-Analyses 
Six systematic reviews (490-495) of which two pro-
vided meta-analysis (494, 495) concluded PTNS im-
proves OAB symptoms with success rates varying 
from 37% to 100%. Definition of success was variable 
across studies. Overall, these reviews showed that 
PTNS is better than sham procedures or placebo with 
minimal AEs (painful sensation during procedure 
without interfering with it and minor bleeding at inser-
tion site) and comparable to antimuscarinics.  

Burton et al in a meta-analysis of four RCTs where 
PTNS was compared to placebo demonstrated that 
all studies favour PTNS over sham procedures, with 
overall risk ratio of 7.02 (95% CI of 1.69–29.17).(494) 
PTNS treated patients were seven times more likely 

to be successful in treatment when compared to pla-
cebo treated patients. Compared to antimuscarinic 
treatment, PTNS showed comparable efficacy re-
sults. Wibisono et al also provided a meta-analysis 
with similar results, based on four RCTs comparing 
PTNS to sham procedures.(495) When PTNS was 
compared to antimuscarinics both groups showed 
significant reduction of symptoms with no significant 
difference. (Level of evidence 1) 

2.2.4 Functional assessment 
Musco et al in an observational prospective study as-
sessed female sexual dysfunction (FSD) in patients 
with dry OAB.(498) They completed the FSFI to as-
sess sexuality, the OAB short-form questionnaire and 
a 24-hour bladder diary at baseline and at the end of 
the PTNS treatment, 3 months later. Twenty-one 
women were considered to have FSD. FSFI domains 
showed significant improvement in FSD symptoms. 
Women without FSD at baseline also reported statis-
tically significant improvement in their sexual function 
based on FSFI scores. (LE=3) 

2.3. Long Term Data / Maintenance Therapy 
Peters et al reported outcomes in patients that met 
the primary effectiveness end point of the SUmiT trial 
and were willing to enroll in a 36 month protocol, the 
STEP (Sustained Therapeutic Effects of Percutane-
ous Tibial Nerve Stimulation) Study.(482) A total of 29 
patients completed the 36 month protocol receiving a 
median of 1.1 treatments/month. At 3 years, 77% 
(95% CI 64-90) of patients maintained moderate or 
marked improvement in OAB symptoms. Median 
voids/day decreased from 12.0 to 8.7, nighttime voids 
decreased from 2.7 to 1.7 and UI episodes/day de-
creased from 3.3 to 0.3 (all p <0.0001), when com-
pared to baseline numbers. All QoL parameters im-
proved when compared to baseline through all 3 
years (all p <0.0001). No serious AEs were reported. 

Yoong et al (496) reported a long-term (2 years) fol-
low-up of 23 women from a previous study (497) who 
had a positive response to PTNS treatment. Patients 
in this follow-up study were instructed to contact the 
hospital to undergo maintenance PTNS treatment 
whenever they felt it was required. At 2 years from the 
beginning of the treatment, patients were assessed 
with diaries and the IIQ-7 and were compared to 
baseline and initial response to treatment at 6 weeks. 
Urinary frequency, UI, nocturia, pad use, and IIQ-7 
scores were comparable to those recorded after initial 
responses to treatment at 6 weeks. Patients received 
a median of 8.4 treatments/year and median time be-
tween treatments was 64.3 days. Only one patient re-
ported hypoaesthesia in the toe lasting 4 months. 
(LE=2) 

Summary 

PTNS shows efficacy in the treatment of OAB with no 
serious AEs in the short/mid term (LE=2) 

There is limited evidence for long term efficacy.(LE = 
2) 
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PTNS is superior to no therapy/sham, and at least as 
effective as drug. (LE=2) 

Recommendations 

PTNS is an effective therapy for selected individuals 
with refractory OAB who are willing to comply with the 
PTNS protocol in the short/mid term.   (Grade B) 

Patients should be counselled regarding the need for 
frequent office visits during the initial treatment phase 
as well as the likelihood in needing maintenance 
treatments, and the lack of long term data as a stand-
alone treatment and vs. other therapies. (Grade B). 

3. AUGMENTATION 
(ENLARGEMENT) CYSTOPLASTY  

Augmentation cystoplasty (AC), has been used for 
many years with varying degrees of success for re-
fractory  DO and related incontinence.  

3.1. Enterocystoplasty 
Enterocystoplasty is the main form of AC and involves 
a segment of the bowel that is removed from continu-
ity with the fecal stream, detubularised, and patched 
into the bisected bladder. This method increases 
bladder capacity and decreases bladder pressure 
caused by uninhibited detrusor contractions. Virtually 
any portion of the GI tract can be utilised for entero-
cystoplasty, and each segment has its own unique fa-
vourable properties as well as inherent complica-
tions.(499-503)  

Other than idiopathic OAB, indications for enterocys-
toplasty include mainly small capacity bladders due 
to fibrosis, tuberculosis, radiation, chronic infection or 
neurogenic DO (NDO).(500, 501, 504, 505) AC has 
been used as a last resort in cases of refractory OAB. 
With the introduction of third line therapies such as 
SNS and the intradetrusor injection BTX-A, there has 
been a dramatic decline in the use of AC and only one 
addition to the literature for idiopathic OAB since the 
publication of the 5th International Consultation on In-
continence (see below).  

3.1.1 Efficacy and safety: 
At present there is no RCT published to compare the 
efficacy and safety of AC with other methods. The 
2015 AUA/SUFU Guideline Amendment for Diagno-
sis and Treatment of OAB (Non-Neurogenic) in 
Adults recommend that AC should only be consid-
ered in extremely rare cases. (483) 

In a recent study, El-Azab et al (506) compared pa-
tient satisfaction with AC versus intradetrusor injec-
tion of BTX. A total of 31 patients were allocated to 
each treatment group based on personal preference, 
including 16 for BTX (nine men and 7 women) and 15 
for AC (four men and eleven women). In a short-term 
follow-up of six months, significant improvements in 
LUTS and QoL were observed after both treatments 

based on the UDI-6, IIQ-7 and OAB-Sat question-
naires. Improvements in symptoms and QoL were 
greater in patients who underwent AC. Those under-
going AC had  worse scores in the UDI-6 question 
regarding difficulty for voiding (1.7 vs 0,81 for the BTX 
group; p= 0.004). Four (26.7%) patients required CIC 
after AC and two in the BTX group. The need for re-
peat treatments to maintain symptom control was the 
primary reason for dissatisfaction in those who re-
ceived BTX. (LE= 4) 

Apart from the inherent risks of open, laparoscopic or 
robotic abdominal surgery   associated with bowel 
and bladder anastomoses, AC carries several distinct 
long-term risks. The risks of this surgery include kid-
ney or bladder infections, new-onset recurrent UTIs, 
metabolic derangements, mucus production, and, in 
rare cases, bladder tumours.(507, 508) As a segment 
of bowel is used for AC, the available absorptive sur-
face area of the bowel is reduced, and the incorpora-
tion of bowel segments into the urinary tract may have 
metabolic consequences.(509) Hyperchloraemic 
metabolic acidosis can occur if ileal and/or colon seg-
ments are used, as well as malabsorption of vitamin 
B12 and bile acid after the use of ileal segments. 
Blackburn et al demonstrated a reduction in serum 
B12 level with time following ileocystoplasty in 44% of 
their patients at 7-year follow-up and recommended 
that these patients should have their B12 levels 
measured in the long term.(510) 

There has been concern about the incidence of sec-
ondary malignancies that may develop as a long-term 
consequence of bladder augmentation. The carcino-
genesis pathway is still not clearly understood but 
several factors are involved. In a recent study, Biard-
eau et al systematically reviewed the evidence re-
garding the risk of malignancy after AC. The probabil-
ity to develop a malignant tumour after AC ranged 
from 0 to 5.5% and the estimated incidence ranged 
from 0 to 272.3 per 100,000 patients/year. Adenocar-
cinoma was the commonest (51.6%) histological 
type. Malignant lesions predominantly occurred at the 
entero-urinary anastomosis (50%). The mean latency 
period was 19 years and most tumours were diag-
nosed more than 10 years after AC (90%). Long-term 
surveillance by cystoscopy is still controversial be-
cause of its lack of efficiency. Tumours were often di-
agnosed at an advanced stage within surveillance 
protocols, because of urinary tract related symptoms 
(64.1%). The authors recommended that studies re-
garding carcinogenesis and surveillance strategies 
should be performed to develop a more efficient fol-
low-up protocol and allow early diagnosis. The au-
thors cautioned that the level of evidence of the stud-
ies was usually poor and results should be interpreted 
with caution. (LE=4) 

3.1.2 Other Evidence: 
The conclusions of recent reviews on the role of AC 
indicate that the overwhelming predominance of liter-
ature is dedicated to AC in patients with a neurogenic 
bladder.(503, 511) The few reports in the literature 
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that have examined the results of AC in adults with 
idiopathic OAB are case series (LOE=4). Since the 
publication of the 5th International Consultation on In-
continence, there has been only one addition to the 
AC literature for iOAB. The studies differ in several 
ways. Most include both males and females, and 
some include patients with NDO. Additionally, length 
of follow-up differs widely and success definitions 
may be different and inconsistently reported. Out-
come measures have included mostly non-validated 
questionnaires and subjective patient assessments. 
Furthermore, continence rates must also be consid-
ered with caution, since many procedures are com-
bined with bladder outlet surgeries. 

Several variations on the standard AC have been de-
scribed, most of which were applied to children or 
adult patients with neurogenic DO or contracted blad-
ders. These include novel bowel options such as 
urothelium lined seromuscular colocystoplasty and 
an appendicular-based caecal flap (512-514).   Tech-
niques using robotic assisted laparoscopic surgery 
(RALS) and laparoendoscopic single site (LESS) pro-
cedures have also been introduced and have further 
added to the surgical options for AC.(515-519) While 
the initial results are encouraging, long-term out-
comes are uniformly absent. Overall, due to its inva-
sive nature and potential for long-term adverse ef-
fects, AC is considered to be one of the last choices 
of treatment in refractory IDO cases.(483) 

Summary 
There have been no randomised controlled trials, 
double blind or sham-controlled trials or long-term co-
hort studies which have examined the effects of en-
terocystoplasty for the treatment of idiopathic OAB.   
(LE=4) 

Recommendations 
Enterocystoplasty for idiopathic OAB should only be 
considered in rare cases where other therapies have 
been deemed unsuccessful or are not applicable.  
(GRADE D) 

Patients undergoing enterocystoplasty should be 
counselled regarding the potential life altering 
changes postoperatively (e.g. need for self catheteri-
sation, etc.) and the need for long term follow-up.  
(GRADE D) 

3.2. Autoaugmentation 
Initially described by Cartwright and Snow, auto aug-
mentation of the bladder was developed as an alter-
native option to AC, especially in children with neuro-
genic DO.(520, 521) Auto augmentation may be per-
formed by incision (detrusor myotomy) or excision 
(detrusor myectomy) of a portion of the detrusor mus-
cle and may also be named as vesicomyotomy (522) 
or detrusorectomy (523). Either technique aims to 
create an iatrogenic bladder mucosal “bulge” or pseu-
dodiverticulum and an increase in the storage capac-
ity of the bladder with a concomitant decrease in stor-

age pressures. The advantages of detrusor auto aug-
mentation over enterocystoplasty is the avoidance of 
complications related to the use of bowel in the uri-
nary tract including malignancy, mucous formation, 
stones, surgical morbidity related to opening and re-
anastomosis of the GI tract, and metabolic acido-
sis.(505, 524, 525) 

3.2.1 Evidence 
There have been no randomised controlled trials, 
double blind trials or cohort studies which have exam-
ined the effects of auto-augmentation as a treatment 
for non-neurogenic DO incontinence. 

There are few studies on auto-augmentation in the 
adult non-neurogenic population and there have been 
no additions to the literature since the publication of 
the 5th International Consultation on Incontinence.  

One small study of 5 patients with urgency inconti-
nence showed promising results in all patients at the 
initial postoperative visit, but clinical deterioration and 
failure occurred in 4 of the 5 patients at three months 
follow-up.(522) Mean bladder capacity increased but 
mean volume to first involuntary bladder contraction 
decreased. Four of the 5 patients continued to have 
involuntary bladder contractions on cystometry. One 
additional retrospective study including 61 patients 
with NDO and IDO compared detrusor myectomy to 
AC.(526) Comparable clinical success was reported 
for the two procedures; however, there was a 22% 
incidence of serious complications in the 27 patients 
undergoing AC, compared to only 3% of the 33 pa-
tients undergoing detrusor myectomy.  (LE= 4) 

In an attempt to improve long-term outcomes with this 
procedure and create a biological “backing” and 
blood supply for the pseudodiverticulum, a number of 
variations of this procedure have been described. 
These variations have included the use of demuco-
salised bowel segments, stomach, peritoneum and 
rectus abdominis muscle.(524, 527-531) Additionally, 
the use of an inflatable balloon placed in the bladder 
for 2 weeks after auto-augmentation improved long-
term capacity and compliance.(532) Long-term fol-
low-up demonstrating favourable clinical results with 
these variations is lacking. This technique is no longer 
considered as an option for surgical management of 
DO. 

Summary 
There have been no randomised controlled trials, 
double blind or sham-controlled trials or long-term co-
hort studies which have examined the efficacy and 
safety of autoaugmentation for the treatment of  adult 
idiopathic OAB. (LE=4) 

Recommendation 
Autoaugmentation is not recommended as a therapy 
for adult idiopathic OAB. 

(GRADE D) 
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 URETHRAL DIVERTICULA 

Urethral diverticulum (UD)  is an outpouching of the 
urethral lumen into the surrounding periurethral con-
nective tissue.  This is a relatively rare condition with 
an annual incidence of 17.9/1,000,000 in a recent 
study(533).  UD are thought to arise from repeated 
obstruction, infection and subsequent rupture of peri-
urethral glands into the urethral lumen, resulting in an 
epithelialised cavity that communicates with the ure-
thra(534, 535).  Iatrogenic damage to the urethra may 
also play a role, as up to 20% of women with urethral 
diverticula are noted to have a history of prior urethral 
surgery, dilation, or traumatic delivery(534, 536).  Iat-
rogenic UD formation associated with MUS has also 
been reported(537-539). 

1. UD AND URINARY INCONTINENCE 

Although the presentation of UD is often non-specific 
and variable, these lesions can be associated with 
voiding dysfunction and urinary incontinence.  One 
recent series reported stress urinary incontinence 
(SUI) occurring in 60% of patients with UD(540).  
Other presentations include vaginal mass, irritative 
LPP, and recurrent urinary tract infections(540, 541).  
Up to 20% of patients lack symptoms, with UD being 
an incidental finding on imaging. 

A UD is most often located at the level of the 
midurethra.  This location often overlaps with the ex-
ternal sphincter, however UD may also extend proxi-
mally toward the BN in the vicinity of the proximal 
sphincter mechanism. This morphology may, in part, 
explain the association between UD and SUI in some 
individuals with potentially more proximal lesions at 
risk for postoperative SUI (542).  Alternatively, some 
patients may have pre-existing SUI unrelated to the 
UD, or may simply have post-void dribbling and par-
adoxical incontinence due to urine accumulation in 
the UD during normal voiding with subsequent dis-
charge of the accumulated urine in the UD out 
through the urethral meatus upon movement.   

UD may also be associated with bladder outlet ob-
struction due to the mass effect of the UD, urinary re-
tention, or irritative LPP including urgency and ur-
gency incontinence (543).  Pain and dysuria associ-
ated with UD may also result in acquired voiding dys-
function. 

Surgical treatment of UD may also be associated with 
urinary incontinence.  Although resolution of UI may 
occur following surgical excision UD, either as a re-
sult of elimination of post-void dribbling/paradoxical 
incontinence, reconstruction of a damaged sphincter 
mechanism during UD repair, or concomitant anti-in-
continence surgery (e.g. sling), de novo UI may also 
occur.  Certain features seen on preoperative imag-
ing may predict for recurrence of UD postoperatively 
or postoperative complications such as de novo or 

persistent SUI.  Risk factors for de novo SUI may in-
clude the size of the diverticulum (>30 mm), more 
proximal location (542, 544), and wide excision (544).  
Another important cause of UI postoperatively from 
urethral diverticulectomy surgery is iatrogenic ure-
throvaginal fistula, which may occur in up to 6% of 
cases (534, 536, 541, 542, 544, 545). 

2. PREOPERATIVE ASSESSMENT 
INCLUDING URODYNAMICS 

Careful history, physical examination, and appropri-
ate diagnostic studies are often pursued in the evalu-
ation of the suspected UD.  Cystourethroscopy will 
most commonly reveal the ostia of the UD in the 
dorsolateral midurethral segment.  Imaging modali-
ties including ultrasound, voiding cystourethrography, 
CT, and MRI have a role in defining the anatomy of 
the UD and, perhaps, planning surgical intervention.  

Pressure flow urodynamics may have a role in the 
preoperative assessment of patients with UD and co-
existing voiding dysfunction or urinary incontinence 
(546-549).  Urodynamics may evaluate for co-existing 
detrusor dysfunction or document the presence or ab-
sence of SUI or obstruction prior to repair.   Approxi-
mately 50% of women with UD will demonstrate SUI 
on urodynamic evaluation (550, 551).    

Urethral pressure profilometry has also been utilised 
by some authors in the assessment or diagnosis of 
UD noting a biphasic pattern, or pressure drop at the 
level of the lesion during the study (547, 549, 552). 

Videourodynamics may be helpful in differentiating 
SUI from paradoxical UI due to fluid accumulation in 
the UD.  In addition, resting and straining images ob-
tained during fluoroscopic imaging may document an 
open BN at rest, suggesting a compromised proximal 
sphincter mechanism in some patients.  This may be 
a consideration in some patients with an extensive 
UD at the level of the midurethra and potential impli-
cations for postoperative incontinence due to com-
promise of both sphincter mechanisms.   

3. UD AND STRESS URINARY 
INCONTINENCE 

Patients with symptomatic, bothersome SUI in asso-
ciation with UD can be offered simultaneous anti-in-
continence surgery.  Although historical series have 
shown good results with concomitant BN suspension 
(551), more contemporary series have utilized 
pubovaginal fascial slings in patients with UD and SUI 
with satisfactory outcomes (553-556).  Midurethral 
synthetic slings are not recommended as a concomi-
tant, anti-incontinence procedure at the time of ure-
thral diverticulectomy (557).  Synthetic material adja-
cent to a fresh suture line following diverticulectomy 
in the setting of potentially infected urine may place 
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the patient at higher risk for subsequent urethral ero-
sion and vaginal extrusion of the sling material, as 
well as urethrovaginal fistula formation and foreign 
body granuloma formation (EL=4). 

Significant postoperative de novo SUI may occur in 
7-16% of individuals undergoing urethral diverticulec-
tomy surgery without a concomitant anti-incontinence 
procedure (542, 544, 558).  However, Lee et al. noted 
at least some de novo SUI in 49% of patients follow-
ing urethral diverticulectomy, the majority of which 
was minor and did not require additional therapy 
(559).  Only 10% of these individuals underwent a 
subsequent SUI operation.  UD may mask SUI due to 
mass effect especially when the UD is proximal and 
greater than 3 cm in size(560).   De novo SUI may 
arise from the extensive suburethral or circumferen-
tial dissection required for a large UD, and the more 
proximal UD location may compromise the urethral 
sphincter BN anatomical support and the sphincter 
mechanism (542).  Alternatively, large UD at the BN 
may cause obstruction (543), and occult SUI may be 
unmasked after removing the obstructing UD (561).  
Nickels et al. report de novo SUI in 1/11 (9.1%) after 
complex UD repair and 1/32 (3.1%) after simple UD 
repairs, noting a significantly higher rate of concomi-
tant PV sling with complex repairs (541).  

4. UD AND UUI 

Stav et al. reported rates of storage symptoms de-
creased significantly postoperatively from 60% to 
16% following UD surgery (542).  Other series with 
long term follow-up, however, have demonstrated 
rates of postoperative urgency of 54% (545), and de 
novo urgency incontinence in 36% of patients (544).  
Such symptoms postoperatively may herald UD per-
sistence, UD recurrence, or de novo urethral obstruc-
tion.  

5. SUMMARY 

The evidence pertaining to UD and urinary inconti-
nence consists of retrospective, small- to medium-
size case series with limited follow-up demonstrating 
that urinary incontinence and other voiding dysfunc-
tion is significantly associated with this condition (Ev-
idence Level=3).   

6. RECOMMENDATIONS 

Patients with UD should be carefully questioned and 
investigated for co-existing voiding dysfunction and 
urinary incontinence.  (Grade C) 

Following appropriate counselling, bothersome SUI 
can be addressed at the time of urethral diverticulec-
tomy with concomitant non-synthetic sling (Grade C) 

Patients should be counselled regarding the possibil-
ity of de novo or persistent LUTS including urinary in-
continence despite technically successful urethral di-
verticulectomy.  (Grade C) 

 CONFOUNDING VARIABLES 

The purpose if this review is to update the previous 
report on confounding variables published in the 5th 
consensus report. A Medline search from 2012 along 
with any updates from NICE guidelines and from 
Cochrane were examined. The subdivision of varia-
bles is consistent with the previous report and serves 
as an update although some of the previous prose 
has been included in this update.  

1. AGE 

The previous report highlighted the data from Medi-
care Australia examining (562) stress incontinence 
procedures from 1994 – 2009. The number of proce-
dures performed for SUI doubled in the three year pe-
riod after the introduction of midurethral  tapes. Over 
the 15 year period there was an 87% increase in pro-
cedures performed in women over 55 years old com-
pared to a 1% increase in younger women. 

Although less commonly performed both PVSs and 
colposuspension remain efficacious procedures for 
stress urinary incontinence. The Stress Incontinence 
Surgical Treatment Efficacy study investigated the ef-
fect of age on both perioperative and postoperative 
outcome of both procedures in 659 women (563). The 
older group (mean age 69.7 years) were compared 
with a younger group (mean age 49.4 years). Overall 
older women took longer to return to normal activities 
(50 vs 42 days; p=0.05) but there were no difference 
in return to normal voiding. The older group were 
more likely to have a positive stress test at follow up 
(OR 3.7;95%CI: 1.70-7.97; p=0.001), less subjective 
improvement in both stress and urgency symptoms 
and were also were more likely to require repeat sur-
gery (OR 3.9; 95%CI: 1.30-11.48). 

Toozs- Hobson et al (564) have recently published 
data collected from the British Society of Urogynae-
cology database to assess the impact of age on suc-
cess rates and insertion complications of suburethral  
tapes used as primary procedures using the Patient 
Global Impression of Improvement (PGII) as the pri-
mary endpoint. 7600 cases were identified of which 
757 were performed on women over 70 years of age 
and 119 on women over 80 years.  Approximately 
80% were PVS and 20% TO procedures. Short follow 
up was available for 54% of cases. The PGII re-
mained high in all age groups but did decrease with 
age with 90% of women under 50 scoring highly to 
70% 0f women over 80 scoring highly. Short term 
voiding was seen more frequently in the older group 
but there was no other increase in complications with 
age. Other studies have also confirmed increased 
short term voiding difficulty (110). 
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Malek et al (565) conducted a retrospective cohort 
study of women undergoing primary MUS surgery 
comparing women 70 years or older (mean age 
75.4+- 4.5) with those under 70 years (mean age 56.2 
+- 9.4) . Multivariable analysis revealed no difference 
in SUI failure rates (adjusted OR 1.7 95%CI 0.9-3.1). 
Women under 70 demonstrated greater improvement 
in the impact of urinary symptoms and women 70 and 
over had greater persistence of UUI. 

The actual published information on surgery for 
stress incontinence in older women is quite sparse. A 
systematic review published in 2014(566) searched 
the literature from 1966 to October 2013.They in-
cluded randomised controlled trials and prospective 
non-randomised studies. The population examined 
included those 65 years or older and they looked at 
sling procedures, bulking agents, artificial sphincters, 
onabotulinum toxin A injections and sacral neuro-
modulation. Only five studies fulfilled the inclusion cri-
teria and they were all studying suburethral slings. 
Persistent SUI after surgery varied between 5.2 and 
17.6%. One study evaluating quality of life showed 
significant improvement after surgery. Complication 
rates varied between 1-26%  - mainly bladder perfo-
ration, short term voiding difficulties and de novo UUI. 

2. RACE 

There have been no new relevant publications since 
the last report. A large epidemiological study exam-
ined 129 778 women who underwent continence sur-
gery in the United States in 2003(567) and found an 
overall rate of 12  surgical procedures per 10 000 
women. The figure was 10 per 10 000 (95% CI: 7-12) 
in white women and dropped to 3 per 10 000 (95% 
CI: 0-9) and 6 per 10 000 (95% CI: 0-13) in women of 
other ethnicity.  A further analysis of the Stress Incon-
tinence Surgical Treatment Efficacy Trial in 654 
women following colposuspension or PVS comparing 
Hispanic with non-Hispanic white and non-Hispanic 
black women showed no difference in any of the uri-
nary incontinence measures investigated(563) . 

The function of the continence mechanism has also 
been compared in a cross sectional population based 
study of 335 black and white women aged 35-64 
years classified as continent (n=137), stress inconti-
nent (n=102) and urge incontinent (n=96)(568). When 
comparing black women to white women the maxi-
mum urethral closure pressure(MUCP) was 22% 
higher (68.0 vs 55.8 cm H2O p<0.0001). 

3. OBESITY 

There is considerable evidence suggesting obesity is 
linked with increasing severity of incontinence and 
weight loss (particularly that associated with bariatric 
surgery) can reduce incontinence. The evidence on 
the effect of obesity on surgical outcomes is less com-
prehensive. Older studies largely examining mid ure-
thral tape procedures suggested no effect of BMI on 

outcome (569). Brennand et al (184) evaluated the 
impact of BMI >30 on objective and subjective out-
comes 12 months after MUSs. 182 women were en-
rolled into a randomised trial of TVT vs  TO MUS. 
There was no difference in outcomes between the 
two surgical approaches. Objective cure was defined 
as <1g urine loss on a one hour pad test. The cure for 
non obese women was 85.6% vs 67.8% for the obese 
group (p=0.006, risk difference 17.8%, 95%CI 4.2-
31.4%). There was also a 15% difference in subjec-
tive outcomes in the obese women (85.8% vs 70.7%). 
Karaman et al (570) used the same definition of obe-
sity and retrospectively compared 328 non obese 
women with 294 obese women who had undergone 
RP MUSs. After they had controlled for concomitant 
pelvic surgery the success rates were similar for both 
groups (76.9% vs 73.7%) with no difference in com-
plication rates. Berger et al(571) also compared 56 
obese vs 100 non obese women undergoing PVS 
TVT and and found a higher rate of  short term com-
plaints of SUI but by 2 months the failure rates were 
the same. 

Two recent studies have looked at the impact of obe-
sity on TO slings. Pereira et al (231) in a retrospective 
analysis of 122 obese and 159 non  obese women 
found no difference in short and up to 4 year cure 
rates  (95%vs 95.8%) with no difference in complica-
tion rates. Yonguc et al (572) had a series of 32 
women all with BMI >35kg/m2 with good success 
rates and low complication rates at three year follow 
up. 

Weltz et  al (573) published a systematic review pool-
ing data from 13 studies comparing obese and non 
obese women and stress incontinence surgery out-
comes at a minimum 12 month follow up. The subjec-
tive success was 76.4% and 74.7% and objective 
cure was 83.3% and 79.2%of non obese and obese 
women respectively. There was no significant differ-
ence in complications except non obese women were 
more likely to have bladder perforation. 

4. PSYCHIATRIC ILLNESS 

There have been no new relevant publications since 
the last report. 

5. PHYSICAL ACTIVITY 

There have been no new relevant publications since 
the last report. 

6. PREVIOUS CONTINENCE 
SURGERY 

Traditionally it has been believed that “redo” surgery 
for stress incontinence is associated with poorer out-
comes the primary surgery. The numbers of colpo-
suspension operations whether open or laparoscopic 
and fascial slings have diminished with the advent 
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and establishment of MUSs. The majority of recent 
studies examine the role of these MUSs when previ-
ous continence surgery has failed. This section will 
update on the more recent studies and the reader is 
referred to the ICI 5 document to read about older 
studies. 

Lo et al (574) examined the records of 24 women who 
had undergone repeat MUS surgery. They used a 
mixture of transoturator, PVS and single incision 
slings and reported 79.2.% objective and 75% sub-
jective success rates. ISD and low MUCP predicted 
failure. 

A Dutch study (575) identified from a retrospective co-
hort 242 women having primary surgery and 197 
women having repeat surgery. All women had pre-
dominant stress incontinence. The overall success 
rate for primary surgery at a median 205 days follow 
up was 86% and 79% for recurrent surgery the com-
plication rates were the same for both groups. Gaddi 
et al (346) reported on the failures of 6914 MUSs per-
formed between 2008-2011. 165 women had repeat 
surgery for recurrent SUI 98 had repeat MUSs and 67 
had urethral bulking. There were 11 failures in the 
MUS group and 26 failures in the bulking group 
(11.2% vs 38.8%). The complication rates were simi-
lar. 

Agur et al (576) carried out a literature search  from 
1945- 2013. Data were available for a total of 350 
women in 10 randomised controlled trials having had 
surgery for recurrent SUI with a mean follow up of 
18.1 months. They concluded that there was no dif-
ference between the PVS tape or TO approaches as 
the two most studied procedures. One trial showed 
no difference between PVS TVT and colposuspen-
sion.  Nikolopoulos et al (347) carried out a system-
atic review but allowed pooling of data for small stud-
ies even with as little as five cases. Their pooled anal-
ysis shows objective cure rates for recurrent stress 
urinary incontinence treated with colposuspension of 
76% (95%CI +-5.04). For MUSs the success rate was 
66.2%(95% CI +/-4) and was higher for the PVS  as 
compared to TO approach. PVSs had a success rate 
of 79.3%(95%CI+- 6.5). 

7. CONCOMITANT HYSTERECTOMY 

There have been no new relevant  publications since 
the last report. 

8. SEVERITY AND DURATION OF 
SYMPTOMS 

There have been no new relevant publications since 
the last report. 

9. OAB AND STRESS 
INCONTINENCE 

Previous reports have suggested that women with 
MUI  are more likely to have persistent urgency in-
continence after surgery for stress urinary inconti-
nence and may also be predisposed to higher rates 
of failure of surgery for stress urinary incontinence. 

Lee et al(577) investigated 358 with SUI and another 
598 women who had SUI and urgency but not UUI 
who underwent MUSs with a mean follow up of 50 
months. Women who developed de novo ur-
gency(dU) or denovo UUI(dUUI) were compared with 
those that did not. dU occurred in 27.7% (99/358) and 
DUUI occurred in 13.7%(82/598) of women at long 
term follow up after MUS. Pre-existing DO, history of 
prior incontinence or prolapse surgery and concomi-
tant apical prolapse surgery were important predic-
tors of dU and dUUI following MUSs. 

Gleason et al (578) compared the outcomes of MUS 
surgery in women with either pure stress urinary in-
continence(SUI) or mixed urinary incontinence (MUI) 
using the Urinary Distress Inventory (UDI-6) subscale 
of the Pelvic Floor Distress Inventory(PFDI-20) and 
the Urinary Impact Questionnaire(UIQ-7). Five hun-
dred and thirty four women completed baseline and 
follow up questionnaires. The mean follow up time 
was 35 months (Standard Deviation (SD) 15 months) 
and women with MUI had a significantly lower suc-
cess rate compared to those with SUI alone (64 vs 
85%, p<0.001). Abdel-Fattah et al  (23) performed a 
secondary analysis of 83 women with MUI of a total 
population of 341 women who had been randomised 
to either (247) the” outside in” or “inside out” TO  tape 
and found no difference in patient reported success 
rates using the Patient Global Impression of Improve-
ment(PGI-I). 

In another secondary analysis (579)(24) the authors 
examined data from three multicentre urinary inconti-
nence surgical trials of women with stress predomi-
nant MUI assigned to Burch colposuspension, autol-
ogous fascial sling or PVS or TO MUSs. Significant 
improvements in Urinary Distress Inventory-Irritative 
scores were reported by all surgical groups 1 year af-
ter surgery. Improvements were similar between 
MUS groups at 1 year(65.5% compared with 70.7%, 
p=.32;odss ratio (OR) 0.83, 95% CI 0.57-1.20 for PVS 
compared with TO) and this persisted at 5 year follow 
up. More women reported OAB symptom improve-
ment after Burch compared with PVS (67.9% com-
pared with 56.6%, p=0.01; OR 1.59, 95% CI 1.10-
2.31 for Burch compared with sling) at five years. The 
pre-op use of anticholinergics or urodynamic param-
eters was not predictive of OAB change. 
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10. URETHRAL OCCLUSIVE 
FORCES 

There have been no new relevant publications since 
the last report.  In the previous report the role of ure-
thral mobility and intrinsic deficiency on outcome has 
been investigated in two studies. The first of these in-
vestigated 134 women following  TO  tape insertion. 
Overall 86% reported subjective cure and 14% of per-
sistent symptoms. Median preoperative urethral mo-
bility was significantly lower amongst treatment fail-
ures compared to those women who were cured (40 
(10-60) degrees vs 50 (10-90) degrees ; p=0.0049). 
In addition women with preoperative mobility < 45 de-
grees were at least four times more likely to report 
incontinence when compared to those with >45 de-
grees mobility (29.4% vs 6.9%; RR 4.29; 95% CI 
1.59-11.60; p=005)(580). 

A prospective 2 year study of 65 women has also 
found that ISD with a fixed urethra is associated with 
a poorer objective outcome at 24 months following  
TO MUS when compared to intrinsic deficiency and 
urethral hypermobility and hypermobility alone 
(66.7% vs 87.5% and 96.6% respectively) (581). 

11. SUMMARY 

More studies are needed that are adequately pow-
ered to examine confounding variables as the primary 
outcome measure. Most if not all studies reporting on 
confounding variables are secondary analyses of 
studies  examining  success rates of surgical proce-
dures for SUI. Therefore the levels of evidence are 
generally low at 3/4 

Older women have similar outcomes after MUS sur-
gery for SUI as their younger counterparts but have 
higher rates of short term voiding difficulty and de 
novo UUI.  EL 3/4 

Obesity does not adversely affect the outcome of 
MUS surgery for SUI with no increase in complication 
rates. EL 3/4 

Prior failed SUI procedures does not appear to ad-
versely affect outcome of subsequent surgery for SUI 
if ISD and low MUCP are excluded. EL 3/4 

 CLINICAL TRIAL OUTCOMES 
USED IN UI RESEARCH 

There is no single measure that adequately 
measures SUI surgery outcomes.  Outcome 
measures for SUI surgery remain non-standardised 
in clinical trials because of several factors unique to 
the condition or the treatment of the condition. Unlike 
cancer treatments with a readily defined outcome, or 
even prolapse surgeries where an anatomic outcome 
can be objectively assessed, SUI is a quality of life 

condition whose presence, absence, or severity re-
mains difficult to measure.  Furthermore, the surgical 
treatment of SUI can improve or worsen other LUTS. 
Because we do not have a standard definition of suc-
cess that is used in all studies, success rates from 
one study of one procedure cannot be compared to 
another study of a different procedure.   Our best data 
for success comes from randomised trials where the 
same outcome criteria are applied to the same popu-
lation and only then can 2 different surgeries be com-
pared.  

1. HISTORY OF SUI MEASURES 

Outcome assessments can be broken down into sub-
jective and objective measures. Early reports of SUI 
surgical outcomes were subjective.  Often they were 
nothing more than surgeons asking the patient at the 
post-operative appointment if they were better.  Of 
course, both the patient who decided to have the sur-
gery, and the surgeon who did the surgery, were in-
vested in the outcome and consequently success 
rates greater than 95% were not uncommon.  This 
physician-reported subjective outcome measure was 
justifiably criticized.  In one of the first systematic re-
views of SUI surgery by Jarvis in 1994 he noted that 
subjective assessment of cure may be satisfactory in 
clinical practice, but it is clearly unsatisfactory for sci-
entific assessment. (582)   When the AUA SUI Guide-
lines Panel published their systematic review in 1997 
they noted the paucity of clinical studies that met min-
imal criteria for good science in the conduct of clinical 
studies and reporting results. (583) The panel recom-
mended 5 year outcomes with specific outcome 
measures including history/questionnaire, physical 
exam, diary, pad  test, post void residual urine deter-
mination, and an assessment of complications/mor-
bidity, including urinary retention, and de novo ur-
gency.(583)  Ten years later when Rovner et al re-
viewed the literature no articles met all criteria, but 
most complied with at least half of the recommenda-
tions. (584)  Most SUI studies now report both sub-
jective and objective measures and most of the 
Cochrane reviews of SUI surgery outcomes compare 
subjective and objective outcomes. Objective param-
eters typically include stress tests, pad tests, voiding 
diaries, urodynamic studies and the advantages and 
disadvantages of these measures are included in Ta-
ble 12.  Over time urodynamic studies have been 
used less commonly as an SUI surgical treatment 
outcome measure because of the limitations outlined 
in the table.   

2. PATIENT REPORTED OUTCOMES 

While many of the subjective self-reported measures 
can be considered “patient reported”, the concept of 
true Patient Reported Outcomes (PRO) is more com-
plex and encompasses a more global assessment. 
PRO’s measure patient impressions in a more global 
context by encompassing 4 domains: 1) Symptoms, 
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2) Functioning, 3) General Health Perception and 4) 
HRQOL.  The use of PRO’s has gained acceptance 
as noted by the fact that most research funding spon-
sors, industry, and regulatory agencies now require 
inclusion of outcome measures that include the pa-
tient’s perspective. The NIH recently established the 
Patient Reported Outcomes Measurement Infor-
mation System (PROMIS) for women with urinary in-
continence.(585) The International Consultation on 
Incontinence has adopted the use of PRO’s and es-
tablished the ICI Modular Questionnaire (ICIQ) Pro-
ject that includes the assessment of a wide spectrum 
of urinary, bowel and vaginal symptoms  along with 
their impact on HRQOL.    Table 13 demonstrates 
PRO measures which have received an A grade from 
the ICI for female SUI outcomes from prior Consulta-
tions.   

3. COMPOSITE MEASURES 

No single instrument is universally accepted by all in-
vestigators.   There are deficiencies with any single 
subjective or objective SUI research outcome meas-
ure.   Therefore multiple measures are often reported 
and this makes definitive conclusions difficult.  For 
this reason, especially with the advent of clinical trial 
networks, investigators have increasingly used com-
posite outcomes (Table 14).  While providing more 
comprehensive assessments, composite outcomes 
often create a stricter definition of success and lower 
success rates especially if all of the components of 
the composite must be satisfied.   Because a provider 
may not always agree with the choice of measures 
used as a composite, investigators should also con-
sider reporting the results of the individual compo-
nents of the composite measure. An example of the 
reporting of individual composite components is 
shown in Figure 1.  

4. SURVIVAL ANALYSIS REPORTING 
FOR SUI OUTCOMES -ONCE A 
FAILURE, ALWAYS A FAILURE 

When assessing outcomes it is important to deter-
mine if the study used a survival type analysis (typi-
cally reported on a Kaplan-Meier graph which follows 
patients over time) or just assessed the patient at one 
specific postoperative time point.    In these survival 
analysis types of studies an assumption is made that 
once a patient reports incontinence she will continue 
to have incontinence and she is considered a failure 
for the course of the study.  Because of the waxing 
and waning nature of SUI symptoms, this may not fit 
the natural history of SUI symptoms.     Survival anal-
ysis reporting will lead to lower success rates than 
single time reporting and may not be consistent with 
the patient’s reported outcome.     

5. SUCCESS RATES ARE 
DEPENDENT ON THE RIGOR OF THE 

ASSESSMENT 

Further complicating the issue of outcome assess-
ment is that few of our SUI treatments ever make a 
woman completely dry and therefore successful out-
come rates decline with the rigor of the assessment.  
An example of both a rigorous outcome measure and 
a survival analysis approach is the UITN’s random-
ised trial of Burch vs PVS which was criticized for low 
overall success rates of less than 50% in both arms. 
(21) In this study a composite measure was used 
which included administering a 3 day diary, a 24 hour 
pad test and a 15 question incontinence survey 
(MESA) every 6 months for 2 years. Any positive re-
sponse during any assessment resulted in a failure 
for the duration of the study.  In this study with com-
posite rigorous assessments and survival analysis 
methodology, the low overall success rates of less 
than 50% were inconsistent with patient satisfaction 
rates of 78 and 86% in the 2 groups. (21) 

If the definition of SUI surgical success is too rigorous 
outcomes will not meet face validity. In 2001, the NIH 
defined cure of stress urinary incontinence as: (1) res-
olution of the stress incontinence symptoms; (2) res-
olution of the sign (negative full bladder cough stress 
test, performed under the same conditions as before 
treatment); and (3) no new symptoms or side effects 
which could include new urinary symptoms such as 
urinary urgency, frequency, urge incontinence, with 
or without urodynamic changes of DO (detrusor insta-
bility); change in sexual function; development or 
worsening of POP; adverse effect on bowel function; 
onset of urinary tract infections; surgical complica-
tions, etc.(586)  As Hilton noted in an editorial, if this 
definition was applied to the very well done United 
Kingdom  TVT RCT, cure rates in the 2 arms would 
be 6 and 9%!(587) 

6. MIXED INCONTINENCE AS A 
CONFOUNDER 

Many patients undergoing stress incontinence sur-
gery also have urgency incontinence (mixed inconti-
nence) and this urgency component may get worse, 
remain the same, or improve after SUI surgeries.  SUI 
surgery failures are often the result of worsening or 
de novo urgency incontinence.  The true “pure” SUI 
patient is rare.  In support of this, in the SISTeR trial 
where all women were reported to have pure or pre-
dominant SUI for study inclusion, the range of women 
with mixed incontinence ranged from  8.3% if mixed 
incontinence required DO on urodynamic studies to 
as high as 93.3% if they reported affirmatively to any 
urgency incontinence question. (588)  Because inclu-
sion criteria for studies vary and the amount of mixed 
incontinence in the populations vary, one study can-
not be compared to another study.  The effect of any 
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particular type of surgery on mixed incontinence var-
ies and this is the reason why validated comprehen-
sive measures of bladder function may be the best 
instruments to assess the outcomes of SUI surgery.   

Quality of Life measures.  If SUI is a quality of life 
condition, ideally we would have a quality of life tool 
that would capture changes with our intervention.  
Global quality of life instruments (like the SF-36 or 
SF-12) are not sensitive to SUI interventions and in-
continence specific QOL instruments are recom-
mended. The incontinence specific quality of life in-
struments that have received an ICI Grade A recom-
mendation are shown in Table 13 and include the:  
ICIQ FLUTS, IIQ, IIQ-7,  I-QOL, and LIS.    

Stress-Specific vs Bladder Specific. 

Any instrument that is stress-specific may give results 
about the surgery’s effect on stress incontinence but 
may not give an overall accurate assessment of what 
the surgery did for overall bladder storage and emp-
tying LUTS (urgency, frequency, urgency inconti-
nence, or voiding difficulties). Therefore an overall 
bladder assessment tool is recommended for meas-
uring SUI surgical outcomes.  Patient reported blad-
der outcomes with ICI Grade A recommendations are 
shown in Table 13 and include the: ICIQ-UISF, ISS, 
KHQ, UISS, PPBC, UDI, and UDI-6.   

7. GLOBAL MEASURES 

Another outcome measure that has recently gained 
popularity is the patient global impression of severity 
(PGIS) and the patient global impression of improve-
ment (PGI-I). Use of such global assessment instru-
ments provides a single response which is easy for 
the patient and clinician to understand.(589)  Further-
more, the measurement is all encompassing since 
the subject takes success and complications into ac-
count when responding. The PGI-I was part of the 
composite primary outcome in the UITN randomised 
trial evaluating preoperative urodynamics. (590) 

8. SUMMARY 

The last two decades has seen a massive expansion 
in the field of stress urinary incontinence (SUI) re-
search.  While initially criticised for poor quality re-
search, significant advances have been made espe-
cially in the development of clinical trial networks that 
have allowed large scale multisite surgical studies 
necessary for high quality studies.  We have also 
seen a maturation of outcome tools including vali-
dated patient reported outcome instruments. The 
standard clinical trial for SUI now is a prospective ran-
domised comparative efficacy trial using patient re-
ported outcomes as a component of the primary out-
come.   

9. RECOMMENDATIONS 

Patient reported outcomes using ICI Grade A bladder 
symptom and incontinence-specific quality of life in-
struments should be utilized in stress incontinence 
clinical trials (Grade D).  

A cough stress test standardised to bladder volume 
and patient position provides an objective assess-
ment of stress continence outcomes (Grade D).  

 Composite measures address inadequacies of any 
individual stress outcome measure, but rates with 
these measures are often lower than any individual 
measure so the components should also be reported. 
(Grade D)  

 RESEARCH 
RECOMMENDATIONS 

1. GENERAL 

It is becoming clear that there is not a single optimal 
intervention for all patients with SUI or UUI.  Future 
high quality research is required to clarify the place of 
each SUI and UUI intervention for the individual pa-
tient, and establish the optimal materials and ap-
proach to the index and non-index UI patient.  

Table 12: Female SUI Objective Outcome Measures 

Measure  Advantages  Disadvantages 
Stress test Noninvasive or minimally invasive 

Inexpensive 
Specific for stress incontinence  
A positive test is predictive for urodynamic 
stress incontinence (590, 591)  

Should be standardised (position 
and volume)  
 

Pad test (1 hr or 24 hr)  Quantitative Not SUI specific 
Can be burdensome to patient 
and investigator 

Voiding diary (3 day or 
7 day) 

Can differentiate stress from urgency events.  Burdensome to patient 

Urodynamics  Can detect urodynamic stress incontinence and 
DO 

Invasive, uncomfortable, 
expensive 
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Not sensitive for urgency 
incontinence 

Need for repeat 
surgery 

Identifies the worst failures  Uncommon outcome 
Not sensitive for less severe 
outcomes.  

Table 13: Female SUI Patient Reported Outcomes with ICI Grade A Recommendations 

Tool Measures  Items 
ICIQ FLUTS QOL, Treatment outcome  34   

 
ICIQ-UI SF 
 

Symptoms and impact  
 

4  
 

IIQ ( Incontinence Impact Questionnaire) 
 

Impact of UI on HRQOL 30  

IIQ-7 
 

Short version of IIQ 7 

I-QOL (Incontinence QOL) 
 

Incontinence specific QOL 
 

22 
 

ISS (Incontinence Symptom Severity Index) 
 

Severity of storage and voiding symptoms 8 

KHQ (ICIQ-LUTSqol) King’s Health Questionnaire 
 

Symptoms impact of LUTS 21 

LIS (Leicester Impact scale) LUTS QOL 21 
UISS (Urinary Incontinence Severity Score) Severity and impact of UI  10 
LUSQ (Leicester Urinary Symptom Questionnaire Presence and severity of storage abnormalities  10 
PGI-I (Patient Global Impression of Improvement) Symptom bother  1 
PGI-S (Patient Global Impression of Severity)  Symptom bother  1 
PPBC (Patient Perception of Bladder Condition) Impression of bladder condition 1 
UDI (Urogenital Distress Inventory) Symptom bother related to UI  19 
UDI-6 Symptom bother related to UI/LUTS 6 

 

Table 14: Examples of Composite Primary Outcomes used in RCT’s of SUI Surgery with more than 200 Sub-
jects. 

1st author, year 
(ref) 

Surgery Composite Outcome 

Ward, 2002 
(147) 

TVT vs. Burch No USI and 
Negative pad test 

Albo, 2007 (21) Fascial sling vs 
Burch  

Negative pad test and  
No UI on 3 day diary and  
Negative cough stress test and  
No self-reported  SUI on MESA and 
No SUI retreatment  

Barber, 2008 
(208) 

PVS vs. TO  Abnormal bladder function defined by presence of  
      Incontinence symptoms of any type 
      Positive cough stress test 
      Retreatment of SUI 
      Elevated PVR 

Rinne, 2008 
(202) 

TVT vs TVT-O Objective  
     Negative stress test 
     Negative pad test 
Subjective  
     condition-specific quality of life questionnaires and general health by 
the EQ-5D questionnaire. 

Wang W, 2009 
(211)  

TVT vs TVT-O Negative cough test  
Negative pad test 
Reduction by 50% of incontinence episodes  

Krofta , 2010 
(216) 

TVT vs. TVT-O Objective 
     Negative stress test 
     Negative pad test 
Subjective 
     No leakage on questionnaire 

Richter, 2010 
(217) 

PVS vs TO Objective  
     Negative stress test 
     Negative pad test 
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     No SUI retreatment  
Subjective 
     No self- reported SUI symptoms 
     No UI on 3 day diary 
 

Nager, 2012 
(590) 

UDS vs No UDS  70% reduction in UDI and  
PGI-I of much better or very much better 

 
 

Future studies should systematically record in a 
standard, quantifiable, and reproducible manner (e.g. 
Clavien-Dindo, etc.) all AEs and complications asso-
ciated with each of the interventions for UI. 

Future studies should utilise appropriate outcome 
measures to better understand and address the 
broader effects of UI interventions with respect to 
health economics in individuals, populations, payers, 
and health care systems.  

2. STRESS URINARY INCONTINENCE 

Studies should investigate the subpopulations and 
characteristics of patients (e.g. urethral function, 
medical comorbidities, BMI, vaginal atophy, POP, 
etc.) in whom each of the interventions for SUI is the 
optimal choice.    

As the use of foreign and synthetic materials for the 
treatment of SUI evolves and expands (mesh, bulking 
agents, stem cells, etc.), a better understanding of the 
long-term implications of these implanted materials is 
needed.   

3. URGENCY URINARY 
INCONTINENCE 

Prospective randomised trials comparing third line 
treatments for refractory OAB/UUI are needed, espe-
cially with respect to the long term efficacy, complica-
tions and cost of these interventions. 

The role and efficacy of third line therapies in combi-
nation with each other (e.g. SNS and BTX) as well as 
in combination with other non-invasive therapies (e.g. 
medications) is unknown.    

The mechanism of action of the SNS, and PTNS re-
mains unknown.   

Optimal patient selection for each of the third line 
therapies is undefined. 

The role and efficacy of third line therapies such as 
SNS and PTNS is unknown in the non-refractory OAB 
patient who declines other therapy (e.g. behavioral 
therapy and/or pharmacological therapy).   

The long term impact of the newer SNS technology 
currently used in terms of durability and complications 
is not defined as the current data in the literature is 
limited to older SNS devices.    

 
Figure 1. Proportion of Subjects with Treatment Failure at 2 years according to different criteria in the UITN 
randomized trail comparing Burch vs. Autologous sling. (21) 
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The role of different programming settings in SNS and 
PTNS for different urological conditions is not well un-
derstood.  

The optimal long term maintenance regimen for 
PTNS is unknown. 

Alternatives to enlargement cystoplasty for refractory 
patients are lacking despite initial enthusiasm for tis-
sue engineering. 

4. URETHRAL DIVERTICULA 

There is a need for prospective,  assessment of LPP, 
including urinary incontinence with respect to surgical 
and non-surgical management of these patients. 
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 EPIDEMIOLOGY  

Pelvic organ prolapse (POP) is a common problem 
affecting up to 50% of parous women and between 
6-20% of women will have undergone a surgical cor-
rection for pelvic organ prolapse by the age of 80.1, 2 
Prolapse surgery is an increasingly important aspect 
of gynaecological practice due to our ageing popula-
tion, and already prolapse surgery is performed at 
least as frequently as continence surgery and, the op-
erating and admission times are at least three times 
greater than for continence surgery. Given the in-
creasing time and resources that will be required for 
POP surgery in the future it is paramount that we per-
form effective, durable, cost effective interventions 
with minimal morbidity. This chapter serves to outline 
and summarise the information relating to POP sur-
gery reported in the English-language scientific liter-
ature after searching PubMed, Medline, Cochrane li-
brary and Cochrane database of systematic reviews, 
published up to July 2016.   

1. INCIDENCE AND PREVALENCE OF 
PELVIC ORGAN PROLAPSE (POP) 

There is a lack of epidemiological studies of the nat-
ural history, incidence and prevalence of POP. 

It is widely accepted that 50% of women will develop 

prolapse but only 10-20% of those seek evaluation for 
their condition.3 In the current literature, the overall 
prevalence of POP varies significantly depending 
upon the definition utilised, ranging from 3-50% (Ta-
ble 1).  Where POP is defined, and graded on symp-
toms the prevalence is 3-6% as compared to 41-50% 
when based on examination, as mild prolapse on ex-
amination is common and frequently asymptomatic.3-

6  On examination anterior compartment prolapse is 
the most frequently reported site of prolapse and is 
detected  twice as often as posterior compartment de-
fects and three times more commonly than apical pro-
lapse.7, 8 Following hysterectomy 6-12% of women  
will develop vaginal vault prolapse9, 10 and in two-
thirds of these cases multi-compartment prolapse is 
present.11 

There is little knowledge about the natural history of 
POP.  The reported incidence for cystocele is around 
9 per 100 women-years, 6 per 100 women-years for 
rectocele and 1.5 per 100 women-years for uterine 
prolapse.7 Some data show that there is a 1-year in-
cidence of POP of 26% and a 3-years incidence of 
40% with regression rates of 21% and 19%, respec-
tively. In general, older parous women are more likely 
to develop new or progressive POP than to show re-
gression.  Over a three year period 11% of the women 
aged over 65 had prolapse progression of more than 
2 cm whilst only 2.7% had a regression by the same 
amount.12 

Luber has shown in a large demographic study that 
the peak incidence of symptoms attributed to pro-
lapse is between ages of 70 to79 whilst POP symp-
toms are still relatively common in women of younger 
age. 

 
Figure 1. Shows the distribution of POP among women seeking care, US 2000 (Modified Luber 200113) 
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Demographic changes including an ageing popula-
tion have significant implications for the future plan-
ning of women ‘s health services.  Wu et al14 have 
predicted that by 2050 the number of women suffer-
ing from symptomatic POP in the United States will 
increase at minimum by 46% (from 3.3 up to 4.9 mil-
lion women and in a “worst-case scenario” up to 

200% or 9.2 million women with POP. These figures 
were based upon population growth statistics in the 
United States however models that evaluate the im-
pact of decreasing parity and increasing elective cae-
sarean section rates are required to more accurately 
predict future rates of POP. 

Table 1. Prevalence and Incidence of Pelvic Organ Prolapse 

Study Definition Prevalence Incidence Country 

Rorveit, 2007 Symptom-based 5.7%  US 

Nygaard, 2008 Symptom-based 2.9%  US 

Hendrix, 2002 WHI-Study, 
Examination 

Any prolapse: 41.1% 
Cystocele: 34.3% 
Rectocele: 18.6% 
Uterine: 14.2% 

 US 

Swift, 2003 Examination 6.4% stage 0 
43.3% stage 1 
47.7% stage 2 
2.6% stage 3 

 US 

Handa, 2004 WHI-Study, 
Examination 

Cystocele: 24.6% 
Rectocele: 12.9% 
Uterine: 3.8% 

 US 

Nygaard, 2004 Examination 2.3% stage 0 
33% stage 1 
63% stage 2 
1.9% stage 3 

 US 

Bradley, 2007 Examination 23.5 - 49.9% 26%/1 year 
40%/3 year 

US 

Maccharoni, 1999 Examination Vault-prolapse: 12%  Italy 

Aigmueller, 2009 Examination Vault-prolapse:  6-8%  Austria 

Adapted: Sung and Hampton 200915 

2. INCIDENCE AND PREVALENCE OF 
PELVIC ORGAN PROLAPSE 

SURGERY 

Both incidence and prevalence for prolapse surgery 
increase with age. Women older than 80 years are 
currently the fastest growing segment of the popula-
tion. The estimated lifetime risk of an American 
woman undergoing at least one surgical intervention 
by the age of 80 was frequently reported as 6.3%.1 
More recently the estimated lifetime risk of prolapse 
has been reported at 13.7% in the USA16, 18.7% in 
Denmark17 and 19% in Western Australia.2 Also the 
reoperation rate reported by Olsen et al was 29.2% 
rate however, a more recent, prospective study 
showed a significantly lower reoperation rate of only 
13%  at 5 years, which may be explained by improved 
surgical procedures.18  

Not only is there significant variation in the reported 
lifetime risk of prolapse surgery there is also wide var-
iation in the rate at which surgical interventions for 

pelvic organ prolapse are performed. Haya et al19 
demonstrated significant variation in the rates and 
types of surgical interventions for prolapse in 2012 in 
various countries in the Organisation for Economic 
Co-operation and Development (OECD). The rate of 
prolapse procedures were five times higher in the 
USA (2.6/1000 women) as compared to Switzerland 
(0.5/1000 women). There was also very significant 
variation in the type of interventions undertaken. 
Transvaginal mesh for anterior compartment pro-
lapse were used eight times more frequently in Ger-
many (26%) than in England (3.3%). Sacral col-
popexy was employed 13 times more frequently in 
France (66%) than in Sweden (5%) for apical vaginal 
prolapse. Such large variation in rate and types of 
surgery performed for pelvic organ prolapse maybe 
explained by a variety of factors including women’s 
preferences, cultural and demographic variables, ac-
cess to healthcare professionals, health professional 
training and a lack of clear consensus guidelines on 
the surgical management of prolapse. The lack of 
consistency in the rates and types of surgical inter-
vention for pelvic organ prolapse needs further eval-
uation and ensures difficulty in the allocation of health 
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care resources for future planning for pelvic organ 
prolapse.   

The annual incidence for POP surgery is stated to be 
between 1.5 and 1.8 cases per 1000 women-years 
with the incidence peaking in women between 60-69 
years.20, 21  Shah et al21 also demonstrated a peak in-
cidence in 70 year old women however surprisingly 

high numbers of younger women were also undergo-
ing surgical treatments reflecting a similarity in the 
prolapse symptoms reported in younger women by 
Luber 200113 (Figure 2).  Wu et al found the annual 
incidence of prolapse surgery increased linearly with 
age and peaked at 72 years of age at 4.3 cases per 
1000 women.16   

 
Figure 2. Shows the surgical treatment for POP/ rate per 10000 women (2003) 

In the US, POP is thought to be the leading cause for 
more than 200,000 surgical procedures per year 
(22.7 per 10,000 women) with 25% undergoing re-
operations at a total annual cost of more than 1 billion 
dollars.20-23 Also of note during a nine-year period 
(1996 – 2005) the ambulatory costs related to pelvic 
floor disorder increased by 40% and if these figures 
are extrapolated to POP surgery the total annual cost 
would be over 1.4 billion dollars. While it has been 
predicted that due to our aging populations  the rate 
and cost of surgery for prolapse will rise by as much 
as 40%, counter-intuitively some studies are in fact 
demonstrating decreasing rates of surgical interven-
tions for prolapse. In Denmark, the lifetime risk of pro-
lapse surgery by age of 80 decreased from 26.9% in 
1978 to 18.7% in 2008.17 Over a similar time period 
in Washington state USA, the rate of surgery for pel-
vic organ prolapse decreased from 2.1 in 1987 to 1.4 
per 1000 women aged 20-84 years in 2009.24 The au-
thors eloquently linked the decrease in the rate of in-
patient prolapse surgery to higher rates of caesarean 
section and lower rates of instrumental delivery dur-
ing the same time period. Further detailed modelling 
of factors that will impact on future rates of POP in the 
community are required so that services can be pro-
vided to match the future demands of POP surgical 
interventions. 

 OUTCOME ASSESSMENT 

Pelvic organ prolapse, like all pelvic floor disorders, is 
a multidimensional phenomenon and “success” of 
treatment is often difficult to define. Historically, most 
studies evaluating the treatment of pelvic organ pro-
lapse have focused exclusively on anatomic success 
without considering other important areas such as 
symptoms, vaginal compliance, quality of life, or soci-
oeconomic outcomes. For an individual patient, the 
most important outcome of a surgical procedure is the 
relief of her symptoms and improvement in her quality 
of life25, yet until recently these areas have largely 
been ignored. Fortunately, over the last 15 years, 
measures to evaluate POP have improved; there is 
now an internationally-accepted and reliable assess-
ment of the anatomic support of the uterus and vagina 
(POPQ) and a number of valid, reliable and respon-
sive symptom questionnaires and condition-specific 
HRQOL instruments.26-31 A recent joint report from 
the International Continence Society (ICS) and Inter-
national Urogynaecology Association (IUGA) recom-
mended that the following outcomes be reported in 
studies of POP surgery: Objective (e.g. POPQ), Pa-
tient reported outcomes (particularly the presence or 
absence of vaginal bulge symptoms), Satisfaction, 
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Quality of Life, and Perioperative data (e.g. operative 
time, hospital stay, etc.).32 A careful report of short- 
and long-term complications are also essential to 
properly weigh the risk-benefit ratio of each proce-
dure. 

1. OUTCOME ASSESSMENT: 
ANATOMY 

The Pelvic Organ Prolapse Quantification system 
(POPQ), introduced in 1996, is the international 
standard for describing female pelvic organ support.28 
The POPQ allows a reproducible and reliable de-
scription of the support of the anterior, posterior and 
apical vaginal segments using precise measure-
ments to a fixed reference point, the hymen, and es-
tablished criteria for “staging” the various levels of 
pelvic organ support from good support (POPQ Stage 
0 or I) to almost complete lack of support (POPQ 
Stage IV).28 The POPQ system has proved a valuable 
measurement tool that over the last 15 years has im-
proved our understanding of POP and allowed a reli-
able assessment of the anatomical success of POP 
surgeries. However, there remain several critical 
challenges in the anatomical assessment of POP sur-
gery. 

First, it is difficult to establish dichotomous anatomical 
outcome criteria for success and failure, especially in 
the absence of symptoms. Traditionally researchers 
have defined surgical success using the NIH satisfac-
tory anatomic outcome (POP-Q Stage 0-1) and de-
fined surgical failure as POPQ stage 2 or greater. 
More recently it is suggested that these anatomic def-
initions are too strict as over 75% of women present-
ing for annual gynaecological examinations without 
symptoms of pelvic organ prolapse would not meet 
the definition of “optimal anatomic outcome” and al-
most 40% would not meet the definition of “satisfac-
tory anatomic outcome”.5, 33 Thus, a substantial num-
ber of women considered “surgical failures” by these 
definitions would be within the normal distribution of 
vaginal support for parous women. The hymen 
maybe a more clinically relevant anatomic threshold 
for surgical success and some researchers have be-
gun defining anatomic failure after surgery as POP 
that extends beyond the hymen.25, 34-37 

Second, the five-level staging system of the current 
POP-Q (Stages 0-IV) may be insufficient to dis-
criminate among clinically important groups of 
women with POP, placing virtually all such women 
into Stage II or III. While the staging may facilitate 
comparisons, it may not describe sufficient detail as 
the individual POP-Q measurements provide. A third 
area of uncertainty is whether or not apical prolapse 
should be considered by the same anatomic stand-
ards as prolapse of the anterior or posterior vaginal 
wall.  

The recent joint committee of IUGA/ICS on the termi-
nology of female pelvic organ prolapse evaluated 
these points and elected to leave the POP-Q staging 

unchanged.38 The decision was based on the princi-
ple that POP-Q was developed to address uniform 
anatomical reporting which it has undoubtedly 
achieved. POP-Q classification was never designed 
to replicate subjective outcome and anatomical out-
come remain vitally important to surgeons when eval-
uating, undertaking surgical interventions and report-
ing these interventions. The division of Stage II pro-
lapse into Stage IIa (-1cm to hymen) and Stage IIb 
(hymen to +1cm) was also considered. The commit-
tee felt the subdivision of Stage II prolapse in POP-Q 
classification would be open to significant observer 
and inter-observer error as each subgroup has a 
range of only 1cm, and would further complicate a 
grading system already criticised for being too com-
plicated. An alternative proposal to classify Stage II 
as extending to the hymen and Stage Ш beyond the 
hymen was also rejected. The committee remained 
open to further evaluation of all aspects of terminol-
ogy relating to female pelvic organ prolapse. 

Controversy also surrounds the impact that the ob-
server recording the anatomical outcomes has upon 
reported success rates. Traditionally in the retrospec-
tive assessment of anterior compartment trials the re-
ported success rates ranged from 80-100%.39-42 How-
ever, prospective assessment of similar surgical in-
terventions utilising similar definitions of success un-
der the auspices of randomised controlled trials re-
port significantly lower success rate ranging from 37-
64%.43, 44  Further variation is also reported in pro-
spective evaluations of prolapse staging depending 
upon whether the assessor is blinded to the surgical 
intervention. Antosh et al45 demonstrated that the re-
currence rate in a RCT comparing native tissue and 
transvaginal mesh repairs was significantly higher 
when performed by a blinded versus unblinded as-
sessor at the 3 months (68 versus 53%) and at 1 year 
(57 versus 43%).  Finally, it is not uncommon for au-
thors with financial conflict of interest related to the 
commercial products being evaluated reporting the 
outcomes of surgical interventions, which further in-
creases the risk of reporting bias. 

2. OUTCOME ASSESSMENT: 
SYMPTOMS 

Women seeking care for POP often have concurrent 
pelvic symptoms. Ellkermann et al found that in 237 
women evaluated for POP 73% reported urinary in-
continence, 86% reported urinary urgency and/or fre-
quency, 34-62% reported voiding dysfunction and 
31% complained of faecal incontinence.46 The evalu-
ation of a patient with vaginal prolapse requires a 
comprehensive review of the full spectrum of pelvic 
floor symptoms and an assessment of how these 
symptoms affect their quality of life. The most valid 
way of measuring the presence, severity, and impact 
of pelvic floor symptoms on a patient’s activities and 
well-being is through the use of psychometrically ro-
bust self-administered questionnaires.26-31 
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We have gained an improved understanding of the 
relationship between pelvic organ support and the de-
velopment of symptoms. Most symptoms often at-
tributed to POP have at best weak to moderate cor-
relations with worsening pelvic organ support, how-
ever, the one symptom that is almost consistently 
acknowledged by patients with advanced POP is the 
presence of a vaginal bulge that can be seen or felt.6, 

46-49 The absence of vaginal bulge symptoms post-
operatively has a significant relationship with a pa-
tient’s assessment of overall improvement and im-
provement in quality of life after surgery, while ana-
tomic success alone does not and ensures that symp-
tom of vaginal bulge remains an important outcome 
assessment of POP surgery.25  

3. OUTCOME EVALUATION: QUALITY 
OF LIFE 

Health-related quality of life (HRQOL) refers to a per-
son’s total sense of well-being and considers multiple 
dimensions including (but not limited to) their social, 
physical, and emotional health. Measures of HRQOL 
can be classified into two types: generic and condi-
tion-specific. Generic HRQOL instruments are used 
to assess quality of life in a broad range of illness or 
populations while condition-specific measures are 
designed to measure the impact of a specific disease 
on HRQOL. Women with advanced POP 
(Stage III-IV) have decreased generic and condi-
tion-specific HRQOL compared to women with nor-

mal vaginal support.50 It is recommended that in-
vestigators describe the impact of POP surgical 
treatment on HRQOL. Most studies that have as-
sessed condition-specific HRQOL after POP sur-
gery have demonstrated a significant improvement 
post-operatively. Improvements in generic HRQOL 
after POP surgery have been seen in some studies 
but not others. Maher et al reported significant im-
provements in condition-specific and generic QOL af-
ter SSLF, similar to that after abdominal sacrocol-
popexy.5 1  The CARE trial reported significant im-
provements in condition-specific quality of life follow-
ing sacrocolpopexy at three months and two years.52, 

53 Barber et al demonstrated significant improve-
ments in generic and condition-specific HRQOL in a 
prospective cohort of elderly women receiving vagi-
nal surgery for POP and demonstrated similar im-
provements in women undergoing reconstructive 
surgery and those receiving colpocleisis.54 While 
some of these condition-specific HRQOL incorporate 
assessment of sexual function31  specific validated 
questionnaires on sexual function are available and 
provide a discreet and reproducible method for eval-
uating sexual health.  The Pelvic Organ Prolapse/In-
continence Sexual Questionnaire (PISQ)55 and the 
Female Sexual Function Index (FSFI)56 are two ques-
tionnaires frequently used.  The joint ICS/IUGA paper 
on reporting outcomes after prolapse surgery has 
also recommended authors report the sexual function 
status of all individual participants pre and post inter-
vention as seen in Figure 3.32 

 
Figure 3.  Describes colour coordinated approach to systematically recording pre-and post-intervention sex-
ual function outcomes from Toozs-Hobson 201232 

4. OUTCOME ASSESSMENT: 
REOPERATION 

Reoperation after POP surgery for recurrence is an 
important measure of procedure efficacy. It is im-
portant to realise that reoperation rates are likely to 
represent the “tip of the iceberg” in terms of unsuc-

cessful surgical outcomes as many women with re-
currence of symptomatic prolapse may not elect to 
undergo another operation, nonetheless the repeat 
surgery for recurrent POP is an undesirable outcome 
that should, in most cases, be considered a surgical 
failure. The rates of reoperation after POP surgery 
vary widely in the literature, in large part because of 
varying definitions and timeframes. Olsen et al using 
administrative data from a large U.S. healthcare sys-
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tem reported a lifetime reoperation rate of 29.2%.1 Im-
portantly, this study included both POP and stress in-
continence surgery and did not distinguish between 
reoperation for incontinence or POP in their report. 
Moreover, the authors did not distinguish between re-
operation for POP in the same compartments origi-
nally operated versus the development of new POP 
in a new segment of the vagina (“de novo POP”). 
More recently several investigators have looked spe-
cifically at the issue of site-specific recurrence with 
reoperation rates ranging from 3.4%-9.7%.57, 58 In a 
meta-analysis of 258 studies evaluating reoperation 
rates after apical prolapse repairs, Diwadkar et al, re-
ported a reoperation rate of 3.9% (95% CI 3.5-4.4%) 
for traditional vaginal vault suspensions (sacrospi-
nous ligament suspension and uterosacral vault sus-
pensions) after a mean of 32 months, 2.3% (95% CI 
1.9-2.7%) for sacrocolpopexy with a mean follow-up 
of 26 months and 1.3% (95% CI 1.0-1.7%) after trans-
vaginal mesh procedures at a mean follow-up of 17 
months.59 Notably, the total reoperation rate if one in-
cludes reoperations for recurrent POP and for com-
plications was highest in the transvaginal mesh group 
(8.5%).59 

In order to provide some clarity for future studies re-
porting reoperation rates after POP surgery, the joint 
ICS/IUGA  report on reporting outcomes after pro-
lapse surgery has proposed the following standard-
ised terminology for POP surgery studies32: 

Primary surgery for POP is the first procedure re-
quired for the treatment of POP in any compartment. 

Further surgery gives a global figure for the number 
of subsequent procedures the patient undergoes di-
rectly or indirectly relating to the primary surgery. This 
is subdivided into: 

a. Primary prolapse surgery/different site: A prolapse 
procedure in a new site/compartment following previ-
ous surgery in a different compartment (e.g. anterior 
repair following previous posterior repair). 

b. Repeat surgery: is a repeat operation for prolapse 
arising from the same site. Where combinations of 
procedures arise, e.g. new anterior repair plus further 
posterior repair these should be reported separately 
i.e. repeat posterior repair and primary anterior repair. 

c. Surgery for complications: e.g. mesh exposure or 
extrusion or pain or patient compromise e.g. haemor-
rhage (see complications section). 

d. Surgery for non-prolapse related conditions: e.g. 
subsequent surgery for stress urinary incontinence or 
faecal incontinence. 

4.1. Defining Treatment Success 
The definition of success substantially affects treat-
ment success rates following POP surgery.25 Since 
the publication of the NIH Workshop recommenda-
tions, considerable variability in defining treatment 
success still persists in studies evaluating surgery for 
prolapse. A number of trials define success as POP-

Q stage 0 or I consistent with the Workshop’s “satis-
factory anatomic outcome” definition with one report-
ing success rates as low as 30% using standard sur-
gical techniques.44, 60 Some have used the Baden-
Walker prolapse grading system rather than the POP-
Q system.51 Other studies have used a combination 
of anatomic criteria and the presence or absence of 
symptoms to define treatment success.60-62 Such var-
iability makes it difficult to compare study results. 
Moreover, there are many unknowns, including clini-
cal relevance of these definitions or how different out-
come definitions might affect the comparison be-
tween treatment arms within a study. 

The joint ICS/IUGA paper on reporting outcomes af-
ter prolapse surgery32 has recommended reporting 
subjective outcome (presence or absence of vaginal 
bulge), objective outcomes (POP-Q), validated  relia-
ble and responsive symptom questionnaires (blad-
der, bowel, prolapse, sexual function), condition-spe-
cific HRQOL instruments, and clearly defined reoper-
ation rates. Complications relating to mesh and native 
tissue repairs should be reported using tools such as 
IUGA/ICS classification system for prosthesis/graft 
complication63 or the Clavien-Dindo classification.64 
The reporting of these single outcome measures in-
dividually rather than as composite measures, allows 
more ready and reliable comparison in meta-analysis. 

CONCLUSION 

The committee made the following points: 

• Significant variation is reported in the rates and 
types of interventions performed for pelvic organ 
prolapse. Such variation requires further analysis 
and standardisation of guidelines for the surgical 
management of prolapse maybe helpful. (GoR 
C) should be reported as levels of evidence 1-4 
and based on that. 

• Early evidence of decreasing rates of surgical in-
tervention for prolapse over the last 30 years are 
unexpected and require further evaluation.  (GoR 
C)  

• Anatomical outcomes reported should include all 
POP-Q points and staging utilising traditional 
definition of success.  Assessment should be 
prospective and assessors blinded as to the sur-
gical intervention performed if possible and with-
out any conflict of interest related to the assess-
ment undertaken. (GoR C) 

• Subjective success post-operatively should be 
defined as absence of vaginal bulge. (GoR C) 

• Functional outcomes are best reported using 
valid, reliable and responsive symptom question-
naires and condition-specific HRQOL instru-
ments. (GoR C) Grades of recommendation A-D 

• Sexual function is best reported utilising vali-
dated condition specific HRQOL that assess sex-
ual function or validated sexual function ques-
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tionnaires such as the Pelvic Organ Prolapse/In-
continence Sexual Questionnaire (PISQ) or the 
Female Sexual Function Index(FSFI). The sex-
ual activity status of all study participants should 
be reported pre-and post-operatively under the 
following categories: sexually active without 
pain, sexually active with pain or not sexually ac-
tive. (GoR C) 

• Prolapse surgery should be defined as primary 
surgery, and repeat surgery sub-classified as pri-
mary surgery different site, repeat surgery, com-
plications related to surgery and surgery for non-
prolapse related conditions. (GoR C) 

 ANTERIOR COMPARTMENT 
SURGERY 

Ahlfelt stated in 1909 that the only remaining problem 
in plastic gynaecology was the permanent cure of 
cystocele and now more than a century later this 
problem persists.65 Following high reported objective 
failure rates and reoperation rates after native tissue 
repairs and the success of mesh tapes in continence 
surgery and mesh utilised abdominally at sacral col-
popexy, the last decade has seen both a rapid uptake 
and subsequent decline of transvaginal permanent 
meshes utilisation in the management of anterior 
compartment prolapse. 

1. NATIVE TISSUE REPAIRS 

Historically anterior colporrhaphy (AC) was the stand-
ard procedure in the management of anterior com-
partment prolapse with objective success rates rang-
ing from 80-100% in retrospective series.39-42  White 
66 as early as 1912 demonstrated the importance of 
paravaginal defects in anterior compartment pro-
lapse. Richardson67 in 1976 described a series of de-
fects in the pubocervical fascia explaining why no sin-
gle repair should be applied indiscriminately to all with 
anterior compartment defects. He also advocated the 
abdominal paravaginal repair which has a 75-97% 
success rate for cystoceles reported in case series 
(Table 2).67-71 The surgical technique of the laparo-
scopic paravaginal repair is well described however 
little information is available on the efficacy of this ap-
proach. Shull72  also reported on the safety and effi-
cacy of the vaginal paravaginal repair  in 1994. Alt-
hough the success rates of the vaginal paravaginal 

repair for cystoceles in case series vary from 67 –
100%66, 72-76 significant complications have been re-
ported recently. Mallipeddi75 reported on  complica-
tions in a series of 45 including: 1 bilateral ureteric 
obstruction, 1 retropubic haematoma requiring sur-
gery, 2 vaginal abscesses, 2 transfusions. In a series 
of 100 women Young76 reported 21 major complica-
tions and a 16% transfusion rate. 

No randomised control studies have evaluated the 
abdominal or vaginal paravaginal repair in isolation.  
Benson et al77 and Maher et al78 have reported RCT’s 
on upper vaginal prolapse comparing abdominal sacral 
colpopexy and vaginal sacrospinous colpopexy. Ab-
dominal paravaginal repair was performed in the 
abdominal group if required and an anterior colpor-
rhaphy with or without vaginal paravaginal laterally. 
Both authors reported the abdominal group to have 
a statistically lower rate of post-operative anterior 
vaginal prolapse than the vaginal group. 

Raz et al79 popularised the needle suspension type 
procedure for cystocoeles and repor ted success 
rates in case series may vary from 90-98%.80-82 The 
addition of polyglactin mesh to the repair appears to 
have little impact on the success.83 [160] Dmo-
chowski et al84 reported a lower success rate us-
ing a stricter outcome definition of success. 

Goldberg et al85 reported results from a case con-
trol study of women with cystocoele and stress uri-
nary incontinence. He suggested that the addition of 
the pubovaginal sling to the anterior colporrhaphy 
significantly reduced the recurrence rate of cysto-
coele from 42% in the control group to 19% in the 
anterior colporrhaphy and sling group (P<0.05). 

The role of adequate apical support has long been 
thought to be important in reducing the recurrence 
rate of AC used for Delancey Level 11 defects. Re-
cently, Eilber et al86 demonstrated that 10 years after 
an AC, the reoperation rate for prolapse could be re-
duced by nearly half, from 20.2% to 11.3% by per-
forming an apical suspending procedure at the time 
of AC. Unfortunately, this message is not reflected 
in clinical practice. In a sample of just over 1500 hys-
terectomies performed for vaginal prolapse in Mich-
igan in the 17 months from January 2013 only 25% 
underwent some form of colpopexy at the time of 
surgery.87  

Table 2. Anterior Vaginal Wall Prolapse Procedures. 

Author Year No. Follow-up Success Rate 

Anterior Colporrhaphy 

Stanton41  1982 54 up to 2yrs 85% 

Macer39  1978 109 5-20yrs 80% 

Walter 42 1982 76 1.2yrs 100% 
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Author Year No. Follow-up Success Rate 

Porges 40 1994 388 2.6yrs 97% 

Colombo 88  2000 33 AC 
35 colposuspension 

8-17yrs 
8-17yrs 

97% 
66% 

Sand  43 2001 70 AC 
73 AC& vicryl mesh 

1yr 
1yr 

57% 
75% No mesh complications 

Weber 44 2001 57 AC 
26 AC+ vicryl mesh 

23 months 
23 months 

37% 
42% No mesh complications 
 

  

White  66 1912 19 up to 3yrs 100%  

Shull 72  1994 62 0.6yrs 67%  

Grody 73 1995 72 0.5-3yrs 99%  

Elkins 74 2000 25 0.5-3yrs 92%  

Mallipeddi 75 2001 45 0.6yrs 97%  

Young 76 2001 100 11 months 78%  

Morse 89 2007 27 VPVR 
86 AC 

13 
24 

54% 
45% 

Abdominal Paravaginal Repair 

Richardson 67 1976 60 1.7yrs 97%  

Richardson 68 1981 213 0.5-6yrs 95%  

Shull 69 1989 149 0.5-4yrs 95%  

Bruce 70 1999 27 APR& sling 
25 APR 

17 months 
17 months 

93% 
76% 

 

Scotti 71 1998 40 39 months 97%  

Sling Type Support  

Raz 79 1989 107 AC & needle 2 yrs 98%  

Raz 80  1991 50 2.8yrs 90%  

Gardy 81 1991 58 AC & needle 2 yrs 95%  

Benirzi 82 1996 36 AC & vaginal wall sling 17 months 95%  

Dmochowski 84 1997 47 Raz type 47 months 43%  

Cross 90 1997 36 AC & sling 20 months 92%  

Safir 83 1999 112 Raz 
+ polyglactin mesh 

21 months 92%  

Goldberg 85 2001 53 AC& sling 
90 AC 

1 yr. 
1yr 

81% 
58% 

 

Abbreviations:  APR: Abdominal paravaginal repair, AC: Anterior colporrhaphy   Definition varies between authors 

In line with our surgical colleagues from early 2000’s 
there has been a move towards the use of prostheses 
to augment native tissue repair in reconstructive gy-
naecology. This movement took much of its impetus 
from two early papers. Firstly, Olsen et al1 reported a 
reoperation of 29% following prolapse and or conti-
nence surgery and Weber44 reported a 70% failure 

rate of native tissue anterior compartment repair.  Re-
cent re-evaluation of the Olsen's same demographic 
10 years later revealed a significantly lower reopera-
tion rate of 17%91 and the reader should be cau-
tious in making conclusions even from these data 
as the surgical interventions performed in 1995 
are not representative of interventions performed 
today. More importantly, Weber et al44 and Sand et 
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al43 in randomised control trials reported the anterior 
colporrhaphy to be successful in the management of 
cystocoele in only 30% and 57% respectively.  Re-
cent re-analysis of  data from Weber's paper using 
the hymen as the threshold for objective success re-
ported considerably better outcomes with only 10% of 
subjects developing anatomic recurrence beyond the 

hymen, 5% of subjects developing symptomatic re-
currence and reoperations less than 1% at 23 months 
follow-up.92 

During the decade between these initial and subse-
quent publications surgeons introduced a plethora of 
biological and mesh grafts to improve the outcomes 
of anterior compartment prolapse surgery. 

Table 3. Synthetic Meshes Utilised Anterior Compartment Surgery 

Author Year Type No Review 
(Months) 

Success 
Rate 
(%) 

Complication 

Julian93 1996 Marlex 
Control 

12 
12 

24 
 

100 
66 

25% mesh erosion, 
infection 

Nicita 94 1998 Prolene 44 14 100 3 uterine prolapse 

Flood 95) 1998 Marlex 142 38 100 3 mesh erosions 

Migliari 96 1999 Mixed fibre 15 23 93  

Migliari 97 2000 Polypropylene 12 20 75  

Natale  98 2000 Polypropylene 138 19 97 13 mesh erosions,9 
dyspareunia,  
1 haematoma 

Sand43 2001 Polyglactin 
AC 

73 
70 

12 75 
57 

no mesh complications 

Weber44 2001 Polyglactin mesh 
AC 

26 
57 

23 
23 

42 
37 

no mesh complications 

Salvatore99 2002 Prolene 32 17 87 13% mesh erosions 

de 
Tayrac100 

2006 Polypropylene 55 37 89 9.1% mesh erosion,  
5.5% mesh shrinkage 
16.7% dyspareunia 

de Tayrac 
100 

2007 Low weight coated 
polypropylene 

32 13 93 6.3% erosion, 
12.8% de novo 
dyspareunia 

Sivaslioglu 
1 0 1  

2007 RCT: low weight, self-
styled polypropylene 
Site specific vicryl AC 4 

43 
 
42 

12 
 
12 

91 
 
72 

6.9% mesh erosions 
4.6% de novo dyspareunia 

Nguyen 102 2008 RCT 
Armed Polypropylene 
Perigee 
AC 

38 
38 

12 
12 

89% 
55% 

5% Erosion 
9% dyspareunia 
16% dyspareunia 
5% reoperations 1 tape, 1 
POP 

Carey 103 2009 RCT repair with 
polypropylene  
gynemesh augmentation 
 
Ant &post colporrhaphy 

69 
 
 
 
70 

12 
 
 
 
12 

81% 
 
 
 
66% 

6.5% mesh erosion 
O reoperation prolapse 
 
 
Denovo dyspareunia equal 
both groups 

Nieminen 
104 

2010 RCT low weight self-
styled armed 
polypropylene   
AC 

104 
 
97 

36 
 
36 

87 
 
59 

19% erosions 24% 
reoperations 6 POP, 
5tapes, 14 mesh exposure 
19% reoperation 10 POP 9 
tapes 
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Author Year Type No Review 
(Months) 

Success 
Rate 
(%) 

Complication 

Vollebregt 
105 

2011 RCT polypropylene 
Avulta Bard 
 
 
 
Vicryl AC 

56 
 
 
 
58 

12 91% 
 
 
 
41% 

4% mesh exposure 
0 reoperations POP 
Baseline dyspareunia 
resolved 20% 
Denovo dyspareunia 15% 
rectocele 10% 
Denovo dyspareunia 9% 
5% reoperations POP, 
denovo rectocele 10% 
Baseline dyspareunia 
resolved 80% 

El-Nazier106 2012 AC 
Self-styled 
polypropylene 
Gynecare Ethicon 

20 
21 

 
12 

70% 
95% 

No difference between 
groups operating time, 
blood loss, in-patient time 
5% mesh erosion 

Menefee107 2011 AC 
Self-styled 
Polypropylene mesh 

32 
36 

24 87% 
96% 

No reoperation prolapse 
either group 
14% Mesh erosion 

Turgal108 2013 AC 
Polypropylene mesh kit 
Parieten Sofradim 

20 
20 

12 75% 
95% 

Denovo SUI 5% each group 
 
Mesh erosion 15% 

Delroy109 2013 AC 
Polypropylene mesh kit 
Nazca Promedon 

39 
40 

12 56% 
82% 

5% Mesh exposure 

De 
Tayrac110 

2013 AC 
Polypropylene mesh kit 
Ugtex, Sofradim 

82 
80 

12 64% 
89% 

2.8% reoperation prolapse 
 
9.5% Mesh erosion, 1 
patient re-operated 
dyspareunia 

 
Tamanini111 
 

2014 AC 
Polypropylene mesh kit 
Nazca Promedon 

55 
45 

24 64% 
76% 

No reoperation prolapse 
either group 
16.2% Reoperation rate in 
mesh group 
 

Gupta112 2014 AC 
Self-Styled 
Polypropylene Mesh 
(vypro JnJ) 

54 
52 

12 100% 
100% 

Optimal or satisfactory 
outcome 100% in both 
groups. 
Operating time and blood 
loss greater in the mesh 
group 
High rate of blood 
transfusion in both  
groups 

Lamblin113 2014 AC 
Polypropylene Armed 
Mesh 
Perigee AMS 

35 
33 

24 84% 
100% 

 
6% Mesh erosion 

Rudnicki114 2014 AC 
Polypropylene Mesh Kit 
Avulta Bard 

79 
82 

36 41% 
91% 

 
14.7% Mesh erosion 

Abbreviations:  AC: Anterior colporrhaphy  
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2. SYNTHETIC GRAFTS IN 
ANTERIOR COMPARTMENT 

SURGERY 

As seen in Table 3 as early as 1996 Julian et al93 
demonstrated in a prospective case control study that 
in women who had undergone at least 2 previous 
vaginal repairs, the overlaying of a Marlex (Bard) 
mesh to the anterior colporrhaphy reduced the recur-
rence rate of cystocele from  33% to 0%. The Marlex 
mesh was associated with a mesh erosion rate of 
25%. Flood et al95 in a retrospective review of 142 
women with Marlex mesh augmentation of anterior 
colporrhaphy demonstrated a 100% success rate for 
cystoceles at 3.2 years and a mesh erosion rate of 
only 2%. 

Absorbable meshes are an attractive option as an 
augmenting material as they offer the increased 
strength during the early healing phase without the 
long-term complications of permanent mesh and 
have been evaluated in two randomised controlled tri-
als. Weber et al44 in a randomised control trial com-
pared the anterior colporrhaphy [33], ultra-wide an-
terior colporrhaphy [24] or anterior colporrhaphy 
with absorbable polyglactin (Vicryl) 910 mesh [26] in 
the management of cystocoele.  The study size was 
too small to detect small differences in efficacy or ad-
verse events. However, at a mean follow-up of 
nearly two years the groups had similar propor-
tions of women experiencing satisfactory or optimal 
anatomic results, 30%, 46% and 42% respectively. 

Sand et al43 in a larger RCT allocated cystoceles to 
anterior colporrhaphy alone (n=70) and to anterior 
colporrhaphy plus polyglactin mesh underlay (n=73). 
At one year the success rate in the mesh group was 
75% and significantly greater than the 57% suc-
cess rate in the anterior repair group alone 
(P=0.02). Concurrent paravaginal defect was present 
in 11 women and concomitant paravaginal repair was 
significantly associated with a lower recurrence of 
cystocele overall (P=0.02). 

The 2016 Cochrane review on anterior compartment 
prolapse  reported on three trials that evaluated the 
effects of using absorbable polyglactin (Vicryl) mesh 
inlay to augment prolapse repair43, 44, 115. There were 
insufficient data for analysis on awareness of pro-
lapse and reoperation for prolapse. There was no dif-
ference in the rate of recurrent anterior wall prolapse 
between the groups (RR 0.82, 95% CI 0.57 to 1.18). 
The authors concluded there was little advantage to 
utilising an absorbable mesh as opposed to anterior 
colporrhaphy for anterior compartment prolapse. 

The 2016 Cochrane review also reported on 16 trials 
evaluating nearly 2000 women comparing anterior 
colporrhaphy with permanent polypropylene mesh for 
anterior compartment prolapse. The meta-analysis 
demonstrated some advantages and disadvantages 

to the utilisation of polypropylene mesh and the Sum-
mary of Findings table is reproduced in Table 4116. 
Moderate quality evidence demonstrated that aware-
ness of prolapse (RR 0.56, 95% CI 0.43 to 0.73), re-
current anterior wall prolapse (RR 0.34, 95% CI 0.25 
to 0.46) and reoperation for prolapse (RR 0.44, 95% 
CI 0.24 to 0.46) were significantly less common fol-
lowing mesh repair as compared to AC. 

There were no differences between the groups in 
terms of quality of life outcomes or rates of 
dyspareunia. However, the transvaginal polypropyl-
ene mesh group had higher rates of reoperation rate 
for mesh exposure, stress urinary incontinence or 
prolapse (RR 1.62, 95% CI 1.15 to 2.28), prolapse in 
the apical or posterior compartment (RR 1.85, 95% 
CI 1.01 to 3.37) and at POP-Q point Bp (MD 0.53, 
95% CI 0.10 to 0.95,) as compared to AC. The oper-
ating time (MD 17.9 mins, 95% CI 10.0 to 25.8), rate 
of transfusion (RR 2.37, 95% CI 1.32 to 4.24), cystot-
omy (RR 4.65, 95% CI 1.22 to 17.77) and de novo 
stress urinary incontinence (RR 1.55, 95% CI 1.02 to 
2.35) were higher after transvaginal polypropylene 
mesh as compared to AC. The mesh erosion rate af-
ter polypropylene mesh was 11.5% and 7% under-
went surgical correction for the mesh exposure116. 

More recently the majority of the polypropylene mesh 
products evaluated in this meta-analysis have been 
voluntarily withdrawn by the manufacturers in the 
face of ongoing litigation. The products with trade-
name Ugtex and Paritiene (Sofradem, France) and 
Nazca (Promedon, Argentinia) remain available in 
some countries.  

Newer light-weight transvaginal polypropylene mesh 
products that have been introduced to decrease the 
complication rate, specifically mesh erosion.  Altman 
et al117 reported a multi-centre prospective case se-
ries evaluating 207 women with apical prolapse un-
dergoing Uphold (Boston Scientific, USA) pelvic floor 
system and reported a subjective success rate of 
90% at one year. The reoperation rate for mesh ex-
posure was 1.3%. Similarly, De Tayrac et al found at 
3-years, in 79 women  with grade 3-4 cystocoele, an 
anatomic success rate of 95%, a satisfaction rate of 
98% and a mesh exposure rate of 1.3% using a light-
weight (28 g/m2) polypropylene mesh (Surgimesh® 
Prolapse Xlight, Aspide Medical, France).118 Despite 
the current negative sentiment surrounding transvag-
inal mesh these newer lightweight mesh products re-
quire further evaluation. 

One anomaly remains challenging from the Cochrane 
2016 meta-analysis of grafts versus native tissue re-
pairs for vaginal prolapse. Only one case of reopera-
tion for dyspareunia or pain was reported in the nearly 
1000 cases of transvaginal mesh evaluated116. How-
ever, pain and dyspareunia were leading causes of 
adverse events that triggered the 2011 FDA warnings 
on the safety of transvaginal mesh.119 In series report-
ing on re-intervention after transvaginal mesh pain 
and dyspareunia are the leading indicator for reoper-
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ation and at a rate equal to higher than mesh expo-
sure.120-122 These findings raise the possibility that 
pain and dyspareunia following transvaginal mesh re-

viewed in the Cochrane review maybe under-re-
ported and possibly only identified in trials with 
longer-term evaluation.   

Table 4. Summary of Findings Tables comparing Anterior Colporrhaphy and Polypropylene Mesh for Anterior 
Compartment Prolapse. Reproduced from the 2016 Cochrane review on anterior compartment prolapse. 

Outcomes Anterior Repair 
(Colporrhaphy) 

Polypropylene 
Mesh 

Relative effect 
(95% CI) 

No of 
Participants 
(studies) 

Quality of the 
evidence 
(GRADE) 

Awareness of prolapse 256 per 1000 143 per 1000 
(110 to 187) 

RR 0.56  
(0.43 to 0.73) 

974 
(7 studies) 

⊕⊕⊕⊝ 
moderate1 

Repeat surgery – 
Prolapse 

16 per 1000 7 per 1000 
(4 to 13) 

RR 0.44  
(0.24 to 0.81) 

1619 
(12 studies) 

⊕⊕⊕⊝ 
moderate1 

Repeat surgery - 
Surgery for prolapse, 
SUI or mesh exposure 

56 per 1000 91 per 1000 
(64 to 128) 

RR 1.62  
(1.15 to 2.28) 

1518 
(12 studies) 

⊕⊕⊝⊝ 
low2,3 

Recurrent anterior 
compartment prolapse  

406 per 1000 138 per 1000 
(101 to 187) 

RR 0.34  
(0.25 to 0.46) 

1481 
(11 studies) 

⊕⊕⊕⊝ 
moderate1 

Apical or posterior 
compartment prolapse 

93 per 1000 172 per 1000 
(94 to 313) 

RR 1.85  
(1.01 to 3.37) 

300 
(2 studies) 

⊕⊕⊝⊝ 
low4,5 

Stress urinary 
incontinence (de novo) 

86 per 1000 133 per 1000 
(88 to 202) 

RR 1.55  
(1.02 to 2.35) 

939 
(6 studies) 

⊕⊕⊝⊝ 
low5,6 

De novo dyspareunia 36 per 1000 67 per 1000 
(34 to 132) 

RR 1.86  
(0.94 to 3.66) 

583 
(8 studies) 

⊕⊕⊕⊝ 
moderate7 

1 Poor reporting: many studies failed to report method of allocation concealment and or rates of attrition bias 
2 poor reporting: adequate methods of allocation concealment or randomisation were not reported in 6 trials 
3 If random effects model utilised difference not significant 
4 One trial moderate data attrition and both participants and reviewers unblended 
5 Confidence interval compatible with benefit in the native tissue group or no effect 
6 Blinding of participants or reviewers were not performed or not reported in most trials 
7 Poor reporting: allocation concealment not reported in 3/8 and blinding of reviewers not performed or reported in 5/8 

Table 5. Biological Grafts in Anterior Compartment Prolapse 

Allografts 

Author Year Graft N Month
s 

Success 
rate 

Complications 

Cosson123 2001 Autologous 
vaginal patch 

47 16 93% None 

Groutz 124 2001 Cadaveric & 
Pubovaginal Sling 

19 20 100% None 

Kobashi 125 2002 Cadaveric Fascia lata 
& sling 

132 12 87% 1 osteitis pubis 

Chung 126 2002 Cadaveric dermis 19 24 84% 1 infection removal 

Clemons 127 2003 Cadaveric dermis 33 18 59% 1 incision breakdown 

Powell 128 2004 Cadaveric fascia lata 58 24 81% 10% graft erosion 
2 transfusions, 1 
cystotomy 
3 ureteral kinking 

Frederick 129 2005 Cadaveric fascia lata 
& sling 

251 6 93% 1 osteitis pubis 

Gandhi 130 2005 RCT 
AC & fascia lata 

76 
 

13 
 

82% 
 

No graft complications 
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Author Year Graft N Month
s 

Success 
rate 

Complications 

(Tutoplasta) AC no graft 78 13 71% 

Ward 131 2007 Cadaveric dermis 39 24 42% 1 de novo dyspareunia 
No graft erosions 

Xenographs 

Lebouf 132 2004 FDR & Pelvicol 
PDR 

9 
24 

15 
15 

84% 
100% 

None 
None 

Salomon 133 2004 Porcine dermis 
transobturator 

27 14 81% 1 graft r/o vaginal pain 

Gomelsky  134 2004 Porcine dermis 70 24 87% None 

Wheeler 135) 2006 Porcine dermis 
Uterosacral repair 

28 18 50% 2% granulation tissue 

Meschia 136 2007 Porcine 
AC 

98 
103 

12 
12 

93% 
81% 

1% vaginal extrusion 

Handel 137 2007 Porcine dermis 
Polypropylene 
AC 

56 
25 
18 

13 
13 
13 

64% 
96% 
94% 

21% vaginal extrusions 
4% mesh erosion 

Simsiman138 2006 Porcine graft 89 24 78% 17% erosions 

Robles 139 2007 Porcine dermis 
Polypropylene arm 

90 8 85% No complications 

Guerrette140 2009 AC 
Bovine pericardium 
collagen 

27 
17 

24 63% 
77% 

Reoperation POP surg 
37% 
23% 

Hviid 141 2010 AC 
Porcine dermis graft 

26 
28 

12 85% 
93% 

Recurrent POP Sur 8% 
10% 

Feldner142 2010 AC 
Porcine small intestine 
Submuosa 

27 
29 

12 67% 
86% 

Dyspareunia 15% 
25% 

Natale 143 2009 Porcine graft 
Self-styled polypropylene 
mesh 

94 
96 

24 58% 
72% 

Mesh erosion 0 
6.3% 

Menefee 107 2011 AC 
Vag paravaginal porcine 
dermis 
Vag paravaginal 
polypropylene 
 

32 
31 
36 

24 55% 
52% 
86% 

Mesh erosion 0 
4% 
14% 

Dahlgren144 2011 AC 
Porcine dermis graft 

66 
65 

36 43% 
38% 

2% perineoplasty 
4.4% graft erosion 

Robert145 2014 AC 
Porcine small intestine 
submucosa 

29 
28 

12 61% 
57% 

11% pelvic pain 
13% pelvic pain 

Variable definitions of success used. 

3. BIOLOGICAL G R A F T S  IN 
ANTERIOR COMPARTMENT 

SURGERY 

Alternatively, to synthetic prosthetic grafts autologous 

material may have a lower risk of host rejection or 
infection. Cosson123 described an autologous 6-8cm 
long and 4cm wide vaginal patch suspended from the 
tendinous arches of the pelvic fascia and tucked un-
der the anterior repair. The success rate (<grade 1 
POP) was 93% at a mean follow-up of 16 months. 

Allografts from post-mortem tissue banks have been 
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used for many years in orthopaedic surgery and 
decrease the risk associated with harvesting au-
tologous rectus sheath or fascia lata. Cadaveric 
fascia lata with or without pubovaginal sling has been 
utilised to correct anterior compartment prolapse with 
a success rate varying from 81-100% with acceptable 
complication rates124, 125, 128, 129. Gandhi et al have 
reported preliminary results of a randomised control 
trial comparing anterior colporrhaphy alone and 
augmented with fascia lata graft for cystoceles.130 At 
1 year they were not able to demonstrate that the 
addition of the fascial lata graft improved outcomes 
with the success rate after anterior colporrhaphy alone 
being 71% as compared to 82% in those augmented 
with the fascia lata graft (P=0.07). No complications 
were reported. Cadaveric dermis has been employed 
as a graft material in the anterior compartment with 
success rates varying from 42-84% at 2 years.126, 

127,  131, 146 Concerns regarding prion transmission 
causing infectious diseases147 or residual antigenic-
ity148 that may cause host graft reactions have encour-
aged the use of porcine or bovine xenografts as de-
tailed in Table 4. 

Leboeuf et al retrospectively reviewed 24 women with 
native tissue four corner defect repair (FDR) and 19 

FDR with porcine dermis.149 At 15 months the suc-
cess rate was 100% in the FDR group and reduced 
to 84% if porcine dermis overlay was utilised. 
Wheeler et al reported on 36 women who all un-
derwent high uterosacral vault suspension with an-
terior repair augmented with porcine dermis and at 17 
months found a 50% recurrence rate.135 The authors 
highlighted that despite the high objective failure rate 
greater that 90% of the women were satisfied or 
somewhat satisfied with the repair and 83% would 
undergo the surgery again. Handel et al retrospec-
tively compared anterior colporrhaphy (n=18), por-
cine dermis (n=56) and polypropylene graft (n=24) 
in those with cystocele.137 The success rate at 13 
months was 94%, 64% and 96% respectively with a 
21% rate of vaginal extrusion of the porcine dermis 
graft. Alternatively to these relatively disappoint-
ing results, a number of groups have reported sat-
isfactory objective results utilising porcine dermis.134 
138 

Meschia et al in a multicentre randomised clinical trial 
compared the anterior colporrhaphy (n=103) and 
anterior colporrhaphy-augmented with 4x7cm piece of 
porcine dermis.150 The success rate at 1 year was 
93% in the anterior colporrhaphy with porcine graft 
overlay group as compared to 81% in anterior col-
porrhaphy alone group (P<0.001) with a 1% rate of 
graft erosion. 

Hviid et al reported a smaller randomised controlled 
trial comparing polyglactin plication anterior colpor-
rhaphy and porcine dermis 4x7cm graft at one 
year.141 The objective failure rate (defined as point Ba 
≥-1) was 2/28 in the porcine dermis group as com-
pared to 4/26 in the anterior colporrhaphy and was 
not significant. Guerette et al compared the anterior 

colporrhaphy with (n=27) and without  (n=17)  bovine 
pericardium collagen  matrix graft reinforcement and 
reported no difference on objective examination with 
success rate of 63% after the AC and 77% in the bo-
vine pericardium collagen repair at 2 years.140 The re-
operation rate for prolapse was 37% in AC group and 
23% in the bovine pericardium group. Denovo 
dyspareunia occurred in 5% following AC only. There 
was no difference in quality of life outcomes between 
the groups utilising Urinary Distress Inventory and 
Pelvic Organ Prolapse and Incontinence Sexual 
Questionnaire. 

Feldner et al compared anterior colporrhaphy with 
7x10cm small intestine submucosa (SIS) graft in a 
randomised control trial and demonstrated reduced 
operating time in AC group (30 versus 46min) as 
compared to SIS (p=0.02).142 The objective failure 
rate of 33% (9/27) was significantly higher after the 
AC  versus 14% (4/29) in the SIS group. The 
dyspareunia rate was similar in both groups (AC 4/27 
versus 5/20 SIS) and no reoperations were reported. 
Prolapse quality of life assessment (P-QOL) im-
proved post-operatively in both groups with no signif-
icant difference between the groups.  In another RCT, 
Natale  et al compared polypropylene mesh (Gyne-
mesh) with porcine dermis (Pelvicol). At two years, 
significantly fewer women had anterior vaginal wall 
recurrence in the mesh group 28% (27/96) versus to 
44% (41/94) of the porcine graft group (RR 0.64, 95% 
CI 0.43 to 0.96). Mesh erosion was seen in 6.3% fol-
lowing mesh surgery. Although similar numbers of 
women reported dyspareunia (10 versus 12), the au-
thors reported superior  sexual activity outcomes in 
the porcine graft group as compared to polypropylene 
mesh (p = 0.03).143 

Finally, Menefee et al in a randomised control trial 
compared three operations, anterior colporrhaphy, 
vaginal paravaginal repair using porcine dermis graft 
and vaginal paravaginal with self-styled polypropyl-
ene mesh and also reported a higher objective suc-
cess rate after the polypropylene mesh  86% (25/29) 
as compared to 52%  (12/23) in the porcine dermis 
arm107 and 53% (10/19) in the AC arm. The subjective 
failure rate was not significantly different and was 
3.4%, 12% and 13% respectively. The graft erosion 
rate was 1/23 (4.3%) in the porcine dermis group and 
4/29 (13.8%) in the mesh group. 

In the 2016 Cochrane review on the surgical manage-
ment of anterior compartment prolapse eight trials107, 

130, 136, 140-142, 144, 145compare AC (n=413) with various 
biological grafts (n=450). Porcine dermis (Pelvicol) 
was utilised in four trials (Dahlgren 2011; Hviid 2010; 
Menefee 2011; Meschia 2007), small intestine sub-
mucosa in Feldner 2010, Robert 2014, cadaveric fas-
cia lata patch in Gandhi 2005 and bovine pericardium 
collagen in Guerette 2009. Meschia 2007 evaluated 
only primary anterior compartment prolapse and 
Dahlgren 2011 only included those who had at least 
one failed prior surgical intervention in the treated 
compartment. Hviid 2010 included those only with an-
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terior compartment prolapse and concomitant sur-
gery was excluded. 

There were no differences detected between porcine 
dermis graft or small intestine submucosa and AC for 
the primary outcomes of awareness of prolapse, pro-
lapse on examination and reoperation for prolapse.  

When all biological grafts were analysed together bi-
ological grafts had similar outcomes to AC in aware-
ness of prolapse and reoperation for prolapse, how-
ever the recurrent anterior prolapse rate on examina-
tion was less after biological graft repair as compared 
to anterior colporrhaphy (RR 0.74, 95% CI 0.55 to 
0.99 n= 646, I2=29%, low quality evidence). The AC 
operating time was less than the biological graft pro-
cedure (MD -10.35, 95% CI -14.45 to -6.24). 

4. RECURRENT ANTERIOR 
PROLAPSE 

While many clinicians believe the primary role of pol-
ypropylene mesh may be in complex or high risk pro-
lapse such as recurrent prolapse there is little evi-
dence to support these proposals. Fayyad et al pro-
spectively evaluated 36 women with recurrent ante-
rior compartment prolapse  and reported an objective 
success rate (less than stage 2 anterior compartment 
prolapse) of 47% with a mesh exposure rate of 
19%.151 

In a prospective multi-centre Dutch RCT trial  women 
who had undergone prior prolapse surgery were ran-
domised between native tissue repairs and tension 
free vaginal polypropylene mesh.152   Allocation con-
cealment was not confirmed and neither patient, sur-
geon or assessor were blinded. Surgeons performed 
the reviews and all authors declared a financial rela-
tionship with the company manufacturing the com-
mercial mesh product evaluated. Unfortunately, pre-
operatively the two groups were significantly different 
pointing to a possible failure in the randomisation pro-
cess which largely discredits the remaining findings 
of the manuscript. 

The reported failure rate in the native tissue group us-
ing an unorthodox outcome definition (no prolapse in 
the treated compartment or reoperation) was 45% AC 
versus 9% mesh group at 1 year. Utilising the defini-
tion any grade 2 prolapse or subsequent prolapse 
surgery the failure rate was 66% in the conventional 
surgery group as compared to 49% (p=0.03) in the 
mesh group. The mesh exposure rate was 16.7% with 
6% undergoing surgical intervention. Utilising Pa-
tients Global Impression of Improvement (PGII) and 
Urogenital Distress Inventory both groups had similar 
outcomes.  

More recently Ow et al, retrospectively compared 237 
women undergoing 185 native tissue repairs and 161 
transvaginal mesh repairs (self-styled and mesh kits) 
for recurrent prolapse. The transvaginal mesh group 
had significantly lower rates of symptomatic prolapse, 

prolapse on examination and reoperation for prolapse 
than the native tissue repairs. However, the mesh ex-
posure rate (15% anterior, 21% posterior mesh) and 
reoperation for mesh exposure (anterior 9%, poste-
rior 15%) were significant. There was no difference in 
the total reoperation rate between the groups (mesh 
24%, NT 19%). 153  

Data from these three trials demonstrate that in 
women with recurrent prolapse transvaginal mesh 
has significant advantages and dis-advantages to na-
tive tissue repairs and this profile is similar to that de-
scribed for primary repairs except the mesh exposure 
rates appear to be higher in recurrent prolapse sur-
gery. The transvaginal mesh products evaluated in 
these trials have been removed from the market and 
of the newer transvaginal mesh products have not 
been evaluated in women with recurrent prolapse. 
This leads to the unanswered question to date, as to 
where sacral colpopexy fits in the treatment pathway 
for recurrent anterior compartment prolapse.        

CONCLUSION 

The following conclusion can be made regarding sur-
gical interventions for anterior vaginal compartment 
repairs: 

• Absorbable mesh augmentation of native tissue 
repair improves the anatomical outcome as com-
pared to native tissue repair alone with no in-
creased complication rate in meta-analysis of 2 
RCTS. (GoR B) 

• Biological grafts in meta-analysis have improved 
anatomical outcomes with no change in subjec-
tive outcomes as compared to native tissue re-
pairs. (GoR B) Conflicting level one evidence 
supports  porcine dermis graft (Meschia, Hviid, 
Menefee) and single RCT supports small intes-
tine submucosa as graft material in anterior com-
partment prolapse surgery (Feldner). (GoR B)  

• Consistent level one data support a superior an-
atomical outcome for Polypropylene mesh as 
compared to biological graft (Pelvicol) in the an-
terior compartment. Mesh exposure rate was sig-
nificantly higher in the polypropylene mesh 
group. (GoR A) 

• Consistent level one data demonstrate improved 
anatomical and subjective outcomes for polypro-
pylene mesh as compared to anterior colporrha-
phy. (GoR A) These outcomes did not translate 
into improved functional outcomes using vali-
dated questionnaires or a lower reoperation rate 
for prolapse. The mesh group was also associ-
ated with longer operating time, greater blood 
loss and higher rate of cystotomy, denovo stress 
urinary incontinence and prolapse of the apical 
or posterior vaginal compartment. The total re-
operation rate was higher after the polypropylene 
mesh repair than the native tissue repair. The 
mesh extrusion rate was 11.5% with 7.0% requir-
ing surgical correction. (GoR B) 
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• The risk benefit profile of transvaginal mesh as 
compared to native tissue repairs for recurrent 
vaginal prolapse is similar to primary prolapse, 
except for a higher rate of mesh exposures than 
reported after primary surgery.  (GoR C) 

• No conclusion can be reached on the safety or 
efficacy of the currently available transvaginal 
mesh for recurrent prolapse.  (GoR D) 

 SURGICAL TREATMENT OF 
UTEROVAGINAL PROLAPSE 

It has been shown that defects in level 1 support, the 
uterosacral cardinal ligament complex, lead to uterine  
descent.154 Despite the fact that most gynaecologists 
and pelvic reconstructive surgeons consider the 
uterus to be a passive structure in prolapse develop-
ment, it is frequently removed during uterovaginal 
prolapse surgery. In fact, prolapse is one of the most 
commonly listed indications for hysterectomy.155 As 
interest in uterine preservation increases it is im-
portant to critically evaluate the safety and efficacy of 
hysteropexy to determine if similar results can be 
achieved with uterine conservation compared to hys-
terectomy. 

Queries of United States (US) women presenting for 
prolapse care suggest that 31-60% would choose 
uterine preservation assuming equal surgical effi-
cacy.155-157 Women elect uterine preservation for a 
variety of reasons including the desire to preserve fu-
ture fertility, that the uterus contributes to their sense 
of femine identity and the wish to avoid hysterectomy 
perceived as a major surgery associated with signifi-
cant risks. However, surveys have shown that many 
of the reasons for desiring uterine conservation have 
more to do with ovarian conservation. These include 
beliefs that removal of the uterus will worsen mood, 
relationships, quality of life, sex drive and result in 
weight gain.156 Patient demographics have been as-
sociated with hysteropexy preferences. For example, 
college educated women were almost three times 
more likely to choose uterine conservation, and 
women living in the southern US were less likely to 
request uterine preservation (OR 0.17).157 Whether it 
is cause or effect, a greater number of hysterectomies 
are performed in the US south compared to other ge-
ographic regions.155 Each patient’s interest in uterine 
conservation should be assessed during surgical 
planning. This can easily be accomplished by listing 
the patient’s goals and preferences early on during 
the informed consent process. 

Conservative management with a pessary is recom-
mended for women with uterovaginal prolapse that 
are interested in future childbearing or uncertain 
about their reproductive plans. Due to limited data re-
garding risks associated with subsequent pregnancy 
and delivery, surgery should be reserved for those 
that cannot be managed with a pessary. We do not 

know which type of hysteropexy is the safest with re-
spect to fertility, pregnancy and delivery. We also do 
not know the impact of pregnancy and vaginal or cae-
sarean delivery on postpartum pelvic support. As-
suming pregnancy and delivery decreases the long-
term success of the prolapse repair, native tissue 
vaginal or laparoscopic hysteropexy may be prefera-
ble as a temporising solution. This is based on the 
belief that future surgical management will likely be 
required for recurrent prolapse. This review focuses 
on women who have completed childbearing and are 
postmenopausal or practicing reliable contraception. 

1. PATIENT SELECTION 

Candidates for uterine conservation should be care-
fully considered and strict selection criteria applied to 
decrease the likelihood of subsequent hysterectomy, 
which may be more technically challenging. Most 
contraindications to hysteropexy are relative since 
the majority of cases (except LeFort colpocleisis) 
maintain access to the cervix and endometrial cavity 
for screening and sampling. Women at increased risk 
for endometrial, cervical or ovarian cancer and those 
with a personal history of oestrogen receptor positive 
breast cancer, especially those taking Tamoxifen 
should have their uterus, cervix and possibly ovaries 
removed at the time of prolapse repair. Hysteropexy 
should also be avoided in cases of uterine abnormal-
ities listed in Table 6. Patients with recent postmeno-
pausal bleeding even with a negative workup should 
probably undergo hysterectomy based on a 13% risk 
of unanticipated endometrial cancer or hyper-
plasia.158 Premenopausal women and those without 
postmenopausal bleeding had low rates of endome-
trial pathology. The overall rate of endometrial cancer 
was 0.3% in this study (which study)  and 0.8% in an-
other large study.159 

During the consent process for post-menopausal 
women considering uterine preservation or hysterec-
tomy, women should be informed of the lifetime risk 
of cervical (0.6%), uterine (2.7%), and ovarian cancer 
(1.4%).160, 161 While ovarian cancer is uncommon, the 
general late presentation of disease is associated 
with poor outcomes. Routine bilateral oophorectomy 
demonstrated a 10-fold decrease in the small risk of 
ovarian cancer without increased morbidity when re-
sults were stratified by age.162, 163 Furthermore in 
women who have completed their family and are con-
sidering prolapse surgery should be informed that bi-
lateral salpingectomy may decrease the risk of ovar-
ian cancer (OR 0.51, 95% CI 0.35-0.75).164 

Higher risk women with hereditary conditions (BRCA 
mutations, Lynch Syndrome) and obesity should con-
sider hysterectomy with or without oophorectomy dur-
ing prolapse repair. Table 6 list possible contraindica-
tions to uterine preservation and includes pre-opera-
tive cervical elongation. A prospective two-part study 
showed an almost 11-fold increased risk of failure in 
patients with cervical elongation undergoing sacro-
spinous hysteropexy. Success rates were 96-100% 
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after excluding patients with severe prolapse and per-
forming partial trachelectomy for cervical elonga-
tion.165 Other studies have shown similar high suc-
cess rates using partial trachelectomy at the time of 
hysteropexy.166, 167 The majority of studies exclude 
women with menstrual disorders and abnormal uter-
ine or cervical pathology. A recent study performed 
over 20 concomitant uterine/cervical procedures 
among 65 laparoscopic sacral hysteropexy subjects 
to correct abnormal pathology.168 Procedures in-
cluded 8 trachelectomy for cervical elongation, 5 cer-
vical/endometrial polypectomy, 4 myomectomy/uter-
ine artery occlusion, 2 cervical conisations for CIN 2 
and 1 mesh excision. The relaxed exclusion criteria 
may be a factor that led to more symptomatic recur-
rences that required treatment (9 pessary, 1 surgery) 
in the hysteropexy group. This example illustrates the 
need for stringent selection criteria. 

Table 6. Relative Contraindications to Uterine Pre-
serving Surgery 

Uterine abnormalities 

Fibroids, adenomyosis, endometrial pathology 
sampling 

Current or recent cervical dysplasia 

Abnormal menstrual bleeding 

Post-menopausal bleeding 

Cervical elongation 

Familial cancer BRAC1&2: ↑risk ovarian cancer and 
theoretical risk fallopian tube and serous endometrial 
cancer 

Hereditary Non-Polyposis Colorectal Cancer (Lynch 
Syndrome):  
60% lifetime risk endometrial cancer 

Tamoxifen therapy 

Obesity: up to 3-fold increased risk endometrial 
cancer169 

Unable to comply with routine gynaecology 
surveillance 

 

Hysteropexy Outcomes 
A variety of hysteropexy techniques have been de-
scribed to treat uterovaginal prolapse. Studies show 
short-term safety and efficacy with decreased blood 
loss, shorter operating time and more rapid recovery 
compared to hysterectomy. Although the quantity and 
quality of hysteropexy studies is growing, most stud-
ies lack controls and contain variable techniques and 
definitions of success. The primary purpose of this 
analysis is to compare hysteropexy and hysterectomy 
surgical outcomes for treatment of uterovaginal pro-
lapse. Hysteropexy procedures can be subdivided 
into native tissue and mesh repairs. While apical or 
anatomic success is most commonly reported, a few 
studies used composite outcomes and most reported 
reoperation rates for prolapse. Mesh exposures have 

also been included when applicable. Only studies 
containing a control or comparison hysterectomy 
group with an apical support procedure are included. 
Studies lacking controls as well as those that are un-
able to distinguish between hysteropexy and hyster-
ectomy outcomes are excluded. 

2. NATIVE TISSUE HYSTEROPEXY 
PROCEDURES 

There are ostensibly three different types of native tis-
sue repairs involving uterine conservation. For years, 
the Manchester procedure was considered to be a 
reasonable option; however, it has a limited role in 
modern gynaecological surgery and is essentially a 
repair for cervical elongation.170 LeFort colpocleisis 
involves obliteration of the vaginal lumen and is an 
excellent option for a specific subset of women. Sac-
rospinous hysteropexy and uterosacral hysteropexy 
(vaginal, abdominal or laparoscopic) are the most 
commonly utilised native tissue procedures that pre-
serve coital function. 

LeFort (partial) colpocleisis 
LeFort colpocleisis is the ultimate hysteropexy proce-
dure due to high success and low morbidity in an 
older population with advanced prolapse and multiple 
medical comorbidities. It is reserved for women who 
are not sexually active and are not interested in pre-
serving coital function. Shorter operating time, less 
blood loss and similar anatomic success was re-
ported after LeFort compared to total colpocleisis.171 
Hysterectomy should be reserved for uterine abnor-
malities identified preoperatively or concerns about 
difficulty evaluating subsequent vaginal bleeding. 
There are no studies comparing LeFort colpocleisis 
to vaginal hysterectomy/total colpocleisis. However, 
a recent decision analysis favoured LeFort col-
pocleisis over vaginal hysterectomy/total colpocleisis 
after balancing the risk of delayed endometrial cancer 
with hysterectomy complications plus the need for 
possible laparotomy.172 

Sacrospinous hysteropexy 
Sacrospinous hysteropexy is performed by transfix-
ing the cervix or uterosacral ligaments to the sacro-
spinous ligament using permanent or delayed ab-
sorbable suture. An initial RCT, reported more apical 
recurrences (21% vs. 3%, p=0.03), similarly frequent 
anterior recurrences (51% vs. 64%) and similar sub-
jective improvement comparing sacrospinous hys-
teropexy (n=37) to vaginal hysterectomy with utero-
sacral suspension (n=34).173 All three hysteropexy 
women with stage 4 prolapse had apical recurrences 
within one year. A recent RCT showed sacrospinous 
hysteropexy (n=103) to be non-inferior to vaginal hys-
terectomy with uterosacral suspension (n=105).174 
Success rates were 100% vs 96% for the primary 
composite outcome using the apex less than stage 2 
as the threshold. Most of the recurrences occurred 
anteriorly. Another RCT comparing sacrospinous 
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hysteropexy to vaginal hysterectomy only reported 
sexual function outcomes using the Female Sexual 
Function Index-7.175 There were no differences noted 
between groups and sexual function remained rela-
tively unchanged with infrequent dyspareunia (5%). 
Transient buttock pain is a common complaint in up 
to 15% of patients and usually resolves without inter-
vention.174-178 As mentioned previously, women with 

cervical elongation should consider partial trachelec-
tomy to improve apical cure.165 No differences in an-
atomic success or symptomatic improvement were 
reported among  four other prospective176 and retro-
spective177-179 cohort studies. Combined analysis of 
data from Table 7 revealed similar high anatomic suc-
cess (92 vs. 94%, p = 0.20) and a low reoperation rate 
(5%) for hysteropexy and hysterectomy.  

Table 7.  Sacrospinous Hysteropexy versus Hysterectomy and Native Tissue Repair 

Author, Year Study type and 
surgery 

Review 
(months) 

Success N (%) 
< stage/grade 2 

Reoperation 
prolapse 

Complications 

HP Hyst HP Hyst 

Detollenaere, 
2015180 

RCT 
SSHP vs 
TVH/USS 

12 102/102 
(100) * 

96/100 
(96) * 

1/102 
(1) 

4/102 
(4) 

Death: 0 vs 1  
(paralytic ileus,  
aspiration 
pneumonia) 
Reop bleeding: 0 
vs 1 
Buttock pain: 9% 
vs 0 

Dietz, 2010173 RCT 
SSHP vs 
TVH/USS 

12 27/34 (79) 
** 

30/31 
(97) ** 

4/35 
(11) 

2/31  
(6) 

1 ureteral 
obstruction - TVH 

Jeng, 2005175 RCT  
SSHP vs TVH  

6 MD MD MD MD Buttock pain 15% 

Hefni, 2003176 Prospective 
Cohort 
SSHP vs 
TVH/SSF 

33 57/61 (94) 
~ 

46/48 
(96) ~ 

3/61  
(5) 

2/48  
(4) 

Buttock pain 3% vs 
4% 
Hematoma 0 vs 
6% –  
1 reop to drain 
Transfusion 0 vs 
4% 

Van Brummen, 
2003178 

Retrospective 
Cohort 
SSHP vs TVH 

19 39/44 (89) 28/30 
(93) 

3/57  
(5) 

3/52  
(6) 

Hemorrhage: 2% 
vs 7% 
Nerve injury: 2% vs 
0 

Maher, 2001177 Retrospective 
Cohort 
SSHP vs 
TVH/SSF 

26 vs 33 20/27 (74) 21/29 
(72) 

2/27  
(7) 

2/29  
(7) 

Buttock pain 6% vs 
3% 
Dyspareunia 7% vs 
3% 

Hefni, 2006181 Retrospective 
SSHP vs 
TVH/SSF 

57 60/65 (92) 
~ 

114/117 
(97) ~ 

MD MD Buttock pain 7% 
Dyspareunia: 2 
Rectal injury: 2 
Transfusion: 1 
Vault hematoma: 7 
Reop bleeding: 3 

Total   305/333 
(92) 

335/355 
(94) 

13/282 
(5) 

13/262 
(5) 

 

P value   P = 0.20 P = 0.85  
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Abbreviations: HP: hysteropexy, Hyst: hysterectomy, SSHP: sacrospinous hysteropexy, TVH: total vaginal hysterec-
tomy, USLS: uterosacral suspension, SSLF: sacrospinous fixation, MD: missing data 

*     composite apex < stage 2, no prolapse symptoms, no apex reoperation 

**   apex < stage 2 

~     composite apex < -6 cm, no prolapse symptoms, able insert 2 fingers without discomfort 

 

Uterosacral hysteropexy 
Uterosacral hysteropexy involves shortening or pli-
cating the uterosacral ligaments with permanent or 
absorbable sutures placed vaginally, abdominally or 
laparoscopically. There are no RCTs comparing 
uterosacral hysteropexy to hysterectomy. A prospec-
tive cohort study comparing laparoscopic uterosacral 
hysteropexy (n=28) to total laparoscopic hysterec-
tomy with uterosacral suspension (n=27) found simi-
lar anatomic success (79% vs. 78%).182 A retrospec-
tive cohort study comparing laparoscopic uterosacral 
hysteropexy (n=25) to age-matched vaginal hysterec-
tomy prolapse repair (n=25) reported better sympto-
matic (92% vs. 80%) cure with fewer reoperations for 
recurrent prolapse (0 vs 3) following laparoscopic 
uterosacral hysteropexy.183 A more recent retrospec-
tive cohort found lower anatomic success (47% vs. 
63%) and more reoperations for recurrent prolapse 

(28% vs. 21%) after laparoscopic uterosacral hys-
teropexy (n=104) compared to laparoscopic hyster-
ectomy with uterosacral suspension (n=160).183 Fi-
nally, a retrospective cohort comparing vaginal utero-
sacral hysteropexy (n=100) to vaginal hysterectomy 
with uterosacral suspension (n=100) reported similar 
outcomes with good apical (96% vs. 97%), anterior 
(87% vs. 94%) and posterior (98% vs. 100%) sup-
port.167 Complications were rare for all of the studies 
with only  two ureteric  obstructions identified for over 
500 uterosacral suspensions. Combined analysis 
from Table 8 revealed slightly better outcomes for 
uterosacral suspension with hysterectomy compared 
to hysteropexy for anatomic support (65% vs. 75%, p 
= 0.03) with no difference in reoperation (21% vs. 
18%, p = 0.62). Overall success rates are extremely 
variable among the four studies with a single trial’s 
results dominating the meta-analysis184.  

Table 8.  Uterosacral Hysteropexy versus Hysterectomy with Uterosacral Suspension 

Author, 
Year 

Study type and 
surgery 

Review 
(months) 

Success N (%) 
< stage/grade 2 

Reoperation 
prolapse 

Complications 

HP Hyst HP Hyst  

Romanzi, 
2012167 

Retrospective 
Cohort 
VUSHP vs 
TVH/USS 

24 59/68 
(87) 

91/97 
(94) 

MD MD Hemorrhage: 4 vs 3 
Cystotomy: 0 vs 3 
Ureteral obstruction: 
0 vs 2 
Rectal injury: 1 vs 1 

Bedford, 
2013184 

Retrospective 
Cohort 
LUSHP vs TLH or 
LAVH/LUSS 

34 vs 22 49/104 
(47) 

100/160 
(63) 

29/104 
(28) 

33/160 
(21) 

Cystotomy: 1 
Reoperation SBO: 1 

Rosen, 
2008182 

Prospective Cohort 
LUSHP vs 
TLH/LUSS 

24 22/28 
(79) 

21/27 
(78) 

4/28 
(14) 

3/27 
(11) 

Dyspareunia: 1 
each group 

Diwan, 
2006183 

Retrospective 
Cohort 
LUSHP vs 
TVH/McCall 

7 MD MD 0/25 (0) 3/25 
(12) * 

De novo 
dyspareunia: 2 vs 4 

Total   130/200 
(65) 

212/284 
(75) 

33/157 
(21) 

39/212 
(18) 

 

P value   P = 0.03 P = 0.62  

Abbreviations: HP: hysteropexy, Hyst: hysterectomy, VUSHP: vaginal uterosacral hysteropexy, TVH: total vaginal 
hysterectomy, USS: uterosacral suspension, LUSHP: laparoscopic uterosacral hysteropexy, TLH: total laparoscopic 
hysterectomy, LAVH: laparoscopic assisted vaginal hysterectomy, LUSS: laparoscopic uterosacral suspension, 
McCall: McCall culdoplasty, SBO: small bowel obstruction, MD: missing data     *     reoperation apical prolapse 
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3. MESH HYSTEROPEXY 
PROCEDURES 

There are two main types of mesh hysteropexy pro-
cedures, vaginal mesh hysteropexy and sacral hys-
teropexy done abdominally or laparoscopically. Tech-
nique, graft type and configuration vary considerably 
for each of these procedures. Vaginal mesh repairs 
have generally declined due to concerns regarding 
mesh risks.19 The United States Food and Drug Ad-
ministration (FDA) has reclassified vaginal mesh re-
pairs for prolapse from class II, moderate-risk de-
vices, to class III, high-risk devices. Manufacturers 
are now required to submit a premarket approval ap-
plication with safety and efficacy data prior to market-
ing a new product or within 30 months for existing 
products. Anecdotally laparoscopic sacral hys-
teropexy is gaining popularity as a minimally invasive 
approach to uterine conservation with the potential for 
increased durability, although long-term data are 
lacking for this procedure.  

Vaginal mesh hysteropexy 
Vaginal mesh hysteropexy is performed with vaginal 
placement of mesh into the anterior wall with uterine 
conservation. In order to be a hysteropexy procedure, 
a concomitant apical support procedure must be per-
formed such as a sacrospinous or uterosacral liga-
ment suspension. Level 1 evidence demonstrates im-
proved anterior wall support with the addition of vagi-
nal mesh.185 Thus, the addition of anterior mesh has 
the potential to decrease rates of anterior recurrences 
seen with other hysteropexy repairs. Early anterior 
mesh kits did not include apical support unless a con-
comitant posterior mesh kit with apical support was 
inserted or a separate apical support procedure was 
performed. These products are no longer commer-
cially available and have been replaced by trocar-less 

anterior mesh kits that are anchored into the sacro-
spinous ligament via an anterior approach. Notably, 
most of the second generation anterior and posterior 
mesh kits are no longer commercially available.  

The only RCT comparing vaginal mesh hysteropexy 
(Uphold) to vaginal hysterectomy native tissue repair 
recently completed enrolment of 180 women. The 
Pelvic Floor Disorders Network published the ra-
tionale for and design of this trial with 36 to 60 month 
outcomes underway.186 Three retrospective cohort 
studies compared vaginal mesh hysteropexy to vagi-
nal hysterectomy with vaginal mesh repair using Per-
igee/Apogee (American Medical Systems, Min-
netonka, MN, USA), Total Prolift (Ethicon, Somerville, 
NJ, USA) and Posterior Intravaginal Slingplasty (Tyco 
Healthcare, Norwalk, CT, USA).166, 187, 188  All showed 
high anatomical success (91-100%) with no differ-
ences between groups. The first retrospective series 
using Uphold involved 115 consecutive cases that 
were all performed by the surgeon that developed the 
device.189 Anatomical success was 98% versus 96% 
for the 53 hysteropexy and 24 vaginal hysterectomy 
procedures. Combined analysis from Table 9 showed 
no difference in anatomical support (95% vs. 96%, p 
= 0.94), but more mesh exposures in the hysterec-
tomy group (6% vs. 14%, p = 0.02). These findings 
are consistent with an early Prolift study that reported 
a 5-fold increased odds of mesh exposure with con-
comitant hysterectomy.190 Thus, there may be a ben-
efit for uterine conservation at the time of vaginal 
mesh repair for uterovaginal prolapse to decrease 
mesh exposure risks. The only study that included re-
operations for prolapse found more reoperations (5% 
vs. 0) in the hysteropexy group when using total Pro-
lift.188 Currently 3 of the 4 devices used in Table 4 are 
no longer commercially available and no comparative 
data exist for surgeons that fashion their own vaginal 
mesh implants.  

Table 9. Vaginal Mesh Hysteropexy versus Vaginal Hysterectomy and Vaginal Mesh Repair 

Author, 
Year 

Study type and 
surgery 

Review 
(months) 

Success N (%) 
< stage 2 

Complications Mesh exposure 
N (%) 

HP Hyst HP Hyst 

Chu, 
2011187 

Retrospective 
Cohort 
(Perigee/Apogee) 
VMHP vs TVH/VMR 

9 50/52 
(96) 

39/39 
(100) 

Abnormal sensation: 
3 vs 3 
Transfusion: 0 vs 1 

2/52 
(4) 

5/39 
(13) 

Neuman, 
2007191 

Retrospective 
Cohort 
(post IVS) 
VMHP  vs 
TVH/VMR 

29 32/35 
(91) * 

42/44 
(95) * 

None 4/35 
(11) 

6/44 
(14) 

Vu, 2012189 Retrospective 
(Uphold)  
VMHP vs TVH/VMR 

12 52/53 
(98) 

22/24 
(96) 

Left labial 
numbness: 1 

1/53 
(2) 

2/24 (8) 

Huang, 
2015188 

Retrospective 
Cohort 
(Total Prolift) 

30 74/78 
(95) 

23/24 
(96) 

Dyspareunia: 1 vs 0 
Vaginal pain: 2 vs 0 

6/78 
(8) 

5/24 
(21) 
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Author, 
Year 

Study type and 
surgery 

Review 
(months) 

Success N (%) 
< stage 2 

Complications Mesh exposure 
N (%) 

HP Hyst HP Hyst 

VMHP vs TVH/VMR Vaginal infection: 0 
vs 2 
Reop mesh 
exposure: 2 vs 3 

TOTAL   208/218 
(95) 

126/131 
(96) 

 13/ 
218 
(6) 

18/131 
(14) 

P value   P = 0.94  P = 0.02 
 

Abbreviations: HP: hysteropexy,  Hyst: hysterectomy, VMHP: vaginal mesh hysteropexy, TVH: total vaginal hysterec-
tomy, VMR: vaginal mesh repair, post IVS: posterior intravaginal slingplasty 

*     < stage 3 

4. SACRAL HYSTEROPEXY 

Sacral hysteropexy typically involves the attachment 
of at least one graft from the cervix and uterus to the 
anterior longitudinal ligament near the sacral promon-
tory. This is an abdominal procedure that can be per-
formed via an open, laparoscopic or robotic ap-
proach. A variety of graft materials, configurations 
and operative techniques have been described. The 
most common technique involves a single polypropyl-
ene mesh strap extending posteriorly from the sa-
crum to the uterus. The graft then bifurcates and the 
two smaller arms are passed through windows in the 
broad ligament and secured to the anterior cervix. 
The length of graft extension down the anterior and 
posterior vaginal walls as well as the use of a second 
mesh strap varies and may explain differences in an-
terior wall recurrences and development of cervical 
elongation. Some studies use a single anterior graft 
attached to the proximal anterior vaginal wall similar 
to sacral colpopexy.  

The graft bifurcates and the arms are passed through 
windows in the broad ligament and anchored into a 
posterior graft if present or directly into the anterior 
longitudinal ligament. The majority of studies com-
pare sacral hysteropexy to hysterectomy and sacral 
colpopexy with a few studies using native tissue con-
trols.  

One RCT comparing abdominal sacral hysteropexy 
(n=41) to vaginal hysterectomy with uterosacral sus-
pension (n=41) found similar subjective and anatom-
ical outcomes.  However, the hysteropexy subjects 
underwent more planned or performed reoperations 
(22% vs. 2%).192 Similarly to this, a recent pilot RCT 
comparing laparoscopic sacral hysteropexy (n=40) to 
vaginal hysterectomy with uterosacral suspension 
(n=39) demonstrated that while apical support and to-
tal vaginal length were superior in the laparoscopic 
hysteropexy group, 21% of the hysteropexy group re-
quired additional anterior colporrhaphy compared to 
none in the vaginal hysterectomy group.193. The lap-
aroscopic approach had a longer operating time how-
ever blood loss, admission and recovery time were 
reduced compared to the vaginal hysterectomy 
group. A retrospective cohort compared abdominal 
sacral hysteropexy (n=35) to abdominal hysterec-
tomy with sacral colpopexy (n=63) or uterosacral sus-
pension (n=70).194 In this cohort, sacral hysteropexy 
had superior anatomical success (100% vs. 74%) 
over hysterectomy and uterosacral suspension. For 
the combined native tissue comparisons in Table 10, 
sacral hysteropexy had similar anatomical success 
(80% vs. 69%, p = 0.14), however the planned and 
performed reoperations were higher after the sacro-
hysteropexy (21% vs 10%, p = 0.05). 

Table 10.  Sacral Hysteropexy versus Hysterectomy and Uterosacral Suspension 

Author, 
Year 

Study type 
and surgery 

Review 
(mo.) 

Success N (%) 
< stage 2 

Reoperation 
prolapse  
(includes 
planned 
reoperation) 

Complications Mesh 
exposure 
N (%) 

HP Hyst HP Hyst HP Hyst 

Roovers, 
2004192 

RCT 
ASHP vs 
TVH/USS 

12 26/41 
(63) 

25/41 
(61) 

9/41 
(22) 

1/41 
(2) 

Transfusion: 1 vs 2 
Bowel injury: 0 vs 1 
Vault abscess: 2 vs 0 

2/41 
(5) 

n/a 
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Author, 
Year 

Study type 
and surgery 

Review 
(mo.) 

Success N (%) 
< stage 2 

Reoperation 
prolapse  
(includes 
planned 
reoperation) 

Complications Mesh 
exposure 
N (%) 

HP Hyst HP Hyst HP Hyst 

Reop: 3 (hernia, 2 
infected implants) vs 1 
(vaginal stricture) 

Jeon, 
2008194 

Retrospective 
Cohort 
ASHP vs 
TAH/USS 

36 35/35 
(100) 

52/70 
(74) 

MD MD Ureteral obstruction:0 
vs 1 
SBO: 0 vs 1 

0/35 n/a 
 
 

Rahmanou, 
2014193 

RCT 
LSHP vs 
TVH/USS 

12 MD MD 8/40 (8) 7/39 
(18) 

None 0/40 n/a 

Total   61/76 
(80) 

77/111 
(69) 

17/81 
(21) 

8/80 
(10) 

 2/116 
(2) 

n/a 

P value   P = 0.14 P = 0.05    

Abbreviations: HP: hysteropexy, Hyst: hysterectomy, ASHP: abdominal sacral hysteropexy, TVH: total vaginal hys-
terectomy TAH: total abdominal hysterectomy, LSHP: laparoscopic sacral hysteropexy, USS: uterosacral suspension, 
SBO: small bowel obstruction, MD: missing data 

There are no RCTs comparing sacral hysteropexy to 
hysterectomy and sacral colpopexy. Two prospective 
cohort studies showed similar high success (91% vs. 
92% and 100% each group) with no reoperations for 
recurrent prolapse comparing abdominal sacral hys-
teropexy to total abdominal hysterectomy plus sacral 
colpopexy.195, 196 Retrospective cohort studies also 
showed similar anatomical success (100% vs. 95%) 
comparing abdominal 196, 197   and laparoscopic 168 sa-
cral hysteropexy to  hysterectomy plus sacral col-
popexy.197, 198  Re-operation (n=1) and pessary use 
(n=9) were higher (15% vs. 0) following laparoscopic 
hysteropexy. 168 A small pilot prospective cohort is the 
only study comparing laparoscopic sacral hys-
teropexy (n=15) to laparoscopic supracervical hyster-
ectomy and sacral colpopexy (n=30).199  They re-
ported lower anatomical cure in the hysteropexy 
group (27% vs. 67%) despite complete resolution of 

prolapse symptoms and no reoperation in either 
group. Combined analysis in Table 11 reveals no dif-
ference in anatomical success rates (84% vs 90%, p 
= 0.06); however, there were significantly more re-
operations for prolapse in the hysteropexy group 
compared to hysterectomy group (7% vs 0, p < 0.01).  
There were fewer mesh exposures (0 vs. 7%, p < 
0.01) for hysteropexy compared to total hysterectomy 
and no mesh exposures among the 30 laparoscopic 
supracervical hysterectomy procedures. Myers et al 
retrospectively reported on women two years after  to-
tal versus supracervical hysterectomy with robotic sa-
cral colpopexy and demonstrated a higher rate  of re-
current stage 2 or greater prolapse  after the  subtotal 
hysterectomy as compared to total hysterectomy 
((41.9 % vs 20.0 %, p = 0.03; OR 2.8, 95 % CI, 1.07-
7.7).200 

Table 11.  Sacral Hysteropexy versus Hysterectomy and Sacral Colpopexy 

Author, 
Year 

Study type 
and surgery 

Review 
(mo.) 

Success N (%) 
< stage 2 

Reoperation 
prolapse 

Complications Mesh 
exposure 
N (%) 

HP Hyst HP Hyst HP Hyst 

Costantini, 
2005195 

Prospective 
Cohort 
ASHP vs 
TAH/SCP 

51 31/34 
(91) * 

35/38 
(92) * 

0/34 (0) 0/38 
(0) 

Hematoma: 2 vs 4 
Transfusion: 2 vs 
2 

0/34 3/38 
(8) 

Costantini, 
2013196 

Prospective 
Cohort  
ASHP vs 
TAH/SCP 

12 32/32 
(100) ** 

36/36 
(100) ** 

0/32 (0) 0/36 
(0) 

MD MD MD 
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Author, 
Year 

Study type 
and surgery 

Review 
(mo.) 

Success N (%) 
< stage 2 

Reoperation 
prolapse 

Complications Mesh 
exposure 
N (%) 

HP Hyst HP Hyst HP Hyst 

Jeon, 
2008198 

Retrospective 
Cohort 
ASH vs 
TAH/SCP  

36 35/35 
(100) 

60/63 
(95) 

MD MD Abscess: 0 vs 2 
Ureteral 
obstruction: 0 vs 1 
SBO: 0 vs 3 

0/35 5/63 
(8) 
 
 

Bai, 
2005197 

Retrospective 
Cohort 
ASHP vs 
TAH/SCP 

12 10/10 
(100) ^ 

18/19 
(95) ^ 

MD MD Transfusion: 3 vs 
5 
Wound 
dehiscence and 
closure: 0 vs 2 

0/10 3/19 
(16) 

Costantini, 
1998201 

Retrospective 
ASHP vs 
TAH/SCP 

32 7/7 
(100) 

8/9 (89) MD MD DVT/PE: 2 
Femoral 
neuropathy: 1 
Incisional hernia: 
2 

0/7 0/9 

Pan, 
2015168 

Retrospective 
Cohort 
LSHP vs 
TLH/LSCP 

33 47/65 
(72) ~ 

30/34 
(88) ~ 

10/66 
(15) † 

0/34 
(0) † 

None 0/65 0/34 

Gracia, 
2015199 

Prospective 
Cohort 
LSHP vs 
LSH/LSCP 

12 4/15 
(27) 

20/30 
(67) 

0/15(0) 0/30 
(0) 

Bladder injury: 0 
vs 2 

0/15 0/30 

Total   166/198 
(84) 

207/229 
(90) 

10/147 
(7) 

0/138  0/166 TAH+ 
TLH 
11/163 
(7) 
LSH 
0/30 

P value   P = 0.06 P = 0.002  P = 0.0004 for 
TAH 

Abbreviations: HP: hysteropexy, Hyst: hysterectomy, ASHP: abdominal sacral hysteropexy, TAH: total abdominal 
hysterectomy, SCP: sacral colpopexy, LSHP: laparoscopic sacral hysteropexy, TLH: total laparoscopic hysterectomy, 
LSCP: laparoscopic sacral colpopexy, LSH: laparoscopic supracervical hysterectomy, MD: missing data 

*     < stage 2 plus apex < -6 cm   **   apex < -6 cm   ^     < stage 1 

~     < stage 1 and at least 3 cm above hymen  †     reoperation prolapse or pessary use  

Hysteropexy Comparative Studies 
There are limited data to help guide surgical planning 
and choice of hysteropexy for patients interested in 
uterine preservation. Our composite outcomes (Ta-
bles 8-12) are useful for comparing hysteropexy to 
hysterectomy, but should be viewed with caution 
when comparing the various hysteropexy proce-
dures. For example, it would be inaccurate to claim 
that sacrospinous hysteropexy is superior to utero-
sacral hysteropexy based on the total success rates 
from Tables 2 and 3. While there appears to be a 
large difference in outcomes for the two procedures, 
they have not been compared to each other directly 
using similar outcome criteria. There are no RCT’s 
published comparing different types of hysteropexy 
procedures. A multi-centre RCT (LAVA-trial) is under-

way in the Netherlands comparing laparoscopic sa-
cral hysteropexy with vaginal sacrospinous hys-
teropexy and a methods paper has been published 
for this trial.202 

A retrospective cohort study evaluated outcomes for 
240 hysteropexies performed at a single academic in-
stitution over a 9-year period.203 There were 61 vagi-
nal mesh hysteropexies using Prolift and Uphold. 
There were 43 laparoscopic and 27 robotically as-
sisted laparoscopic plus 15 abdominal sacral hys-
teropexy procedures. The remainder were native tis-
sue hysteropexy. Mesh exposures occurred in 2% of 
vaginal mesh repairs and 2.4% of combined laparo-
scopic, robotic and abdominal sacral hysteropexy 
procedures. Length of follow-up differed between 
groups (6 to 22 months) with additional baseline dif-
ferences noted. Prolapse recurrence, defined as 
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bulge symptoms and POP-Q > stage 1, was observed 
in 12%. Recurrence rates were similar between vagi-
nal mesh and non-mesh repairs (10% vs 12%, p = 
0.71) as well as laparoscopic mesh and non-mesh re-
pairs (23% vs 10%, p = 0.07). Another retrospective 
cohort compared laparoscopic (n=54) and open 
(n=57) sacral hysteropexy repairs.204 Aside from 
longer operative time and blood loss with open ab-
dominal surgery, there were no differences in satis-
faction (94% vs. 91%), anatomical success (POP-Q 
< stage 3: 96% vs. 98%), reoperation (4% vs. 2%) 
and mesh exposure (0 vs. 5%).  

A recent prospective multi-centre cohort study com-
pared laparoscopic sacral hysteropexy using anterior 
and posterior mesh straps (n=64) to vaginal mesh 
hysteropexy using Uphold (n=61).205 There was no 
difference at 1 year in composite cure (72% vs 74%,  
p=0.27) using validated outcome measure-
ments/POP-Q. Composite cure was defined as no 
prolapse beyond the hymen, apex above the mid 
vagina, no symptoms and no reoperation or pessary 
use. There were only two reoperations for recurrent 
prolapse, both in the vaginal group. Mesh exposure 
rates were 2.7% for laparoscopic and 6.6% for vagi-
nal hysteropexy. Satisfaction was 95% for both 
groups and symptoms resolved in 90-95%. 

5. HYSTERECTOMY RISKS 

Most providers recognise that hysterectomy is a rela-
tively safe procedure with low risks of severe morbid-
ity. The most common injuries that occur during pelvic 
reconstructive surgery involve the urinary tract. 
These injuries are often preventable or recognised 
with routine cystoscopy and repaired prior to leaving 
the operating room. Most hysterectomies performed 
for prolapse involve small uteri, especially in post-
menopausal women, leading to short operative times 
for this portion of the procedure. If we assume similar 
success with hysteropexy and hysterectomy, risks of 
hysteropexy and subsequent hysterectomy, which 
may be more challenging, must be weighed against 
concomitant hysterectomy risks. This section reviews 
some of the risks that may be encountered when hys-
terectomy is performed at the time of urogenital pro-
lapse repair.  

Premature ovarian failure 
Performance of a hysterectomy alone or at the time 
of prolapse repair (native tissue or mesh) may have a 
negative impact on ovarian function in premenopau-
sal women. Two large prospective cohort studies 
showed an increased risk of earlier onset of meno-
pause in women undergoing hysterectomy compared 
to nonsurgical controls, even with conservation of 
both ovaries.206, 207 There was an approximately 2-
fold increased risk of undergoing menopause over a 
5-year time period with hysterectomy alone. The risk 
increased to almost 3-fold with removal of one 
ovary.206 While this may not be a major factor in peri- 
and postmenopausal women, it must be considered 

during surgical planning for premenopausal women. 

Mesh exposure 
Total hysterectomy at the time of sacral colpopexy 
has been shown to increase mesh exposure rates 
when compared to hysteropexy or supracervical hys-
terectomy. In Tables 9 and 11, mesh exposure risks 
were 6% versus 14% for vaginal mesh repairs and 0 
versus 7% for sacral colpopexy. Even with a decline 
in rates of vaginal mesh repair, laparoscopic sacral 
colpopexy with or without robotic assistance is be-
coming increasingly popular for the treatment of pri-
mary uterovaginal prolapse. This is based on the as-
sumption that it will provide better anatomical support 
with more durable outcomes. However, evidence fa-
vouring sacral colpopexy as the best prolapse repair 
is largely founded on studies involving surgical man-
agement of post-hysterectomy vault prolapse. Many 
providers have extrapolated these results to primary 
uterovaginal prolapse despite a lack of good quality 
data and consensus. In a recent review of over 
125,000 robotic or laparoscopic sacral colpopexy in 
the US between 2009 and 2011, nearly 50% of cases 
involved concomitant hysterectomy.208 Thus, to fur-
ther evaluate the data on sacral colpopexy and uter-
ine prolapse, we compared mesh exposure rates for 
studies describing results with no hysterectomy (post-
hysterectomy or hysteropexy), total hysterectomy 
and subtotal (supracervical) hysterectomy. Proce-
dures were further subdivided into open and laparo-
scopic sacral colpopexy. Mesh exposure rates were 
3.5-fold higher (p < 0.0001) after a sacral colpopexy 
with concomitant total hysterectomy (7.2%) com-
pared to no hysterectomy (2.2%). The differences in 
mesh exposure rates between sacral colpopexy with 
hysterectomy versus no hysterectomy were greater 
for open procedures (9.3% vs 2.3%, p < 0.0001) com-
pared to laparoscopic repairs (5.9% to 2.1%, p < 
0.0001).  Many of the open repairs used grafts other 
than polypropylene, such as polytetrafluoroethylene 
(Teflon) and polyethylene (Mersilene, some Marlex), 
which have been shown to increase the risk of mesh 
exposure.209 The rate of mesh exposure was signifi-
cantly lower with sacral colpopexy and supracervical 
hysterectomy (0.7%). 

 If hysterectomy was considered at the time of sacral 
colpopexy techniques for graft attachment to the 
vagina may also play a role. Three studies included 
in Table 12 contain subjects that underwent total vag-
inal hysterectomy or laparoscopic assisted vaginal 
hysterectomy with vaginal attachment of the mesh at 
sacral colpopexy.210-212 58,59,60 Two of these studies 
revealed a 2 to 4-fold decreased rate of mesh expo-
sure (14% vs 32% and 3% vs 14%) with vaginal at-
tachment of mesh compared to laparoscopic attach-
ment of the vaginal portion of the mesh with concom-
itant total hysterectomy during laparoscopic sacral 
colpopexy.211, 212 A third study showed a low rate of 
mesh exposure (1.6% vs 1.7%) comparing total vag-
inal hysterectomy with vaginal attachment to laparo-
scopic supracervical hysterectomy at the time of lap-
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aroscopic sacral colpopexy.213 One potential expla-
nation for the decreased rate of mesh exposure with 
vaginal compared to laparoscopic attachment is less 
vaginal cuff manipulation and disruption during the 

laparoscopic portion of the case. More long-term pro-
spective data are needed to determine the role of 
vaginal attachment at the time of sacral colpopexy.  

Table 12.  Rate of mesh exposures at sacral colpopexy with and without total and subtotal hysterectomy 

Author, 
Year 

Follow-up 
(months) 

SCP 
surgery 

Mesh No 
hysterectomy 
Cuff intact 

Total 
hysterectomy 

Subtotal 
hysterectomy 

P value 

Jeon, 2008198 36 Open Teflon 
Marlex(PP) 

0/35 5/63   

Jeon, 2009194 66 Open Teflon 
Marlex(PP) 

0/31 4/26   

Cundiff, 
2008209* 

24 Open Mersilene(PE) 
PP 
Gorotex 

8/239 12/83   

Wu, 2006214 15 Open Gorotex 
Mersilene  
PP 

10/212 7/101   

Costantini, 
2005195* 

51 Open Marlex(PP) 0/34 3/38   

Bai, 2005197 12 Open Synthetic 
mesh 

0/20 3/19   

Bensiger, 
2005215 

12 Open PP 0/35 4/49 0/37  

Brizzolara, 
2003216 

35 Open 80% PP 
20% allografts 

0/64 1/60   

Culligan, 
2002217 

24 Open Synthetic 
mesh 

3/234 3/11   

Ginath, 
2013218 

7 Open PP 2/82  1/195  

Total for 
Open SCP 

   23/986 (2.3%) 42/450 (9.3%) 1/232 (0.4%) <0.0001 

Stepanian, 
2008219 

12 Lap PP 2/272 3/130   

Tan Kim, 
2011220 

15 Lap ±RA PP 5/110 13/57* 1/21  

Osmundsen, 
2012221 

3 RA Lap PP  8/49 0/31  

Warner, 
2012212 

6 Lap PP 1/95 9/187* 0/92  

Crane, 
2014222 

2 RA Lap PP 6/118 3/79 0/33  

Myers, 
2016223 

12 RA Lap PP  3/40 1/43  

Pan, 2015168 33 Lap PP 0/65 0/34   

Gracia, 
2015199* 

12 Lap PP 0/15  0/30  

Nosti, 2016213 9 Lap ±RA PP  2/123** 1/59  

Total for Lap 
SCP 

   14/675 (2.1%) 41/699 (5.9%) 3/309 (1%) <0.0001 
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Author, 
Year 

Follow-up 
(months) 

SCP 
surgery 

Mesh No 
hysterectomy 
Cuff intact 

Total 
hysterectomy 

Subtotal 
hysterectomy 

P value 

Total 
 

   37/1661 
(2.2%) 

83/1149 (7.2%) 4/541 (0.7%) <0.0001 

Abbreviations: PP: polypropylene, PE: polyester, Lap: Laparoscopic, RA: robotic assisted, SCP: Sacral Colpopexy, 
MD: missing data       

*A portion of these cases involves vaginal attachment of the mesh 

**All of these cases involve vaginal attachment of the mesh 

*** Denotes prospective trial. All other retrospective

Spread of unanticipated malignancy 
 There are insufficient data to compare laparoscopic 
sacral hysteropexy and laparoscopic supracervical 
hysterectomy and sacral colpopexy. Cervical conser-
vation appears to decrease mesh exposure risk when 
hysterectomy is performed with sacral colpopexy (Ta-
ble 12). A common concern with laparoscopic suprac-
ervical hysterectomy involves the spread of unantici-
pated pathology associated with electronic power 
morcellation. On April 17, 2014, The U.S. FDA issued 
a safety communication discouraging the use of lap-
aroscopic uterine power morcellation in hysterectomy 
and myomectomy for the treatment of uterine fibroids 
due to the “risk of spreading unsuspected cancerous 
tissue, notably uterine sarcomas beyond the 
uterus”.224 The American College of Obstetricians 
and Gynecologists (ACOG)225 in May 2014. The FDA 
later issued an updated guidance communication No-
vember 24, 2014 recommending that manufacturers 
of power morcellators include a boxed warning with 
product labelling safety statements. This included the 
following contraindications: 1) removal of suspected 
fibroids in peri- or post-menopausal patients and 2) 
gynaecologic surgery with tissue known or suspected 
of malignancy. This prompted many manufacturers to 
withdraw their products from the market for fear of lit-
igation. Many hospitals placed an immediate ban on 
laparoscopic power morcellation, while a smaller 
number of institutions crafted policies to permit usage 
under strict guidelines.   

In women with fibroids, the risk of undiagnosed leio-
myosarcoma is between 1:350 to 1:500 according to 
the FDA and ACOG.224, 225 The prognosis is poor with 

this condition, and intraperitoneal spread of tissue 
may worsen the prognosis. This risk is presumably 
much lower in women without fibroids. Since the ma-
jority of women undergoing prolapse surgery do not 
have fibroids, the American Urogynecologic Society 
(AUGS) issued the following comments in a position 
statement.226 “After appropriate preoperative evalua-
tion, supracervical hysterectomy facilitated by power 
morcellation use during mesh sacrocolpopexy is a 
reasonable procedure. The decision to perform 
power morcellation during a supracervical hysterec-
tomy for a minimally invasive mesh sacrocolpopexy 
should include a discussion between the physician 
and the patient of the risks and benefits during the 
informed consent process”. So, what is the true risk 
of unanticipated pathology and cancer in a population 
undergoing prolapse surgery? Table 13 includes data 
from several studies reporting the rate of unantici-
pated pathology and malignancy at the time of hys-
terectomy for prolapse repair. The studies were retro-
spective and evaluated low risk patients excluding 
cases involving preoperative symptoms of postmen-
opausal bleeding or abnormal findings on screening. 
The overall rates were low with only 1.8% unantici-
pated pathology, the majority of which were endome-
trial hyperplasia, and 0.3% of endometrial cancer. 
There were no cases of sarcoma identified during 
prolapse surgery. Consequently, for low risk women, 
it is reasonable to perform laparoscopic power mor-
cellation during prolapse repair after obtaining ade-
quate informed consent. 

Table 13. Risk of unanticipated pathology and malignancy during hysterectomy for prolapse 

Reference Number prolapse 
cases 

Total unanticipated pathology N 
(%) 

Endometrial 
Cancer 

Sarcoma 

Frick, 2010158 644 17 (2.6) 2 (0.3) 0 

Andy, 2014227 324 3 (0.9) 0 0 

Ackenbom, 2016228 1196 10 (0.8) 3 (0.3) 0 

Renganathan, 
2010159 

517  4 (0.8) 0 

Grigoriadis, 2015229 333 14 (4.2) * 0 0 



 

 
APICAL PROLAPSE SURGERY  1885 

 

Reference Number prolapse 
cases 

Total unanticipated pathology N 
(%) 

Endometrial 
Cancer 

Sarcoma 

Ouldamer, 2014230 853  4 (0.5) 0 

Bojahr, 2015231 635   0 

Total 4502 44/2497 (1.8) 13/3867 (0.3) 0/4502 

*includes 1 case of cervical cancer (0.3%) 

CONCLUSION 

There are numerous options for primary treatment of 
uterovaginal prolapse. The following are evidence 
based guidelines regarding uterine preservation. 

• Hysteropexy is reasonable in women undergoing 
surgery for uterovaginal prolapse without contra-
indications to uterine preservation. However 
long-term data are limited and the need for sub-
sequent hysterectomy unknown. (GoR C) 

• LeFort colpocleisis is preferred over vaginal hys-
terectomy and total colpocleisis when there is no 
specific indication for hysterectomy and no inter-
est in preserving coital function. (GoR D) 

• Consistent Level one and two evidence reveal no 
differences in outcomes comparing sacrospi-
nous hysteropexy to vaginal hysterectomy with 
native tissue prolapse repair with the exception 
of a single small RCT showing a higher risk of 
apical recurrence for hysteropexy patients with 
advanced prolapse. (GoR C) 

• Vaginal hysterectomy with apical suspension 
has a lower rate of reoperation for prolapse when 
compared to sacrohysteropexy. (GoR B) 

• The data are not supportive of transvaginal mesh 
and hysterectomy for uterine prolapse. Con-
sistent Level two evidence shows no difference 
in anatomical success comparing vaginal mesh 
hysteropexy to hysterectomy; however, the 
mesh exposure rate was significantly higher after 
hysterectomy than hysteropexy (14% vs. 6). 
(GoR C) 

• The data are inconclusive comparing sacral hys-
teropexy and sacral colpopexy with hysterec-
tomy due to a higher reoperation rate for pro-
lapse in the hysteropexy group and a higher rate 
of mesh exposure in the hysterectomy group 
(GoR D)  

• Consistent Level two evidence supports low 
mesh exposure rates when sacral colpopexy is 
performed without hysterectomy or with suprac-
ervical hysterectomy. Rates are increased three 
to five-fold with total hysterectomy and sacral 
colpopexy. (GoR B) 

• If total hysterectomy is considered with sacral 
colpopexy, in preliminary studies vaginal attach-

ment of the mesh may have a lower mesh expo-
sure rate than laparoscopic attachment of the 
vaginal portion of the mesh in early Level three 
evidence. (GoR C) 

• Level three evidence reveals low rates of unan-
ticipated pathology (1.8%) and endometrial can-
cer (0.3%) with no cases of sarcoma identified 
during laparoscopic supracervical hysterectomy 
with power morcellation in women with low risk 
of malignancy and dysplasia undergoing pro-
lapse surgery. (GoR C) 

 APICAL PROLAPSE SURGERY 

While anterior vaginal prolapse is most common, loss 
of apical support is usually present in women with 
prolapse that extends beyond the hymen.232, 233 
There is growing recognition that adequate support 
for the vaginal apex is an essential component of a 
durable surgical repair for women with advanced pro-
lapse.234-236 There is a strong correlation between an-
terior vaginal prolapse and apical descent seen on 
anatomical studies.237, 238 While recognition of ap-
ical defects is one of the biggest challenges in the 
preoperative evaluation of pelvic support defects, 
surgical correction of the apex has several good op-
tions with relatively high success rates. Apical sus-
pension procedures can broadly be separated into 
those performed transvaginally and those performed 
abdominally.  Abdominal procedures, predominantly 
sacrocolpopexy, can be performed via laparotomy or 
using conventional laparoscopic or robotically as-
sisted-laparoscopic techniques.  Although precise 
estimates are not available, most studies suggest 
that the vaginal approach is most common with 80-
90% of procedures being performed through this 
route 1, 20, 22, 60[FDA]. Transvaginal apical suspension 
procedures include both non-mesh (native tissue) 
procedures and mesh repairs. The individual 
woman’s surgical history and goals, as well as her 
individual risks for surgical complications, prolapse re-
currence and de novo symptoms affect surgical plan-
ning and choice of procedure for apical POP. 

1. SACROSPINOUS LIGAMENT 
SUSPENSION (SSLS) 

One of the most popular and widely reported native 
tissue transvaginal procedures for correcting apical 
prolapse is the SSLS. First described in 1958239, this 
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procedure suspends the vaginal apex to the sacrospi-
nous ligament either unilaterally or bilaterally, typi-
cally using an extraperitoneal approach. Observa-
tional series and clinical trials suggest that while api-
cal recurrence after SSLS is uncommon (0.6% to 
19%), recurrence of anterior vaginal prolapse is more 
problematic (3.7% to 28.5%) (Table 14). A meta-anal-
ysis by Morgan et al found an overall failure rate at 
any site of 28.8% (95% CI 18.4%-36.3%) with failure 
of the anterior segment seen in 21.3% (17-3-25.3%), 
apical segment of 7.2% (95% CI 4.0 – 10.4%) and 
posterior segment of 6.3% (95%CI 4.2-8.4%).  
Whether the relatively high rate of anterior vaginal 
prolapse recurrence seen with SSLS is due to the 
posterior deflection of the vaginal axis, as many au-
thors suggest,61, 77, 240, 241 or simply represents a gen-
eral predilection of anterior support to fail after pelvic 
reconstructive surgery remains unknown.242 Reoper-
ation rates after SSLS range from 1.3% to 37%, with 
all but three series reporting rates less than 9% (Ta-
ble 14). 

Maher et al demonstrated significant improvements in 
condition-specific and generic QOL after SSLS, simi-
lar to that after abdominal sacral colpopexy.78 A meta-
analysis of randomised and observational studies 
found a pooled average for failure to provide relief of 
prolapse symptoms after SSLS of 10.3% (95% CI 4.4-
16.2%).243 The pooled average for failure to provide 
patient satisfaction after SSLS in this analysis was 
13% (95% CI 7.4%-18.6%).243 Although infrequent, 
serious complications associated with SSLS include 
buttock pain and sacral/ pudendal neurovascular in-
jury.  Unilateral buttock/gluteal pain occurs in 3-15% 
of patients and typically resolves within 6 weeks after 
surgery.122, 244 In one multi-centre trial, neurological 
pain requiring medical or surgical intervention oc-
curred in 12.4% immediately after SSLS and per-
sisted in 4.3% at 4-6 weeks after surgery.244 In a re-
view of 22 studies that included 1229 SSLS proce-
dures, three patients (0.2%) had life-threatening 
haemorrhage from sacral or pudendal vascular injury 
and the overall transfusion rate was 2%.245  
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Table 14. Outcomes of Sacrospinous ligament suspension (SSLS) procedures. 

First Author, Year 
(year) 

Study Design No Mean Follow-
up Mo. (range) 

Definition of Anatomic Success* Anatomic success 
–all segments 

Anatomic 
recurrence by 
segment 

Reoperation for 
prolapse 

Morley, (1988)11 retrospective 92 51.6 (1-132) Not defined  
90% 

Apex 4%  
Anterior 6% 

 
4 (5%) 

Imparato, (1992) 246 
[53] 

retrospective 155 Not stated Not defined 90.3%    Not reported None reported 

Shull, (1992)241 retrospective  
81 

 
(24 – 60) 

 
Grade 0-1 

 
82% 

Apex 4%  
Anterior 12%    
Posterior 1% 

 
4 (5%) 

Pasley, (1995)247 retrospective  
144 

 
35 (6-83) 

 
Asymptomatic and above hymen 

 
85.4% 

   Apex 5.6%  
   Anterior 7.6%   
   Posterior 1.4% 

 
2 (1.3%) 

Benson, (1996)77 RCT 
SSLS vs ASC 

 
42 

 
30 (12-66) 

Vaginal walls above hymen or apical 
descent less than 
50% length# 

 
67% 

Apex 12%  
Anterior 28.5%  
Posterior 2.3% 

 
14 (37%) 

Paraiso, (1996)61 retrospective 243  
76. (1-190) 

Grade 0 or asymptomatic grade 1  
79.7% at 
5 years 

Apex 4.9%  
Anterior 15.9%  
Posterior 4.9% 

 
11 (4.5%) 

Penalver, (1998)248 retrospective 160 40 (18-78) ‘any symptomatic descent’  
85% 

    Apex 6%  
    Anterior 6%  
    Posterior 2.5% 

 
11 (6.8%) 

Colombo, (1998)240 retrospective 62  
83 (48-108) 

 
Grade 0-1 

 
74% 

Apex 8%  
Anterior 14% 
Posterior 3% 

 
0 (0%) 

Meschia, (1999)249 retrospective 91  
43 (12-86) 

 
Grade 0-1 

 
85% 

Apex 4%  
Anterior 13% 
    Posterior 9% 

 
None reported 

Sze, (1997)250 retrospective 75  
24 (3-72) 

 
above hymen 

 
71% 

A    Anterior 21% 
       Other 8%  

 
7 (12.9%) 

Lantzsch, (2001)251 retrospective 123  
58 (6 – 108) 

 
Not defined 

 
87% 

    Apex 3.5%  
    Anterior 8%  
    Posterior 1.6% 

 
2 (1.6%) 
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First Author, Year 
(year) 

Study Design No Mean Follow-
up Mo. (range) 

Definition of Anatomic Success* Anatomic success 
–all segments 

Anatomic 
recurrence by 
segment 

Reoperation for 
prolapse 

Lovatsis, (2001)252 Retrospective 293 (12-30) At or beyond the introitus 97%     Apex 3% 
    Anterior NR 
    Posterior NR 

3% 

Cruikshank, 
(2003)253 

Prospective 
cohort 

695 43 (6 – 60) Reoperation for recurrence 89.4%     Apex 5.1% 105 (15%) 

Niemenen, (2003)254 Retrospective 138 24 POPQ Stage 2 or greater 78.7%     Apex 4.9% 
    Anterior 11.5% 
    Posterior NR 

NR 

Maher, (2004)78 RCT 
SSLS vs. ASC 

48  
22 (6-58) 

Grade 0-1  
69% 

  Apex 19% 
  Anterior 14%  
  Posterior 7% 

 
3 (6.3%) 

Hefni, (2006)181 Prospective 305 57 (24-84) Vaginal vault at least 6 cm distal to hymen 96%   Apex 4% 
  Anterior 13% 
  Posterior 0% 

NR 

Toglia, (2008)255 Retrospective 64 26.5 (1-72) Apex above introitus and no reoperation 78%   Apex 9% 
  Anterior 17% 
  Posterior 0% 

2 (3%) 

Aigmueller, 
(2008)256 

Prospective 55 84 (24-180) Above the hymen 64%   Apex 7% 
  Anterior 29% 
  Posterior 5% 

5 (9%) 

Chou, (2010)257 Retrospective 76 36 (12-60) Grade 0  91%   Apex 5.3% 
  Anterior 3.7% 
  Posterior NR 

4 (5.3%) 

 Larsen, (2013)258 Retrospective 242 96 +/- 20  At or above hymen  86%  Apex 0.6% 
 Anterior 13.6% 
 Posterior 1.2% 

NR 

 Qatawneh, 
(2013)259 

Retrospective  114 40  Stage 0-1  77% Apex 11% 
Anterior 23% 
Posterior 10% 

3 (2.6%) 

Leone Roberti 
Maggoire, (2013)260 

Retrospective 86 36  Stage 0-1  88-86% NR NR 
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First Author, Year 
(year) 

Study Design No Mean Follow-
up Mo. (range) 

Definition of Anatomic Success* Anatomic success 
–all segments 

Anatomic 
recurrence by 
segment 

Reoperation for 
prolapse 

Barber, (2014)244 RCT SSLS vs 
ULS 

186 24 Absence of: 
1)apical descent 1/3 into vaginal canal, 2) 
anterior or posterior prolapse beyond 
hymen 
3) bothersome vaginal bulge symptoms 
and 
4) retreatment 

 63.1% Apex 2% 
Anterior 13.1% 
Posterior 3.3% 

4 (2.6%) 

Mothes, (2015)261 Retrospective 110 14+/-7  Apex Stage 0 or 1  94.5% Apex 5.5% 
Anterior 8.3% 

NR 

* Prospective and Retrospective cohorts with n >50 published since 1985 and SSLS arms of  3 RCTs comparing SSLS to Abdominal sacrocolpopexy (ASC)  and 1 trial comparing 
SSLS to ULS;**POP staging systems, if used, are indicated as ‘grade’ for Baden-walker236, 262} or ‘stage’ for POPQ; # optimal and satisfactory outcomes combined; NR, not reported
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2. UTEROSACRAL LIGAMENT 
SUSPENSION (USLS) 

The USLS was first described by Miller 263 in 1927 and 
later popularised by Shull in the late 1990s. The 
USLS suspends the vaginal apex to the proximal rem-
nants of the uterosacral ligaments using an intraperi-
toneal surgical approach. This procedure restores the 
vagina to its normal axis, avoiding the retroflexion as-
sociated with SSLS. The current evidence supporting 
the use of USLS is limited primarily to uncontrolled 
retrospective case-series and evaluation of these 
data confirm a mean objective success rate of 85% 
(range 48-96%) and mean reoperation rate for pro-
lapse of 5.8% (range 0-12%) (Table 15). A meta-anal-
ysis performed by Margulies et al found pooled rates 
of anatomical success (POP-Q Stage 0-1) of 81.2% 
(95%CI 67.5-94.5%) for the anterior segment, 98.3% 
(95% CI 95.7-100%) for the apical segment and 
87.4% (95% CI, 67.5%-94.5%) for the posterior seg-
ment.264 Post-operative prolapse symptoms were re-
ported in 5 of 11 studies in this review and were re-
lieved in 82-100% of patients.  These promising re-
sults are balanced  against ureteric kinking/injury rate 
of 1%-11% with this procedure.264 A review of 700 
consecutive vaginal prolapse surgeries found in-
traoperative ureteric kinking/injury of 5.9% directly at-
tributable to USLS. However, 87% were identified at 
cystoscopy before the completion of the index sur-
gery and  corrected by removing suspension sutures 
intraoperatively with no long-term consequence to the 
patient.265 Only  three of 355 USLS (0.9%) performed 
in this series required additional procedures to relieve 
or correct  ureteric obstruction or injury. A retrospec-
tive review of over 900 patients receiving ULS found 
an overall adverse event rate of 31.2% with 20.3% 
being attributed to peri-operative urinary tract infec-
tion.266 Rates of pulmonary and cardiac events were 
2.3% whereas the rate of ileus and small bowel ob-
struction were less than 0.5%.  The intraoperative 
bladder injury rate was 1%. There were no intraoper-
ative ureteric injuries; however, 4.5% of cases were 
complicated by ureteric kinking, all of which were re-
solved without subsequent sequelae with intraopera-
tive suture removal with or without replacement of the 
vault suspension stitches.266 Margulies et al identified 
10 studies including a total of 820 women that re-
ported on perioperative complications of USLS.264 
The ureteric reimplantation rate in this series was only 
0.6%. Blood transfusions were reported in 1.3%, cys-
totomy in 0.1%, and bowel injury in 0.2%.   

While the USLS is traditionally performed using a in-
traperitoneal approach, Dwyer and Fatton have de-
scribed an extraperitoneal variant of the USLS.267, 268  
In their series of 123 consecutive women undergoing 
an extraperitoneal ULS, 93 also received anterior 
and/or posterior synthetic mesh. The overall anatom-
ical success (POP-Q stage 0 – 1) at a mean follow-
up of 2 years (range 6 mo. – 5 years) was 85.5% with 
apical success of 95.4%.268  The reoperation rate for 
recurrent prolapse was 7%. Urethral injury occurred 

in only 1.7%, however the blood transfusion rate was 
4.9% and the rate of mesh exposure was 19.3%. 

Abdominal and laparoscopic USLS techniques have 
also been described. Lowenstein et al reported a ret-
rospective review of 107 women who underwent pro-
lapse surgery that included an abdominal USLS.269 In 
the 75 patients who completed one year follow-up, 
12% reported recurrent or persistent prolapse symp-
toms and 7% had an anatomical failure (POP-Q stage 
2 or greater). Complications were relatively few how-
ever erosion of the apical sutures (expanded PTFT, 
Gore-Tex) occurred in 9% at an average time of 56 
months (range 3-75 mo.).269 Two retrospective com-
parisons between vaginal and laparoscopic USLS 
procedure both found no significant differences in 
perioperative morbidity or anatomical or subjective 
outcomes.270, 271 
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Table 15. Outcomes of transvaginal uterosacral vault suspension procedures. 

First 
Author 

 
Year 

No. 
of 
Pts. 

Mean Follow-up 
Months (range) 

Definition of anatomic 
success* 

Anatomic success –all 
segments 

Anatomic Recurrence 
by Segment 

Reoperation  
for 
prolapse 

Jenkins272 1997 50 (6-48) Not defined 48/50   96% Anterior 4% NR 

Comiter273 1999 100 17 (6.5-35) Grade 0-1 96/100 96% Apex 4% 4/100 (4%) 

Barber62  
2000 

 
46 

 
15.5 (3.5-40) 

Stage 0/1 or Stage 2 without 
symptoms 

 
41/46 90% 

Apex 5%  
Anterior 5%  
Posterior 5% 

 
3/46 (6.5%) 

 
Shull274 

 
2000 

 
289 

 
Not stated 

 
Grade 0-1 

 
275/289  95% 

Apex 1%  
Anterior 3.5%  
Posterior 1.4% 

 
NR 

 
Karram275 

 
2001 

 
168 

 
21.6 (6 -36) 

 
Grade 0-1 

  
148/168  88% 

Apex 1%  
Anterior or posterior 11% 

 
11/168(5.5%) 

Amundsen276  
2003 

 
33 

 
28 (6-43) 

 
Stage 0 or 1 

 
27/33  82% 

Apex 6%     
Posterior 12% 

 
NR 

 
Silva23 

 
2006 

72  
61.2 (42-90) 

Symptomatic Stage 2 or greater  
61/72  85% 

Apex 3%  
Anterior 7%  
Posterior 14% 

 
2/72 (3%) 

Antovska 277 2006 32 25 (9-42) Stage 0 or 1 NR Apex 0% 
Anterior 

NR 

Wheeler135 2007 35 24 (0-46) Stage 0 apical prolapse 28/35  80% Apex 20% 0/0 (0%) 

De Boer278# 2009 48 12 Stage 0-1 23/48  48% Apex 4.2% 
Anterior 47.9% 
Posterior 14.6% 
 

NR 

Doumaouchtsis279 2011 42 60 Grade 0 of vaginal vault 36/84  84.6% Apex 15.4% 5/42 (11.9%) 

Wong280 2011 57 12 Apical stage 0-1  4/57   93% NR 1/57 (1.8%) 

Cunjian281 2012 31 14 +/- 6 Stage 0-1 31/31  100% NR NR 

Edenfield 282 2013 219 14 (8.5-26.5) Beyond the hymen or 
retreatment 

54/219  24.7% Apical 8.7% 
Anterior 17.4% 
Posterior 6.8% 

33/219 (15%) 
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First 
Author 

 
Year 

No. 
of 
Pts. 

Mean Follow-up 
Months (range) 

Definition of anatomic 
success* 

Anatomic success –all 
segments 

Anatomic Recurrence 
by Segment 

Reoperation  
for 
prolapse 

Barber (Optimal 
Trial)# 244 

2014 188  24 Absence of: 
1)apical descent 1/3 into vaginal 
canal, 
 2)anterior or posterior prolapse 
beyond hymen 
3) bothersome vaginal bulge 
symptoms and 
4) retreatment 

 100/155   64.5% Apical 2% 
Anterior 12.9% 
Posterior 1.9% 

 5/161 (3.1%) 

 Unger266 2015 983  6.9  Beyond hymen  875/983  89%  NR  3.4% 

 Rondini#283 2015  56 12  Apex Stage 0 or 1 46/56  82%  Apex 18% 
 Anterior 34% 
 Posterior 6.3% 

 10/56 (17%) 

Includes retrospective and prospective cohorts of intraperitoneal transvaginal USLS and one RCT comparing ULS to SSLS and one RCT comparing ULS with mesh to sacrocol-
popexy. *POP staging systems, if used, are indicated as ‘grade’ for Baden-walker or ‘stage’ for POPQ. #Includes only subjects who underwent USLS; NR, not reported 
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Sacrospinous Ligament Suspension versus 
Uterosacral Ligament Suspension 
In 2014, the NICHD Pelvic Floor Disorders Network 
reported the results of the OPTIMAL trial whose pri-
mary objective was to compare the safety and effi-
cacy of the SSLS to USLS in women with uterine or 
post hysterectomy apical prolapse.244 To date, this is 
the only randomised trial to have compared these two 
commonly performed procedures. Success was de-
fined as a composite outcome measurement and in-
cluded the absence of: a) descent of the vaginal apex 
more than one third of the vaginal canal; b) anterior 
or posterior vaginal wall descent beyond the hymen, 
c) bothersome vaginal bulge symptoms as reported 
by the Pelvic Floor Distress Inventory and d) retreat-
ment with surgery or a pessary. A total of 374 patients 
were randomised (188 ULS and 186 SSLF) from 9 
U.S. centres. Two years after surgery, there was no 
statistical difference between the two groups for the 
composite outcome (ULS 64.5% vs SSLF 63.1%; adj. 
OR 1.1 95% CI 0.7 to 1.7). Additionally, bothersome 
vaginal bulge symptoms were seen in 18%, anterior 
or posterior prolapse beyond the hymen in 17.5% and 
retreatment with pessary or surgery 5.1% two years 
post-operatively with no differences between groups. 
Neurological pain requiring medical, behavioural or 
surgical intervention was higher in the SSLS group 
(12.4% vs 6.9%, p = 0.49) and persisted to 4-6 weeks 
in more participants (4.3% vs 0.5%). Intraoperative 

ureteric obstruction was noted in five patients (3.2%) 
in the USLS group and none in the SSLF.  

Mayo/McCall’s Culdoplasty 
Like the USLS, the Mayo/McCall’s culdoplasty uses 
the proximal uterosacral ligaments to suspend the 
vaginal apex. The major difference is that with the 
Mayo/McCall procedure the uterosacral ligaments 
are plicated in the mid-line to obliterate the posterior 
cul-de-sac. While commonly performed, data describ-
ing the outcomes for this procedure are limited (Table 
16). Colombo and Milani retrospectively compared 
the outcomes of a modified-McCall’s culdoplasty to 
the SSLS (n = 62 in each group).240 Recurrence after 
the McCall’s culdoplasty (Baden-Walker Grade >2) 
was 15% 4 to 9 years after surgery and not signifi-
cantly different from the SSLS group. Recurrent ante-
rior vaginal prolapse occurred less frequently in the 
McCall’s group than the SSLS group (6% vs. 21%, p 
=.04; OR 4.1 (95% CI 1.3 to 14.2))240 A large retro-
spective series of 693 women from the Mayo 
clinic described an 82% satisfaction rate on sub-
jective follow-up with few complications.284 The rate of 
subsequent prolapse repair in this population was 
5.2%. A retrospective case series of 411 women 
undergoing Mayo culdoplasty found that a more dor-
sal “deep” placement of sutures through the utero-
sacral ligaments reduced the incidence of ureteric ob-
struction compared to other published series.285 

Table 16.  Mayo/McCall's culdoplasty. 

 
Author 

 
Year 

No. 
of 
Pts. 

Mean 
Follow-up 
(range) 

Post-operative > 
grade/stage 2 –all 
segments 

Post-operative > 
grade/stage 2 by 
segment 

Reoperation 
for 
prolapse 

Webb284 1998 693 (6 – 144) NR NR 5.2% 

Colombo240* 1998 62 84 (48-108) 15% Apex – 5% 
Anterior – 7% 
Posterior – 14% 

0% 

Montella286 2005 51 12 NR Apex – 3% 
Anterior – NR 
Posterior – 7% 

7.8% 

Koyama287** 2005 21 26 NR Apex – 5% 
Anterior – 19% 
Posterior 5% 

14% 

* excludes SSLS group; ** excludes Inmon group 

Levator Myorrhaphy 
Francis and Jeffcoate described their retrospective 
series using levator myorrhaphy, in which a wide mid-
line plication of the levator ani  muscles is per-
formed to which the vaginal cuff is fixed, in 1961.288 
A large sponge pack in the rectum is used to avoid over 
plication and bowel dysfunction. Five of 35 women 
responding to the questionnaire had transient ure-
teric complications, one requiring reoperation. Sev-
enteen women were quite satisfied, while six were 
dissatisfied.  Natale et al compared the levator my-
orrhaphy to the USLS in a randomised clinical trial of 
229 women with stage 2-4 prolapse.289 All women 

received a hysterectomy and all received placement 
of polypropylene mesh in the anterior vaginal seg-
ment. Anatomical success was not significantly dif-
ferent between groups. The mean total vaginal 
length was significantly shorter after levator myor-
rhaphy (7.9 cm vs. 8.9 cm, p = .04). Urinary, bowel 
and sexual function did not differ between groups 
post-operatively. Intraoperative ureteric obstruction 
was less common in the levator myorrhaphy group 
(0% vs. 7.9%); however all cases of ureteric obstruc-
tion in the USLS group were corrected intraopera-
tively with suture removal/replacement with no addi-
tional interventions required.289 Other complications 
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including mesh erosion were similar between 
groups. 

Iliococcygeus Fascia Fixation 
There are no randomised trials that support the use 
of this procedure. Several case series have provided 
some information. Shull reported that apical support 
was optimal in 39/42 (83%) of patients, but eight 
others had apical or other defects.290 Meeks and col-
leagues reported a 96% objective cure in 110 
women followed up to 13 years.291 In a retrospective 
case-control study, Maher and colleagues reported 
similar subjective (91% vs 94%) and objective (53% 
vs 67%) cure rates with iliococcygeus fixation 
(n=50) compared to sacrospinous fixation (n=78).292 
A prospective cohort of 44 subjects receiving ili-
ococcygeous fixation followed up for a median of 
68.8 (range 60-92) months provides the longest-
term data on this procedure.293 Objective success 
(POP-Q stage 0 or 1) and subjective success (pa-
tient global impression of improvement < 2) were 
both 84%. Preoperative stage 4 vault prolapse was 
an independent predictor of failure (OR 8.8; 95% CI 
1.3-9.4).293 

3. TRANSVAGINAL MESH APICAL 
PROLAPSE 

Multiple commercially available transvaginal mesh 
devices have been marketed to correct apical pro-
lapse, often designed to support both anterior and ap-
ical or anterior, apical and posterior vaginal seg-
ments. Since the 2011 FDA Public Health Notification 
on surgical mesh for pelvic organ prolapse, many of 
these devices are no longer marketed. The Cochrane 
Collaboration identified six randomised trials compar-
ing native tissue vaginal repairs with transvaginal pol-
ypropylene mesh for apical prolapse in 589 women. 
294 In all six of these trials, the native tissue repair in-
cluded a SSLF or USLS and the mesh was polypro-
pylene (Four trials monofilament weave (Prolift, Ethi-
con) and two trials multifilament weave). No signifi-
cant differences in anatomical outcomes, vaginal 
bulge symptoms, repeat surgery for prolapse, 
dyspareunia or post-operative stress urinary inconti-
nence were noted between groups. The average rate 
of mesh exposure after transvaginal mesh was 18% 
and surgery for mesh exposure was required in 9.5%. 
Most of the evaluated transvaginal apical mesh prod-
ucts have been removed from the market and the 
newer lighter mesh products have not yet been eval-
uated in a RCT. The Cochrane Collaboration authors 
concluded that the implication for clinical practice is 
that while the newer mesh products may be as ana-
tomically beneficial with a lower complication rate 
than their preceding mesh products this has not been 
rigorously evaluated and these products should be 
used cautiously until level one comparative data be-
come available. 294 A summary of trials comparing na-
tive tissue vaginal repair with monofilament mesh re-
pair is in Table 17. Success rates of transvaginal 

meshes for apical prolapse from prospective and ret-
rospective cohorts ranges from 87-100% for monofil-
ament polypropylene meshes with mesh erosion 
rates varying from 0-15% (Table 18). Notably, mesh 
exposure rates for more recently introduced non-tro-
car mesh devices (Elevate, AMS; Uphold, Boston 
Scientific) are generally lower than those noted with 
older devices (0 to 5.7%) based on the limited data 
available.  
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Table 17. Randomised Trials Comparing Native Tissue Repair Versus Monofilament Transvaginal Mesh for Apical Prolapse 

Author Year Group 
(N) 

Mean 
Follow 
–up 
(Mos) 
 

Objective 
Success 
rate 
(%) 

Subjective 
Success 
rate 
(%) 

Criteria for O b j e c t i v e  
( O )  a n d  S u b j e c t i v e  
( S )  success* 

Mesh 
exposure 
(%) 

Comments 

Sokol295*  
2011 

 ULS 
(33) 

14.7  66.2%  96%   
O: Stage 0 or 1 
 
 S: Absence of bulge 
symptoms 
 

 NA Reintervention in 15.6% of mesh group including 3 surgeries 
for prolapse recurrence and 2 for mesh exposure. None in 
ULS group 

 Prolift 
(32) 

 70%  90%  15.6% 

 
Halaska296 
  

 
2012 
  

 SSLS 
(83) 

12  60.6%  -   
O: Stage 0 or 1 
  
 S: QOL scores 
 
 
  

 NA Post-hysterectomy vault prolapse only. Significant 
improvement in QOL questionnaires in both groups with no 
difference between groups.  

 Prolift 
(85) 

 83.1%  -  20.8% 

Svabik297 2014 SSLS 
(34) 

12 38.2% - O: Above hymen on POPQ 
or bladder descent less than 
10mm below symphysis 
pubis on translabial US 
S: Pelvic Organ Distress 
Inventory Score (POPDI) 

NA Unilateral or bilateral levator avulsion required for inclusion. 
Significant improvement in POPDI with no difference 
between groups 

Prolift 
(36) 

97.2% - 8.3% 

De 
Silveira298 

2015 SSLS 
(90) 

12 Anterior 
70.4% 
Apical 84% 
Posterior 
91.4% 

- O: less than or equal to 
hymen 
 
S: P-QOL (Portuguese 
version) 

NA Significant improvements in P-QOL with no difference 
between groups. Overall rate of reoperation in the native 
vaginal tissue repair group was 3.7 % (3 patients with 
recurrence) and in the mesh group was 7.9 % (2 patients with 
recurrence, 3 with exposure, 1 with wound dehiscence, and 1 
with extrusion into the rectum) 
 Prolift 

(94) 
Anterior 
86.4% 
Apical 92% 
Posterior 
97.7% 

- 20% 
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Trials using multi-filament mesh not included; Abbreviations: ULS: uterosacral ligament suspension, SSLS: sacrospinous ligament suspension, QOL: quality of life, US: ultrasound, 
Prolift: Prolift TM device, Ethicon Sommerville NJ, USA *This trial presents one year results of Iglesia, 2010.299 

Table 18. Outcomes from prospective and retrospective cohorts of transvaginal mesh kits used for apical repairs 

Author Year Type No. Follow-
up 
weeks 

Success 
rate 

Complications 

Abdel Fattah300  200
8 

Apogee AMS* 38 12 95% (36/38) Blood loss>400mls1, erosion 4,  
Dyspareunia 1, rectal injury 1 

Gaurder-
Burmester301 

200
7 

Apogee AMS 48 52 100%  

Moore302 2012 Anterior/Apical Elevate AMS 60 57 92% No extrusions 

Stanford303 2015 Anterior/Apical Elevate AMS 142 104 93.8-100% Mesh exposure 4.9% in those with prior hysterectomy and 13.8% with 
concurrent hysterectomy 

Rapp 304 2014 Anterior/Apical Elevate AMS 42 136 90%  Mesh exposure 5%, leg pain 3%, urinary retention 13% 

Lo305 2015 Anterior/Apical Elevate AMS 65 24 97%  No mesh exposures noted,  
de novo stress incontinence 16% 

Marschke306 2015 Anterior/Apical Elevate AMS 70 52 95.7% Mesh exposure 5.7% 

Vu189 2012 Uphold, Boston Scientific 115 12.1 96% Mesh exposure 2.6%,  
neurologic injury 1, 

Letouzy307 2015 Uphold, Boston Scientific 115 92 93% 8% denovo dyspareunia 
reoperation for mesh complications- 3.4% 

Fatton 3 0 8 200
7 

Prolift, Ethicon† 88 25 93% 2 haematoma 

Belot F309 200
5 

Prolift Ethicon 277 Not stated Not stated Erosion 34/277 

Abdel Fattah300 200
8 

Prolift Ethicon 143 12 94% 1rectal injury, bladder injury 

      16 vag erosion, 1 bladder erosion 

Milani310 2009 Total vaginal mesh 
Prolift 

46 52 91% (41/45) 15% mesh exposure 
2 blood loss>500mls 
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Author Year Type No. Follow-
up 
weeks 

Success 
rate 

Complications 

McDermott311 2011 Total vaginal mesh Prolift hysteropexy 24 
Colpopexy 65 

89 26-52 96% 10% mesh exposure 
5% complications 

Biertho 3 1 2  200
7 

PIVS‡,(Tyco) 34 12 91% 1erosion 1 haemorrhage 

Foote 313  200
7 

PIVS (Tyco) 52 20 83% Erosion 11/52 

Matox 3 1 4 200
6 

PIVS 21 7 37% 1 proctotomy 1 haematoma 

Vardy315 200
6 

PIVS 98 3 99% 2 erosions 

Neuman191 200
7 

PIVS 140 120 99% 12 erosions 

de Tayrac316 200
7 

PIVS 21 42 95% 2 haematomata 

Lee317 2010 PIVS 32 52 100% 1 transfusion 

Amrute 3 1 8  200
7 

Polypropylene H shaped 76 123 95% erosion, 2 dyspareunia 

* American Medical System, Minnetonka MN, USA †    Ethicon, Sommerville NJ, USA ‡ PIVS Posterior Intravaginal Slingplasty Tyco Healthcare Norwalk CT 
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4. SACRAL COLPOPEXY 

Since its introduction by Lane in 1962 319, sacral col-
popexy has proven to be an effective and durable tech-
nique for correcting apical prolapse. In 2010, approxi-
mately 34,000  sacral colpopexy’ s  were performed in 
the U.S. representing 11% of all prolapse surgeries 
performed during that time period.119 Traditionally, 
sacrocolpopexy has been performed via a laparotomy 
(i.e. abdominal sacral colpopexy) but the use of mini-
mally invasive approaches, both laparoscopic and ro-
botic, has become the norm over the last decade. The 
2016 Cochrane review identified six randomised trials 
comparing sacrocolpopexy to vaginal prolapse repair 
including three trials comparing abdominal  sacral col-
popexy  (ASC) to SSLS77, 78, 320, one trial comparing 
ASC to USLS283, one trial comparing laparoscopic sa-
cral colpopexy (LSC) to transvaginal mesh repair321 
and one comparing abdominal or laparoscopic sacral 
colpopexy to ULS with mesh augmentation.[294 On 
meta-analysis, they concluded that overall a broad 
group of vaginal surgery with and without mesh is as-
sociated with higher risk of awareness of prolapse 
(RR 2.11 95% CI 1.1-4.2), recurrent prolapse on ex-
amination (RR 1.9 95% CI 1.3-2.7), repeat surgery for 
prolapse (RR 2.3 95% CI 1.2- 4.3), post-operative 
SUI (RR 1.9 95% CI 1.2-2.9) and dyspareunia (RR 
2.5 95% 1.2- 5.5)  when compared broadly with sacral 
colpopexy.294 A systematic review by the Society of 
Gynecologic Surgeons Systematic Review Group that 
included both randomised trials and cohort studies 
comparing sacral colpopexy with native tissue (non-
mesh) vaginal repairs found improved anatomic out-
comes with sacral colpopexy and no difference in re-
operation rates or post-operative sexual function.322 
Adverse event data compiled from 79 studies found 
sacral colpopexy associated with a higher rate of ileus 
or small bowel obstruction (2.7% vs 0.2%, p<.01), 
mesh or suture complications (4.2% vs 0.4%, p <.01) 
and thromboembolic disease (0.6% vs 0.1%, p = 
.03).322 

Abdominal sacral colpopexy (ASC) 
Observational studies and clinical trials suggest that 
ASC is a highly effective procedure for apical pro-
lapse. The success rate of ASC, when defined as lack 
of apical prolapse, ranges from 78-100% (Table 19). 
When success is defined as no recurrent prolapse in 
any segment the published success rates are 56-
100%. A systematic review of ASC performed by Ny-
gaard et al reported a median reoperation rate for re-
current prolapse of 4.4% (range 0 -18.2%) and for 
post-operative stress incontinence of 4.9% (range 1.2 
-30.9%) and a mesh erosion rate of 3.4%.323  Subjects 
enrolled in the long-term follow-up  (5-7 years) of the 
CARE trial (E-CARE), demonstrated objective failure 
rates of 24-48% depending upon the definition of fail-
ure and a cumulative mesh erosion rate of 10.5% by 
7 years.324 Clinical trials demonstrate significant im-
provements in prolapse symptoms, urinary function 

and quality of life after ASC.53, 78 There is Level 1 evi-
dence that ASC has superior anatomical outcomes 
when compared to SSLS but this is balanced by 
longer operating time, longer recovery and higher 
cost.185 A single trial has compared ASC (n=63) to 
USLS (n=61) and found ASC associated with greater 
anatomical success, fewer reoperations, greater 
post-operative complications but no difference in im-
provement in symptoms or quality of life.283  

Beyond mesh erosion, reported complications of ASC 
are generally consistent with other major open pelvic 
surgeries.  The systematic review by Nygaard et al 
reported that wound complications occurred in 4.6% 
(range 0.4% to 19.8%), haemorrhage or transfusion 
in 4.4% (.2% to 16.9%), cystotomy in 3.1% (0.4% to 
15.8%), ureteral injury in 1.0% (0.8% to 1.9%), bowel 
injury in 1.6% (0.4% to 2.5%) and incisional hernia 
repair in 5% (0,4 to 11%) 323. One in 20 women in the 
CARE trial experienced significant gastrointestinal 
morbidity after sacral colpopexy. Of 322 women in the 
study, 19 had symptoms of possible ileus or small 
bowel obstruction; of these, four had reoperation for 
small bowel obstruction, 11 were readmitted for medi-
cal management, and four  had a prolonged initial 
hospitalisation for gastrointestinal symptoms.325 In 
long-term review after the  CARE trial the subjective 
success rate gradually declined to 80% and the 
mesh exposure rate was 9.9%.324 The high rate of 
mesh exposure needs further clarification but may 
be explained by less than 40% of the original grafts 
utilised being monofilament polypropylene mesh.326  

Abdominal sacral colpopexy (ASC) versus 
sacrospinous ligament suspension (SSLS) 
To date, there are three RCTs that directly compare 
ASC to SSLS.51, 77, 78, 320 The 2013 Cochrane review 
on the surgical management of POP summarises 
these studies and concludes that these trials provide 
Level 1 evidence that there were no statistically sig-
nificant differences in objective failure at any site (any 
pelvic organ prolapse RR 0.77, 95% CI 0.39 to 1.53), 
subjective failure (RR 0.53, 95% CI 0.25 to 1.09), re-
operation for POP (RR 1.46, 95% CI 0.19 to 1.11) or 
patient satisfaction (RR 0.82, 95% CI 0.32 to 2.06).185 
However, ASC was superior to SSLS for the following 
outcomes: Prolapse < stage 2 (RR 0.29, 95% CI 0.09 
to 0.97), recurrent vault prolapse (RR 0.23, 95% CI 
0.07 to 0.77), post-operative stress urinary inconti-
nence (RR 0.55, 95% CI 0.32 to 0.95) and less post-
operative dyspareunia (RR 0.39, 95% CI 0.18 to 
0.86). In contrast, ASC was associated with a longer 
operating time (Weighted Mean Difference (WMD) 21 
minutes, 95% CI 12 to 30), longer time to recover 
(WMD 8.3 days, 95% CI 3.9 to 12.7) and was more 
expensive (WMD US $1334, 95% CI 1027 to 1641) 
than SSLS.185 
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Table 19.  Abdominal Sacral Colpopexy outcomes. 

Author Yea
r 

Number of 
patients, 
(number lost to 
follow-up, if 
known) 

Follow –
up 
(months) 

Success rate 
(%) 

Criteria for success# Comments 

Addison327 1985 56 (2) 39 96 Good vaginal vault suspension in a normal 
axis 

Fascia lata was graft material used for patient 
with early recurrence 
1 patient unimproved as a presacral 
haemorrhage prevented successful completion 
of the procedure 

Baker328 1990 59 (6) 6 100 No complaint of protrusion from the vagina 51/59 patients had post-operative records 
available, at which time all patients had a well- 
supported vagina 

Snyder329 1991 147 (15) 43 93 (108/116) Lack of major long- term post-operative 
complications, restoration of functional vagina 
in the proper axis, and no recurrence of 
presenting symptoms with at least 6 months 
of follow-up 

Graft attached to the entire length of the vagina 
in the rectovaginal septum 

Imparato 246 1992 71 (8) NS 78 Excellent, well- suspended vault on exam 50 had direct attachment of the vaginal apex to 
the anterior sacrum 

16 Good vault suspension, but asymptomatic 
vaginal “relaxation” 

Timmons330 1992 163 33 99 Good vaginal vault support The range of success is due to 4 different 
techniques which were compared 

van 
Lindert331 

1993 61 32 97 No recurrent vaginal prolapse 8 patients had preservation of the uterus 

Grunberge332 1994 62 (14) 75.6 94 No moderate vaginal vault prolapse on exam 42 patients had direct attachment of the vagina 
to the sacral promontory 
12 had permanent “suture 
bridges” 
8 had lyodura loops 

Lecuru333** 1994 203 32.5 86.7-100 Anatomically good results  

53.3-80.5 Functionally good results 
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Author Yea
r 

Number of 
patients, 
(number lost to 
follow-up, if 
known) 

Follow –
up 
(months) 

Success rate 
(%) 

Criteria for success# Comments 

Brubaker334 1995 65 (0) 3 71 No anterior or apical prolapse 63/65 patients had abdominal anterior 
compartment repair at the time of the 
sacrocolpopexy 

de Vries335 1995 101 (29) 48 32 Fully cured 
(patient satisfaction based upon 
questionnaire) 

Questionnaires sent to patients to evaluate pain, 
prolapse-related complaints and functional 
disorders.  Patients 
indicated symptoms before 
surgery, >1 year after surgery, and >1 year after 
surgery 

39 Considerable improvement 

29 No improvement 

Benson77 1996 40 60 58 (another 26% of 
patients had 
‘satisfactory’ 
outcomes’) 

Patient asymptomatic, vaginal apex 
supported above the levator plate, no 
protrusion beyond the hymen 

All patients had sacrocolpopexy and paravaginal 
repair. Results are from a RCT 
comparing sacrocolpopexy to sacrospinous 
suspension. 

Hardiman336 1996 80 47 99 No recurrent vault prolapse  

Sullivan337 2001 236 (31) 64 100 No recurrence of vaginal or rectal prolapse Total pelvic mesh repair involved attachment 
mesh strip between the perineal body and the 
sacrum, and then attaching two additional strips 
laterally to the pubis to support the vagina and 
bladder 

34% Very satisfied 

38% Satisfied 

Occelli338 1999 271 (54) 66 97.7 Cured for prolapse  

Patsner339 1999 175 (0) ≥ 12 97 No “mesh failures”  

Sze 250 1999 56 (9) 23 81 No recurrent prolapse to or beyond the 
hymen 

All 9 patients with recurrent prolapse were 
Symptomatic 

Lo320 1998 52 (not clear) 25 94 No prolapse > Stage 
II 

Results are from a RCT comparing 
sacrocolpopexy to sacrospinous ligament 
suspension. 

Collopy340 2002 89 (0) 56.7 100 No recurrence of rectal or vaginal vault 
prolapse 

All had concomitant culdoplasty 

Culligan217 2002 245 61.2 85 Any POP-Q point ≥ 2 No apical failures observed 
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Author Yea
r 

Number of 
patients, 
(number lost to 
follow-up, if 
known) 

Follow –
up 
(months) 

Success rate 
(%) 

Criteria for success# Comments 

Lefranc341 
 

2002 85 (0) 126 
(median) 

90.6 No relapse of any prolapse All patients without preoperative SUI had a 
prophylactic Burch procedure done 

Lindeque342 2002 262 (0) ≥ 16 99 No vaginal vault prolapse 1/3 failures due to graft detachment from vagina 

Medina343 2002 97 (1) 19 90 < Grade I prolapse Aetiology of 1 failure was graft detachment from 
the vagina (aetiology of other 4 unknown) 

Brizzolara216 2003 124 36 98 No recurrent vault prolapse  

Podratz344 1995 50(6) 70 70 Asymptomatic (including no incontinence) 
and durable repair by exam 

 

Hilger345 2003 69(31) 164 74 Subsequent POP operation or a positive 
response to question 
5 on the PFDI*** 

 

Maher78 2004 47 (1) 24 76% objective 
94% subjective 

Objective: No POP beyond halfway point 
Subjective: No symptoms of POP 

Results are from a RCT comparing 
sacrocolpopexy to sacrospinous ligament 
suspension. 

Higgs 346 2005 148  97 No recurrent vault prolapse 24% required recurrent SUI surgery 

59.4 < Grade 1 prolapse 

78 No prolapse symptoms 

Brubaker53 2008 322 (302) 24 56 < Stage 2 prolape CARE Trial 2 year follow-up; Reoperations for 
prolapse occurred in 6 (2%) 

98 < Stage 2 prolapse 

95 POPQ point C within 2 cm of TVL 

Jeon194 2009 57 66 (60-
108) 

86 < Stage 2 prolapse Major complication requiring reoperation or 
intensive care developed in 12 (21%) 

Huebner347 2009 78 (53) NS 83 < Stage 2 prolapse  

Tate348 2010 100 (58) 60 77 < Stage 2 prolapse 5-year follow-up of RCT comparing 
polypropylene to cadaveric fascia. Polypropylene 
demonstrated superior anatomic results (93% vs 93 Symptoms of prolapse or bulging 
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Author Yea
r 

Number of 
patients, 
(number lost to 
follow-up, if 
known) 

Follow –
up 
(months) 

Success rate 
(%) 

Criteria for success# Comments 

62%, p =.02) but no difference in symptomatic 
outcomes 

*Prospective and Retrospective cohorts with n > 50 published since 1985, ASC arms of 3 RCTs comparing ASC to sacrospinous ligament suspension. #POP staging systems, if 
used, are indicated as ‘grade’ for Baden-walker or ‘stage’ for POP-Q 

NS = not stated; SUI = stress urinary incontinence; RPU = retropubic urethropexy; RCT=randomised clinical trial 

**Only abstract reviewed (paper not in English) 

***Question 5 on the Pelvic Floor Distress Inventory – “Do you usually have a bulge or something falling out that you can see or feel in the vaginal area?” 
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4.2. Laparoscopic sacral colpopexy (LSC) 
The laparoscopic approach of sacral colpopexy has 
been adopted by many surgeons over the last decade 
as an alternative to ASC with the hopes of reproduc-
ing the high success rate of the ASC while decreasing 
the morbidity and delayed recovery associated with 
laparotomy. Multiple prospective and retrospective 
case series demonstrate acceptable short to mid-
term success rates with  mean objective success rate 
of 91% (range 60 -100%), subjective success rates of 

79-98%349-351 and mean reoperation rate of 5.6% (Ta-
ble 20). Prospective studies demonstrate significant 
improvements in pelvic symptoms and quality of life 
after LSC.321, 352, 353 Most RCTs observed that laparo-
scopic sacral colpopexy is as effective as open ab-
dominal procedure, with a reduced rate of intraoper-
ative bleeding, hospitalisation and wound complica-
tions.354, 355 However, a recent RCT showed that LSC 
provides outcomes as good as those of open proce-
dure for anatomical correction but not for anterior pel-
vic organ prolapse.356  

Table 20. Describes outcomes for laparoscopic sacral colpopexy studies reporting greater 12 months re-
view. 

Author, 
year 

n 
(mesh) 

Success 
Rate 

f.u. 
month
s 

Total 
reoperati
on rate 

Reoperatio
n rate 
recurrence 

Reoperatio
n rate 
complicati
on 

Vaginal 
mesh 
exposur
e 

Spondylo
-discitis 

de novo 
dyspareuni
a 

Kenton, 
2016357 

33 MD 12 3/33 0/33 3/33 0/33 0/33 MD 

Costantini, 
2016356 

60 60/60 41 3/60 0/60 3/60 3/60 0/60 1/60 

Sarlos, 
2014358 

85 57/68 60 5/85 3/85 2/85 2/85 0/85 MD 

Freeman, 
2013354 

25 24/25 12 1/25 1/25 0/25 0/25 0/25 MD 

Perez, 
2011359* 

94 88/94 12 0/94 0/94 0/94 3/94 0/94 2/94 

Maher, 
201111 

53 41/53 24 3/53 0/53 1/53 1/53 0/53 MD 

Price, 
201125 

84 84/84 24 7/84 4/84 3/84 5/84 0/84 MD 

Sergent, 
201126 * 

124 103/116 34 10/124 MD 3/124 4/116 1/124 1/85 

Paraiso, 
2011360 

29 21/23 12 0/29 0/29 0/29 0/29 0/29 MD 

Sabbagh, 
2010 27** 

186 122/132 60 8/186 2/186 6/186 5/132 0/132 9/170 

Akladios, 
2010361 

48 46/48 16 8/48 0/48 2/48 1/48 0/48 MD 

Granese, 
200928 

138 131/138 43 1/138 0/138 0/138 0/138 0/138 2/138 

Sarlos, 
200829 

101 98/101 12 4/101 1/101 1/101 1/101 0/101 1/101 

Deprest, 
200930 

65 43/65 33 7/65 0/65 7/65 7/65 0/65 MD 

Claerhout, 
200946 

132 127/132 12 9/132 0/132 9/132 6/132 0/132 10/53 

North, 
2009362 

22 22/22 27.5 1/22 0/22 1/22 1/22 0/22 0/12 

Misrai, 
2008363 

43 37/43 48 3/43 1/43 2/43 2/43 0/43 MD 
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Author, 
year 

n 
(mesh) 

Success 
Rate 

f.u. 
month
s 

Total 
reoperati
on rate 

Reoperatio
n rate 
recurrence 

Reoperatio
n rate 
complicati
on 

Vaginal 
mesh 
exposur
e 

Spondylo
-discitis 

de novo 
dyspareuni
a 

Stepanian
, 200831 

402 380/402 12 14/402 0/402 11/402 5/402 0/402 4/402 

Agarwala, 
200734 

74 74/74 24 2/74 0/74 2/74 1/74 MD 1/74 

Rivoire, 
200735* 

114 100/114 33 14/114 7/114 7/114 7/114 1/114 0/114 

Paraiso, 
200536 

56 MD 13 3/56 1/56 2/56 2/56 0/56 MD 

Rozet, 
200537* 

363 348/363 14 13/363 7/363 6/363 3/363 1/363 MD 

Ross, 
200539 

51 48/51 60 10/51 3/51 4/51 4/51 0/51 4/51 

Higgs 
2005349 

103 39/66 60 15/103 11/103 4/103 6/103 0/103 MD 

Gadonnei
x, 
200440* 

46 38/46 24 0/46 0/46 0/46 0/46 0/46 MD 

Antiphon, 
200441 

108 75/100 16 10/108 5/108 0/108 0/108 1/108 MD 

Cosson, 
200242* 

83 78/83 11 2/83 1/83 1/83 1/83 0/83 MD 

Cherot 
2001364 

44 43/44 18 0/44 0/44 0/44 0/44 0/44 0/44 

Total 2741 2303/25
22 
91% 

 156/2766 
5.6% 

47/2343 
2.0% 

80/2343 
3.4% 

70/2288 
3.1% 

4/2745 
0.15% 

35/1398 
2.5% 

Abbreviations: MD: missing data, all mesh monofilament polypropylene except * PE: polyester, PPS, monofilament 
polypropylene-dimethyl siloxane (silicone). 

A retrospective study assessed the complication 
rates in 402 LSC cases.219 This study compared pa-
tients who received concurrent laparoscopically-as-
sisted vaginal hysterectomy with those that had pre-
vious hysterectomy. They showed no differences in 
intra- or perioperative complications and similar rates 
of mesh erosion between the two groups.219 Overall 
the complication rates for this cohort were 0.75% for 
hematoma, 2.2% for ileus or small bowel obstruction, 
1.5% for bladder injury, 0.75% for bowel injury and 
0.25% ureteric injury. At 1 year, the overall mesh ero-
sion rate was 1.2%. In contrast, Tan-Kim et al re-
ported on a retrospective series of 188 minimally in-
vasive sacrocolpopexy and found a significantly 
higher mesh exposure rate in those who received 
concurrent total vaginal hysterectomy (TVH)  (23%) 
compared with those who were post-hysterectomy 
(5%) or received a supracervical hysterectomy 
(5%).211  TVH was found to be an in independent risk 
factor for mesh erosion on multivariable regression 
analysis in this study (OR 5.67; 95% CI 2.88-17.10). 

Despite the clinical advantages of a laparoscopic ap-
proach, adoption of LSC has been relatively limited 

possibly related of the steep learning curve associ-
ated with attaining laparoscopic suturing and knot ty-
ing skills that are required to attach the mesh to the 
vagina and sacrum. Claerhout et al evaluated their 
learning curve in the first 206 cases performed by a 
single surgeon.365  Operating times declined rapidly 
during the first 30 procedures in this series and 
reached steady state (175 minutes) after 90 cases. 
Using a cumulative sum (CUSUM) approach to eval-
uate operative time and failures (laparotomy, compli-
cation or anatomic failures) they found that adequate 
learning occurred after 60 cases.365 Complication 
rates remained unchanged throughout this series. 
Other studies have shown a decrease in operating 
time after 15-24 cases. 366, 367  

Robotic Sacral Colpopexy (RSC) 
Because of the relatively long learning curve re-
quired for LSC, many surgeons have turned to ro-
botic-assisted surgery in order to offer patients a min-
imally invasive approach to sacrocolpopexy. Robotic 
surgical systems have been developed with the goal 
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of facilitating technically difficult procedures by im-
proving the surgeon’s vision, dexterity and ergonom-
ics. Limited data suggest that operating time and effi-
ciency improves significantly after performing 20 
RSCs.368  A systematic review of 27 studies includ-
ing 1488 RSCs found that the robotic approach is 
associated with objective cure rates of 84%-100% 
and subjective cure rates of 92-95% with mesh ero-
sion rates of 2% (range 0-8%)369 Overall, the post-
operative complication rate in this meta-analysis 
was 11% (range 0-43%) with severe complications 
occurring in 2%.369 Conversion to open ASC oc-
curred in <1% (range 0-5%). 

Laparoscopic versus robotic sacral col-
popexy 

To date, two randomised trials have compared ro-
botic to laparoscopic sacral colpopexy.  Paraiso et 
al reported a single-centre, blinded randomised trial 
comparing RSC (n = 40) to LSC (n=38) in women with 
stage 2-4 post-hysterectomy vaginal prolapse. Pa-
tients undergoing a RSC experience longer operating 
time (mean difference + 67 minutes; 95% CI 43-89, 
p<.0001), increased post-operative pain up to six 
weeks following surgery and required longer use of 
non-steroidal anti-inflammatory medications (20 vs 
11 days) compared with LSC. At one year, there was 
no difference between anatomical and quality of life 
measures between the two groups. Additionally, the 
cost of RSC was significantly higher (mean difference 
+$1936; 95% CI $417-$3,454)352 In 2014, Anger et al 

conducted a multi-centre trial comparing 78 women 
with stage two or greater pelvic organ prolapse to 
RSC (n=40) or LSC (n=38) with a primary outcome of 
cost370. The robotic sacrocolpopexy group had higher 
initial hospital costs ($19,616 compared with 
$11,573, P<.001) and over six weeks, hospital costs 
remained higher for RSC ($20,898 compared with 
$12,170, P<.001). However, when excluding costs of 
robot purchase and maintenance there was no differ-
ence in hospital costs over 6 weeks ($13,867 com-
pared with $12,170; P=.060). The robotic group had 
longer operating room times (202.8 minutes com-
pared with 178.4 minutes, P=.030) and higher pain 
scores one week after surgery (3.5+/-2.1 compared 
with 2.6+/-2.2; P=.044). At one year, there were sig-
nificant improvements in sexual activity, quality of life 
and symptoms improved in both groups with no dif-
ferences between groups.357 No reoperations for 
mesh complications occurred in either group. In the 
majority of comparative studies RSC is associated 
with longer operating time but similar objective suc-
cess and complication rates to LSC (Table 21). 

Unger et al performed a retrospective analysis com-
paring perioperative adverse events in 406 women 
undergoing RSC and LSC. Rates of bladder injury 
(3.3% vs 0.4%, p = 0.04) and estimated blood loss 
greater than 500ml (2.5% vs 0%, p =.01) were higher 
in the robotic group.266 In contrast, a meta-analysis 
of six smaller studies found lower blood loss with 
RSC than LSC (50 vs 155ml, p<.001) but no differ-
ence in other rates of complications.369 

Table 21. Comparison of laparoscopic (LSC) and robotic sacral colpopexy (RSC) 

Author, 
Year 

Design 
(follow-up mos) 

Group No. 
patients 

Operating 
time mins 

Blood 
loss 
mls 

Objective 
Success 
Rate (%) 

Complications 
(%) 

Mesh 
exposure 
(%) 

Paraiso, 
2011352 

RCT 
(12) 

LSC 33 199 MD 91 12 0 

RSC 35 265 MD 88 43 6 

Chan,  
2011371 

Retrospective 
(RSC 16; LSC 
39) 

LSC 20 185 155 90 0 0 

RSC 16 230 131 93 12 0 

Tan-Kim, 
2011220 

Retrospective 
(RSC 36; LSC 
25) 

LSC 61 206 85 80 MD 2 

RSC 43 281 86 90 MD 5 

Seror,  
2012372 

Retrospective 
(RSC 15; LSC 
18) 

LSC 47 231 280 100 40 0 

RSC 20 128 55 95 30 0 

Antosh, 
2012373 

Retrospective (3) LSC 23 325 100 91 8 0 

RSC 65 334 50 87 MD 3 

Awad, 
2013374 

Retrospective 
(3) 

LSC 40 176 205 100 5 0 

RSC 40 186 48 100 5 0 

Anger,  
2014370 

RCT (6) LSC 38 178 106 MD 2.6 0 

RSC 40 202 85 MD 2.5 0 

Retrospective LSC 232 215 114 92 8 0.8% 
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Author, 
Year 

Design 
(follow-up mos) 

Group No. 
patients 

Operating 
time mins 

Blood 
loss 
mls 

Objective 
Success 
Rate (%) 

Complications 
(%) 

Mesh 
exposure 
(%) 

Mueller, 
2016357 

RSC 226 255 99 86 7 0.9% 

Abbreviations: MD: missing data, RCT: randomized controlled trial, LSC: laparoscopic sacrocolpopexy, RSC: robotic 
sacrocolpopexy 

Sacral colpopexy versus transvaginal mesh 
Maher et al reported results from a randomised trial 
comparing laparoscopic sacral colpopexy (LSC) 
(n=53) to a total vaginal mesh (TVM) (Prolift, Ethicon, 
Sommerville NJ, USA ) (n=55) 321. LSC was associ-
ated with longer operating time (mean difference +52 
min (95% CI 41.5-62.6], decreased hospital stay 
(mean difference -0.5 days (95% CI -.93 to -.10) and 
quicker return to normal activities (mean difference -
5.3 days (95% CI -8.4 to -2.3). Two years after sur-
gery, objective success (overall POP-Q Stage 0 or 1) 
was seen in 77% of the LSC group compared with 
only 43% of the TVM group, p <.001) 321. Also, reoper-
ations were significantly higher in the TVM group 
(22%) than in the group that received LSC (5%, p 
=.006).  

Sacral colpopexy with mesh versus biologi-
cal grafts 
Some surgeons have attempted to decrease mesh 
complications of sacral colpopexy by using biological 
materials instead of synthetic mesh.  However, Level 
1 evidence supports the superiority of polypropylene 
mesh to fascia lata for objective anatomical support 
following ASC.35, 348 A randomised trial of 106 
women undergoing ASC compared polypropylene 
mesh to cadaveric fascia lata and found superior an-
atomical outcomes in those who received polypropyl-
ene at one year (success 91% vs. 68%, p = .007) and 
five years after surgery (93% vs. 62%, p =.02).35, 348 
There were no differences in graft related complica-
tions overall between the two groups. Several retro-
spective case series support these data.375-377 While 
Level three evidence suggests that use of xenografts 
such as porcine dermis and small intestinal submu-
cosa also have inferior anatomic success rates com-
pared with polypropylene mesh378-380, a single ran-
domised trial comparing polypropylene mesh to por-
cine dermis in women receiving  LSC found no differ-
ence in objective or subjective outcomes at one 
year.381 

5. OBLITERATIVE PROCEDURES: 
LEFORT COLPOCLEISIS, TOTAL 

COLPOCLEISIS 

Obliterative surgery, such as total colpocleisis (also 
called colpectomy/colpocleisis) or the LeFort partial 
colpocleisis, corrects POP by reducing the pelvic vis-
cera back into the pelvis and closing off the vaginal 

canal either in part or whole.382 Obliterative proce-
dures are less commonly performed in the Europe, 
Asia, and Australia compared to the United States, 
and are usually reserved for women who are elderly, 
medically compromised, and no longer sexually ac-
tive.383 The purported advantages of obliterative sur-
gery in this population are decreased operative time, 
decreased perioperative morbidity, and an extremely 
low prolapse recurrence risk. The obvious disad-
vantage is the elimination of the potential for vaginal 
intercourse. Preoperative counselling is essential 
when choosing between the obliterative and recon-
structive options. A systematic review of colpocleisis 
published in 2006 noted colpocleisis appears to be 
nearly 100% effective for correcting pelvic organ pro-
lapse.382 However, a small cohort study of 47 elderly 
women undergoing LeFort colpocleisis found objec-
tive success to be 81% and symptomatic improve-
ment at 91.5% with longer post-operative vaginal 
length and wider genital hiatus as risk factors for re-
currence.384 Multiple cohort studies have found high 
rates of patient satisfaction and significant func-
tional improvement with low rates of regret for loss 
of sexual function (0-4.3%). 54, 171, 385-388   

Barber et al reported results from a multi-centre 
study of obliterative surgery using a prospective co-
hort design with a concurrent control group of age-
matched women undergoing vaginal reconstructive 
surgery.54 Despite permanent alterations in sexual 
function, significant improvements in bladder, bowel 
and prolapse symptoms as well as body image were 
noted after surgery with no differences between those 
who received colpocleisis and those who underwent 
reconstructive surgery. Additionally, significant and 
clinically important improvements were noted in bod-
ily pain, vitality, social functioning, role-emotional, 
and mental health summary scales of the SF-36.54 
Another multi-centre prospective cohort of 90 women 
undergoing colpocleisis found significant improve-
ment in pelvic floor symptoms and body image with 
high satisfaction and low levels of regret on validated 
questionnaires six  months after surgery.387 Similarly, 
a retrospective cohort of women over age 65 by Mur-
phy et al comparing  women who underwent col-
pocleisis (n=45) and similar group  women who un-
derwent reconstructive surgery with transvaginal 
mesh (Prolift, Ethicon Women’s Health and Urology) 
found that improvements in condition-specific quality 
of life and post-operative patient satisfaction were 
comparable between the two treatment groups.389 

 

The Pelvic Floor Disorders Network has reported on a  
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large series of women undergoing colpocleisis 
(n=153) with one year follow-up.390 All pelvic symp-
tom scores and related bother significantly improved 
at three and 12 months, and 125 (95%) patients said 
they were either ‘very satisfied’ or ‘satisfied’ with the 
outcome of their surgery.390 Bothersome stress and 
urgency incontinence were present before surgery 
in 54% and 41% of subjects respectively. Forty per-
cent of subjects received a concurrent mid-urethral 
sling at the time of their colpocleisis and the rates of 
bothersome stress and urgency incontinence one 
year after surgery were 14% and 15% respectively. 
Similarly, bothersome bowel symptoms were pre-
sent in 77% of subjects at baseline. One year after 
surgery, the majority of bothersome bowel symp-
toms resolved, particularly obstructive and inconti-
nence symptoms, and development of new bowel 
symptoms was uncommon (0-14%).391 

While obliterative procedures are predominantly 
performed in elderly, frail women who often have 
multiple co-morbidities, the rate of serious adverse 
events after this procedure appears to be low. In 
general, major complications due to performance of 
surgery on the elderly (e.g. cardiac, pulmonary and 
cerebrovascular complications) occur at a rate of 
approximately 2%.382 Major complications due to the 
surgery itself (e.g. pyelonephritis, blood transfusion) 
occur at a rate of approximately 4%.382 A systematic 
review of published series of colpocleisis from 1966 
to 2004 reported a surgical mortality rate of approx-
imately 1 in 400 cases.382  One complication that ap-
pears to be uniquely associated with obliterative 
surgery is development de novo rectal prolapse af-
ter surgery.392, 393 Collins et al in a retrospective co-
hort of 916 women undergoing vaginal POP surgery 
at one institution and found that the incidence of 
post-operative full-thickness rectal prolapse in 
women who were > or = 65 years old who underwent 
obliterative surgery was 3 of 74 (4.1%; 95% CI, 1.4-
11), with an estimated odds ratio of 22 (95% CI, 2.3-
196; P < .002) compared with women who were > or 
= 65 years old who underwent reconstructive sur-
gery.392 

CONCLUSIONS   

• A single large RCT suggests ULS and SSLS 
have similar anatomical, functional and adverse 
event outcomes. (GoR B) 

• Level one evidence suggests transvaginal mesh 
procedures do not improve anatomical out-
comes, vaginal bulge symptoms, repeat surgery 
for prolapse, dyspareunia or post-operative 
stress urinary incontinence when compared to 
native tissue (non-mesh) vaginal apical repairs 
have a mesh exposure rate of 18% and surgery 
for mesh exposure is required in 9.5%. (GoR A) 

• Level one evidence suggests that overall sacro-
colpopexy is associated with lower risk of aware-
ness of prolapse, recurrent prolapse on exami-

nation, repeat surgery for prolapse, post-opera-
tive SUI and dyspareunia when compared 
broadly with vaginal prolapse repairs with and 
without mesh augmentation. (GoR A) 

• Level one evidence suggest ASC has a higher 
success rate as compared to SSLS with less SUI 
and post-operative dyspareunia. ASC had 
greater morbidity including operating time, inpa-
tient stay, slower return to activities of daily living 
and higher cost. (GoR A) 

• In a single RCT, ASC associated with greater an-
atomical success, fewer reoperations, greater 
post-operative complications than USLS but no 
difference in improvement in symptoms or quality 
of life. (GoR B) 

• LSC is associated with lower blood loss, longer 
operating time and shorter hospital stay than 
ASC with no difference in objective or subjective 
cure rates. (GoR B)        

• RSC is associated with longer operating times 
and greater cost than LCS with similar anatomic 
success and adverse events. (GoR B) 

• ASC performed with polypropylene mesh has su-
perior outcomes to fascia lata (GoR B) 

• In a single RCT, LSC had a superior objective 
and subjective success rate and lower reopera-
tion rate compared to polypropylene transvaginal 
mesh for vault prolapse (GoR B). 

• Level three evidence suggest McCall culdo-
plasty, Iliococcygeus fixation and colpocleisis are 
relatively safe and effective interventions. (GoR 
C) 

 POSTERIOR PROLAPSE 
SURGERY 

Surgery for Posterior Vaginal Wall Prolapse 
Almost 200,000 women undergo prolapse surgery in 
the United States each year, with one-third to one-
half including a posterior wall prolapse repair.21 Pro-
lapse of the posterior vaginal wall may be secondary 
to the presence of rectocele, sigmoidocele, entero-
cele, or a combination of these. This section will focus 
on the current understanding of the posterior vaginal 
anatomy, pathophysiology and anatomic defects 
which contribute to posterior vaginal wall prolapse, 
and will update the previous ICI report regarding out-
comes after surgical repair of rectocele. 

Anatomy of the Posterior Vaginal Wall 
The vagina is made up of fibromuscular tissue ex-
tending as a tube from the abdominal cavity to the 
perineal body. Support of the posterior vaginal wall 
includes a complex interaction of the vaginal tube, 
connective tissue support, and muscular support of 
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the pelvic floor.  

The connective tissue support of the vagina can be 
divided into three levels based on work by 
DeLancey.154 All three levels require evaluation when 
considering the surgical management of the posterior 
vaginal compartment. Level I includes the apical por-
tion of the posterior vagina supported primarily by the 
cardinal-uterosacral ligaments, originating at the sa-
crum and inserting onto the posterior cervix and up-
per vagina.394 Level II includes support to the mid-
section of the vagina, which is provided by the en-
dopelvic fascia, attaching the lateral posterior vaginal 
wall to the aponeurosis of the levator ani muscles. 
The fibres of the endopelvic connective tissue extend 
from the lateral edge of the vaginal tube to the pelvic 
sidewall. The proximal half of the posterior vagina is 
supported by endopelvic attachment to the arcus ten-
dinous fasciae pelvis. 

Finally, Level III includes the distal support of the pos-
terior vaginal wall and is primarily provided by the per-
ineal body. This level of support has strong attach-
ments to the levator ani complex and is thus less sus-
ceptible to pelvic pressure transmission that may 
cause prolapse: it imparts a physical barrier between 
the vagina and rectum.  

The puborectalis muscle provides a sling of support, 
enclosing the genital hiatus. Typically, the 
puborectalis is in a state of chronic contraction and 
the anterior and posterior vaginal walls are in direct 
apposition. In normal defaecation, there would be no 
increased pressure or stress placed on the endopel-
vic fascial attachments, as the puborectalis muscle 
relaxes and any increased pressure on the posterior 
vaginal wall is equilibrated by the opposing anterior 
vaginal wall. 

The rectovaginal space is the potential space be-
tween the vaginal tube and the rectum. It consists of 
areolar tissue, and allows the vagina and rectum to 
function independently. Histological studies have 
noted that there is no specific layer of “fascia” be-
tween these two structures.395 

Disruption of this complex interplay of bony, muscu-
lar, and connective tissue support can result in poste-
rior vaginal wall prolapse resulting in both physical 
discomfort as well as negative impact on a woman’s 
functioning. 

Surgical Repair of Posterior Vaginal Prolapse 
Posterior vaginal prolapse can be associated with a 
bothersome vaginal bulge as well as emotional, sex-
ual, and defaecatory dysfunction. Surgical treatment 
should be primarily driven by patient symptoms and 
bother. Of note, many patients may present with both 
defaecatory symptoms as well as posterior vaginal 
prolapse leading to the assumption that the prolapse 
is causing the problems. However, data are conflict-
ing regarding the efficacy of posterior vaginal repair 
on improving defaecatory symptoms and the associ-
ation is incompletely understood.396, 397  

Types of surgical repair for posterior vaginal prolapse 
include midline plication, site specific technique, 
graft/mesh augmentation of midline or site-specific 
repairs, transanal repair, ventral rectopexy, and sa-
cral colpopexy in which mesh is extended to the distal 
portion of the posterior vaginal wall and/or perineum. 

2. MIDLINE PLICATION 
(TRADITIONAL POSTERIOR 

COLPORRHAPHY) 

Midline plication of the fibromuscularis in the posterior 
compartment, or posterior colporrhaphy, was intro-
duced in the 19th century. Plication in the midline de-
creases the width of the posterior vagina wall, creates 
a shelf of support, theoretically increasing the 
strength of the fibromuscularis layer. Reported ana-
tomical “success rates” of this technique range from 
76-96% (Table 22). The vaginal epithelium of the pos-
terior vaginal wall is incised in the midline and flaps 
are created by dissecting the vaginal epithelium off 
the underlying fibromuscularis layer. Plication of the 
fibromuscularis then starts proximally towards the hy-
men. 

Of note, midline plication may include plication of the 
levator ani muscles as well. This can help to close the 
genital hiatus, although it is not a normal anatomical 
position of the levator muscles. This may overly con-
strict the vaginal calibre and cause post-operative 
pain and dyspareunia. Thus, in general levator plica-
tion has fallen out of favour especially in sexually ac-
tive women. 

Table 22. Midline plication or traditional posterior colporrhaphy 

Study (year) N Review 
(Months) 

Anatomic 
Cure (%) 

Vaginal 
Bulge        
(%) 

Vaginal 
Digitation (%) 

Defecatory 
Dysfunction (%) 

Dyspareunia 
(%) 

Arnold et al398 
Preoperative 
Post-
operative 

 
29 
24 

 
 

 
 
19/24(80) 

  
20 

 
 
9/24(36) 

 
 
6/24(23) 

Mellgren et 
al.399 
Preoperative 

 
25 
25 

 
 
12 

 
 
24/25(96) 

 
21 
4 

 
50 
0/25 (0) 

 
8 
2/25(8) 

 
 
2/25(8) 
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Study (year) N Review 
(Months) 

Anatomic 
Cure (%) 

Vaginal 
Bulge        
(%) 

Vaginal 
Digitation (%) 

Defecatory 
Dysfunction (%) 

Dyspareunia 
(%) 

Post-
operative 

Kahn et al400 
Preoperative 
Post-
operative 

 
231 
171 

 
 
42 

 
 
130/171(76) 

 
64 
31 

 
 
56/171(33) 

 
4 
19/171(11) 

 
 
27/171(16) 

Weber et al 
401. (15) 
Preoperative 
Post-
operative 

 
53 
53 

 
12 

     
 
14/53(26) 

Sand et al.43 
(16) 
Preoperative 
Post-
operative 

 
70 
67 

 
12 

 
 
67/70(90) 

    

Maher et al.402 
Preoperative 
Post-
operative 

 
38 
38 

 
 
12 

 
 
33/38(87) 

 
100 
5 

 
100 
6/38(16) 

 
3 
6/38 (16%) 

 
37 
2/38(5) 

Abramov et 
al.403 
Preoperative 
Post-
operative 

 
183 
183 

 
 
>12 

 
 
150/183(82) 

 
100 
4 

  
17 
33/183 (18) 

 
8 
31/183 (17) 

Paraiso et 
al.360 
Preoperative 
Post-
operative 

 
37 
28 

 
17.5 

 
 
24/28 (86%) 

   
80 
9/28 (32) 

 
56 
13/28(45) 

Total   447/539 
(83%) 

 61/234 (26%) 
 

78/469 
(17%) 

95/522 (18%) 

3. SITE-SPECIFIC POSTERIOR 
VAGINAL REPAIR 

This technique is similar to the traditional posterior 
colporrhaphy, except for the plication step. After the 
epithelium is dissected off of the underlying connec-
tive tissue, discrete defects in the connective tissue 
are identified by the surgeon by placing a finger in the 
rectum. Any identified discrete breaks in the connec-
tive tissue are then approximated and closed using 
interrupted sutures. If there is remaining laxity after 
the site-specific repair, a midline plication can then be 
performed over the site-specific repairs. Levator pli-
cation is not performed. The mean anatomic success 

rate is 83% (range 56-100%) with 18% post-opera-
tively needing vaginal digitation to defecate and 18% 
experiencing post-operative dyspareunia (Table 23). 

Abramov et al retrospectively compared the midline 
fascial plication and discrete site specific repair for 
rectoceles.404 They noted a significantly higher recur-
rence rate of rectoceles following the discrete site-
specific repair 32% as compared to 13% following the 
midline fascial plication (P=0.015). The correction of 
the rectovaginal fascia defect that allows entrapment 
of faeces on straining in significant rectoceles may be 
too large to be repaired with the discrete approach405 
and appears to be corrected by the more robust mid-
line fascial plication. 

Table 23. Site-specific posterior vaginal repair 

Study (year) N Review 
(Months) 

Anatomic 
Cure  
(%) 

Vaginal 
Bulge  
(%) 

Vaginal 
Digitation 
(%) 

Defecatory 
Dysfunction (%) 

Dyspareunia 
(%) 

Cundiff et al 406        
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Study (year) N Review 
(Months) 

Anatomic 
Cure  
(%) 

Vaginal 
Bulge  
(%) 

Vaginal 
Digitation 
(%) 

Defecatory 
Dysfunction (%) 

Dyspareunia 
(%) 

Preoperative 
Post-operative 

69 
61 

12 50/61 
(82%) 

100 
11/61(18) 

39 
11/61(18) 

13 
5/61(8) 

29 
12/61(19) 

Porter et al407 
Preoperative 
Post-operative 

 
125 
72 

 
6 

 
 
59/72 (82) 

 
38 
10/72(14) 

 
24 
15/72/ (21) 

 
24 
15/72(21) 

 
67 
33/72(46) 

Kenton et al405 
Preoperative 
Post-operative 

 
66 
46 

 
12 

 
 
41/46 (90) 

 
86 
4/46(9) 

 
30 
7/46(15) 

 
30 

 
28 
4/46(8) 

Glavind and 
Madsen408 (23) 
Preoperative 
Post-operative 

 
67 
67 

 
3 

 
67/67 (100) 

 
 

   
12 
2/67(3) 

Singh et al409 
Preoperative 
Post-operative 

 
42 
33 

 
18 

 
 
30/33(92) 

 
78 
2/33(7) 

  
9 
2/33(5) 

 
31 
5/33(15) 

Abramov et al404 
Preoperative 
Post-operative 

 
124 
124 

 
 
>12 

 
69/124 (56) 

 
100 
14/124(11) 

  
15 
24/124(19) 

 
8 
20/124(16) 

Paraiso et al410 
Preoperative 
Post-operative 

 
37 
27 

 
17.5 
 

 
 
21/23 (78) 

  
58 
6/27(21) 

 
 

 
48 
8/27(28) 

Sung et al411 
Preoperative 
Post-operative 

 
80 
70 

 
12 

 
63/70 (90) 

 
 
4/58(7%) 

 
9/58 (15.5%) 

 
 
12/57 (21) 

 
 
4/57 (7) 

Total   410/496 
(83%) 

45/394 
(11.4%) 

48/264 
 (18%) 

58/347 
(17%) 

88/487 
(18%) 

 

4. GRAFT (ABSORBABLE) OR MESH 
(PERMANENT) AUGMENTATION OF 

POSTERIOR VAGINAL REPAIR 

Graft or mesh can be used in the rectovaginal space. 
This is often combined with either a midline colpor-
rhaphy or site-specific repair. Although there is varia-
tion in the surgical technique typically, after creating 
vaginal flaps, the dissection is extended laterally on 
both sides to the pelvic sidewall. A midline colporrha-
phy or site-specific repair is then typically performed. 
The graft or mesh is then placed over the repair and 
anchored along the sidewall. The vaginal epithelium 
is then closed over the graft or mesh. 

There are three comparative studies suggesting no 
difference in anatomical and quality of life outcomes 
when using synthetic absorbable mesh or biological 
graft compared to native tissue transvaginal repair, 
including two high quality randomised trials and one 
low-quality retrospective cohort study.411-413 Graft-
augmented repair outcomes are presented in Table 
24. 

Paraiso et al compared three techniques for rectocele 
repair in a prospective randomised trial.410 Patients 

were randomised to receive either a traditional repair 
(N=37), a site specific repair (N=37) or a site-specific 
repair augmented with porcine small intestine mu-
cosa (N=32). All patients had Stage II or greater pos-
terior vaginal wall prolapse at baseline. The objective 
anatomical failure rate was highest in the graft aug-
mented group (12/26) at 1 year which was statistically 
significantly worse than the site-specific group (6/27) 
and traditional repair (4/28). There was no significant 
difference in subjective symptoms (worsening pro-
lapse or colorectal symptoms) or dyspareunia be-
tween the three groups. (Note: native tissue data are 
presented in Table 23). No graft exposures were re-
ported. 

Sung et al conducted a double blind, multicentre ran-
domised trial comparing native tissue repair (70) ver-
sus native tissue with porcine small intestine submu-
cosal  (SIS) graft (67) for symptomatic stage 2 recto-
cele.411 The native tissue repair involved either a mid-
line plication or site specific repair at the surgeon’s 
discretion, with the majority undergoing site-specific 
repair. In the graft group the native tissue repair was 
augmented with porcine SIS overlay. At one year, 
there was no difference between the groups in objec-
tive and subjective success rates or in resolution of 
defecatory symptoms. Post-operative dyspareunia 
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rates were not significantly different at 7% in the na-
tive tissue group and 12.5% graft group. (Note: native 
tissue data are presented in Table 23). No graft ex-
posures were reported. 

Grimes et al conducted a retrospective review of 193 
posterior repairs performed between 2001-2008 from 
the Kaiser Permanente San Diego Pelvic Floor Data-
base.413 124 (64%) native tissue (including 38% tra-
ditional colporrhaphy and 62% site-specific repair) 
and 69 (36%) graft augmentation procedures were in-
cluded. Minimum follow up was approximately 12 
months. Graft augmentation was at the discretion of 
the surgeon and included noncross-linked cadaveric 
dermis, cross-linked porcine dermis, and noncross-
linked porcine dermis. Anatomical success was simi-
lar between native tissue vs. graft (Bp <-1, 86% vs. 
80%). Post-operative splinting and incomplete evac-
uation was greater in the graft group compared to na-
tive tissue (splinting, 85% vs. 68%; p=0.04). 

There was one comparative study evaluating patient-
reported outcomes after native-tissue versus nonab-
sorbable mesh augmentation for isolated primary rec-
tocele by Madsen et al.414 The authors used prospec-
tive data from the Swedish National Register for Gy-
naecological Surgery, including 3988 women who un-
derwent primary operation for rectocele between 
2006-2014. 3908 women had a native-tissue repair 
and 80 had nonabsorbable mesh. No concurrent pro-
cedures were included and follow up was 12 months. 
The authors found no difference in vaginal bulge sen-
sation (78% vs. 90% “cure” for native tissue vs. 
mesh), or feeling satisfied/very satisfied (74% vs. 
70% native tissue vs. mesh). There was no statisti-
cally significant difference for de novo dyspareunia 
(33% vs. 10% for native tissue vs. mesh). Re-opera-
tion rate was 1.1% in both groups. 

Table 24. Graft-augmented (absorbable) posterior vaginal repair 

Author N Review 
(mo) 

Anatomic 
cure (%) 

Vaginal 
bulge (%) 

Vaginal 
digitation 
(%) 

Defecatory 
dysfunction 
(%) 

Dyspareunia 
(%) 

Paraiso et 
al (Paraiso 
2006) 

29 12 mo 14/26 (54%) - 2/29 (7%) 5/24 (21%) 3 (6%)* 

Sung et al 
(Sung 
2012) 

67 12 mo 59/67 (88%) 2/64 (3%) 6/62 (10%) 28/64 (44%) 7/56 (12.5%) 

Grimes et 
al (Grimes 
2012) 

69 71 mo 
(median, 
range 9-80) 

55/69 (80%) - 35/41 (85%) 33/41 (80%) 5/23 (22%) 

Total   128/162 
(79%) 

 43/132 (33%) 66/129 (51%)  

*Uncertain denominator 

5. SACRAL COLPOPEXY WITH 
EXTENSION OF MESH 

POSTERIORLY 

The abdominal route has been employed in the cor-
rection of posterior vaginal wall prolapse when a co-
existing apical defect requires surgery. The technique 
is a modification of sacral colpopexy with extension of 
the posterior mesh down to the distal posterior vagi-
nal wall and or the perineal body. The procedure can 

be performed through an abdominal incision, or 
through laparoscopic or robotic-assisted routes. The 
pre-sacral space is opened and the peritoneal dissec-
tion is extended posteriorly from the apex, entering 
the rectovaginal space. Dissection is continued to the 
perineal body. Mesh is then attached to the posterior 
vaginal wall distally and then attached to the anterior 
longitudinal ligament of the sacrum cephalad in a ten-
sion free fashion. The peritoneum is then typically 
closed over the mesh, burying it completely. A vaginal 
approach has also been described. Table 25 summa-
rises a series of studies that have reported on ex-
tended posterior fixation of sacrocolpopexy mesh. 

Table 25. Sacrocolpopexy with posterior mesh extension 

Author N Follow Up Success Dyspareunia Pre-op Post-op 

Baessler K 415 33 26 months 45% 39% 13% 

Fox S.416 29 14 months 90% 38% 17% 
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Author N Follow Up Success Dyspareunia Pre-op Post-op 

Su K417 122 12 months 90% - - 

Lyons 418 20 12 months 80% - - 

Marinkovic419 12 39 months 91% 29% None 

6. TRANSANAL REPAIR OF 
RECTOCELE 

Three trials have evaluated transanal vs transvaginal 
repairs of rectoceles. 420-422 Each trial had slightly dif-
ferent inclusion criteria. Kahn included women who 
had symptoms of prolapse or impaired rectal evacu-
ation with incomplete emptying on isotope defaecog-
raphy and normal compliance on anorectal manom-
etry420. Nieminen’s included women with sympto-
matic rectoceles not responding to conservative ther-
apy. Importantly women with compromised anal 
sphincter function and other symptomatic genital pro-
lapse were excluded. In both trials the vaginal repair 
was performed by gynaecologists and the transanal 
repair by colorectal surgeons. In Kahn’s trial the pos-
terior vaginal wall repair was performed using levator 
plication and in Nieminen's trial the rectovaginal fas-
cia was plicated. Farid’s inclusion criteria required 
women to have a rectocele larger than 2 cm on defae-
cography with symptoms including digitation, incom-
plete evacuation, excessive straining and 
dyspareunia. Women with a compromised anal 
sphincter complex or recurrent prolapse, rectal pro-
lapse, intussusception, or anismus were excluded. 
The surgery was performed within the surgery depart-
ment and blinded examiners utilised defaecography, 
anal manometry, and a modified obstructed defaeca-
tion syndrome patient questionnaire to report out-
comes. 

Based on these three trials we can conclude that the 
results for transvaginal repair of rectocele are supe-
rior to transanal repair of rectocele, in terms of sub-
jective and objective outcomes. In women with recto-
cele alone recurrent rectocele occurred in two2 out of 
39 women in the vaginal group and seven out of 48 
following the transanal repair, a difference that did not 
reach statistical significance. Post-operative entero-
cele was however significantly less common following 
vaginal surgery as compared to the transanal group. 

Farid 422 reported on outcomes of three types of rec-
tocele repair comparing transperineal repair to leva-
torplasty to transanal repair and noted conclusions 
similar to the two previously discussed trials. The size 
of the rectocele on defaecography was significantly 
smaller in the transperineal group (with or without le-
vatorplasty) as compared to the transanal repair. Also 
functional outcome based on a modified obstruction 
defaecation syndrome patient questionnaire was bet-
ter after transperineal repair compared to transanal 
repair. 

Puigdollers et al reported results from a prospective 
cohort of women with rectocele and constipation who 
underwent surgery via either endorectal or a trans-
perineal approach based on surgeon preference.423 
At the end of one year the overall subjective improve-
ment in constipation was reported in 43% (p<0.001) 
and the need to splint decreased in 52% (p=0.001). 

Thornton et al424 reported in a single non-randomised 
study outcomes for a cohort of women with sympto-
matic rectocele who were treated laparoscopically 
(N=40) vs transanally (N=40). Level 2B evidence 
from this study supports the superiority of the 
transanal approach for symptom relief (55% vs 28%, 
p<0.02) but lower post-operative dyspareunia rates 
(22% vs 36%) with the laparoscopic approach. 

van Dam et al425 performed a combined transvaginal 
and transanal repair  in 89 women who were evalu-
ated at a follow up of 52 months. The anatomical suc-
cess rate was 71% (defined as no persistent or recur-
rent rectocele on defaecography at six months). How-
ever, de novo dyspareunia was reported in 41% of 
women and there was a deterioration of faecal conti-
nence in seven patients. 

7. VENTRAL RECTOPEXY 

For rectal prolapse both perineal and abdominal pro-
cedures are described. While the transanal Delormes 
procedure has been performed for many years  Level 
three evidence suggests that perineal approaches 
seem to be associated with a higher post-operative 
faecal incontinence and recurrence rate and there-
fore an abdominal procedure is preferred by most sur-
geons.426-428 In the search to reduce this high rate, 
laparoscopic ventral mesh rectopexy (LVMR) was in-
troduced 429 and mobilises just the anterior aspect of 
the rectum, and thereby the risk for autonomic nerve 
damage and associated dysmotility with impaired 
evacuation is minimised. The dissection is followed 
by a mesh suspension of the distal rectum to the sa-
cral promontory, correcting the descent of the rectum 
and reinforcing the rectovaginal septum. Although no 
high quality comparative research exists so far, 
\LVMR is being progressively performed internation-
ally and proposed as the treatment of choice for rectal 
prolapse.430   

 To date, only one small randomised controlled trial 
(RCT) Emile et al. compared LVMR with Delorme’s 
operation (n= 25 vs. 25) for ERP with mean follow-up 
of 18 ± 5 months (range, 9-30)431. Baseline charac-
teristics differed from the literature with a low mean 
age (39.7 years) and a high percentage of males 
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(38%). The trial demonstrated no difference between 
the groups in recurrent prolapse (16% Delormes, 8% 
LVMR) or difference in change in Wexner continence 
or constipation scores post-operatively. The De-
lormes procedure had a shorter operating time and 
longer admission stay than the LVMR. With a larger 
sample size, the non-significantly higher recurrent 
rectal prolapse rate after the Delorme procedure may 
become significant. 

The vast majority of the current literature regarding 
LVMR comprises observational studies and often dif-
fer in patient selection and outcome measures. This 
heterogeneity makes it difficult to interpret the results. 
Most studies lack a systematic approach and follow-
up is usually short.  

Recurrence 
Since the first description of LVMR, recurrence rates 
for external rectal prolapse (ERP) range between 1.5 
to 15.4% (Table 26). Most recurrences are seen 
within 36 months’ post-operatively, but not all studies 
demonstrate this time interval. Studies including all 
rectal prolapse syndromes as an indication for LVRM, 
report a recurrence rate of 2.6 to 14.3% (Table 2). 
Only three trials evaluated IRP as the indication for 
LVRM with recurrence ranging from 5.3 to 7.1%. Re-
currence rates following RVMR are generally compa-
rable to LVMR series (Table 2). 

Functional Outcome 
External rectal prolapse 

External Rectal Prolapse (ERP) is considered a de-
finitive indication for LVMR.432 Functional outcome in 
rectal prolapse surgery is usually assessed with vali-
dated faecal incontinence and constipation scores. 
The LVMR articles included in this guideline either 
used the Cleveland Clinic Constipation Score (CCCS, 
range 0-30) 433 Obstructed Defecation Syndrome 
(ODS) Score (range 0-31)434, Fecal Incontinence Se-
verity Index (FISI, range 0-61)435 or the Cleveland 
Clinic Incontinence Score (CCIS, range 0-30)436. For 
all four grading systems, a decrease in score corre-
lates with an improvement of symptoms. A median 
improvement in CCCS ranged from 4.8-11 points with 
between 52-84% reporting a general reduction of ob-
structed defecation complaints is noted following 
LVMR (Table 28).  Post-operatively 50-93% of pa-
tients reported a reduction in faecal incontinence and 
an improved median FISI ranged from 12 to 36 points 
(Table 3). New-onset complaints are described in 4.8 
to 17.6% of patients for obstructed defaecation and in 
1.5 to 3.2% of patients for faecal incontinence (Table 
28). The only robotic VMR study including patients 
with an ERP showed a mean CCCS gain of 3.2 
points437. 

Internal rectal prolapse 

In general, for an Internal Rectal Prolapse (IRP) Ox-
ford Grade 1 and 2 (recto-rectal intussusception) pel-
vic floor physiotherapy is indicated.438 Significant 
functional symptoms in combination with an Oxford 

Grade 3 or 4 IRP (recto-anal intussusception) failing 
to conservative therapy, could be an indication for 
VMR.432 Studies including patients with a sympto-
matic grade 3 or 4 IRP describe a median reduction 
of CCCS (range 3.1-9.0 points) and a reduction in ob-
structed defaecation complaints (range 55-86% of 
patients) (Table 28). Post-operatively between 20-
92% reported a reduction in faecal incontinence with 
a median improved FISI ranging from 16 to 25 points 
as seen in Table 3. No, de novo faecal incontinence 
was described.  

Median gain of CCIS was non-significantly equivalent 
between the two techniques. Functional results fol-
lowing RVMR are comparable to the literature on 
LVMR for various indications (Table 28). 

8. VENTRAL MESH RECTOPEXY 
MORBIDITY 

Multiple studies have been performed to assess the 
safety of LVMR. At present, thirty studies report a 
post-operative complication rate between 0-23.4% 
(Table 27). The vast majority of those complications 
were minor, as classified according to the Clavien-
Dindo (CD) classification. Major complications follow-
ing VMR are described from 0-7.7% with a mortality 
rate of 0-1.1%. In recent years, there was serious 
controversy about the use of permanent mesh in pel-
vic floor surgery. In 2015 Evans et al. combined data 
collated from prospective databases in five hospitals 
(2203 patients) and described an overall mesh ero-
sion rate of 2% (42 synthetic, three biological) after a 
median of 23 months.439 

Currently 34 observation studies (range median fol-
low-up 3-74 months) mention mesh-related morbidity 
following LVMR with mesh complication rates from 0-
6.7% and mesh erosion percentages between 0-
3.7%.431, 439-457 Five studies (range median follow-up 
3-24 months) evaluated robotic VMRand the rate of 
synthetic mesh-related complications was 0%.437, 458-

461 Based on these figures, it appears that the con-
cerns about mesh complications following a transvag-
inal mesh procedure are not applicable to the VMR.  

9. BIOLOGICAL GRAFT RECTOPEXY 

In 2008 and 2011 the US Food and Drug Administra-
tion (FDA) published official warnings for the use of 
mesh in POP surgery.462 Although similar figures fol-
lowing an abdominal approach have never been de-
scribed, an aversion to synthetic mesh in POP sur-
gery was created. In the search for an alternative, bi-
ological meshes became more popular. To date, ero-
sion rates and functional outcome following VRM for 
synthetic and biological mesh are comparable.463 The 
material characteristics of a biological mesh could in 
theory result in a higher recurrence rate. Currently, 
recurrence rates are quite comparable. One report, 
however, noted a high recurrence rate of 14% after 
20 months of follow-up.464 Ogilvie et al published the 
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only (case-matched) study comparing biological with 
synthetic mesh for LVMR  (n= 29 vs 29).447 No signif-
icant difference in mesh-related morbidity, functional 
outcome and recurrence after a median follow-up of 
15.4 months was found. One article comparing LVMR 
with RVMR (34 vs 17) using biological mesh showed 
no mesh-related morbidity or recurrences in either co-
hort after 12 months.465 Functional outcome was ap-
proximately equivalent between the two groups.  

10. RECTOCELE AS AN INDICATION 
FOR VENTRAL MESH RECTOPEXY 

Rectocele has been described as an indication for 
VMR.280, 440, 443, 444, 446 As early as 2008 a Dutch group 
retrospectively reported on 16 women undergoing 
LVMR for obstructed defaecation syndrome. Many 
had an enterocele or rectocele preoperatively with 
25% also having internal rectal prolapse.466 The 
mean operating time was 199 minutes and the mesh 
was secured to the anterior rectum and posterior 
vagina.  Post-operative complications included two il-
eus, one of which required reoperation, one wound 
infection, 1 neurological injury to left leg, two inci-
sional hernia and one infected mesh that was re-
moved. The obstructed defaecation score was not 
significantly different post-operatively and in fact de-
teriorated in 75%. The authors reported the LVMR to 
be a feasible approach in selected patients, without 
identifying the group.  

 In 2011 Wong et al280 reported a retrospective case 
series on ventral rectopexy (n=38) for complex recto-
cele (defined as one or more of: rectocele greater 
than 3cm diameter on imaging, associated enterocele 
or internal rectal prolapse), with 12 months’ review. 
The surgical technique was unorthodox for ventral 
rectopexy with “mesh secured to pelvic floor muscu-
lature on either side of the rectum, taking care not to 
place the sutures directly into the rectal wall”. This 
single leaf procedure was performed in (14/38) and 
closely resembles a single leaf sacral colpopexy. The 
majority (24/38) actually underwent a classical dual 
leaf sacral colpopexy.467 The authors not surprisingly 
reported a significant reduction in vaginal prolapse 
symptoms, (45 to 5%) and dyspareunia (27 to 10%) 
results that have been well recognised in level one 
data on sacral colpopexy.468 There was no difference 
in post-operative scores for obstructed defaecation 
syndrome, Cleveland clinic incontinence score or 
Gastrointestinal quality of life score.  

Formijne Jonkers et al retrospectively reported on 
233 patients undergoing LVMR and who completed 
postal validated bowel function questionnaires.440 In-
dications for surgery were divided into three groups. 
Group one included external rectal prolapse (15%), 
group two internal rectal prolapse and or rectocele 
(68%) and group three internal rectal prolapse or rec-
tocele and enterocele (17%). Sixty-four percent 
(n=150) completed the questionnaires which demon-

strated significant improvement in faecal inconti-
nence and constipation scores post-operatively in all 
three subgroups. Unfortunately, it is not possible to 
determine how many of patients in groups two and 
three are included due to rectocele and how many 
due to internal rectal prolapse. Furthermore, the 
study methodology results in an overestimation of im-
pact of the surgery. No attempt was made in the study 
methodology to account for the 36% that failed to re-
spond and then persisted in including 233 patients in 
the post-operative review. These oversights in the 
study methodology served to overestimate the impact 
of the intervention.  Thus, it is not possible to discern 
from this report if the LVMR is effective for rectocele.  

Lauretta et al  retrospectively described a modified 
laparoscopic ventral rectopexy for 30 women with ex-
ternal or internal prolapse and 26 for some degree of 
rectocele.444 At surgery the mesh was secured to both 
the anterior rectum and posterior vaginal wall. Pre-
and post-operatively rectocele and internal prolapse 
were defined at proctography.  At a median review of 
14 months one patient had a suture erosion and one 
a recurrent rectal prolapse. Excellent functional out-
comes were reported with constipation significantly 
improved in 93%, a significant reduction in the Al-
tomare obstructed defaecation score and preopera-
tive incontinence improved after the procedure in all 
patients affected. Unfortunately, no post-operative 
vaginal prolapse assessment or report of defaecog-
raphy findings were reported and the reader is unable 
to determine if the functional outcomes reported are 
due to correction of the internal and or rectal prolapse 
or the possible correction of a rectocele.  

A French group prospectively evaluated 33 patients 
undergoing a traditional LVMR for external rectal pro-
lapse (n=20), rectocele and internal rectal prolapse 
(n=10), and rectocele (n=3)446. At median review of 
42 months constipation was improved in 72% (13/18) 
and two patients (7 %) presented de novo constipa-
tion. The patients’ Wexner score and quality of life im-
proved significantly post-operatively and two patients 
developed recurrent rectocele (7%). Despite there 
being no pre or post-operative vaginal prolapse as-
sessment recorded and that only three patients with 
rectocele alone were included, the authors concluded 
LVMR was an effective and safe treatment for exter-
nal rectal prolapse and or rectocele.  

Horisberger et al443 retrospectively evaluated 27 
women undergoing LVMR for complex pelvic floor 
conditions including symptomatic rectocele (79%), 
enterocele (64%) and grade 1-2 rectal prolapse 
(43%). At 22 months significantly improved constipa-
tion scores and quality of life scores on the SF-12 
questionnaire were demonstrated without improve-
ment in Wexner Incontinence score. Over 50% of pre-
operatively sexually active women reported a deteri-
oration in sexual function and no post-operative as-
sessment of vaginal prolapse was reported.  Again, it 
is impossible to determine if the improvement in con-
stipation scores are due to treatment of grade 1-2 rec-
tal prolapse or correction of the rectocele. 
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Due to the significant heterogeneity of the included 
conditions the reader is unable to determine if the 
changes reported are due to correction of external 
and or internal rectal prolapse or due to correction of 
the rectocele. No trial has demonstrated that the 
LVMR or modifications employed are successful in 
correcting rectocele. One trial demonstrated that a 
procedure that more closely resembles a sacral col-
popexy than ventral rectopexy, was successful in cor-
recting vaginal prolapse symptoms with little impact 
upon functional bowel symptoms.   

11. COMBINED VAGINAL AND 
RECTAL PROLAPSE     

Logically women with rectal prolapse may also suffer 
vaginal prolapse and or bladder dysfunction. As early 
as 2007 Lim et al469 retrospectively reported on 29 
women undergoing open combined mesh sacral col-
popexy, ventral rectopexy and urinary continence 
surgery performed by urogynaecologist and colorec-
tal surgeons working together for combined pelvic 
floor dysfunction.  The authors demonstrated signifi-
cant improvement in the validated Pelvic Floor Dis-
tress Inventory and in all three subscales including 
vaginal, urinary and rectal related symptoms. Three 
patients (10%) required reoperation, one for removal 
of mesh and two for recurrent vaginal prolapse.  

 More recently Van Iersel et al. prospectively describe 
51 patients undergoing robotic ventral rectopexy, sa-
cral colpopexy and urinary continence surgery as re-
quired performed in collaboration between colorectal 
and urogynaecology surgeons for combined vaginal 
and rectal prolapse.463 They demonstrated a signifi-
cant improvement not only in faecal incontinence 
(Pescatori incontinence scale 4 vs 3, p=0.002) and 
constipation (73.3%, p<0.0005) but also in the Uri-
nary Distress Inventory (27.8 vs 22.2; p<0.0005) and 
on sexual function (Pelvic Organ Prolapse/Urinary In-
continence Sexual Questionnaire score 31.8 vs 35.9; 
p = 0.002. Quality of life for bowel and bladder func-
tion (p < 0.0005) was also observed. Anatomical vag-
inal reconstruction was demonstrated by the simpli-
fied POP quantification p< 0.0005). One patient (2%) 
developed mesh erosion and a single recurrent rec-
tocele was observed.   
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Table 26. Recurrence rates following LVMR and RVMR with synthetic mesh 

Laparoscopic studies n FU (median) Recurrence  Type of recurrence Presentation of recurrence (months) 

Indication ERP   

D’Hoore429 2004 42 61 2 (4.8%) 2 ERP 54, 91 

Verdaasdonk470 2006a 13 7 2 (15.4%) 2 ERP -  

Auguste454 2006  54  12 4 (7.4%) 3 ERP, 1 IRP 26 (7-54) b 

D’Hoore471 2006 109 - 5 (4.6%) 4 ERP, 1 enterocele  - 

Cristaldi472 2007 63 18 1 (1.7%) ERP - 

Boons473 2010  65 19 1 (1.5%) ERP 12 

Wijffels474 2011 80 23 2 (2.5%) 2 ERP 6, 16 

Faucheron475 2012 175 74/60c 2 (3%)c 2 ERP 6, 24 

Randall448 2014d   190  29 9 (4.7%) 1 ERP, 8 IRP 25, 30, 31, 60e 

Gosselink442 2015f  41 12 1 (2.3%) ERP 12 

Tsunoda453 2016  31 25 3 (9.7%) 3 IRP 10, 17, 31 

Emile431 2016  25 18g 2 (8%) ERP - 

Chandra456 2016 15 22 0 (0%) - - 

Indication IRP and/or rectocele  

Collinson476 2010  75 12  4 (5.3%) 4 IRP -  

Wong 280 2011  84 29 6 (7.1%)  6 rectoceles -  

Gosselink442 2015f  50 12 3 (5.8%) 3 IRP - 

Indication both ERP and IRP and/or rectocele 

Lauretta444 2012 2 ERP, 28 IRP 13.9g 1 (3.3%) 1 IRP  19 

Formijne Jonkers16 2013  36 ERP, 197 IRP 30 6 (2.6%) - - 

Badrek-Amoudi18 2013  11 ERP, 37 IRP 33 4 (8.3%) 4 IRP 22 (median) 

Maggiori19 2013  33h   42g  2 (6.7%) 2 rectocele  11, 14 

Mackenzie25 2014  149 ERP, 487 IRP 21 60 (9.4%) - - 
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Laparoscopic studies n FU (median) Recurrence  Type of recurrence Presentation of recurrence (months) 

Owais61 2014i     18 ERP, 60 IRP 42 2 (2.9%) 2 IRP - 

Consten/van Iersel457 2015 242 ERP, 677 IRP 33.9/120c 68 (14.3%)c 15 ERP, 53 IRP 24.1 (1–139.4)b 

Tsunoda452 2015   19 ERP, 25 IRP 26 2 (3.4%) 2 IRP 10, 15  

Horisberger443 2016 12 ERP, 15 IRP 22 1 (3.7%) ERP 2 

Robotic vs. Laparoscopic – various indications  

De Hoog437 2009  20 ERP robot 23.4 4 (20%) - - 

Wong280 2011 23 IRP lap   
15 IRP robot   

12 1 (4.3%) 
1 (6.7%) 

Rectocele 
Rectocele 

3 
7 

Wong461 2011 40 IRP lap 
23 IRP robot 

6 0 (0%) 
0 (0%) 

- 
- 

- 
- 

Mantoo460 2013j   23 ERP, 51 IRP lap 
12 ERP, 32 IRP robot 

16g 6 (8%) 
3 (7%) 

- 
- 

- 
- 

Mäkelä-Kaikkonen458 2014 14 ERP, 6 IRP lap 
13 ERP, 7 IRP robot 

3 1 (5%) 
0 (0%) 

- 
- 

- 
- 

a One patient was excluded from further analysis, therefore n=13 instead of n=14 is used; b mean (range); c Recurrence percentage is KM estimate at 60 and 120 months of follow-
up; d Study group included the first 44 cases from Slawik et al. 55; e Only 4 time intervals are described; f  The results of Gosselink et al. is displayed per indication; g Mean instead of 
median; h Of the 33 patients (ERP n = 20, n = 13 IRR) 3 lost to follow-up. For the remainder of patients, the surgical indication was not given; i Only men included; j A modified version 
of the D’Hoore rectopexy used; Lap: laparoscopic 

Table 27. Conversion, intra- and post-operative complications following LVMR and RVMR with synthetic mesh 

 n  Median FU 
(months) 

Intra-operative 
complications 

Conversio
n 

Post-operative 
complications 

     

Laparoscopic studies
  

        Total Minor (CD 1-
2) 

Major (CD 3-4) Mortality (CD 
5) 

D'Hoore429 2004 42 61 0 2 (4.8%) 2 (4.8%) 2 (4.8%) 0 0 

D'Hoore471 2006  10
9 

- 0  4 (3.7%) 8 (7.3%) 8 (7.3%) 0 0 

Slawik477 2008  80 54 - 1 (1.3%) 7 (8.8%) 7 (8.8%) 0 0 

van den Esschert466 2008  17 38a 0 1 (5.9%) 4 (23.5%) 3 (17.6%) 1 (5.9%) 0 
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 n  Median FU 
(months) 

Intra-operative 
complications 

Conversio
n 

Post-operative 
complications 

     

Boons473 2010  65 19 - 1 (1.5%) 11 (16.9%) 6 (9.2%) 5 (7.7%) 0 

Collinson476 2010  75 12 0  1 (1.3%) 4 (5.3%) 3 (4%) 0 0 

Wijffels474 2011   80 23 - 1 (1.3%) 10 (12.5%) 9 (11.3%) 1 (1.3%) 0 

Wong280 2011b 40 6 0  4 (10) 5 (12.5%) 5 (12.5%) 0 0 

Wong461 2011 84 29 4 (4.8%) 3 (3.6%) 3 (3.6%) 2 (2.4%) 1 (1.2%) 0 

Lauretta444 2012 30 13.9a - 0 2 (7.7%) 0 2 (7.7%) 0 

Faucheron475 2012  17
5 

74/60c 0 3 (1.7%) 8 (4.6%) 5 (2.9%) 3 (1.7%) 0 

Formijne Jonkers440 2013  23
3 

30 0 6 (2.6%) 11 (4.7%) 7 (3%) 4 (1.7%) 0 

Badrek-Amoudi455 2013 48 33 - 0 9 (18.8%) 8 (16.7%) 1 (2.1%) 0 

Maggiori446 2013 33 42a 0 1 (3%) 0 0 0 0 

Mantoo460 2013 b 74 16d 0 3 (4.1%) 15 (20%) 15 (20%) 0 0 

Mäkelä-Kaikkonen458 2014b 20 3 0 0 1 (5%) 0 1 (5%) 0 

Mackenzie4452014 95
3 

21 - 8 (1.3%) 63 (6.6%) 53 (5.6%) 8 (0.8%) 2 (0.2%) 

Ogilvie447 2014 29 15.4 1 (3.4%) 0 3 (10.3%) 2 (6.9%) 1 (3.4%) 0 

Randall448 2014 19
0 

29 1 (0.5%) 5 (2.6%) 22 (11.6%) 11 (5.7%) 8 (4.2%) 2 (1.1%) 

Owais478 2014 68 42 0 0 11 (16.2%) 10 (14.7%) 1 (1.5%) 0 

Gosselink442 2015 91 12 0 0 5 (5%) 4 (4.4%) 0 0 

Tsunoda479 2015 26 16 0 0 2 (7.7%) 2 (7.7%) 0 0 

Consten/van Iersel26 2015 91
9 

33.9/120c 3 (0.3%) 20 (2.2%) 203 (23.4%) 153 (19.3%) 50 (4.1%) 1 (0.1%) 

Tsunoda453 2016 31 25 0 0 2 (6.5%) 2 (6.5%) 0 0 

Emile431 2016  25 18a 0 0 5 (20%) 5 (20%) 0 0 
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 n  Median FU 
(months) 

Intra-operative 
complications 

Conversio
n 

Post-operative 
complications 

     

Chandra4562016  15 22 1 (6.7%) 0 3 (20%) 3 (20%) 0 0 

Robotic studies 

Wong280 2011b 23 6 0 1 (4.3%) 1 (4.3%) 0 0 0 

Mantoo460 2013b 74 16d 0 1 (2.3%) 5 (11%) 5 (11%) 0 0 

Mäkelä-Kaikkonen458 2014b 20 3 1 (5%) 0 1 (5%) 1 (5%) 0 0 

Mäkelä-Kaikkonen459 2016 16 3 1 (6.3%) 0 2 (12.5%) 2 (12.5%) 0 0 

a Mean instead of median; b The results of Wong, Mantoo and Mäkelä-Kaikkonen et al. are displayed per technique; c Percentages are Kaplan-Meier estimates at 60 and 120 months 
of follow-up; d not specified whether mean of median was used. n: no. of patients, FU: follow-up; -: not specified of not applicable.  

Table 28: Functional Results following LMVR and RVMR with synthetic mesh 

Laparoscopic studies N Median 
FU (mo) 

Improvement OD  P value Improvement FI P value Median Gain 
CCCS 

P value Median gain 
CCIS 

P value 

Indication ERP 

D’Hoore429 2004 42 61 84.2%. De novo 
4.8% 

- 90.3% -  - - 13 <0.001 

Auguste454 2006 54  12 70%. De novo 
17.6% 

 72.4%  - - 5.8a - 

Verdaasdonk470 2006b 13 7 66% - 69% - - - - - 

Cristaldi63 2007  63 18 78% - 90%. De novo 
3.2% 

- 5 <0.0001 32 (FISI) <0.0001 

Boons473 2010 58c 19 72% - 83%. De novo 
1.5% 

- 5 < 0.0001 36 (FISI) < 0.0001 

Formijne 
Jonkers4402013d 

36 30 57.9% 0.01 76.2% <0.001 - - - - 

Randall448 2014 190  29 - - 93% - - - 8 < 0.0001 

Gosselink442 2015d 41 12 - - 50% <0.01 4.8 <0.01 12 (FISI) <0.01 
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Laparoscopic studies N Median 
FU (mo) 

Improvement OD  P value Improvement FI P value Median Gain 
CCCS 

P value Median gain 
CCIS 

P value 

Tsunoda452 2015d,e  19 12 52% - 62% - 7 <0.0001 23 (FISI) <0.0001 

Consten/van Iersel26 
2015d 

242  33.9 63.3% <0.0001 73.2% <0.0001 - - - - 

Tsunoda453 2016 31 12 - - - - 5 0.005 22 (FISI) <0.0001 

Emile431 2016  25 6 62.5% - 75% - 8.7 - 5 - 

Chandra456 2016 15 22 - - - - 11 < 0.001 24 (FISI) 0.007 

Indication IRP and/or rectocele 

Collinson480 2009 30 3 83% - 92% - 9 <0.0001 25 (FISI) <0.0001 

Collinson476 2010  75 12 86% - 85% - 7 < 0.0001 20 (FISI) <0.0001 

Wong 4612011  84 29 45% < 0.001 20% > 0.05 - - - - 

Formijne  Jonkers16 
2013d  

197 30 76.9% < 0.001 65.4% < 0.001 - - - - 

Gosselink441 2013  72  12 - - - - 5 < 0.001 16 (FISI) <0.01 

Gosselink442 2015d  50  12 - - 48% <0.01 3.1 <0.01 17 (FISI) <0.01 

Tsunoda4522015d,e   25 12 55% - 63% - 6 <0.0001 22 (FISI) <0.0001 

Tsunoda479 2015 26 16 - - - - 7 < 0.01 24 (FISI) <0.01 

Consten/van Iersel457 
2015d 

242  33.9 61% <0.0001 73.2% <0.0001 - - - - 

Indication both ERP and IRP and/or rectocele 

van den Esschert466 
2008 

1 ERP, 16 IRP 38a - - - - +2.7g (ODS) 0.091 - - 

Lauretta444 2012 2 ERP, 28 IRP 13.9a 92.8% - 85.7% - 9.1 (ODS)a <0.05 7.1a <0.05 

Badrek-Amoudi455 2013 11 ERP, 37 IRP 33 68% < 0.0001 - - 17 (ODS)h <0.0001 4 < 0.0001 

Maggiori446 2013 33i 42a 72%. De novo 7% - 90% - - - 8 0.002 

Mackenzie445 2014 149 ERP, 487 
IRP 

21 56.7%j. De novo 
1.4% 

0.119 89.7%k. De novo 
1% 

0.040 12 (ODS )40 - 8 - 
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Laparoscopic studies N Median 
FU (mo) 

Improvement OD  P value Improvement FI P value Median Gain 
CCCS 

P value Median gain 
CCIS 

P value 

Owais478 2014l 18 ERP, 50 IRP 42 82% - 82% - 12.5 (ODS)  < 0.001 4 < 0.001 

Horisberger4432016 12 ERP, 15 IRP 22 - - - - 3m 0.007 2 0.735 

Robotic vs. Laparoscopic studies – various indications 

De  Hoog437 2009a 20 ERP R  23.4 - - - - 3.2a - - - 

Mantoo460 2013n 23 ERP, 51 IRP 
L 
12 ERP, 32 IRP 
R 

16a - - - - 6 (ODS)o 

14 (ODS)o  
0.004 
0.004 

4p 
4p 

0.604 
0.604 

a Mean instead of median; b One patient excluded from further analysis, therefore n=13; c complete functional data in 58/65 patients; d Results of Formijne Jonkers et al., Gosselink 
et al., Tsunoda and Consten/van Iersel et al. are displayed per indication; e Postop. functional data were fulfilled in 44/59 patients; f preoperatively mean CCIS is given, postoperatively 
the median; g Mean ODS score was 2.7 higher after surgery meaning; h Pre- and postoperative ODS scores were available for n=36; i Of the 33 patients (ERP n=20, n=13 IRR) 3 
lost to follow-up. For the rest the surgical indication was not given; j Based on n=602; k Based on n=276; l Only men included; m Herold obstipation score; n A modified version of 
D’Hoore rectopexy used; p estimation based on bar chart. OD: obstructed defecation, FI: faecal incontinence, ODS: obstructed defecation syndrome score, L: laparoscopic, R: 
robot.Based on expert opinion, the committee developed a treatment algorithm (Figure 4) for the management of women undergoing pelvic organ prolapse surgery and an associated 
array of bowels symptoms that frequently co-exist.  The algorithm guides those with a rectocele with and without obstructed defaecation symptoms towards standard prolapse 
surgery as outlined in Figure 10. Those with faecal incontinence and obstructed defaecation without a rectocele, require colorectal evaluation and if due too internal or rectal prolapse 
maybe suitable for combined surgery for vaginal and rectal prolapse. 
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Figure 4. Prolapse surgery pathway and coexistent bowel symptoms  
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CONCLUSION 

• Transvaginal repair of posterior vaginal wall de-
fects includes midline fascial plication with or 
without levatorplasty or site-specific repair. Level 
one and two evidence suggest midline plication 
posterior repair without levatorplasty has supe-
rior objective outcomes as compared to site-spe-
cific posterior repair. (GoR B) 

• Higher dyspareunia rate is reported when leva-
torplasty is performed. (GoR C) 

• Transvaginal approach is superior to the 
transanal approach for repair of posterior wall 
prolapse. (GoR A) 

• To date no study has shown any benefit to graft 
or mesh overlay or augmentation of a suture re-
pair for posterior vaginal wall prolapse. (GoR B) 

• While modified abdominal sacrocolpopexy re-
sults have been reported, data on how these re-
sults would compare to traditional transvaginal 
repair of posterior vaginal wall prolapse is lack-
ing. 

• The data comparing Delorme's procedure and 
VMR for external rectal prolapse are conflicting 
with a single RCT demonstrating no statistical 
difference, while level 3 data is supportive of 
VMR performed laparoscopically or robotically, 
with low rates of recurrent rectal prolapse and im-
proved rates of faecal incontinence and consti-
pation. (GoR D)  

o VMR appears superior to other abdominal 
rectopexies (posterior mesh rectopexy, Rip-
stein, Orr-Loygue) with different rectal mobi-
lisations to treat ERP in terms of functional 
outcome. (GoE C) 

o  LoE 3 supports ventral rectopexy for Oxford 
grade 3-4 internal rectal prolapse. The data 
is not conclusive regarding graft material or 
route of surgery (GoR C) 

o No data demonstrates ventral rectopexy 
with or without graft attachment to the pos-
terior vaginal wall is effective in manage-
ment of rectocele. (GoR D) 

o Limited level three evidence suggest that 
patients with combined rectal and vaginal 
prolapse benefit from colorectal surgeons 
and urogynaecologist collaborating closely. 
(GoR C)  

 PELVIC ORGAN PROLAPSE 
SURGERY AND BLADDER 

FUNCTION 

Patient-centred outcomes after POP surgery include 
bladder symptoms. Although many studies on sur-
gery for POP focus on anatomical outcomes, persis-
tent or de novo stress and urgency urinary inconti-
nence as well as voiding symptoms are important is-
sues to be discussed with the patient when counsel-
ling for a POP operation.  

In women with stage II POP about 55% have concur-
rent stress urinary incontinence (SUI). This preva-
lence decreases with increasing POP stages to 33% 
in women with stage IV POP481 and demonstrates 
that preoperatively, many women with advanced 
POP do not experience SUI. However, if the prolapse 
is reduced digitally or with the help of a pessary, 
sponge holder or speculum, SUI might be demon-
strated in 10 is this 10%? to 80%.482-485 This type of 
SUI is termed occult, masked or latent SUI and is pre-
sent when stress urinary incontinence is only demon-
strable with the prolapse reduced in otherwise conti-
nent women. The importance of this finding remains 
ambiguous: the test itself is not optimal as it does not 
necessarily mimic prolapse surgery and may obstruct 
or put undue tension on the urethra.486 Although dif-
ferent techniques to reduce the prolapse have been 
described, a gold-standard has not been estab-
lished.485, 486 Neither the speculum nor the pessary 
test to reduce the prolapse had acceptable positive 
predictive values to identify women in need of a con-
comitant continence procedure. The negative predic-
tive values however were 92.5% (95%CI 90.3–1.00) 
and 91.1% (95%CI 88.5–99.7), respectively. There-
fore, women with preoperatively negative tests for oc-
cult SUI are at low risk to develop SUI post-opera-
tively.487 Reducing the prolapse may also restore nor-
mal voiding function during urodynamics.488  

Women with occult SUI are at risk of developing SUI 
after POP repair. The Cochrane review on surgical 
management of POP found that new SUI symptoms 
were reported by 187 of 1280 women (15%) after pro-
lapse surgery.489 The term de novo stress urinary in-
continence is used to describe stress incontinence 
that develops following surgical correction of the pro-
lapse, amongst women who were continent prior to 
surgery. De novo SUI might develop because POP 
surgery has unkinked the previously obstructed ure-
thra.490, 491 De novo stress urinary incontinence is 
clearly disappointing to women and this outcome 
measure is considered in this review.  

On the one hand POP surgery can lead to de novo 
SUI, on the other hand, preoperative SUI might be 
treated by prolapse repairs without an additional con-
tinence procedure.88 Whether women with occult SUI 
should receive an additional continence procedure 
when the prolapse is repaired and which prolapse op-
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eration would be best suitable to prevent sympto-
matic post-operative SUI remain debatable issues. 
The available evidence will be presented in this sec-
tion of the chapter. 

A third of women with Stage II or more POP experi-
ence difficulties emptying the bladder.481 Voiding dif-
ficulties might disappear post-operatively because 
the obstruction caused by the prolapse has been cor-
rected.488 In contrast, they might develop because of 
kinking of the urethra due the surgical technique. 
Studies assessing voiding dysfunction are summa-
rised. 

This section of the chapter assesses the effect of 
POP surgery on bladder function including stress uri-
nary incontinence, overactive bladder and voiding 
dysfunction. In order to optimally evaluate pre-and 
post-operative bladder symptoms, only studies with 
standardised or validated pre-and post-operative out-
come measures, more than 20 operated women and 
a follow up time of at least 12 months are included. 
The follow up time of 12 months does not apply to 
studies assessing voiding dysfunction. 

1. CONTINENT WOMEN 
UNDERGOING POP SURGERY:  

What is the risk of de novo SUI and is conti-
nence surgery required? 
In women without stress incontinence preoperatively, 
which operation prevents post-operative SUI and will 
they benefit from an additional continence proce-
dure? For symptomatically and clinically dry women 
an anterior native tissue repair yields better results 
than transobturator anterior mesh procedures. The 
overall cumulative de novo SUI rate after anterior re-
pairs is 8% (44/559): In six RCT´s152, 295, 492-495 de 
novo SUI was found in 31/455 (8%) women and in 
13/104 (12%) women in two prospective studies.487, 

496 After anterior armed mesh repairs the overall cu-
mulative de novo SUI rate is significantly higher at 
14% (142/1027; p=0.0035, chi-square) with a rate of 
16% (105/660) in seven RCT arms,152, 295, 492, 493, 495, 

497, 498 and 13 % (65/493) in nine prospective or retro-
spective trials.104, 113, 151, 499-504 

Six RCT´s directly compared anterior colporrhaphy 
(AC) and transobturator mesh procedures (mesh kits 
or self-fashioned) continent women and  at 1 year 
found AC significantly reduced the risk of de novo SUI 
(RR 0.59 95%CI 0.39, 0.90; Fig. 5).152, 295, 492-495 Alt-
hough all these trials employed quality of life and 
symptom questionnaires, different instruments were 
used and not reported in a way to include them in a 
meta-analysis. 

Figure 5. De novo SUI: Forrest plot of six RCT´s comparing anterior repair and transobturator mesh repairs. 

 
 

In a longer term follow up of Hiltunen et al´s trial493, 
subsequently more women developed new SUI after 
anterior repair resulting in similar SUI rates after three 
years of 17% after both anterior repair (15/86) and 
transobturator mesh procedure (15/84).104 

Similar rates of de novo SUI occurred if the anterior 
compartment prolapse was repaired using a polypro-
pylene transobturator mesh in 2/96 (2%) or a porcine 
dermis graft 1% (1/94).143 New SUI was significantly 
more common after sacrospinous fixation and vaginal 
repairs compared with abdominal sacral colpopexy 
(8/24, 33% versus 2/22, 9% in a single RCT)78, how-
ever, these data need to be reviewed cautiously as in 

the sacral colpopexy group continent women pre-
operatively received paravaginal repairs which may 
be effective in limiting de novo SUI post-operatively. 
One trial considered concomitant sacrospinous fixa-
tion as a risk factor for de novo OAB, although this 
might only demonstrate the more severe POP which 
required more surgery.505 

In the large multicentre randomised controlled CARE 
trial (Colpopexy and urinary reduction efforts), pre-
operatively continent women were randomly allo-
cated to undergo sacral colpopexy with (n=157) or 
without colposuspension (n=165). Brubaker et al. 
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demonstrated at two years that Burch colposuspen-
sion, performed concomitantly with an abdominal 
sacrocolpopexy significantly reduced the risk of de 
novo SUI. Subjective SUI was reported by 38/147 
(26%) after additional Burch colposuspension and by 
63/155 women (41%) after sacrocolpopexy alone. 
However, objective testing yielded similar findings in 
the two groups: 11/116 (9%) and 9/134 women (7%), 
respectively, demonstrated SUI. The study was ter-
minated prematurely because of the high post-opera-
tive SUI rate in women who did not receive concomi-
tant Burch colposuspension and as a result of early 
termination was underpowered. Unfortunately, irreg-
ularities in study design create uncertainty regarding 
the study findings. Firstly, different and complicated 
definitions were used to categorise stress inconti-
nence prior to and after the interventions that made it 
more difficult to be classified as stress continent post 
intervention than prior to the intervention. Secondly, 
while surgery was standardised for colposuspension 
neither the paravaginal repair nor sacral colpopexy 
was standardised with significant variations in use of 

suture type and graft materials. 53, 326  

After a follow up of 8 years, Costantini et al. in another 
smaller RCT reported contrary results with 9/31 
women (29%) developing SUI after additional Burch 
colposuspension compared to 5/31 (16%) after sac-
rocolpopexy alone.506, 507  

Fig. 6 summarises these two RCT´s in a meta-analy-
sis.141, 508 Because of contrary outcomes resulting in 
significant heterogeneity, a random-effects model 
was used. According to this model, women do not 
benefit from Burch colposuspension in addition to ab-
dominal sacral colpopexy. This is true for subjective 
de novo SUI (RR 0.96 95%CI 0.35, 2.62) and objec-
tive rates of de novo SUI (RR 1.56 95% CI 0.82, 
2.95). Brubaker and colleagues differentiated be-
tween objective and subjective SUI whereas Costan-
tini and colleagues used a composite definition of 
continence including voiding diary, stress test and re-
ported symptoms.  

 
Figure 6. Meta-analysis of two RCT´s looking at the effect of Burch colposuspension in addition to sacrocol-
popexy. Presented are subjective rates of de novo SUI 

 

In a retrospective study, Leruth et al assessed de 
novo SUI rates in continent women with a negative 
cough stress test with the prolapse reduced, who un-
derwent laparoscopic sacral colpopexy.509 Of 45 
women, 20 developed (44%) SUI. 

2. STRESS URINARY INCONTINENT 
WOMEN UNDERGOING POP 

SURGERY:  

What kind of prolapse procedure and which 
continence surgery is required concomitantly 
in order to reduce post-operative SUI rates?  
The cumulative success rate for SUI after anterior col-
porrhaphy in two randomised trial arms was 48% 
(19/40).88, 510 Colombo et al compared Burch colpo-
suspension and anterior repair for the treatment of 
women with anterior vaginal wall prolapse and SUI. 
While women benefited more from Burch colposus-
pension with regards to SUI (cure of SUI 30/35, 86% 
versus 17/33, 52%), anterior repair better corrected 
the anterior prolapse (cure of cystocele 23/35 versus 

32/33).88  

One recent randomised trial compared vaginal POP 
repairs with and without an additional mid-urethral 
tape in incontinent women.508 As expected, the con-
current continence procedure significantly increased 
SUI success rate (RR 2.73 95%CI 1.66, 4.49).  

Prospective studies employing transobturator mesh 
show a cumulative SUI success rate of 66% 
(77/117).500, 511, 512 Success rates appear considera-
bly better if a mid-urethral tape is performed concom-
itantly (cumulative rate 299/326, 92%).151, 496, 504, 510, 

513 Persisting or worsening SUI was described in 9/15 
(60%) by Fayad et al151  who prospectively evaluated 
the role of transobturator polypropylene mesh in the 
management of recurrent prolapse. One retrospec-
tive study demonstrated lower success rates in incon-
tinent women or women with occult SUI at 78% 
(69/89).499 

Whether a mid-urethral tape (TVT) is inserted con-
comitantly or after three months did not result in sig-
nificantly different success rates based on an “on-
treatment” analysis of Borstad et al (83/87, 95% ver-
sus 47/53, 89% three months later). Twenty-seven/94 
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(29%) women were cured of SUI after prolapse sur-
gery alone and did not require continence surgery. 511  

Costantini et al. 2008 compared abdominal sacrocol-
popexy or sacrohysteropexy with and without con-
comitant Burch colposuspension in women with POP 
and SUI.514 Similarly to their randomised trial in con-
tinent women, Burch colposuspension increased the 
post-operative SUI rate: 13/24 (54%) versus 9/23 
(39%) were incontinent.514 One retrospective trial as-
sessed the effect of fascial sling, retropubic or 
transobturator mid-urethral tapes inserted at the time 
of abdominal sacral colpopexy515: The transobturator 
sling was inferior with an SUI cure rate of 67% in com-
parison to 84% and 83%, respectively. A mid-urethral 
sling at the time of robotic sacral colpopexy in incon-
tinent women performed similarly well at 80%.  Be 
consistent sacrocolpopexy or sacral colpopexy 

Should women with POP and occult SUI iden-
tified preoperatively undergo continence sur-
gery at the time of POP surgery? 
Four randomised trials assessed post-operative SUI 
rates in women who were symptomatically dry pre-
operatively.508, 516-518 After the addition of a retropubic 
mid-urethral sling to vaginal prolapse repairs (mainly 
anterior and posterior colporrhaphy) significantly 
fewer women complained of SUI (50/227, 22% ver-
sus 97/240, 40%). The meta-analysis of these four tri-
als calculated that a concomitant TVT significantly im-
proved post-operative SUI success rates (RR 3.04 
95%CI 2.12- 4.37 Fig. 6). In three of the trials, all in-
cluded women had occult SUI516, 519, 520, whereas in 
Wei et al. study only 34% of the continent women 
demonstrated occult incontinence.518   
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Figure 7. The addition of a mid-urethral sling to vaginal prolapse repairs in women without SUI significantly reduces the risk of post-operative SUI.  

 

The data relating to performing continence surgery at the time of prolapse surgery are summarised in Figure 8 and demonstrate that women with pre-operative SUI and 
occult SUI benefit from concomitant prolapse and continence surgery. The evidence does not support the addition of routine continence surgery at the time of prolapse 
surgery in women without SUI or occult SUI. 
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Figure 8. Postoperative SUI rates based on preoperative SUI symptoms, presence of occult SUI and POP surgery with or without an additional continence procedure.  

Abbreviations: (AC=anterior colporrhaphy, VR= vaginal repairs, AMesh=anterior mesh, TVT=tension-free vaginal tape, TVT-O=tension-free vaginal tape-transobturator, 
TOT=transobturator tape, MUS=midurethral sling, UP=urethropexy, SCP=sacral colpopexy) 

Based on data from Figure 8, a clinical flow diagram that has been developed to summarise the clinical pathway of women undertaking prolapse surgery based upon 
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continence symptoms and testing for occult stress incontinence (Figure 9).  

 
Figure 9. Flow chart of decision making based on incontinence symptoms and testing for occult SUI. 

 

Assessment: 

Validated questionnaire 

POP-Q 

Women with POP and SUI 

No SUI Symptomatic SUI 

Consider staged procedure 
Consider MUS at abdominal surgery 

Recommend / offer 
continence procedure 

Vaginal surgery Abdominal surgery 

Positive occult SUI test Negative occult SUI test 

Stress test with POP reduced Recommend / offer 
continence procedure 

Counsel regarding low risk 
of de novo SUI 

Counsel regarding Burch if 
patient sets priority on 

postoperative continence 
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3. OVERACTIVE BLADDER 
SYMPTOMS  

OAB symptoms may be associated with POP.481 
Therefore, prolapse surgery may cure or improve 
OAB but it may also result in new OAB symptoms. 
The Cochrane review on the surgical management of 
POP in 2013 489, 521 calculated that new overactive 
bladder symptoms developed in 119 of 1005 (12%) 
women undergoing prolapse surgery.468 Whether 
women have been treated with anticholinergics e.g. 
post-operatively is not at all clear and numbers might 
in fact be higher. The cumulative rate of de novo OAB 
in women who underwent trans-obturator anterior 
mesh procedure is 8% (52/646),78, 185, 326, 516, 522-526 
whereas it is 10% (7/71) in the few studies reporting 
data after anterior repair with or without mid-urethral 
tape.130, 516 This difference is not statistically signifi-
cant (p=0.4). In one small trial in which all the women 
undergoing a variety of prolapse surgeries had pre-
operative OAB, urgency incontinence resolved in 
22/48 (46%) and persisted 26/48 (54%).522   

Interestingly, in one retrospective study following 
transvaginal mesh (Prolift) and mid-urethral sling, the 
rate of persisting OAB was high at 78% (20/26) while 
the de novo rates similar to other studies at 14% 
(9/63).512 In contrast, other studies reported improved 
or cured OAB in 29% to 70% of women receiving an-
terior mesh repair and a mid-urethral tape.113, 505, 510 
The reasons for these discrepancies remain open for 
discussion but may be due to different questionnaires 
and study designs. 

In one RCT, Halaska et al. reported de novo overac-
tive bladder in 7/97 (7%) after anterior Prolift, in 7/34 
(21%) after anterior Prolift and sacrospinous fixation, 
in 8/84 (9%) after total prolapse and in 1/98 (1%) after 
posterior Prolift only.498 In another RCT, after vaginal 
sacrospinous fixation 6/29 women complained of 
OAB whereas after sacrocolpopexy 11/33 developed 
symptoms.78 It is however unclear, which women had 
undergone e.g. additional procedures such as Burch 
colposuspension for SUI or paravaginal repairs that 
could contribute the OAB symptoms. Sacrocolpopexy 
with or without Burch colposuspension resulted in 
similar rates of de novo OAB (3/34 versus 2/32).507 
Similarly, after vaginal POP surgery with or without 
mid-urethral sling OAB rates were not different (3/25 
versus 1/25).516  

4. VOIDING PROBLEMS  

The Cochrane review in 2013 noted new voiding dys-
function in 109 of 1209 (9%) women in 12 randomised 
trials with various prolapse surgeries with or without 
continence procedures.185 However, voiding prob-
lems are rarely defined similarly enough and reported 
in a way that would allow cumulative and meta-anal-
ysis in a comparable follow up period.  

After anterior repair, voiding dysfunction ranges from 

0% to 37%.88, 130, 136, 152, 516, 526 

In their RCT Withagen et al. described significantly 
different temporary urinary retention rates in 5/97 
(5%) compared with 15/93 (16%) after transobturator 
mesh repair (p=0.008).152 Anterior repair with or with-
out concomitant vaginal POP surgery resulted in 
post-void residuals exceeding 150 ml in 27/126 (21%) 
in an RCT comparing transurethral and suprapubic 
catheterisation.526  

After anterior mesh repair, voiding difficulties occur 
between 5% and 42%.51, 152, 321, 499, 527, 528  One study 
looked at post-operative urinary retention defined as 
the need to discharge the patient with an indwelling 
catheter because of a failed trial of void.526 Voiding 
dysfunction ranged from 34% (10/29) after isolated 
anterior mesh repair to 42% (30/71) cases after com-
bined anterior and posterior repairs. After isolated 
posterior repair 8/42 (19%) developed urinary reten-
tion. At the 3-months follow up, there were no more 
voiding complaints.  

If there are post-operative voiding problems with re-
siduals exceeding 150 ml, clean intermittent catheter-
isation is superior to an indwelling catheter for three 
days  regarding bacteriuria,  urinary tract infection and 
length of catheterisation required according to one 
RCT529 and intermittent transurethral catheterisation 
is equivalent to a suprapubic catheter regimen.526 In-
sertion of a suprapubic catheter however resulted in 
more related complications including loss and block-
age of the catheter and haematuria.526 Another 
RCT530 reported on the duration of post-operative 
urethral catheterisation between two and four days 
after anterior repair and found no differences in void-
ing dysfunction. This was confirmed by an RCT com-
paring two and five days of indwelling catheter place-
ment. Longer hospital stay and more urinary tract in-
fections were associated with the five days proto-
col.531 Patients do not seem to benefit from post-op-
erative urethral catheterisation beyond two days.530, 

531  

CONCLUSION 

There is significant heterogeneity in all aspects of pro-
lapse surgery trials and the evaluation of bladder 
function that make interpretation of data challenging.   

• Continent women undergoing anterior compart-
ment POP surgery have a lower rate of de novo 
SUI after anterior repair than armed mesh proce-
dures. (GoR A)  

• Data are conflicting on whether colposuspension 
should be performed prophylactically in continent 
women undergoing sacral colpopexy. (GoR C)  

• In continent women undergoing POP surgery 
with occult SUI the addition of continence sur-
gery reduces the rate of post-operative SUI. 
(GoR A) 

• In women with POP and SUI prolapse proce-
dures alone (transobturator mesh and anterior 
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repair) are associated with low success rates for 
SUI. Concomitant continence procedures reduce 
the risk of post-operative SUI. (GoR B) 

• Preoperative bladder overactivity may resolve in 
40% undergoing POP surgery and denovo blad-
der overactivity occurs 12%. (GoR C) 

• Urinary voiding dysfunction following any pro-
lapse surgery is not uncommon and is usually 
temporary. Formal trial of void should be under-
taken after prolapse surgery. (GoR C) 

• Level one evidence demonstrates there is no 
need to leave an indwelling catheter beyond two 
days. Clean intermittent self-catheterisation is 
the preferred management of urinary retention 
as it has   similar outcomes to supra-pubic cath-
eters with fewer complications. (GoR B) 

 PELVIC ORGAN PROLAPSE 
SURGERY AND SEXUAL 

FUNCTION 

Sexual health is an essential component of a 
women’s well-being. Female sexual dysfunction is 
defined as a sexual desire, sexual arousal, orgasm 
and /or sexual pain disorder which causes personal 
distress.532  Up to 64% of sexually active women at-
tending  Urogynaecology clinic suffer from female 
sexual dysfunction.533 The data on sexual function af-
ter prolapse surgery are conflicting although in most 
cases sexual function will improve or remain the 
same. 

Apart from anatomical outcome, clinicians increas-
ingly understand the importance of functional data af-
ter POP surgery. To measure sexual function, vali-
dated questionnaires on sexual function are neces-
sary.  Some validated quality of life and symptom 
questionnaires are inclusive of sexual function534 or 
there are dedicated questionnaires specifically for 

sexual function that provide a discreet and reproduc-
ible method for evaluating sexual health.  The Pelvic 
Organ Prolapse/Incontinence Sexual Questionnaire 
(PISQ)55 and the Female Sexual Function In-
dex(FSFI)56 are two questionnaires frequently used. 

1. SEXUAL FUNCTION AFTER 
PROLAPSE SURGERY WITHOUT 

MESH 

Overall, sexual function improves after prolapse sur-
gery without Mesh.535-537  In three randomised con-
trolled trials, sexual function was measured after sac-
rospinous hysteropexy and vaginal hysterectomy. No 
differences were found between the two groups.175, 

538 Only the study of Detollenaere180 used validated 
questionnaires, the PISQ-12. No differences were 
found between the two groups at one year follow up.  

2. SEXUAL FUNCTION AFTER 
PROLAPSE SURGERY WITH MESH 

Increasing data on sexual function after mesh repair 
are becoming available. Excellent randomised con-
trolled trials on efficacy of mesh prolapse surgery 
have been published and while not all have utilised 
validated questionnaires on sexual function, most in-
clude data on dyspareunia. Data reported sexual 
function from level one studies comparing transvagi-
nal mesh and native tissue repairs in the anterior 
compartment are summarised in Table 29. No differ-
ences in de novo dyspareunia, post-operative 
dyspareunia or PISQ scores were found.102, 104, 105, 492, 

495, 539, 540 Most women improved or remained un-
changed. In one study by Vollebregt105, baseline 
dyspareunia disappeared more often after anterior 
colporrhaphy than after Mesh implant (80% vs 20%, 
p=0.018).  

Table 29: Sexual function data from RCT’s comparing transvaginal mesh to native tissue repair in the anterior 
compartment 

RCT De novo dyspareunia Post-operative 
dyspareunia 

Post-operative PISQ score 

Mesh Native Mesh Native Mesh Native 

Altman  2011 492   8/110 2/101 33.1 +/- 6.7 
35.1 (1.4) 

32.2 +/- 7.2 
35.0 (1.4) 

Vollebregt 2011 105 3/20 2/21   FSFI FSFI 

Sivasliogly 2008 495 2/43 0/42     

Ngyuyen 2008 102 2/22 4/26 2/23 2/23 33 +/- 3 
34 +/-6 

32+/-4 
33 +/- 3 

Sokol 2011 541 1/15 3/16   31 32 

Gutman 2013 542 2/14 1/11 7/14 6/11 34 35 

Rudnicki 2014494 2/79 0/82   11.9 (5.5) 13.1 (5.6) 
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RCT De novo dyspareunia Post-operative 
dyspareunia 

Post-operative PISQ score 

Mesh Native Mesh Native Mesh Native 

               2016114 2/79 0/82     

El-Nazer 2012 543 0/18 1/17 3/18 4/17   

de Tayrac 2013 544 3/13 1/14 6/22 5/24 5.3 change 6.6 change 

Lamblin 2014 113 1/33 1/35     

Delroy 2013 109   2/40 4/39   

Menefee 2011 107 2/28 3/24   No diff No diff 

Nieminen 2010 104 4/50 6/46     

Total 21/320 
(6.5%) 

19/318 
(6.0%) 

28/227 
(12%) 

23/215 
(11%) 

No difference 

 

For the posterior compartment and/or upper compartment, fewer RCT’s were performed comparing native 
tissue repair to mesh repair.  Paraiso et al compared three techniques  (posterior colporrhaphy, site- specific 
repair and use of porcine small intestine sub mucosa).412 No differences in sexual outcome were found between 
the groups and PISQ scores improved after surgery in all three groups.  

Data from RCT’s comparing sexual function after prolapse surgery with mesh or native tissue repair in any 
compartment are collected in Table 30. No differences were found in the novo dyspareunia or PISQ scores.  

Table 30: Sexual function data from RCT’s comparing transvaginal mesh to native tissue repair in any com-
partment 

RCT De novo dyspareunia Post-operative 
dyspareunia 

Post-operative PISQ score 

Mesh Native Mesh Native Mesh Native 

Carey 2009 539 5/18 5/12 12/30 13/33 Change 6.9 Change 7.8 

Milani 2011 545 3/37 3/29 9/53 12/51 35+/- 5.7 
34 +/- 6.7 

31.5 +/-7.2 
34.7 +/-5.7 

Dos Reis Brandão da 
Silveira 2015 298 

    QS-F no diff QS-F no diff 

       

Total 
mesh 

SSF Total mesh SSF Total mesh SSF 

Halaska 2012 498   6/79 2/72 33.44 36.53 

Svabik 2014 297   2/36 1/34 30.3 (9.52) 
32.6 (6.26) 

33.1 (6.31) 
35.6 (5.07) 

Lopes 2010 546       

de Tayrac 2008 547 
SSF/PIVS 

    10.5 +/- 5.9 
13.6 +/- 9.3 

12.5 +/- 5.1 
12.5 +/- 9.3 

       

SCP SSF SCP SSF SCP SSF 

Maher 2004 78   2/19 3/17   

Benson 1996 77       

Meschia 2004 516       

Rondini 2015 548 
(uterosacral  suspension) 

    25 
29.7 

28 
33.4 
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Abbreviations: RCT:    PISQ:   SCP:   SSF:   

There is some evidence that light meshes, partly ab-
sorbable meshed or non-anchored meshes have less 
negative side effects on sexual function, however  
comparative studies or RCT’s on this subject have not  
been performed.549-551 

In a recent Cochrane analyses116, mesh versus native 
tissue repair was compared  for various outcome 
measurements,  including dyspareunia. When any 
transvaginal permanent mesh versus native tissue re-
pair was compared, data on dyspareunia showed de 
novo dyspareunia in 95 per 1000 women in the native 
tissue group compared to 88 per 1000 (55 to 140) in 
the mesh group. (RR 0.92 95% CI 0.58 to 1.47; 764 
women, 11studies). In the subgroup analyses, ante-
rior repair or multi-compartment repair, also no evi-
dence of a significant difference was found.   

Also, analyses on biological mesh and absorbable 
mesh were performed in this review but no data were 
available on dyspareunia in the absorbable mesh 
group. When biological mesh and native tissue repair 
were compared, de novo dyspareunia was 177 per 
1000 of women for native tissue repair, 150 per 1000 
(35 to 648) for biological mesh (RR0.85 95% CI 0.20 
to 3.67, 1 study).116  

Natale et al showed that the use of Porcine dermis 
graft (Pelvicol), compared to polypropylene mesh 
(Gynemesh) in the anterior compartment, was asso-
ciated with an improvement in the PISQ scores.143 
Possibly, porcine dermis allows more flexibility to the 
anterior wall resulting in less pain, however this re-
quires further evaluation. In four RCT’s comparing 
anterior colporrhaphy to porcine skin graft or porcine 
small intestine submucosa mesh, no differences were 
found in dyspareunia and improvement on PISQ-12 
scores. 136, 144, 552, 553 

CONCLUSION 

• With regard to the anterior compartment, the use 
of Mesh is neither associated with a worsening 
in sexual function nor with an increase of de novo 
dyspareunia compared to traditional anterior col-
porrhaphy. (GoR B) 

• There is insufficient information to provide evi-
dence based recommendation on sexual func-
tion after vaginal Mesh in the posterior compart-
ment. (GoR D) 

• There is insufficient information to provide evi-
dence based recommendation on sexual func-
tion after new light or partially absorbable vaginal 
Meshes. (GoR D) 

• It is essential to use validated questionnaires 
measuring sexual function in women before and 
after prolapse surgery. We also recommend re-
porting sexual activity and dyspareunia rates 
pre-and post-intervention in all patients. 

 COMPLICATIONS AND 
METHODS OF PREVENTION 

While pelvic reconstructive surgery for genital pro-
lapse, with or without mesh, results in improved pro-
lapse related symptoms and quality of life in most 
cases116 (Level 1) complications are inevitable.  

In 2011, the IUGA (International Urogynecological 
Association) and the ICS (International Continence 
Society)  published a specific classification of compli-
cations related to pelvic reconstructive surgery using 
prostheses.63 That classification has been developed 
to  encompass to all possible physical complications 
involving the use of a prosthesis or graft in a female 
pelvic floor surgical procedure. Both insertion compli-
cations (e.g. trocar related) and healing abnormalities 
are covered. Whilst this creates a large number of 
possible complication scenarios, appropriate organi-
sation has still been possible by category (C), time (T) 
and site (S). A key advantage of a standardised clas-
sification is that all parties involved in female pelvic 
floor surgery will be referring to the same clinical is-
sue. It has been shown in several studies that this 
classification can significantly add to clarity in report-
ing mesh related complications121, 554, 555, even if train-
ing is necessary to optimise inter-observer reliabil-
ity556, which has been criticised by others.557-559 

Other classifications, such as Clavien-Dindo classifi-
cation, have also been used.560 On a retrospective 
study of 438 patients  who underwent anterior and 
posterior colporrhaphy,  together with sacrospinous 
fixation for Level I defects in 269 patients and hyster-
ectomy in 255 cases, authors have reported minor 
complications (Grade I) in 2.5%, Grade II complica-
tions in 13.2% and complications requiring surgical 
intervention as Grade IIIa in 0.9% and as Grade IIIb 
in 0.9% of patients. No Grade IV or V complications 
occurred.  

 

Using the same complication classification after 
transvaginal mesh  repair for prolapse Barski et al561 
performed a systematic review and reported much 
higher rates of complications than reported above for 
native tissue POP repairs. Eleven randomised con-
trolled and nine prospective studies from 2008 to 
2013 with 2,289 patients (most POP-Q ≥ II, median 
follow-up 12 months) were included. The total compli-
cation rate was 27% in anterior, 20% in posterior, and 
40% in combined mesh repair group. Complications 
of at least Clavien-Dindo grade 3 (requiring surgical, 
endoscopic or radiological intervention) occurred in 
8% anterior, 3.5% posterior, and 13% of combined 
mesh repairs. No differences were found for reopera-
tion rates for POP in mesh repairs as compared to 
non-mesh repairs (two versus 3%).  
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1. REOPERATION AFTER VAGINAL 
SURGERY 

Table 31 shows the reoperation rates after vaginal 
polypropylene mesh surgery versus native tissue re-
pair for specific (linked to the mesh) complications 
from randomised controlled trials.  The mean rate of 
reoperation for mesh-related complications was 
6.6%, mainly for vaginal mesh exposure. The rate of 
reoperation for prolapse was similar in both the trans-
vaginal mesh group and native tissue repair, 23/871 
(2.6%) vs 33/861 (3.8%) (p=0.16) (Level 1), but fol-
low-up was less than 36 months in the majority of tri-
als.102, 104, 105, 111, 113, 114, 152, 299, 492, 495, 542, 544, 562, 563 

In a retrospective study of 524 Prolift mesh, with a 
median follow-up of 38 months (range, 15-63), global 
reoperation rate was 11.6%, including surgery for uri-
nary incontinence (6.9%), mesh-related complica-
tions (3.6%), and prolapse recurrence (3%) (Level 
4).564 

To estimate the risk of repeat surgery for recurrent 
prolapse or mesh removal after vaginal mesh versus 
native tissue repair for anterior vaginal wall prolapse, 
Jonsson Funk et al. had utilised longitudinal, 
healthcare claims from 2005 to 2010 to identify 
women ≥18 years who underwent an anterior colpor-
rhaphy with or without concurrent vaginal mesh. They 
identified 27,809 anterior prolapse surgeries with 
49,658 person-years of follow-up. Of those, 6,871 
(24.7%) included vaginal mesh. The 5-year cumula-
tive risk of any repeat surgery was significantly higher 
for vaginal mesh versus native tissue (15.2 % vs 
9.8 %, p<0.0001) with a 5-year risk of mesh revi-
sion/removal of 5.9%. The 5-year risk of surgery for 
recurrent prolapse was similar between vaginal mesh 
and native tissue groups (10.4 % vs 9.3 %, p=0.70) 
(Level 3). The use of mesh for anterior prolapse was 
associated with an increased risk of any repeat sur-
gery, which was driven by surgery for mesh re-
moval.565  

In a study based on prospectively collected data from 
the Swedish National Register for Gynaecological 
Surgery, including 6247 anterior colporrhaphy and 
356 non-absorbable mesh, reoperation rate within 12 
months was higher in the mesh group, OR = 6.87 (CI 
3.68-12.80) (Level 3).560 
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Table 31. Prevalence of reoperation after vaginal polypropylene mesh surgery vs native tissue repair (RCT with anterior mesh) 

Author Year Number 
of mesh 
procedure and 
NTR 
(n/n) 

Mesh / Surgical 
Technique 

f.u.  
(months) 

 
Vaginal 
exposure 
n (%) 

Reoperation for 
vaginal 
exposure 
n (%)  

Reoperation for 
mesh-related  
Complication 
(incl exposure) 
n (%)  

Reoperation for 
POP recurrence 
No mesh vs 
Mesh 
n (%) / n (%) 

Rudnicki 114 2016 70/68 Avaulta Plus® 
Collagen-coated 
PP / 4 arms TO 

36 10 (14.7)  
5 (7.4) 

 
5 (7.4) 

7 (10.3) / 0 (0) 

Dos Reis 
Brandão da 
Silveira 298 

2015 94/90 Prolift® /  
4 arms TO 

12 18 (20.5)  
3 (3.4) 

 
5 (5.6) 

3 (3.7) / 2 (2.2) 

Dias 562 2015 43/43 Nazca TC® / 2 
arms TO + 2 
prepubic arms 

24 5 (13.5)  
2 (4.7) 

 
3 (8.1) 

10 (30.3) / 3 (8.1) 

Tamanini 111 2015 42/50 Nazca TC® / 2 
arms TO + 2 
prepubic arms 

24 7 (16.4)  
7 (16.4) 

 
7 (16.4) 

0 (0) / 0 (0) 

Lamblin 113 2014 31/32 Perigee® /  
4 arms TO 

24 2 (6) 1 (3) 1 (3) 0 (0) / 0 (0) 

Gutman 542 2013 25/26 Prolift® /  
4 arms TO 

36 5 (15.6)  
3 (9.4) 
 

 
3 (9.4) 
 

0 (0) / 3 (11.5) 

de Tayrac 544 2013 75/72 Ugytex® 
Collagen-coated 
PP / 4 arms TO 

12 7 (9.5)  
4 (5.3) 

 
5 (7.6) 

3 (4.5) / 2 (3) 

Vollebregt 105 2011 61/64 Avaulta® /  
4 arms TO 

12 2 (4)  
1 (2) 

 
1 (2) 

4 (7) / 3 (6) 

Altman 492 2011 200/189 Prolift® /  
4 arms TO 

12 21 (11.5) 6 (3.2) 6 (3.2) 1 (0.5) / 0 (0) 

Withagen 152 2011 93/97 Prolift® /  
4 arms TO 

12 14 (16.9) 5 (5) 5 (5) 4 (4.1) / 0 (0)  

Iglesia 299 2010 32/33 Prolift® /  
4 arms TO 

10 5 (15.6) 3 (9) 3 (9) 0 (0) / 4 (6.5) 
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Author Year Number 
of mesh 
procedure and 
NTR 
(n/n) 

Mesh / Surgical 
Technique 

f.u.  
(months) 

 
Vaginal 
exposure 
n (%) 

Reoperation for 
vaginal 
exposure 
n (%)  

Reoperation for 
mesh-related  
Complication 
(incl exposure) 
n (%)  

Reoperation for 
POP recurrence 
No mesh vs 
Mesh 
n (%) / n (%) 

Nieminen 104 2010 105/97 4 arms non TO 36 20 (19) 14 (13) 14 (13) 1 (1%) / 6 (5.8) 

Nguyen 102 2008 37/38 4 arms TO 12 2 (5) 2 (5) 2 (5) MD 

Sivaslioglu 495 2008 45/45 4 arms TO 12 3 (6.9) 3 (6.9) 3 (6.9) MD 

Total - - - - 121/953 (12.7%) 59 (6.2%) 63 (6.6%) 33/861 vs 23/871 
(p=0.16) 

Abbreviations: NTR: native tissue repair, MD: missing data, PP: monofilament polypropylene 
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In the only randomised trial that had compared vagi-
nal mesh surgery to laparoscopic sacrocolpopexy 
with a mean follow-up of 2-year Maher et al has also 
shown an increased rate of reoperation after vaginal 
mesh surgery (22% versus 5%, p=0.006) 321 (Level 
2).  

In the last Cochrane review116, 37 RCTs were se-
lected (4023 women). The quality of the evidence 
ranged from very low too moderate. Awareness of 
prolapse at one to three years was less likely after 
mesh repair (relative risk (RR) 0.66, 95% confidence 
interval (CI) 0.54 to 0.81, 12 RCTs, n = 1614). Rates 
of repeat surgery for prolapse were lower in the mesh 
group (RR 0.53, 95% CI 0.31 to 0.88, 12 RCTs, n = 
1675). More women in the mesh group required re-
peat surgery for the combined outcome of prolapse, 
stress incontinence, or mesh exposure (RR 2.40, 
95% CI 1.51 to 3.81, 7 RCTs, n =867). This suggests 
that if 5% of women require repeat surgery after na-
tive tissue repair, between 7% and 18% in the perma-
nent mesh group will do so. Eight per cent of women 
in the mesh group required repeat surgery for mesh 
exposure. Permanent mesh was associated with a 
higher rate of bladder injury (RR 3.92, 95% CI 1.62 to 
9.50, 11 RCTs, n = 1514). The risk-benefit profile 
means that transvaginal mesh has limited utility in pri-
mary surgery. While it is possible that in women with 
higher risk of recurrence the benefits may outweigh 
the risks, there is currently no evidence to support this 
position. The newer, lightweight transvaginal perma-
nent meshes still available have not been evaluated 
within a RCT.  

2. REOPERATION AFTER 
ABDOMINAL SURGERY  

Recurrence rates following laparoscopic sacral col-
popexy or hysteropexy range from 4 to 18% at 12-14 
months of follow-up (Level 2). Mean rates of reoper-
ation for prolapse recurrence and for de novo stress 
urinary incontinence after open abdominal sacral col-
popexy are 2% and 5%, respectively (Level 3).35, 136, 

194, 323, 566-568 Only preoperative stage 3 or 4 seems to 
be a significant risk factor for POP recurrence after 
surgery (Level 3).569 Although higher body mass in-
dex (BMI) is a risk factor for primary POP, it was not 
a significant risk factor for POP recurrence. 

Table 20 demonstrates that the total reoperation rate 
for laparoscopic sacral colpopexy is 5.6%, with 3.4% 
representing complications and 2.0% representing 
reoperations for prolapse.219, 321, 350, 351, 353-356, 362, 363, 

380, 566, 570-583 The rate of reoperation for recurrences 
after laparoscopic sacrocolpopexy is significantly 
higher with the use of porcine dermis grafts in com-
parison to polypropylene mesh.584 (Level 3) 

Tijdink et al585 reported on the surgical management 
of 60 mesh complications following mesh prolapse 
surgery. Twelve followed sacral colpopexy and 48 
vaginal mesh surgeries. Most women reported more 

than one complication however the principle presen-
tation requiring surgical intervention was pain in 77% 
(vaginal pain, dyspareunia or other chronic pain but-
tock, abdomen or thighs). They detected a distinct dif-
ference in symptoms related to mesh complications 
following transvaginal mesh and ASC. Vaginal pain 
and dyspareunia were the most commonly reported 
symptoms necessitating surgical intervention follow-
ing transvaginal mesh and vaginal discharge and 
bleeding following ASC. Previous mesh excision pro-
cedures had been performed in 29% and complete 
mesh excision was required in 37% of cases. Peri-
operative complications occurred more frequently in 
those requiring complete excision of mesh. Further-
more, perioperative complications were more com-
mon in those who had undergone ASC as compared 
to vaginal mesh surgery (23% versus 1% p=0.001). 
Finally, recurrence of prolapse was significantly more 
likely if complete excision of the mesh was required 
and occurred in 29% as compared to 5% after partial 
excision of mesh. Resolution of preoperative symp-
toms was reported in 92% who underwent surgical 
management of mesh complications. 

3. VAGINAL MESH EXPOSURE  

Prevalence of vaginal mesh exposure after 
vaginal mesh surgery 
It is difficult to know the exact rate of vaginal mesh 
exposure, as the definition of exposure is variable be-
tween studies and meshes used are different. Table 
32 shows the rate of exposures after vaginal polypro-
pylene mesh surgery in the 14 currently available ran-
domised controlled trials, mainly with different kinds 
of four-arm trans-obturator meshes. In these trials, 
the mean rate of exposure was 12.7%, and the mean 
rate of reoperation for vaginal mesh exposure was 
6.2% (Level 1). 

According to the available literature, polypropylene 
collagen-coated mesh does not seem to give only ad-
vantage in comparison  to classic non-absorbable 
mesh regarding the vaginal mesh exposure rate 
(Level 1)114, 118, 585, 586. Furthermore, vaginal mesh ex-
posure has also been reported as high as 6.9% with 
the use of biological implant587, even if others have 
found low rates using biological implants, between 0 
to 1.4%.588, 589 

Contrarily, although there is no available RCT, ultra-
light weight meshes (<30gr/m²) used with trans-obtu-
rator arms are associated with a low rate of mesh ex-
posure (1.3%) at medium-term review (Level 4).118 

Furthermore, several case series have reported a low 
rate of vaginal mesh exposure after anterior-apical 
single incision techniques, from 0 to 3.4% (Level 4)117, 

118, 305, 307, 590, 591, which was significantly lower in com-
parison to trans-obturator meshes592, although there 
is no available RCT showing that these rates are due 
to the technique, rather than to the surgeons experi-
ence or the light-weight mesh.   
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Although there is a lack of evidence supporting the 
use of posterior mesh vaginally for rectocele or enter-
ocele repair116, a few studies have reported a low 
vaginal mesh exposure rate in the posterior compart-
ment, between 2 to 3.8%.593, 594 

More interestingly, few studies have reported vaginal 
mesh exposure rate in the long-term. In the study by 
Letouzey et al, who used the Gynemesh® on 63 pa-
tients with a mean follow-up of 6.5 years, the vaginal 
mesh exposure rate was 16% (10/63), all of which un-
derwent surgical correction.595 In the study by Hei-
nonen et al, who used the Prolift® mesh on 140 pa-
tients with a mean follow-up of 7 years, the vaginal 
mesh exposure rate was 23% (32/140), even  though  
most of these were small (less than 1cm in 25/36) and 
asymptomatic (24/32)596. In comparison Meyer et al, 
who used the Prolift® mesh as well, on 48/208 pa-
tients with a mean follow-up of 7 years (range 5.8 to 
8.1), the vaginal mesh exposure rate was 6% 
(3/48).223 

Prevalence of vaginal mesh exposure after 
abdominal surgery  
Vaginal mesh exposure rate following laparoscopic 
sacral colpopexy or hysteropexy is 3% (mean, range 
1-7%) (Table 20) (Level 2).219, 321, 350, 351, 353-356, 362, 363, 

380, 566, 570-583 365, 597, 598 Vaginal mesh exposure rates 
were comparable regardless the surgical approach 
(open, laparoscopic, robot-assisted) (Level 2).599 The 
risk of vaginal mesh exposure is significantly in-
creased if hysterectomy is performed concomitantly 
(8.6%), in comparison to sacral colpopexy for post-
hysterectomy prolapse (2.2 %) (p<0.05)600 (Level 2). 

Risk factors of vaginal mesh exposure  
Maher et al, have shown a non-significant increased 
rates of vaginal mesh exposure and reoperation for 
vaginal mesh exposure after vaginal mesh surgery in 
comparison to laparoscopic sacrocolpopexy (13% vs 
2%, p=0.07 and 9% vs 2%, p=0.11, respectively)321 
(Level 2). However, that was not the primary endpoint 
of the study, and that study was underpowered for 
this parameter. 

Younger age, higher  parity, premenopausal status, 
diabetes mellitus, smoking, concomitant hysterec-
tomy and surgery performed by a junior surgeon are 
significant risk factors for vaginal mesh exposure af-
ter female pelvic floor reconstructive surgery (Level 
3).601 

Concerning vaginal mesh surgery, obesity (BMI>30 
kg/m², OR=10.1) has been shown by some authors 
to be an independent risk factor for vaginal mesh ex-
posure.602 However, others have reported no differ-
ence in the rate of mesh exposure related to BMI, in 
a study on 200 patients with advanced pelvic organ 
prolapse treated by vaginal sacrospinous ligament 
fixation with anterior mesh repair as primary surgery 
with an exposure rate of 4.1% at a mean follow-up of 
36 months.603 Furthermore, a recent paper on 201 pa-
tients with a mean mesh exposure rate of 8.5% at a 

mean follow-up of 14 months has reported that the 
BMI may negatively correlate with exposure rates 
(12.9% for BMI less than 25 kg/m, 9.5% for BMI of 25 
to 29.9 kg/m, 3.1% for BMI of 30 to 34.9 kg/m, and 
0% for BMI greater than or equal to 35 kg/m).604  

Smoking has also been shown to be an independent 
risk factor for mesh exposure after vaginal mesh sur-
gery [OR=3.1 to 3.7].605-608 With regard to sacrocol-
popexy, smoking [OR=5.2; 95%CI 1.7-16] is also an 
independent risk factor for vaginal mesh exposure.209 

Current data on the impact of ageing on mesh com-
plications are conflicting and no conclusion can be 
drawn.209, 551, 602, 609-611 In a recent study of 217 pa-
tients  who underwent  vaginal sacrospinous ligament 
fixation with anterior mesh repair for primary prolapse 
surgery, outcome measures were observed in co-
horts of two age groups (<75 years and ≥75 years), 
with a mean follow-up of 34 and 36 months respec-
tively. Although older women had significantly more 
preoperative comorbidities, perioperative complica-
tions showed no difference between the two 
groups.220 On the other hand, in a case-control study 
comparing mesh exposure requiring surgical revision 
(n=48) and controls who had no mesh exposures 
(n=48), the adjusted odds ratio of being one year 
older was 0.96 (95% CI 0.92-1.0) among women with 
mesh exposure.607 Overall, it has been shown that alt-
hough the absolute risk of death is low, elderly 
women have a higher risk of mortality and morbidity 
following urogynaecology surgery.612  Among 
264,340 women, increasing age was associated with 
a higher mortality risk per 1000 women (<60 years, 
0.1; 60-69 years, 0.5 [OR 3.4; 95% CI 1.7-6.9]; 70-79 
years, 0.9 [OR 4.9; 95% CI 2.2-10.9]; >80 years, 2.8 
[OR 13.6; 95% CI 5.9-31.4]; P<.01) and a higher risk 
of complications  per 1000 women (<60 years, 140; 
60-69 years, 130; 70-79 years, 160; >80 years, 200 
[OR 1.4; 95% CI 1.3-1.5]; P<.01). Furthermore, el-
derly women 80 years and over who underwent oblit-
erative procedures had a lower risk of complications 
compared with those who underwent reconstructive 
procedures (17 vs 24.7%, P<.01).612 

Sexual activity has been reported to be a risk factor 
for vaginal mesh exposure after vaginal mesh sur-
gery595, 610 (Level 3). However, this could simply re-
flect that those who are sexually active are more likely 
to identify a mesh exposure than those who are not. 

A bleeding complication at the time of mesh implan-
tation (excessive bleeding >500, post-operative hae-
matoma requiring drainage or embolisation) has also 
been shown to be an independent risk factor for mesh 
exposure requiring reoperation after vaginal mesh 
surgery [OR=7.25, 95% CI 1.47-35.66].607  

Parity greater than two has also been shown to be an 
independent risk factor for mesh exposure after vagi-
nal mesh surgery [OR=2.64, 95% CI 1.07-6.51].606  

 

No study has shown that the following are signifi-
cantly associated with mesh exposure: diabetes 
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mellitus, corticosteroid use, immunosuppressive ther-
apy, previous pelvic irradiation, history of previous 
mesh exposure, vaginal atrophy. However, many 
studies have shown that in other surgical specialties 
poorly controlled diabetes mellitus is a risk factor for 
post-operative infection. One study has reported that 
somatic inflammatory disease (mainly rheumatoid ar-
thritis) is independent risk factor for mesh exposure 
after vaginal mesh surgery [25% (3/12) vs 7.6% 
(20/264), OR 5.11, 95% CI 1.17-22.23].606 Somatic in-
flammatory disease (rheumatoid arthritis, Sjögren´s 
disease, lupus erythematosus) may by themselves 
influence wound healing but treatment is often ac-
companied by immunosuppressant medications 
which may prolong wound healing. 

Treatment of vaginal mesh exposure after 
vaginal mesh surgery 
Vaginal mesh exposure, both after vaginal mesh sur-
gery or sacrocolpopexy is usually associated with 
vaginal discharge, and sometimes pain, dyspareunia, 
vaginal infection, and rarely abscess or cellulitis 506, 

613 (Level 3). The choice of treatment has to take into 
account the type of mesh implanted (need to obtain 
previous surgical records), clinical symptoms, loca-
tion and size of exposure. All cases with abscess or 
cellulitis need an immediate reoperation to remove 
the maximum (if possible all) of the foreign material. 

In cases of mesh exposure after vaginal mesh sur-
gery, if there is no abscess or cellulitis, medical treat-
ment is usually undertaken using local oestrogens 
and/or local antiseptic. However, medical treatment 
efficacy is low at 23.5% (Table 32) (Level 3.)190, 513, 608, 

613-617 

Table 32. Efficacy of medical treatment for vaginal mesh exposure after vaginal mesh surgery. 

Author, Year Mesh Efficacy of medical treatment 

Cervigni Natale, 2011615 PP coated collagen (AVAULTA)  3/21 

Withagen, 2011 152 PP (PROLIFT)  3/14 

Long, 2011618 PP  3/14 

Moore, 2010 616 PP (PERIGEE)  1/12 

Feiner, 2010 499 PP (PROLIFT)  6/10 

Collinet, 2006 190 PP  9/34 

Deffieux, 2006 613 PP (GYNEMESH ou GYNEMESH 
Soft)  

7/34 

Achtari, 2005614 PP  4/14 

Total   36/153 (23.5%) 

Abbreviation: PP: polypropylene 

After failure of medical treatment, a reoperation under 
local or general anaesthesia is generally performed, 
in order to remove the exposed portion of the mesh 
and to close the vaginal epithelium. Although techni-
cally difficult in some cases, mesh excision was safe 
with resolution of almost all presenting symptoms.120, 

619 Conversely, for others, recurrence was reported in 

up to 29% of patients with no change or worsening 
symptoms (recurrent discharge, persistent pelvic 
pain).620 Furthermore, up to 62% of treated patients 
could require multiple surgical  procedures.621, 622 Ef-
ficacy of surgical excision for vaginal mesh exposure 
after vaginal mesh surgery is summarised Table 33. 

Table 33. Efficacy of surgical excision for vaginal mesh exposure after vaginal mesh surgery. 

Author, Year Mesh Efficacy of surgical treatment 

Crosby, 2014623 Different mesh kits 53/56 

Hansen,620 Different mesh kits 2/3 

Wong, 2013 622 Different mesh kits 18/20 

Firoozi, 2012 120 Different mesh kits (Prolift, 
Apogee/Perigee, Avaulta) 

20/23 

Total  93/102 (91.2%) 

Abbreviation: PP: polypropylene, TVM: trans-vaginal mesh
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A model to compare medical treatment and surgical 
excision has favoured surgical excision over con-
servative treatment in the initial management of mesh 
exposure following vaginal prolapse repair with syn-
thetic mesh. However, in this model, the difference in 
Quality Adjusted Life Year (QALYs) between strate-
gies was less than the Minimally Important Difference 
(MID). Therefore, the strategies are likely similar 
overall. Individual patient characteristics may ulti-
mately drive clinical decision-making for this surgical 
complication.624, 625  

Furthermore, spontaneous evolution of asymptomatic 
(no vaginal discharge, no sexual problems) and small 
(≤1cm²) mesh exposure  in the  long-term could be 
without specific complications, allowing expectant 
management (Level 4).626   

In a study cohort consisting of 847 patients, Wong et 
al have reported 53 (6.2%) vaginal exposures after 
both vaginal (34/393, 8.7%) and abdominal surgery 
(19/454, 4%). Concerning treatment, permanent 
mesh exposures resolved most often after surgical 
excision (18/20, 90%) compared with office excision 
(6/14, 43%), vaginal estrogen (6/33, 18%), or ex-
pectant management (1/3, 33%) (P<.001) (Level 
3).622  

Treatment of vaginal mesh exposure after ab-
dominal surgery 
In cases of vaginal mesh exposure after sacrocol-
popexy, most  authors report  reoperation by the vag-
inal approach as first line 214, 219, 566, because of the 
risk of spondylodiscitis and of the very low success 
rate of medical treatment (<15%).209, 219, 580, 627 When 
recurrence occurs after vaginal mesh excision, or in 
case of associated pelvic infection, total mesh re-
moval by laparoscopy or laparotomy has been de-
scribed 628, 629(Level 4). 

4. VISCERAL (BLADDER, RECTUM) 
MESH EXPOSURE 

There was no visceral mesh exposure reported in the 
randomised controlled trials after vaginal mesh sur-
geries, but follow-up was short. Late bladder or ure-
teric and rectal exposure  have been reported after 
vaginal surgery (Level 4).596, 630, 631  

Visceral (bladder, rectum) mesh exposure have been 
reported rarely (< 0.1%) following sacral colpopexy or 
hysteropexy (OS, LS, RALS) (Level 4).597, 598  

5.  INFECTIOUS COMPLICATION 

There is no clear definition of bacterial colonisation 
around a mesh or mesh infection. Consequently, the 
rate of infection is currently unknown.597 Some stud-
ies have reported up to 80% bacterial mesh colonisa-
tion.632, 633 However, the rate of relevant clinical infec-
tion (abscess, cellulitis, spondylodiscitis) does not 
seem to be more than 1%, after both sacrocolpopexy 

(Level 4) 634-637, or vaginal mesh surgery (Level 4).276, 

638, 639 

In a cohort of 684 polypropylene mesh implanted vag-
inally (TVM procedure), the rates of pelvic abscess 
and cellulitis have been reported to occur in only 
0.29% and 0.15%, respectively 640 (Level 4). 

One case of Actinomyces infection appearing five 
years after trocar-guided transvaginal mesh prolapse 
repair was recently reported.641 

Severe pelvic infection has also been described after 
native tissue repair, including total colpocleisis.642  

Spondylitis had been reported rarely following laparo-
scopic sacral colpopexy or hysteropexy. The preva-
lence of this complication ranges from 0.1 to 0.2% 
(see Table 3). Cases of spondylodiscitis have been 
reported following laparoscopic sacral colpopexy with 
tacks, but also with sutures and it is impossible to de-
termine with certainty whether it is the mesh material 
itself, the sacral colpopexy system, the vaginal fixa-
tion system or the exposure which was the cause of, 
or promoted, the spondylitis (probably multifactorial in 
origin). Recent series have hypothesised that spon-
dylitis following sacral colpopexy may sometimes be 
a graft rejection phenomenon (culture negative).628  

Pelvic abscess has also been reported rarely follow-
ing sacral colpo/hysteropexy. 

6. PELVIC PAIN  

Pelvic pain after vaginal surgery (with/without 
mesh, including mesh contraction) 
The aetiology of chronic pelvic pain after vaginal 
mesh placement is variable, and the most significant 
causes include pelvic floor muscle spasm, pudendal 
neuralgia, and infection.643 Obturator muscles lacera-
tion with consequent oedema provoked by the mesh 
arm could also explain pain. In such cases, Magnetic 
Resonance Imaging (MRI) will look for obturator mus-
cle hyper-intensity consistent with muscular oedema 
and pain could be helped by  oral corticosteroids.644 
The rate of polypropylene mesh-related pain reported 
ranges between 4 and 11% according to the definition 
used (Level 3) 102, 104, 152, 299, 495, 513, 616, 640. In the 2011 
American FDA report regarding transvaginal mesh, 
vaginal pain and dyspareunia were the most common 
adverse events reported and vaginal pain and 
dyspareunia were also the most common indications 
for reoperation following transvaginal mesh in the re-
port by Tijdink et al.585 These reports contrast with the 
common perception in the literature that mesh expo-
sure is the commonest complication associated with 
transvaginal meshes and requires ongoing evalua-
tion. 

Mesh contraction is also a possible aetiology. Feiner 
et al defined mesh contraction as an adverse out-
come following armed polypropylene mesh repair in 
which patients experience vaginal pain with move-
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ment and dyspareunia and on examination have lo-
calised areas of prominent, tense and tender mesh 
under the vaginal epithelium.645 Mesh contraction as-
sessed on ultrasound examination after anterior vag-
inal mesh repair may correlate with de novo OAB 
symptoms and vaginal pain. Of 103 patients who un-
derwent Prolift anterior™ implantation, after 6 
months’ follow-up, mesh contraction occurred in 
19.4% of patients presenting with de novo OAB 
symptoms, and 22.3% of patients reporting post-op-
erative vaginal pain (Level 4).592  

Pain before surgery has been shown to be a predic-
tive factor for pain after surgery, with an OR of  3.2 
(95% CI 1.2-8.4), in a prospective observational co-
hort study on 284 patients with a post-operative pain 
rate of 13% (35/275) (Level 3).608 

Local pain around the mesh site could initially be 
treated conservatively with  local injection using a 
combined steroid and local anaesthetic agent, as for 
groin pain after TVT 646, but there is no evidence for 
vaginal mesh. 

Although technically difficult in some cases, some au-
thors have reported that purely transvaginal mesh ex-
cision appears to be safe with resolution of almost all 
presenting symptomatic, including pelvic pain120, 
even if mesh removal was performed for painful mesh 
contraction, with a symptoms resolution rate of 93% 
(14/15) (Level 4).647 Contrarily, others have reported 
unsatisfactory outcomes after mesh removal. On 58 
women  who underwent mesh excision for multiple 
complaints, including pelvic pain in 22%, re-excision  
of residual mesh was necessary in 27 women (29%), 
and only 14 women (24%) were treated successfully, 
with complete resolution of all presenting symp-
toms.648  

Pelvic pain after abdominal surgery  
Pelvic or back pain is a rare condition (ranging from 1 
to 2%) following laparoscopic sacral colpopexy or 
hysteropexy (Level 2)598 however, most did not as-
sess lumbar/back pain before and after surgery and 
high rates of lower back pain are reported in the gen-
eral population.649 Maher et al have reported a  re-
operation rate for mesh contraction significantly 
greater after vaginal mesh surgery than after laparo-
scopic sacral colpopexy (7% vs 0%, p=0.05)321 (Level 
2).  

Other Complications  
Other rare but severe complications have been de-
scribed after pelvic organ prolapse surgery, such as 
massive haemorrhage after a trans-obturator mesh 
procedure, major vessel injury during sacral col-
popexy, trocar hernia, bowel obstruction, urinary re-
tention, ureteric complications and thrombo-embo-
lism. 

Post-operative haemorrhage or hematoma have 
been reported after native tissue repair, in 0.9% and 
2.5% respectively.261 In that study of 438 patients  
who underwent anterior and posterior colporrhaphy, 

associated with sacrospinous fixation for level I de-
fects in 269 patients and hysterectomy in 255 cases, 
gluteal hematomas occurred more commonly after 
sacrospinous fixation (p = 0.019) (Level 3), while con-
comitant hysterectomy was not associated with more 
complications. 

Post-operative urinary retention has been described 
after both native tissue repair and vaginal mesh sur-
gery. Urinary retention could be defined as a post-
void residual over 150 ml more than 48 h after  cath-
eter removal.650 Posterior colporrhaphy has been 
shown to give more transient urinary retention than 
mid-urethral sling, in 32% vs 15% (P = 0.03), with 
longer bladder catheterisation (3.2±0.9 vs 1.8±0.4 
days; P = 0.007), probably related to post-operative 
pain (Level 3).651 Of 94 patients  who underwent 
trans-obturator mesh (n=32) or anterior-apical mesh 
anchored to the sacrospinous ligament (n=62), with 
normal preoperative uroflowmetry and without con-
comitant mid-urethral sling, urinary retention occurred 
more frequently after the second technique [(17 
(27 %) vs 2 (6.25 %), OR 5.7, 95% CI 1.2-26.3, 
p = 0.027] (Level 3), with a trend towards more fre-
quent hospital discharge with self-catheterisation 
[8 % (5) vs 3 % (1)]. This phenomenon could be ex-
plained by more injury to pelvic splanchnic nerves 
during the dissection of the sacrospinous ligament.650  

Post-operative ureteric complications have also been 
described after both native tissue repair and vaginal 
mesh surgery. In a retrospective chart review of 983 
women who underwent uterosacral colpopexy for 
uterovaginal and post-hysterectomy vault prolapse, 
the overall adverse event rate was 31.2% (95%CI, 
29.2-38.6), which included 4.5% (95%CI, 3.4-6.0) of 
ureteric kinking requiring suture removal (Level 3).266 
Ureteric kinking has also been reported with vaginal 
mesh surgery, and could be related to the traction of 
peri-ureteral tissue by the mesh arm [154]. In a study 
cohort consisted of 1,282 patients receiving 1,484 im-
plants (847 synthetic mesh and 637 biologic grafts), 
Wong et al. have reported 59 (0.6%) ureteric injuries 
resulted from ureteric kinking during seven utero-
sacral ligament vaginal suspensions, one ureteric 
kinking during anterior implant placement, and one 
ureteric transection during sacrocolpopexy (Level 
3).622 

Concerning post-operative venous thrombo-embo-
lism (within 30 days after surgery), in 13,023 women 
undergoing reconstructive pelvic surgery (including 
abdominal or vaginal surgery and sling), the inci-
dence was 0.1% (Level 2) and the only specific pre-
dictor was length of stay (6.64 vs 3.22 days, P<.001). 
Information regarding thrombo-prophylaxis was not 
recorded in the database. Incidence was also in-
creased in women undergoing other major surgical 
procedures, such as general, vascular, plastic or or-
thopedic surgeries (0.3%).652  

 

Concerning laparoscopic sacral colpopexy, conver-
sion to the open approach is rarely considered as a 



 

 
1942  COMMITTEE 15. PELVIC ORGAN PROLAPSE SURGERY 
 

complication. However, conversion rates range from 
0.7 to 11% (mean 3%), according to the surgeons’ 
experience (Level 3).365, 576, 598 

Mean bladder injury rate ranges from 0.6 to 2% dur-
ing open or laparoscopic or robot-assisted sacral col-
popexy or hysteropexy (Level 2).597, 598 Bladder injury 
may occur due to trocar placement, tissue dissection 
or suture placement. Injuries have been managed by 
immediate repair and extended duration of indwelling 
catheter. Mean bowel injury rate ranges from 0.07 to 
1% (Level 2).597, 598 

Peri-operative blood loss is decreased using the lap-
aroscopic approach when compared to the open ap-
proach (Level 2).597, 598 However, blood loss is  limited 
(150-200ml) and the requirement of transfusion is 
rare (<1%), whatever the surgical route. Concomitant 
hysterectomy may increase blood loss. 

Obstructed defecation is rarely reported (2%) follow-
ing sacral colpopexy.598 Small bowel obstruction and 
port site hernia have been reported (0.2%) (Level 
4).598 

Vascular injuries are rare complications (<1%) of sa-
cral colpopexy. 583 Some cases are due to anatomical 
variations of the internal iliac veins in the presacral 
area 

Very rare complications (<0.1%) of sacral colpopexy 
include vascular injuries due to anatomical  You’ve 
said this twice variations of the internal iliac veins in 
the presacral area.653  

Corneal abrasions have been rarely reported during 
pelvic reconstructive surgery.373 In this series, the 
prevalence of corneal abrasions was 2% following sa-
cral colpopexy and 0.3% following vaginal surgery 
(p=0.04) (Level 3). However, the mean operative du-
ration in the laparoscopic group was 312 min in this 
series. Furthermore, corneal abrasions did not occur 
in any patient with a total operating time less than 227 
min. The amount of Trendelenburg was not recorded. 

Fatalities occurred after vaginal surgery, open or lap-
aroscopic sacrocolpopexy/hysteropexy. Concerning 
abdominal surgery, mortality rates ranged from 0.05 
to 0.1 % (no difference between open and laparo-
scopic approach).597 

7. METHODS OF PREVENTION 

methods Prevention for both vaginal and ab-
dominal approaches  
Although there is no specific study in prolapse sur-
gery, to demonstrate that cessation of smoking prior 
to surgery will decrease the post-operative complica-
tion rate (healing problems) in many other surgical 
specialties these data exist (Level 2). In a randomised 
controlled study on the effects of smoking cessation 
before surgery, including groin hernia repair using 
mesh, continued smoking up until the operation sig-

nificantly increased the risk of acquiring post-opera-
tive complications compared to those who stopped 
smoking four  weeks before the operation.654 

Reducing bleeding during surgery is important as 
both excessive bleeding >500 ml and post-operative 
hematoma requiring drainage or embolisation are in-
dependent risk factors for mesh exposure requiring 
reoperation after vaginal mesh surgery [OR=7.25, 
95% CI 1.47-35.66].607  

Many studies have shown, in other surgical special-
ties, that poorly controlled diabetes mellitus is a risk 
factor for post-operative infection.  

Oestrogen therapy 
Vaginal oestrogen application before and/or after pel-
vic organ prolapse surgery has been shown to im-
prove the vaginal maturation index and increased 
vaginal epithelial thickness. However, no study has 
shown that the use of pre and/or post-operative ap-
plication of oestrogen was associated with a de-
crease in vaginal mesh exposure rates (Level 3).655  

Bowel preparation 
One single-blind randomised trial has evaluated me-
chanical bowel preparation before reconstructive 
vaginal prolapse surgery (apical suspension and pos-
terior colporrhaphy). Bowel preparation consisted of 
a clear liquid diet and two self-administered saline en-
emas the day before surgery (n=75). The patients in 
the control group are a normal diet (n=75). The bowel 
preparation group was less likely to report "complete" 
satisfaction compared with the control group (OR 
0.11, 95% CI 0.04-0.35; P<.001) (Level 2). Abdominal 
fullness and cramping, fatigue, anal irritation, and 
hunger pains were greater in the bowel preparation 
group (all P<.01). Finally, preoperative bowel prepa-
ration conferred no benefit regarding surgeons' in-
traoperative assessment of the operative field (pri-
mary endpoint) (Level 2).656 

Bowel preparation prior to sacral colpopexy is not rou-
tinely used in most series.  

Antibiotic prophylaxis 
There is no specific study on the use of antibiotic 
prophylaxis at the time of mesh reconstructive sur-
gery for prolapse. However, most of studies report 
their use during pelvic organ prolapse surgery.104, 152 
There are no data on the need to identify a urinary 
tract infection in the preoperative period nor to per-
form a vaginal bacteriological test or to use antiseptic 
or antibiotic meshes. Prolonged post-operative blad-
der catheterisation increases the risk of lower urinary 
tract infection (Level 3).501 

Mesh implantation and visceral injury 
Although there is no comparative study, most of au-
thors would consider the use of mesh after a rectal 
injury during dissection as a contraindication to mesh 
insertion, due to a perceived higher risk of mesh in-
fection and subsequent recto-vaginal fistula657 (Level 
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4). 

In the anterior compartment, a small series of five 
cases of recognised intra-operative bladder injury 
(out of 704 Trans-Vaginal Mesh procedures) has 
shown that mesh surgery was feasible without subse-
quent complications after appropriate bladder re-
pair657 (Level 4). These data are limited and further 
evaluation is required. 

Surgeon training 
Regarding sacral colpopexy, is this laparoscopic? a 
learning curve has been shown, with a reduction of 
operative time and conversion rate over the first 80 
procedures365 (Level 3). However, the incidence of 
severe complications does not seem to be related to 
the learning curve 365, 366. 

The data regarding the impact of the learning curve 
for transvaginal meshes on the incidence of post-op-
erative complications is conflicting. Some authors 
have reported that learning has a significant effect on 
the complication rate608, 658-660 while others did not308, 

502. For de Tayrac et al,  113 patients   underwent bi-
lateral anterior sacrospinous ligament suspension as-
sociated with anterior mesh, the risk of major compli-
cations (ureteric complications, vaginal infections, 
sciatic pain) was reduced by approximately 30% 
every ten procedures (HR = 0.71, 95% CI: 0.53–0.95) 
(Level 3)658. For Mowat et al, gynaecologists perform-
ing procedures approximately once a month or less 
were found to have higher rates of adverse outcomes 
in urogynaecology (RR 1.4, 95% CI 1.2-1.6), with 
higher rates of reoperation for mesh complications af-
ter mid-urethral sling procedures (RR 1.4, 95% CI 
1.2-1.5).660 

Convalescence recommendations 
Current activity restrictions often placed on post-op-
erative patients show substantial variations. Evi-
dence-based guidelines and consensus are desira-
ble. In France, mean recommended time until recom-
mencement of sexual intercourse is four weeks fol-
lowing pelvic organ surgery. Mean recommended lift-
ing restrictions range from four to six weeks.661 

8. PREVENTION METHODS FOR 
VAGINAL MESH SURGERY 

Choose the right mesh for vaginal surgery 
For vaginal mesh surgery, the use of non-absorbable 
synthetic meshes was associated with a reduced rate 
of short-term recurrences in comparison to the use of 
absorbable biological or synthetic meshes, for both 
primary and recurrent cases116 (Level 1). Contrarily, 
the use of absorbable biological or synthetic meshes 
was associated with a lower risk of vaginal mesh ex-
posure and reoperation in comparison to non-absorb-
able synthetic meshes116 (Level 1).  

Concerning the type of non-absorbable synthetic 

mesh, the use of polyester was associated with an 
increased risk of vaginal exposure in comparison to 
polypropylene [33.3% vs 8.8%, p<0.03]662 (Level 4). 
Furthermore, the use of multifilament polypropylene 
was associated with a greater risk of vaginal expo-
sure than monofilament polypropylene662[170] (Level 
4), and the use of microporous monofilament polypro-
pylene was associated with a greater risk of vaginal 
exposure than macroporous monofilament polypro-
pylene663 (Level 4).  

Composite polypropylene/polyglactin meshes do not 
seem to reduce the vaginal exposure rate [7.2% vs 
6.9%, p=0.4]614 (Level 4). According to the available 
literature, polypropylene collagen-coated meshes do 
not seem to give an advantage in comparison with 
classic non-absorbable mesh regarding the vaginal 
mesh exposure rate111, 544, 586 (Level 4).  

Contrarily, although there  has been  no  RCT, several 
studies have shown that new ultra-light weight 
meshes (<30gr/m²) with trans-obturator arms or at-
tached to the sacrospinous ligament were associated 
with low mesh exposure rate (0 to 3.4%) at medium-
term (up to 36 months) (Level 4).117, 305, 307, 591  

Interest in mesh kits 
The rate of intra-operative complications does not 
seem to be reduced by the use of a mesh kit rather 
than a self-prepared mesh640 (Level 4). However, the 
rate of vaginal mesh exposure was shown to be re-
duced by the use of the same mesh in a kit format 
(4.5% versus 11%, p=0.048), in a retrospective study 
where the same surgeons had the experience of the 
technique with the self-prepared mesh before to use 
the kit640 (Level 4). On the other hand, mesh kits with 
anchoring fixation system could be responsible for 
serious complications related to migration of anchors 
664[173]. 

Only one small randomised controlled trial has com-
pared commercial transvaginal mesh kits to self-
styled mesh, however the techniques used were dif-
ferent (only the kit was trans-obturator)665 (Level 2). 

Interest in smaller mesh 
In a prospective observational cohort study, of 284 
patients with an exposure rate of 12%, total mesh was 
an independent risk factor for vaginal mesh exposure, 
in comparison to anterior or posterior meshes (OR 
3.0, 95% CI 1.2-7.0) (Level 3).608  

Concomitant hysterectomy 
Although several studies did not find any differ-
ences613, 666, most of the studies have shown an in-
creased rate of vaginal mesh exposure with concom-
itant vaginal hysterectomy187, 190, 191, 219, 551, 609, 667. 
Meta-analysis demonstrates that the addition of hys-
terectomy to a transvaginal mesh surgery signifi-
cantly (p<0.001) increases the risk of mesh exposure 
from 5.0% (42/843) without hysterectomy as com-
pared to 19.1% (124/650) with hysterectomy (P<.001) 
(Level 2) (Table 34). 
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Table 34.  Comparison mesh exposure rate at transvaginal polypropylene mesh surgery with and without 
hysterectomy. 

 
Author 
 

 
Year 
 

 
Number 
 

 
Review 
months 
 

 
Surgical 
technique 
 

 
Mesh exposure 
hysterectomy 
n/N (%) 

 
Mesh exposure 
no 
hysterectomy 
n/N (%) 

 
p value 
 

Huang590 2015 102 26-32 Prolift PP mesh 5/24 (20.8) 6/78 (7.7) 0.124 

Stanford303 2015 142 24 Elevate PP mesh 4/29 (13.8) 4/112 (3.6) 0.094 

El-Khawand 
604 

2014 201 14 Prolift, Avaulta, 
Uphold and 
custom arcus-to-
arcus polyform 
PP mesh 

16/68 (23.5) 1/133 (0.8) <0.001 

Vu 189 2012 77 29 Uphold PP mesh 2/24 (8%) 1/53 (2)  

Chu 187 2011 91 
 

9 
 

Perigee & apogee 
PP mesh  

5/39 (12.8) 
 

2/52 (3.8) 
 

 

Guillilbert 667 2009 208 36 PP mesh 24/77 (31.2) 7/40 (17.5)  

Ganj 609 2009 127 18 PP mesh  6/21 (28.6) 7/106 (6.6)  

Neuman 191 2007 79 29 Posterior IVS 
multifilament 

6/44 (13.6) 4/35 (11.4)  

Deffieux 613 2007 138 32 Gynemesh PP 
mesh  

20/103 (19.4) 7/35 (20)  

de Tayrac 551 2007 143 10 Ugytex coated PP 
mesh 

6/57 (10.5) 3/86 (3.5) 0.089 

Collinet 190 2006 277 2 Gynemesh Soft 
PP mesh  

30/164 (18.3) 4/113 (3.5)  

Total      124/650 
(19.1%) 

42/843 (5.0%) <0.001 

Abbreviation: PP: polypropylene, IVS: posterior intravaginal slingplasty 

Surgical incision 
Although some authors recommend avoiding sagittal 
or inverted T colpotomy and trimming of excessive 
vaginal epithelium in order to reduce the rate of vagi-
nal mesh exposure308, this has not been evaluated by 
other authors. 

Vaginal sutures 
Three studies have evaluated the type of sutures 
used for closure of the vaginal skin. The first two stud-
ies have matched women undergoing POP surgery 
with vaginal closure with multi-filament sutures with a 
cohort in which 2/0 monofilament sutures were used. 
In the first study, the multifilament suture group had 
significantly higher rates of offensive discharge 
(p<0.001), vaginal bleeding (p<0.001) and vaginal 
pain (p=0.004) (Level 3). They were more likely to re-
ceive medical advice (0.007). However, patients in 
the multifilament group were no more likely to suffer 

from a UTI (p=1.000) or to be readmitted post-opera-
tively (p=1.000).668 In the second study, offensive 
vaginal discharge was also more common in the mul-
tifilament group (24% vs 12%; p=0.04) (Level 3). 
However, there was no increased requirement to 
seek advice from a health professional (33% vs. 25%; 
p = 0.27) or to require antibiotics. Vaginal bleeding 
(10% vs. 5%; p = 0.28) and urinary infection (2% vs. 
5%; p = 0.44) were statistically no more common in 
the multifilament group (Level 3) 669. The third study 
has compared non-coated monofilament with triclo-
san-coated (antiseptic properties) monofilament su-
tures. Surgical site infections occurred in 3/78 (3.8%) 
in the first group versus 1/72 in the second group 
(1.4%), with no statistically significant difference 
(P=0.62) (Level 3).670  

Vaginal packing 
Only one double-blind randomised study of 190 
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women undergoing vaginal hysterectomy and/or pel-
vic floor repair has evaluated the effect of vaginal 
packing following pelvic floor surgery with regard to 
post-operative pain, bleeding and infection. No statis-
tically significant differences in the post-operative 
pain scores or secondary outcome measures were 
demonstrated. Incidence of haematoma formation 
(14.8 % no pack, 7.3 % pack, p = 0.204) was not sta-
tistically significant (Level 2). There were three clini-
cally significant complications in the no pack group 
and none in the pack group. There is no evidence to 
suggest that packing increases pain scores or post-
operative morbidity. A trend towards increased hae-
matoma and significant complications was seen in 
the no pack group. Unfortunately, duration of inpa-
tient stay was not recorded in that study. As vaginal 
packing does no harm and may be of some benefit, 
authors argued that packing should be recommended 
as routine clinical practice for vaginal surgery.671 

9. PREVENTION METHODS FOR 
ABDOMINAL SACRAL COLPOPEXY 

Learning curve 
Has been reported as a risk for recurrent prolapse. 

Choice of surgical route for sacrocolpopexy 
Most complications following sacral colpopexy occur 
irrespective of entry route. Most RCT’s observed that 
laparoscopic sacral colpopexy is as effective as the 
open abdominal procedure, with a reduced rate of in-
traoperative bleeding, hospitalisation and wound 
complications.354, 355 However, a recent RCT showed 
that LSC provides outcomes as good as those of 
open sacral colpopexy for anatomical correction but 
not for anterior pelvic organ prolapse (Level 2).356 Ro-
botic sacral colpopexy (RSC) and laparoscopic pro-
cedure had similar operative times, short-term ana-
tomic cure rates, and length of hospital stay352, 370 
(Level 2) however the robotic approach had longer 
operating time, greater post-operative pain and 
higher costs than LSC.599  

In a recent systematic review, both the laparoscopic 
and robotic approaches were preferred to open ac-
cess for sacral colpopexy. Indeed, similar ana-
tomic/functional results have been observed (Level 
2), but minimally invasive approach is associated with 
a decrease in blood loss and shorter length of hospi-
tal stay (Level 2).597, 599 However, overall complica-
tions rates are comparable in either approach. 

Choose the right mesh for abdominal surgery 
In a retrospective comparative study of open ab-
dominal sacral colpopexy, Quiroz et al have shown 
that the short-term mesh-related complication rate 
was significantly higher with polypropylene than with 
porcine dermis [24/102 vs 12/134, p=0.003]379 (Level 
3), however the prolapse recurrence rate using por-
cine dermis was higher [7/93 vs 0/105, p = 0.004]. 

Another study comparing fascia lata and polypropyl-
ene meshes with five-year review, has shown a long-
term increased recurrence rate, but with no differ-
ences in the rate of complication348 (Level 2). Con-
cerning LSC, in a prospective comparative non ran-
domised study, Deprest et al have shown that recur-
rences at the level of anterior and apical compartment 
occur significantly more often when using a biograft, 
in comparison to polypropylene, 21% vs 3%, p<0.01 
and 36% vs 19%, p <0.05, respectively (Level 3) 380. 
Partially absorbable composite meshes (polyglactin + 
polypropylene) also seems to increase the risk of 
short-term recurrences (Level 4).672 

The risk of vaginal mesh exposure seems to be 
higher with the use of polytetrafluoroethylene than 
with polypropylene meshes at ASC (15% vs 0%, 
p=0.03) (Level 4) 194[38] and 19% vs 5% (Level 2).209 
Similar results were observed with the use of silicon-
coated polyester (19% vs 0%, p<0.05) (Level 4).673 

Choose the right fixation technique to the 
promontory, vaginal wall and levator ani 
Most of authors perform a direct fixation to the vaginal 
wall using absorbable or non-absorbable sutures, 
and to the promontory using non-absorbable sutures 
(Level 3).350, 581, 582, 672 

Fewer authors use staples for the mesh fixation, both 
to the vaginal wall and to the levator ani muscle365, or 
tackers to the promontory.51, 321, 354 Spondylitis has 
been  reported after both tackers674 and sutures350, 353, 

581 are utilised to secure the graft to the promontory. 
Whatever the fixation material use for the vaginal 
wall, the main method  of preventing the occurrence 
of vaginal mesh exposure seems to avoid breaching 
the vaginal epithelium (Level 4).579 

Concomitant hysterectomy 
The risk of vaginal mesh exposure is significantly in-
creased in cases of sacrocolpopexy associated with 
concomitant total hysterectomy (8.6%), in compari-
son to 2.2% in those with previous hysterectomy , 
1.5% at sacral hysteropexy and 1.7% subtotal hyster-
ectomy600 (Level 4). 

Peritoneal closure 
Most of authors close the peritoneum after a sacro-
colpopexy, both after open 214, 219, 675 and laparo-
scopic approach.321, 350, 582 A recent review of 450 
cases of laparoscopic and robotic sacrocolpopexy 
demonstrated a 1.8% rate of post-operative ileus or 
small bowel obstruction that were equally distributed 
between those with mesh that was and was not reper-
itionealised676.  

CONCLUSION 

Pelvic organ prolapse reconstructive surgery is asso-
ciated with rare but potentially severe complication, 
whatever the surgical approach and the use of mesh. 



 

 
1946  COMMITTEE 15. PELVIC ORGAN PROLAPSE SURGERY 
 

Preoperatively, patients should be informed that a 
mesh is considered a permanent implant; removal of 
mesh or correction of mesh-related complications 
may involve subsequent surgeries. Furthermore, 
complete removal of mesh may not be possible and 
additional surgeries may not fully correct some com-
plications. Patients must also be informed of con-
servative and alternative surgical techniques. 

Proposed Recommendations to Reduce the 
Rate of Complications 

GoR A 
Patients should be informed that transvaginal 
meshes have a higher reoperation rate than native 
tissue vaginal repairs. 

GoR B 
Concerning vaginal surgery: 

• Bowel preparation prior to surgery is not recom-
mended. 

• If a synthetic mesh is placed by the vaginal route, 
it is recommended that a macroporous polypro-
pylene monofilament mesh should be used. 

•  The use polyester mesh is not recommended. 

Concerning sacral colpopexy: 

• The use silicone-coated polyester, porcine der-
mis, fascia lata, and polytetrafluoroethylene 
meshes is not recommended. 

• It is recommended to avoid total hysterectomy 

GoR C 
Whatever the surgical route: 

• The first cases should be undertaken with the 
guidance of an experienced surgeon in the rele-
vant technique. 

Concerning sacrocolpopexy: 

• Laparoscopic approach is recommended for sa-
cral colpopexy 

• The use of polyester (without silicone coating) or 
polypropylene meshes is recommended. 

• Peritoneal closure is recommended to cover the 
meshes. 

Expert Opinion 
Whatever the surgical route: 

• As with any surgery, cessation of smoking pre-
operatively is recommended. 

• It is recommended to comply with the prevention 
of nosocomial infections. 

• Antibiotic prophylaxis is recommended, regard-
less of the approach. 

• Thromboembolic prophylaxis is recommended, 
regardless of the approach. 

• It is recommended that preoperative urinary tract 
infections are identified and treated. 

• It is recommended that the type and commercial 
name of mesh used in the operative report. 

Concerning vaginal surgery: 

• It is recommended that a non-absorbable syn-
thetic mesh should not be inserted into the recto-
vaginal septum when a rectal injury occurs. 

• The placement of a non-absorbable synthetic 
mesh into the vesicovaginal fascia may be con-
sidered after a bladder injury has been repaired 
if the repair is considered to be satisfactory. 

• It is possible to perform a hysterectomy in asso-
ciation with the introduction of a non-absorbable 
synthetic mesh inserted vaginally but this is not 
recommended routinely. 

• It is recommended to minimise the excision of 
vaginal tissue. 

• Currently, there are not sufficient data to recom-
mend the use of a mesh kit rather a self-prepared 
mesh. 

 RISK FACTORS RECURRENT 
PROLAPSE 

While poor outcomes from prolapse, surgery are dif-
ficult to succinctly define knowledge of prognostic 
variables which could influence the outcome of sur-
gery, along with incidences of failure and complica-
tions are invaluable information for both patient and 
surgeon.   While the remainder of the chapter con-
centrates on procedural safety and efficacy in this 
section we seek to evaluate the impact of non-proce-
dural factors such as patient and surgeon character-
istics and peri-operative interventions on prolapse 
surgery outcomes. 

1. PATIENT CHARACTERISTICS 

Recurrent prolapse were most commonly reported in 
the anterior compartment274, 677 although in 10-year 
multivariate analysis of 374 American women by 
Denman et al this was not able to be confirmed.91 
They identified prior pelvic organ prolapse or urinary 
incontinence (POPUI) surgery conferred a hazard ra-
tio of 1.9 (95% CI, 1.1-3.2; P .018) for recurrent pro-
lapse surgery. The abdominal approach was protec-
tive against reoperation compared with the vaginal 
approach (hazard ratio, 0.37; 95% CI, 0.17-0.83; P 
.02). No association was observed for age, vaginal 
parity, previous hysterectomy, body mass index, pro-
lapse severity, ethnicity, chronic lung disease, smok-
ing, oestrogen status, surgical indication, or anatomic 
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compartment. 

Vergeldt et al completed a comprehensive systematic 
review evaluating 28 pre-determined risk factors for 
recurrent prolapse569 and after screening 7,500 rele-
vant articles only five trials fulfilled predefined inclu-
sion criteria677-681 (POP recurrence defined as stage 
II or greater, at least one year review, native tissue 
repairs only and a multivariate analysis must have 
been undertaken). The only predictive factor for re-
current prolapse in all five papers was preoperative 
POP-Q stages III or IV prolapse although in Teger-
stedt et al681  only preoperative stage III, and not IV 
was a risk factor. Briefly, Weemhoff et al679 prospec-
tively evaluated 156 women having vaginal repair of 
cystocele. Risk factors for anatomical recurrence 
were complete avulsion of puborectalis muscle (OR, 
2.4; 95% CI, 1.3, 4.7), advanced preoperative stage 
(OR, 2.0; 95% CI, 1.0, 4.1), family history of prolapse 
(OR, 2.4; 95% CI, 1.2, 4.9), and sacrospinous liga-
ment fixation (SSLF) (OR, 6.5; 95% CI, 2.0, 21.2). 
Salvatore identified 36 of an original 360 women who 
had undergone vaginal prolapse surgery and the only 
predictive factor for recurrence was initial stage III or 
IV prolapse  ( OR 2.4, 1.1–5.1 95% CI).678  

Diez-Itza et al677 reported on a retrospective cohort of 
134 women five years after prolapse surgery and 
while 42 (31.3%) had anatomical recurrence of the 
prolapse (gardenia), only 10 (7.4%) had prolapse re-
lated symptoms. Advanced preoperative prolapse 
(grade III–IV) of any compartment was associated 
with anatomical failure but not with symptomatic re-
currence, (OR 3.93; 95% CI, 1.19–12.97). This study 
also suggested age under 60 years and weight over 
65kg were additional prognostic factors for recur-
rence. Poor levator muscle contraction strength was 
not a risk factor for recurrent prolapse. 

In a prospective observational study of 389 patients, 
age less than 60 years (OR 3.2; 95% CI, 1.6-6.4) and 
POP-Q stages III and IV, (OR 2.7; 95% CI, 1.3-5.3) 
were associated with greater risk for recurrent pro-
lapse at  one year680. No other prognostic variables 
were identified in this prospective observational 
study.  Specifically, there was no difference in out-
comes between the four Urogynaecologists. Con-
comitant Burch or sling for stress incontinence pro-
tected against recurrent anterior wall prolapse, but in-
creased the risk of a posterior wall prolapse. 

 

Diminished levator strength and wide genital hiatus 
are possible risk factors for recurrent prolapse. The 
data on levator muscle strength are conflicting. Diez-
Itza et al677 demonstrated in multivariate analysis that 
decreased levator strength was not predictive of re-
current prolapse. However, in univariate analysis of 
358 women five months after prolapse surgery, Vakili 
et al demonstrated diminished levator strength was 
associated with recurrent prolapse (35.8% versus 
0%; P = .017) as was a genital hiatus 5 cm or greater 
(44.2% vs 27.8%; P = .034). Increasing levator con-

traction strength was associated with a decreased re-
operation rate for pelvic floor disorders.682  The theory 
of an enlarged genital hiatus being a risk factor for 
recurrent prolapse is supported by the retrospective 
univariate analysis by Medina et al683 which demon-
strated a correlation for recurrent anterior compart-
ment prolapse and genital hiatus measurement 
greater than 5cm. The rate of post-operative anterior 
vaginal wall prolapse was greater in patients with a 
wide genital hiatus compared with those with a nor-
mal genital hiatus (34.3% vs 10% respectively; OR 
4.7 95% CI 1.0– 24.1).  

As noted above Weemhoff confirmed after multivari-
ate analysis that complete avulsion of the 
puborectalis muscle (USS confirmed) was a risk fac-
tor for objective recurrence of cystocele (OR, 2.3; 
95% CI, 1.1, 4.8).679 Complete levator avulsion was 
also an independent risk factor for recurrent prolapse 
(OR 2.9 95% CI 1.8 to 4.9)  in a second trial of 334 
women evaluated with a mean review of 2.5 years 
(range 3 months to 6 years) after a variety of vaginal 
prolapse interventions.684 In a further trial with logistic 
regression analysis by the same group, they retro-
spectively evaluated 209 women, 2.2 years (range 3 
months to 5.6 years) after a variety of anterior trans-
vaginal mesh procedures. Levator avulsion was not a 
risk factor for symptomatic prolapse, POP-Q stage  II 
prolapse, descent of Point Ba on examination, or 
mean bladder descent on ultrasound however it was 
a risk factor for  cystocele diagnosed on ultrasound 
(OR 2.13 95% CI 1.04 to 4.39).685  More recently, in 
an evaluation of 287 women undergoing anterior col-
porrhaphy, after multivariate analysis levator defects 
were not an independent risk factor for recurrent pro-
lapse OR 1.37 (0.8 to 2.34).686 

A univariate analysis confirmed levator avulsion was 
a risk factor for symptomatic prolapse (RR 1.48 95% 
CI 1.08-1.91) in 165 women who had undergone prior 
continence and or prolapse surgery. The result was 
not significant for those undergoing only prior anterior 
colporrhaphy (RR   95% CI 0.95-1.95).687  The data 
from multivariate analysis  are inconsistent in deter-
mining if pre-operative levator ani defects are a risk 
factor for recurrent prolapse.  

While women with a positive family history are two to 
three times more likely to develop prolapse than 
women without a positive family history,688, 689 the ev-
idence from multivariate analysis is conflicting in re-
gard to recurrent prolapse.677, 679  It has also been 
demonstrated that women with reduced type 1 colla-
gen and increased collagenolytic activity in vaginal 
tissue are predisposed to prolapse.690, 691 In a prelim-
inary study, Khaja et al were not able to demonstrate 
a relationship between quality or type of collagen and 
outcome of anterior colporrhaphy.692 Further evalua-
tion of these risk factors is warranted. 
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2. SURGEON CHARACTERISTICS 

Surgeon experience 
The experience of the surgeon was not identified as 
an increased risk of vaginal prolapse recurrence fol-
lowing prolapse surgery in a multivariate analysis un-
dertaken by Diez-Itza et al.677 A systematic review by 
Mowat et al of low versus high volume surgery (low 
defined as < than 12 procedures/year) found higher 
rates of complications for of all gynaecology proce-
dures for low versus high volume surgeons. In the 
urogynaecology group, a single study reported that 
the LVS group had a higher rate of any complication 
(RR 1.4 95% CI 1.2-1.6). The evidence is of moderate 
to very low quality.660 

 Surgeon surgical volume was assessed in a retro-
spective analysis of all 5,488 vaginal mesh POP pro-
cedures performed by 368 surgeons in Ontario Can-
ada, from 2002 to 2013. At 10-year review, the haz-
ard of reoperation for complications was lower for pa-
tients of high-volume (>14 cases per annum) sur-
geons (3.0%, 145/3,001] compared with non- high 
volume surgeons (4.8%, 73/2,447), adjusted hazards 
ratio 0.59, 95% CI 0.40–0.86). In multivariable mod-
elling, younger age, concomitant hysterectomy, blood 
transfusion, and increased medical comorbidity were 
all also associated with reoperation. Patients of high-
volume surgeons were less likely to have a concur-
rent hysterectomy (32.5%  versus 37.7%) and had a 
shorter post-operative stay in the hospital (median 
2.0 versus 3 days).693 Overall,  one in 20 women re-
quired a second surgery for a transvaginal mesh com-
plication, after 10 years of follow-up and this risk was 
reduced by 41% for patients of high volume sur-
geons.  

Surgeon learning curve 
For total vaginal mesh (TVM) repair for POP, a signif-
icant surgeon learning curve was demonstrated in a 
multivariate analysis by Long et al.694 Women oper-
ated on during the surgeons first 50 cases were 11.93 
times (95% CI: 1.79–240.1) more likely than subse-
quent women to develop a stage II POP-Q recur-
rence. A further retrospective study of 138 SSLF pro-
cedures also identified lower surgeon experience (< 
20 cases) as a significant risk factor for recurrence 
(OR 2.7 95% CI 1.1 to 6.8) as compared to surgeon 
having performed > 20 cases.695 

LSC requires the attaining of laparoscopic suturing 
and knot tying skills. Claerhout et al observed that 
LSC operative duration decreased rapidly during the 
first 30 procedures and reached steady state after 90 
cases. However, complication rates remained un-
changed throughout this learning curve series. Using 
a cumulative sum approach, they hypothesised that 
adequate learning occurred after 60 cases (Level 
4).365 Akladios et al also observed that LSC operation 
duration decreased after 25 procedures.366 The com-
plication rates were also low throughout this series 
and were not affected by learning curve. However, 

this study analysed the learning curve of a senior 
urogynaecology surgeon who was initiated into this 
technique, and not the learning curve of a trainee. 
Kantartzis et al analysed the learning curves of the 
first 180 LSC done by  four attending Urogynaecol-
ogist and observed that there was no significant dif-
ference in the rate of overall complications regardless 
of the number of prior procedures performed (Level 
4) 696. Mustafa et al (2012) observed that LSC opera-
tive time decreased considerably following the first 15 
cases (Level 4).367 

However, since complication rates associated with 
LSC are low, the published series cannot assess the 
effect of under-experience since the number of cases 
is few in each series. Furthermore, the complication 
rates are probably limited because of the supervision 
by a ‘senior surgeon’ during this learning curve. Prior 
training in laparoscopic suturing coincided with a 
short learning process for the phases requiring sutur-
ing.697 The most time-consuming step is the dissec-
tion of the vault, for which it took the trainee 31 pro-
cedures to achieve an operation time comparable to 
that of the teacher.697 

Similarly, Morgan et al698 used multivariate analysis 
to look at the effect of surgeon case volume on use of 
apical colpopexy and cystoscopy and in the rate of 
intraoperative complications during hysterectomy for 
prolapse. Vaginal hysterectomy was undertaken for 
78% of cases.  Low (≤10 cases)-, intermediate (1 1–
49 cases)-, and high (≥50 cases)-volume surgeon 
groups over a four-year period were established a pri-
ori. High-volume (OR, 0.42; 95% CI, 0.30-0.61) and 
low-volume (OR, 0.32; 95% CI, 0.15-0.66) surgeons 
were less likely than intermediate-volume surgeons 
to have intraoperative complications during vaginal 
hysterectomy for prolapse. The difference between 
high- and low-volume surgeons was not statistically 
significant (OR, 0.77; 95% CI, 0.5-1.2). The finding 
that intermediate-volume surgeons have the highest 
rates of intraoperative complications suggests a non-
linear relationship between surgeon volume and 
avoidance of injury. The low volume surgeons how-
ever were far more likely to have a second experi-
enced surgeon present for the case which could ac-
count for this. High volume surgeons were more likely 
to perform concomitant colpopexy and cystoscopy 
than intermediate or low volume surgeons.  

A retrospective surgical database study by Sung et 
al699 demonstrated that for urogynaecological proce-
dures low volume (<8 case per year) and intermedi-
ate volume (8-18 cases per year) had significantly 
higher rates of intraoperative complications (RR 1.36 
and 1.24 respectively) than high volume surgeons 
(>18 cases per year). This was from the Nationwide 
Inpatient sample in the USA which represents a 20% 
stratified sample of US hospitals between 1998 and 
2003. 

Physiotherapy 
Pelvic floor muscle training (PFMT) is often recom-
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mended for women undergoing surgery for pelvic or-
gan prolapse despite little evidence in the literature to 
support its routine use.  

Jarvis et al700 randomised 60 women undergoing sur-
gery for prolapse or incontinence and reported an im-
provement in urinary symptoms and quality of life in 
the women who received pre and post-operative pel-
vic floor muscle training (Jarvis et al). Follow up was 
only to 3 months’ post operatively and the differences 
in outcomes could be explained by the fact that the 
treatment group underwent continence surgery 
(10/23, 44%) twice as frequently as the control group 
(6/27 22%). 

In another Australian RCT by Frawley et al,701 51 
women were allocated prolapse or continence sur-
gery with and without supervised pre and post-oper-
ative pelvic floor exercises. No differences were de-
tected at one year between the groups in Urogenital 
Distress Inventory (UDI) and the Incontinence Impact 
Questionnaire (IIQ) scores. Neither of the above trials 
reported effect on prolapse symptoms or need for re-
treatment. 

Pauls reported no benefit in a recent RCT (n=25 each 
group) comparing native tissue prolapse surgery with 
and without structured PFMT (one preoperative and 
five post-operative visits with expert pelvic floor ther-
apist) at six-month review on a variety of outcomes 
including validated pelvic floor questionnaires and 
POP-Q staging. Quality of life and prolapsed, urinary 
and sexual function scores were improved equally in 
both groups reflecting the effect of the surgery and 
not the addition of a PFMT program. 

In a slightly larger (n=28 in each group) multi-centre 
RCT,  McClurg et al702 compared prolapse surgery 
with and without structured PFMT (one preoperative, 
one phone call in week one and five post-operative 

visits with a dedicated pelvic floor physiotherapist 
over a 12 week period). At six-month review of the 
whole available cohort no differences were detected 
between the two groups. Participant retention was 
problematic with less than 50% completing question-
naires and less than 20% completed examination at 
12 months. At 12-month review at a single study site 
the treatment group had improved outcomes on the 
POP-SS and SF-12 scores. Unfortunately, the 12-
month results do not include eligible participants from 
other sites which detracts from the validity of the trial. 

 

In the largest randomised trial to date by Barber et 
al244, 374 women undergoing surgery to treat both ap-
ical vaginal prolapse and stress urinary incontinence 
were recruited and two-year follow-up rate was 
84.5%. The intervention group underwent pelvic floor 
assessment and were taught PFMT two to four weeks 
pre-operatively and were re-assessed four times post 
operatively up to 12 weeks. Importantly this trial did 
include prolapse specific follow up assessment as 
well as urinary symptoms using UDI. No difference 
was found between behavioral therapy and pelvic 
floor muscle training and control group for urinary 
scores at six months [treatment difference −6.7 (95% 
CI −19.7, 6.2)], or prolapse scores at 24 months 
[treatment difference −8.0(95% CI −22.1, 6.1)] or an-
atomic success at 24 months. This trial differs from 
those by Frawley and Jarvis in that those supervising 
and teaching the behavioural package and PFMT 
were not interventional physiotherapists, but trained 
and certified clinicians.  

These findings do not support the routine use of 
PFMT program for women undergoing repair for pel-
vic organ prolapse. Table 35 summarised data relat-
ing to possible risk factors for recurrent prolapse and 
the Grade of evidence supporting the finding. 

Table 35.  Risk factors for recurrent prolapse 

Outcomes Multivariate 
evidence 

Risk quantification GoR 

Patient factors 
Age 
BMI/Weight (Kgs) 
Family history 
Stage 3-4 prolapse 
Prior Pelvic floor Surgery 
Levator defect 
Size Genital Hiatus 
Poor levator strength 
Levator defects 
Type collagen 
 

 
<60 yrs. 
Conflicting 
Conflicting 
Yes 
Conflicting 
 
Conflicting data 
Not risk factor  
Conflicting data 
Not risk factor 

 
OR 3.2-4.1677, 680 
 
 
 
RR 2.0-3.9677-679 

 
GoR B 
 
 
GoR A 
 
 
 
GoR C 

Perioperative Factors 
Surgeon factors 
Less experienced 
     Recurrent prolapse 
     Complications 
HVS vs LVS 
     Recurrent prolapse 

 
 
 
↑ LVS 
No evidence 
 
No evidence 

 
 
 
2.7-11.9694, 695 
 
 
 

 
 
 
GoR C 
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Outcomes Multivariate 
evidence 

Risk quantification GoR 

     Complications 
Perioperative Physio 

↑LVS 
Not protective 

RR 1.4 to 2.4660, 698, 699 GoR B 
GoR A 

Abbreviation: BMI: body mass index, LVS: low volume surgeon, HVS: high volume surgeon,  

CONCLUSION 

The evidence suggests that: 

• On multivariate analysis, only preoperative stage 
III and IV prolapse, prior prolapse or continence 
surgery and vaginal as compared to abdominal 
surgery are risk factors for recurrent prolapse af-
ter surgery. (GoR B) 

• Level three data are conflicting on levator ani de-
fects being a risk factor for recurrent prolapse. 
(GoR D evidence) 

• Age less than 60 years, and genital hiatus 
greater than 5cm are possible risk factors for re-
current prolapse. (GoR C) 

• Low volume surgeons are at increased risk of 
perioperative complications in prolapse surgery 
however the data on prolapse outcomes are in-
conclusive.  (GoR C evidence) 

• Limited level three evidence suggest that having 
a total vaginal mesh or sacrospinous colpopexy 
performed during the surgeons procedural learn-
ing phase increased the risk of recurrent pro-
lapse. (GoR C)  

• Consistent level one data demonstrate peri-op-
erative pelvic floor muscle training does not im-
prove prolapse surgery outcomes. (GoR B evi-
dence) 

• Further high quality research is needed to inform 
this important topic. 

 ECONOMICS OF PROLAPSE 
SURGERY 

Despite the high prevalence and frequency of surgery 
for POP, there is little information on the costs of med-
ical care for this condition.  A study in the USA esti-
mated that the direct costs of POP surgery were sub-
stantial, amounting to $1,012 million (95% confidence 
interval $775, 1,251 million) for a total of 226,000 pa-
tient surgical procedures during 1997.703 A European 
study showed that the number (rate) of admissions 
for POP surgery was 36,679 (1.14 per 1,000 women) 
in France, and 28,959 (1.13 per 1,000 women) in 
England during the year 2005.704  The total costs were 
€144,236,557, €83,067,825 and €81,030,907 in Ger-
many, France and England respectively, which were 
also considered to be substantial, and required more 

attention in order to decrease the burden on the coun-
tries studied. 

Traditionally, Gynaecologist have based their deci-
sions regarding surgical interventions upon the suc-
cess rate, patient satisfaction, peri-operative morbid-
ity and complications.  With rising health care costs 
and in a setting of finite resources it is now imperative 
that clinicians include the financial costs of surgical 
interventions as a vital part of the decision-making 
process. Despite considerable consumable costs 
there is a scarcity of cost-effectiveness data on pelvic 
organ prolapse surgery.  Hullfish et al. designed a 
study to compare the relative cost-effectiveness of 
treatment decision alternatives for post-hysterectomy 
POP.705 The authors used a Markov decision analysis 
model to assess and compare the relative cost-effec-
tiveness of expectant management, use of a ring pes-
sary and vaginal reconstructive surgery (VRS) and 
open or robotic sacral colpopexy to obtain months of 
quality adjusted life (QALY) over 1 year.  Laparoscopy 
for prolapse and vaginal mesh kits were excluded as 
the authors do not utilise those two procedures at 
their institution and colpoclesis was excluded as the 
baseline case desired preservation of coital function.  
Only two decision alternatives were found to be cost-
effective: pessary use and VRS.  Pessary use 
achieved 10.4 quality-adjusted months at a cost of 
$10,000 per patient.  This cost includes all events for 
patients initially assigned to pessary use including 
costs for those patients who eventually underwent 
surgery within the 12-month time frame.  The VRS al-
ternative obtained 11.4 quality-adjusted months at 
$15,000 per patient.  Each of the other alternatives 
achieved fewer quality-adjusted months at greater 
cost. 

It is now recognised that women with advanced pro-
lapse require adequate apical support to ensure du-
rability of a simultaneous anterior and / or posterior 
correction.706 Options for correcting apical prolapse 
include: sacral colpopexy (ASC) which can be per-
formed via a laparotomy or laparoscopically including 
robotically assisted laparoscopy, sacrospionous liga-
ment fixation (SSLF), uterosacral ligament suspen-
sion, McCall's culdoplasty and levator myorrhaphy.  A 
Cochrane meta-analysis of level 1 data comparing 
abdominal sacralcolpopexy (ASC) with sacrospinous 
fixation (SSLF) showed that ASC was superior in 
terms of recurrent vault prolapse, post-operative 
stress urinary incontinence (SUI) and post-operative 
dyspareunia.  However, the downside of ASC in-
cludes longer operating time, longer recovery time, 
and increased inpatient cost.185  Recently, Ohno et al 
used a decision analytic model to compare ASC to 
SSLF using TreeAge Pro (2013).  Results showed 
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that ASC is more expensive than SSLF ($13,988vs 
$11,950) but is more effective (QALY 1.53 vs 1.45) 
and is cost-effective (ICER $24,574/ OALY) at 2 
years.707 The additional costs incurred with ASC are 
justifiable owing to the improved outcome associated 
with ASC.  However, if the cost of SSLF further de-
creases, or if the post-operative outcomes after SSLF 
improve, then ASC is no longer cost-effective. Limita-
tions of the study include the lack of incorporation of 
the peri-operative complications like mesh erosion, 
wound complications etc.  Evaluations extending the 
analysis to longer than two years are required.    

Two cost-minimisation studies have evaluated the rel-
ative inpatient cost of robotic sacral colpopexy (RCS), 
laparoscopic sacral colpopexy (LSC) and ASC708, 

709with both findings that the ASC was the least costly 
inpatient option.  Patel reviewed 15 cases, 5 each of 
ASC, LSC and RSC performed in USA in 2008 (Patel 
et al., 2009).  Results showed that ASC was the least 
expensive at $13,149, LSC at $19,308 and RSC the 
most expensive at $24,161.  Importantly, in this model 
there were no differences in length of stay and all pro-
cedures had long operating times, with the robotic 
procedure being over 2hr quicker than the laparo-
scopic procedures, which does not reflect common 
practice in the literature. Judd et al., using a decision 
model, estimated the hospital cost of ASC at $5,792, 
LSC at $7,353 and RSC at $8,508 (excluding the cost 
of the robotic system).708  In this model, RSC and LSC 
became cost equivalent only when the robotic oper-
ating time was reduced to 149 min, robotic disposa-
bles were reduced to $2,132 or laparoscopic dispos-
ables were increased to $3,413.  Both models of anal-
ysis only included inpatient care and may not reflect 
other benefits of the minimally invasive approach 
such as quicker recovery and possibly faster return to 
work. 

Paraiso et al. performed an RCT comparing RSC (38) 
and LSC (40) for vault prolapse and reported the ro-
botic group incurred significantly greater costs than 
the laparoscopic group (mean difference+$1,936; 
95% CI $417-$3,454; P=0.008).352  Importantly, in this 
study the authors were experienced laparoscopic sur-
geons who had also completed the learning phase of 
the RSC.  At that same time; Anger et al also random-
ised 78 women into laparoscopic and robotic group 
(Anger et al., 2014).  The RSC group had higher initial 
hospital costs ($19,616 compared with $11,573, 
p<0.001) and over six weeks, hospital costs remained 
higher for RSC ($20,898 compared with $12,170, 
p<0.001).  When costs of robot purchase and mainte-
nance had been excluded, the difference would not 
be significant.  Therefore, primary cost difference be-
tween RSC and LSC resulted from robot mainte-
nance and purchase costs. 

Over the last decade, both clinical efficacy and cost-
efficiency of the mid-urethral sling in incontinence sur-
gery has been demonstrated.  Transvaginal mesh kits 
have been introduced to prolapse surgery in an at-
tempt to replicate this benefit for the community.  Un-
fortunately, a paucity of cost analysis data is available 

for review.  A study on the analysis of the cost-effec-
tiveness of traditional anterior colporrhaphy (AC), 
non-kit mesh and commercial mesh kits for anterior 
vaginal prolapse repair showed that commercial 
mesh-kits are not cost-effective.710  The authors in-
cluded the estimated cost of managing recurrent pro-
lapse and extrusions in the analytic model after per-
forming a meta-analysis of 18 papers relating to an-
terior compartment repair to determine operating and 
admission time, recurrence rate and mesh extrusion 
rate for the three groups.  The cost of non-kit mesh 
was $3,380, AC was $3,461 and mesh kits $4,678.  
Non-kit mesh repair is cost-effective, compared with 
AC, if extrusion rates remain below 25%.  One-way 
cost sensitivity analysis demonstrates that when the 
reoperation rate for AC reached 28%, the commercial 
mesh kits became cost-effective.  The balance of the 
costs of AC and non-mesh kits depends significantly 
on recurrence and extrusion rates could be erosion or 
exposure? .  Two-way cost sensitivity analysis 
demonstrated that if the reoperation rate of AC is be-
low 20%, AC is more cost-effective even if the extru-
sion rate is 0%.  When the reoperation rate of AC is 
30% the non-mesh kit repair is the most effective op-
tion if the extrusion rate is less than 25%. At the same 
time, Jacklin et al also used a decision-analytic Mar-
kov model to compare the cost effectiveness of ante-
rior repair augmented with synthetic mesh against 
non-mesh anterior repair711 and concluded that ante-
rior augmented repair with mesh was relatively less 
cost-effective.  Under base case assumptions at five  
years, the incremental cost-effectiveness ratio (ICER) 
for mesh- augmented anterior repairs was ₤15 million 
per OALY.  This was mostly due to the extra costs as-
sociated with the price of the mesh, treating mesh 
erosion. 

Maher and Connelly reported a cost minimisation 
analysis of an RCT comparing total vaginal mesh 
(TVM n=55) and LSC (n=53) in the management of 
vault prolapse at two  years.712   Opportunity costs, 
defined as the economic costs to the women associ-
ated with recovery time were added to define the total 
economic cost.  Mean total economic costs were sig-
nificantly lower in the LSC group compared with the 
TVM ($4,013.07, 95% CI 3,107.77-4,918.37).  Labour 
costs were significantly greater for the LSC, reflecting 
that the operating time was twice as long as that of 
the TVM procedure.  These higher labour costs were 
offset by lower consumable, inpatient, opportunity 
and reoperation costs for the LSC compared with the 
TVM.  One-way cost analysis for the LSC and TVM 
demonstrates that cost equivalence would be 
achieved once the consumable cost reduced to zero, 
or the reoperation rate was zero in the TVM group or 
the operating time in the LSC was 130 min longer 
than that of the TVM.  By using similar decision anal-
ysis model, Richardson et al compared the cost-ef-
fectiveness of three strategies for the use of a mid-
urethral sling to prevent occult urinary incontinence in 
patients under-going abdominal sacral colpopexy.713  
They concluded that universal concomitant mid-ure-
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thral sling is the most cost-effective prophylaxis strat-
egy for occult stress urinary incontinence undergoing 
ASC.   

In conclusion, despite the high prevalence and fre-
quency of surgery for POP, there is little information 
relating to costs.   

CONCLUSIONS GoR 

• The annual economic costs of POP surgeries are 
significant in United States and Europe and over 
the next decades will grow at twice the rate of 
population growth because of our aging popula-
tion. (GoR D) 

• Programs aimed at reducing the burden of this 
disease are needed. (GoR D) 

• In a single institution study vaginal reconstructive 
surgery and pessary use were more cost-effec-
tive than expectant management, traditional 
ASC or RSC. (GoR C) 

• In a single cost analysis study, ASC is cost-effec-
tive compared with SSLF for the repair of apical 
prolapse.  (GoR C) 

• Two studies have demonstrated that ASC incurs 
lower inpatient costs than LSC or RSC. (GoR C) 

• LSC to incur lower inpatient costs than RSC, 
specifically relating to the lower operating time in 
the LSC group and costs from robot purchase 
and maintenance. (GoR B) 

• Data from a meta-analysis of anterior vaginal 
compartment prolapse operations demonstrated 
that commercial mesh kits for anterior repair are 
less cost-effective than non-kit mesh and ante-
rior colporrhaphy. (GoR B) 

 

Future research recommendations 

Significant further research is required in most areas 
of the surgical management of prolapse including but 
not limited to: 

• Uterine prolapse and its various options 

• Surgery for recurrent prolapse 

• Identifying risk factors for recurrent prolapse 

• Re-evaluation of prolapse quality of life question-
naires to ensure they are sensitive to change 

• The utilisation and incoporation of tissue engi-
neering in pelvic organ prolapse surgery  

• Impact of POP surgery on bladder overativity. 

• Impact of POP surgery on urinary voiding dys-
function 

• Impact of rectocele repair on symptoms of ob-
structed defecation and faecal incontinence   
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1. SUMMARY OF SURGICAL TREATMENT OF PELVIC ORGAN PROLAPSE 

Figure 10.  Algorithm for the surgical management of pelvic organ prolapse 
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While the above text is significant in the evaluation of 
the surgical management of POP, the reader should 
note that no trial to date has reported a single inter-
vention that has demonstrated superior outcomes to 
any other intervention using validated quality of life 
pelvic floor questionnaires. This indicates that either 
the interventions are not significantly different for the 
patients or that the questionnaires are not sensitive 
enough to detect change. Notwithstanding this prob-
lem, our committee has developed a treatment algo-
rithm for the surgical management of prolapse (Fig-
ure 10). The committee recognises the algorithm is a 
guideline for both patients and clinicians and that pa-
tient’s treatment is best individualised and recorded 
in open and transparent consultation and consent. 
The decisions that informed the algorithm are based 
on the findings in the report and the recommenda-
tions are summarised in Table 36.  

The committee notes that prolapse surgery has un-
dergone significant changes over the last four years 
with the removal of many commercial transvaginal 
mesh products from the market. Despite extensive 
criticism and concern raised by the general commu-
nity regarding our unguarded optimism with the intro-
duction of new surgical techniques and changes to 
regulatory pathways for new devices, as a group we 
continue to perform surgeries with little evidence as 
to their safety and efficacy.  For example, many of the 
newer light weight mesh devices that are currently 
available have little supportive data and these prod-
ucts require significant further evaluation prior to be-

ing introduced into treatment pathways for the surgi-
cal management of prolapse.  

A second example relates to the anecdotal percep-
tion that the performance of sacral colpopexy for uter-
ine prolapse, that includes sacrohysteropexy, or su-
pracervical or total hysterectomy and sacral col-
popexy, is increasingly common. The confidence in 
surgical outcomes relating to sacral colpopexy is 
largely derived from post hysterectomy prolapse data 
and there is a paucity of data relating to these inter-
ventions.  An interesting contradiction is emerging 
that while there is increasing data to support the per-
formance of sacral colpopexy for post-hysterectomy 
prolapse, the limited early data available in this review 
suggest that neither sacrohysteropexy, nor supracer-
vical or total hysterectomy and sacral colpopexy are 
superior to a variety of vaginal based interventions. 
The current evidence based algorithm points towards 
vaginal based native tissue interventions for primary 
uterine prolapse and reserving sacral colpopexy for 
post-hysterectomy and recurrent prolapse. 

Innovation in the surgical management of pelvic or-
gan prolapse remains vital to improving the outcomes 
of the women we are privileged to treat. There re-
mains a simple obligation for clinicians and industry 
to work collaboratively and within the confines of ap-
propriate national and local regulatory oversight to 
ensure that these new interventions are adequately 
evaluated prior to the wider introduction to the gen-
eral market.  These simple measures will help ensure 
that we are able to recapture the confidence of the 
community we serve.  

Table 36. Recommendations for Surgical management of pelvic organ prolapse. 

Treatment  GoR 

Reconstructive Surgery   

Isolated cystocele:    

• Anterior Colporrhaphy (AC) is generally recommended however permanent synthetic mesh could 
be considered for recurrent prolapse if women understand the risk/benefit profile  

A 

• Biological grafts offer no significant advantage over AC  B 

Isolated rectocele:   

• Posterior Colporrhaphy (PC) is the procedure of choice  B 

• Fascial plication superior to site specific posterior vaginal repair  C 

• Levatorplasty associated with high rate of dyspareunia  B 

• No evidence demonstrating benefit for synthetic or biological graft  C 

• PC reduced prolapse with equal functional outcome compared to transanal approach B 

• No data demonstrates ventral rectopexy ± vaginal graft is effective for rectocele.  D 
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Treatment  GoR 

• Those with combined rectal and vaginal prolapse benefit from colorectal & gynaecologist 
collaboration 

C 

Apical prolapse   

• Apical suspension at AC or PC significantly reduces the need for subsequent prolapse surgery B 

Vault prolapse (post hysterectomy)   

• Sacral colpopexy has significant anatomical and functional advantages when compared with a 
broad group of vaginal surgery (±mesh)  

A 

• Vaginal apical suspensions appropriate for those not suitable for SC (Delphi) C 

• Transvaginal apical mesh confers no advantage when compared to native tissue repairs     A 

• Uterosacral & sacrospinous colpopexy have similar efficacy for apical prolapse  B 

• Laparoscopic sacral colpopexy has advantages over both robotic and open approach however the 
learning curve with the laparoscopic approach is significant  

B 

Uterine prolapse   

• Relative contraindications to uterine preservation are listed in the Table 6. C 

• Salpingectomy ↓risk of ovarian Ca in women retaining ovaries at the time of hysterectomy B 

• BSO at hysterectomy in post-menopausal women ↓rate of ovarian Ca without ↑ morbidity  B 

• Vaginal hysteropexy is equally effective as vaginal hysterectomy with apical suspension and is 
associated with reduced blood loss and operating time 

B 

• Vaginal hysterectomy with apical suspension has a lower reoperation rate for prolapse than 
abdominal sacro-hysteropexy 

B 

• Sacro-hysteropexy has a ↑ reoperation rate for prolapse than SC with hysterectomy C 

• Sacral colpopexy with hysterectomy is not recommended due to high rate of mesh exposure  B 

• Supracervical hysterectomy has a lower rate of mesh exposure than hysterectomy & SC B 

• Supracervical hysterectomy has ↑ rate of recurrent POP compared to SC & hysterectomy     C 

• Although data is not complete, vaginal based apical suspensions should generally be considered 
for uterine prolapse reserving SC for recurrent or post hysterectomy prolapse   

C 

Prolapse surgery and lower urinary tract function    

•  POP + SUI  recommend  POP and continence surgery   A 

• POP + occult SUI  recommend POP & continence surgery (consider staged procedure) B 

• POP without occult SUI does not require concomitant continence surgery.  B 

• Data are lacking on the impact of POP surgery on bladder overactivity & voiding dysfunction D 

Risk factors for recurrent prolapse    



 

 
1956  COMMITTEE 15. PELVIC ORGAN PROLAPSE SURGERY 
 

Treatment  GoR 

• Age < 60 years  C 

• Stage 3 or Stage 4 prolapse B 

• Preoperative widened genital hiatus or levator defects on USS: data are inconclusive D 

• Less experienced surgeons have higher rates of recurrent prolapse after transvaginal surgery  C 

• Low volume surgeons have ↑ rate of complications compared to high volume surgeons   B 

• Perioperative physiotherapy did not reduce the rate of recurrent prolapse A 

Obliterative Surgery   

• Effective low morbidity surgery for women not wishing to retain coital activity   C 
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PTNS Percutaneous Tibial Nerve Stimulation 

QOL Quality of Life  

RCOG Royal College of Obstetricians and 
Gynaecologists  

RCT Randomized Clinical Trial  

SEPS Somatosensory Evoked Potentials  

SF-EMG Single Fibre Electromyography  



 

 
DEFINITIONS  1997 

 

SLT Sacral Latency Test  

SNS Sacral Nerve Stimulation  

SP Symphysis Pubis  

TNS Tibial Nerve Stimulation  

TPUS Transperineal Ultrasound  

TTNS Transcutaneous Tibial Nerve Stimulation 

US Ultrasound  

3D Three-Dimensional 

3T Triple Therapy 

 INTRODUCTION 

Faecal incontinence affects all age groups of adults 
and both sexes. It is often distressing and embarrass-
ing, lowers quality of life, decreases one’s sense of 
health and well-being, and interferes with social inter-
actions and intimacy [1-5]. Faecal incontinence in-
creases risk of skin damage from inflammation and 
dysfunction of epidermal skin layers [6] (See Chapter 
17) and pressure injury [7]. Conservative manage-
ment of faecal incontinence is recommended in the 
absence of acute traumatic anal sphincter rupture or 
a major defect in the external anal sphincter con-
firmed by endosonograph in the presence of gross 
faecal leakage (See algorithm). Patients with these 
problems should be referred for surgical evaluation. 
Reduction of faecal incontinence severity, especially 
frequency of leakage, is a goal of therapy for many 
individuals when complete cure may not be attainable 
[1].  

This chapter provides an updated review of evidence 
from studies about the assessment, conservative 
management, and influence of faecal incontinence on 
quality of life assessed by qualitative methods in 
adults. Assessment of the aetiology and severity of 
faecal incontinence can enable subsequent appropri-
ate management. A new topic included in this review 
is faecal incontinence symptom severity scales, 
which are used in research studies and as part of clin-
ical assessment. Conservative management refers to 
a variety of non-operative interventions that are 
aimed to improve faecal incontinence or prevent 
worsening of its severity. The committee recom-
mends conservative management in the clear major-
ity of patients before considering surgical treatments 
because these conservative approaches are compar-
atively inexpensive, have considerably less risk for 
morbidity, and may be sufficient for some patients.  

In each section of this chapter, recommendations for 
practice made by the committee at the 5th ICI in 2012 
are included and the main findings of that review are 
summarised. Recommendations for practice from the 
5th ICI are compared to any new recommendations 
based on current evidence. For the current review, lit-
erature databases relevant to each topic (e.g., 
CINHAL, EMBASE, Medline/Ovid, PubMed, Web of 

Science, and Cochrane Systematic Reviews) were 
searched for studies in the English language from 
January 2011 to December 2015, assisted by a librar-
ian as needed. For some topics, the start date may 
have been modified, depending on the literature in-
cluded in the past review. The terms used in compre-
hensive literature search strategies are listed in Ap-
pendix 1. Studies of adults in institutional settings 
such as hospitals and long-term care/nursing homes 
were excluded. Assessment and management of in-
continence of adults in these settings, as well as in 
children and those with neurogenic incontinence are 
covered by other ICI committees and chapters. Fae-
cal incontinence is the primary outcome measure of 
interest in this review. In rare instances, when the 
body of literature was small and it was not possible to 
distinguish faecal from anal incontinence, studies 
about anal incontinence may have been included in 
the review. Committee members examined the list of 
citations and abstracts yielded from the electronic 
search strategy and potentially relevant papers were 
retrieved in full text. Full-length studies, systematic 
reviews, and meta-analyses were reviewed. Refer-
ence lists in articles were examined and relevant arti-
cles obtained.  

New information from studies during the recent litera-
ture search period is emphasised and added to Ta-
bles of study details. Recommendations for practice 
and research from the 5th ICI in 2012 were re-evalu-
ated considering new evidence and revised as 
needed. Updated recommendations for research are 
presented. 

 DEFINITIONS 

The definitions of anal incontinence (AI) versus faecal 
incontinence (FI) in the previous consultations were 

“Anal incontinence is the involuntary loss of flatus, liq-
uid or solid stool that is a social or hygienic problem.” 

“Faecal incontinence is the involuntary loss of liquid 
or solid stool that is a social or hygienic problem.” 

1. NEW DEFINITIONS OF BOWEL 
INCONTINENCE 

The definitions of both anal and faecal incontinence 
have been revised. Definitions of other types of bowel 
incontinence have been added.  

• Anal incontinence is the involuntary loss of fae-
ces and/or flatus and/or mucus. 

• Faecal incontinence is the involuntary loss of 
faeces. 

• Flatus incontinence is the involuntary loss of rec-
tal gas or flatus. 

• Mucus incontinence is the involuntary loss of mu-
cus only (without faeces).  
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The terms and definition of faecal incontinence and 
anal incontinence are not synonymous. As before, 
the committee recommends that whichever definition 
is used in studies and publications, the conceptual 
and operational definition be made explicit and used 
in a consistent manner. It is recommended that 
scores of anal incontinences severity allow for sepa-
rate quantification of faecal incontinence severity to 
facilitate comparison with findings of studies of faecal 
incontinence and to expand the body of our 
knowledge. Similarly, quantifying the severity of flatus 
or mucus incontinence separately if relevant is opti-
mal. The choice of which definition to use depends on 
the outcome of interest and scientific and clinical 
judgement. The prevalence of the different types of 
bowel incontinence and the percentage of anal incon-
tinence that the different types constitute are not fully 
known. Use of these definitions in research studies 
will enable collection of these data. This committee 
acknowledges that the degree of bothersomeness, 
embarrassment, or distress associated faecal or anal 
incontinence is subjective and may influence a pa-
tient’s treatment seeking. 

 CLINICAL ASSESSMENT OF 
FAECAL INCONTINENCE 

Faecal continence is maintained by complex mecha-
nisms and relies on several different factors, in-
cluding stool consistency, anal sphincter function, an-
orectal sensation, intra-rectal pressure, rectal capac-
ity and compliance, colonic function, and cognitive 
processes [8,9]. The aetiology of faecal incontinence 
is usually multifactorial, and therefore clinical assess-
ment with detailed history and anorectal physical ex-
amination is essential to evaluate these factors for its 
initial management. When the initial management of 
faecal incontinence fails to improve symptoms suffi-
ciently, specialised examinations such as endoanal 
ultrasonography and defaecography can be used to 
assess the causes of faecal incontinence. Further 
testing results assist the selection of appropriate 
treatment in a stepwise manner [9,10]. 

Recommendations for Practice for Initial Clinical 
Assessment of Faecal Incontinence from the 5th 
ICI 

• Perform a baseline assessment including a fo-
cused medical history, a general physical exam-
ination, and an anorectal examination with in-
spection of perianal skin (Recommendation 
Grade B-C). 

• Several conditions should be specifically as-
sessed for in the history and physical examina-
tion, as they may be amenable to definitive treat-
ment, including rectal prolapse, haemorrhoids, 
faecal loading, potentially treatable causes of di-
arrhoea (e.g., inflammatory bowel disease and ir-
ritable bowel syndrome, infection, adenomata), 

acute anal sphincter injury, and acute disc pro-
lapse/cauda equina syndrome (Recommenda-
tion Grade B). 

• Conduct a digital rectal examination (Recom-
mendation Grade C). 

• Perform a proctoscopy (Recommendation Grade 
B). 

1. HISTORY 

History gathering requires sensitivity but health pro-
fessionals must be aware that most patients prefer 
clinicians (physicians,nurse practitioners, continence 
nurse specialists, physiotherapists, etc.) to ask them 
directly about faecal incontinence [11,12] (Level of 
Evidence 3). More than two thirds of women with fae-
cal incontinence do not seek care voluntarily[13], 
while men take longer than women before asking for 
treatment [14]. The aims of history taking and exami-
nation are to identify conditions that are amenable to 
management and to characterize symptoms so that 
they might be reduced. 

In taking a history, assessing the impact of faecal in-
continence on quality of life (See Section XII-
Qualitative Research on the Experience of Faecal In-
continence and Quality of Life), the patient’s goals of 
treatment [1], and symptom severity [15] are im-
portant in planning care (Level of Evidence 4) as well 
as for engaging the patient in the plan (Level of Evi-
dence 3). There are several scoring systems or ques-
tionnaires that have been used to assess symptom 
severity of anal incontinence including the Cleveland 
Clinic Fecal Incontinence Score (CCFI) [16], Fecal In-
continence Severity Index (FISI) [17], Fecal Inconti-
nence Symptom Severity Score [4,18], and St Mark’s 
Score [19]. Additionally, the Faecal Incontinence 
Quality of Life Scale (FIQL) [20] and Modified Man-
chester Health Questionnaire [21] evaluate faecal or 
anal incontinence specific quality of life (QOL), and 
the Bowel version of the International Consultation on 
Incontinence questionnaire(ICIQ-B) [5,22,23] as-
sesses anal incontinence severity and QoL (See Sec-
tion XII-Qualitative Research on the Experience of 
Faecal Incontinence and Quality of Life and Chapter 
5-B). Use of valid and reliable measures is recom-
mended and essential in research. In clinical practice, 
questionnaires that are short, simple, and easy to use 
are often preferred  

• The history consists of data on daily bowel hab-
its, the nature of the incontinence, past surgical 
& obstetric history, co-morbidities and current 
medication, including laxatives. Daily bowel hab-
its include bowel frequency and stool con-
sistency. Stool consistency can be quantified 
with Bristol stool form scale [24]. A simpler, 
shorter stool consistency classification used for 
faecal incontinence developed by Bliss and col-
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leagues, shown to have good validity and relia-
bility, is also available [25,26] (Level of Evidence 
3).  

• The onset and duration of the symptoms should 
be asked, and the nature of the incontinence in-
cludes the subtype (e.g.passive), frequency, 
amount, and consistency of the incontinent leak-
age as well as the presence of urgency [9,27] 
(Level of Evidence 4).  

• The timing of the faecal incontinence, such as 
post-defaecation, during the night, versus any 
time is important as faecal incontinence is not al-
ways associated with a bowel movement. Leak-
age of faeces can occur immediately before or in 
between bowel movements [28] (Level of evi-
dence 3). Nocturnal faecal incontinence occurs 
uncommonly and is most frequently encountered 
in patients with neurogenic disorders, faecal im-
paction, low anterior resection syndrome, post-
restorative proctocolectomy, diabetes mellitus 
and Scleroderma [9] (Level of Evidence 4). 

2. SUBTYPES OF FAECAL 
INCONTINENCE 

The types of bowel incontinence are anal, faecal, fla-
tus or mucus (See Section II.1-New Definitions of 
Bowel Incontinence for definitions). Differentiating the 
type as well as subtype of faecal incontinence, if pos-
sible, may help identify an aetiology of faecal inconti-
nence[15]. Subtypes of faecal incontinence are pas-
sive, urge, and functional faecal incontinence. Pas-
sive faecal incontinence is the involuntary leakage of 
faeces without forewarning. A small amount of soiling 
and seepage between the buttocks or on a small pad 
or underwear are symptoms of minor passive faecal 
incontinence. Passive faecal incontinence is fre-
quently related to internal anal sphincter dysfunction, 
while urge faecal incontinence is often associated 
with external anal sphincter dysfunction [29,30] 
(Level of Evidence 3). Urge faecal incontinence is the 
inability to defer defaecation once the urge is per-
ceived for long enough to reach a toilet. However, as 
distances to a toilet will vary, this is an inconsistent 
and uncontrolled condition. Faecal incontinence as-
sociated with the urgency to defecate has also been 
observed to be associated with reduced rectal capac-
ity and with increased rectal sensitivity [18,31]. Func-
tional faecal incontinence is due to limitations in mo-
bility, manipulating clothing, or toileting ability or de-
layed assistance with toileting. With regards to uri-
nary incontinence, functional incontinence is also re-
ferred to as dependent [32] incontinence. Fonda and 
Abrams [32] propose that a subtype of urinary incon-
tinence is contained incontinence, which is urine leak-
age contained in an absorbent pad or appliance. This 
definition has some relevance to faecal incontinence 
which may be managed with absorbent products or 
an appliance such as an anal pouch (see Chapter 
20).  

Faecal incontinence is not always caused by sphinc-
ter dysfunction. Urge faecal incontinence can occur, 
for example, in patients with irritable bowel syndrome 
who have a strong external anal sphincter, whilst pas-
sive faecal incontinence might occur as over-flow in-
continence in those with faecal impaction in the rec-
tum who have a functionally and structurally intact in-
ternal anal sphincter. Minor passive faecal inconti-
nence after defaecation can also occur, and is typi-
cally related to internal anal sphincter dysfunction or 
poor “snapping shut” (i.e., closure) of the external 
anal sphincter after defaecation[33] (Level of Evi-
dence 4). 

3. RISK FACTORS 

The history of faecal incontinence should include 
questioning about its risk factors, which could be as-
sociated with its potential etiology. (See Chapter 1 for 
more information about faecal incontinence risk fac-
tors).  

• Dietary history – include intake of caffeine (Level 
of Evidence 4) and sorbitol (Level of Evidence 3) 
as they may stimulate GI transit or diarrhoea [34-
36]. 

• Medication - overdose or abuse of laxatives 
could cause chronic diarrhoea leading to faecal 
incontinence, particularly in the elderly [37] 
(Level of Evidence 4). Anti-anginal and antihy-
pertensive medications (for example, calcium 
channel blockers and adrenergic alpha-1 recep-
tor antagonists) may reduce internal anal sphinc-
ter tone [38], and magnesium containing antac-
ids may provoke diarrhoea [16,36] (Level of Evi-
dence 3). 

• Co-morbidities – risk factors for faecal inconti-
nence include diabetes mellitus, irritable bowel 
syndrome, constipation (particularly faecal im-
paction with overflow), benign anal disease 
(haemorrhoids, fistula, anal warts), scleroderma, 
neurogenic disorders (spinal cord injury or le-
sions), multiple sclerosis, stroke and dementia 
[8,9,39] (Level of Evidence 4). 

• Obstetric history- vaginal delivery could cause 
anal sphincter disruption, tear, and/or pudendal 
neuropathy. Risk factors for obstetric anal 
sphincter disruption include primiparous delivery, 
use of forceps, birth weight > 4 kg, occipital-pos-
terior position at delivery, and prolonged second 
stage of labour [22,40,41] (Level of Evidence 3). 

• Surgical history - particularly anal fissure surgery 
(sphincterotomy or anal stretch), haemorrhoidec-
tomy, fistula surgery and low anterior resection 
[42-44] (Level of Evidence 3). Cholecystectomy 
could cause post-cholecystectomy diarrhoea, 
leading to faecal incontinence [44] (Level of Evi-
dence 3). 
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• History of pelvic radiation - due to risk of radiation 
prostatitis (that can cause decreased rectal com-
pliance) and internal anal sphincter radiation 
damage[45] (Level of Evidence 4). 

• Symptoms of other pelvic floor problems (urinary 
incontinence and pelvic organ prolapse), which 
have similar risk factors [44,46,47] (Level of Evi-
dence 3). 

4. PHYSICAL EXAMINATION 

4.1. General, Perianal, and Digital Rectal 
Examination 

Examination is focused on the detection of evidence 
of faecal incontinence and identifying its causes, if 
possible. True faecal incontinence must be differenti-
ated from conditions that cause discharge or seepage 
of mucus such as prolapsing external haemorrhoids, 
fistulae, and low rectal or anal tumours as well as 
from poor perineal hygiene. Physical examination 
should include inspection of underclothing for soiling 
and staining by stool, pus, or mucus. Perianal skin 
should be examined for signs of irritation such as er-
ythema, rash, and excoriation [48]. The Incontinence-
Associated Skin Damage and Severity Instrument, 
version D.2 for use with light to dark toned skin 
(IASD.D.2), is a validated and useful tool to assess 
inflammatory damage of the upper skin layers result-
ing from faecal incontinence [49,50] (Level of Evi-
dence 2) (See chapter 17). Perianal inspection 
should also include attempts to identify a patulous 
anus or one which gapes on gentle traction of the anal 
verge and/or a “keyhole” deformity of the anal canal 
which suggests a persisting sphincter defect. Inspec-
tion may reveal scars from previous episiotomies, or 
obstetric tears. Abnormalities at the anal verge from 
previous surgery or a gaping anus suggestive of 
marked loss of function may be present.  

4.2. Perianal inspection should identify the 
following [8,9] (Level of Evidence 4): 

• Scars from previous surgery or obstetric injury 

• Perianal disease - prolapsing haemorrhoids, fis-
tula, anal warts 

• Presence of sensory deficits – numbness on the 
perianal skin 

• Absence of perineal body - suggestive of obstet-
ric trauma; at its worst this may manifest as a clo-
acal deformity 

 
4.3. Digital Rectal Examination Should 

Assess the Following[8,9,51] (Level of 
Evidence 4): 

• Rectal contents - if faecal impaction is present, 
this could explain incontinence. 

• Rectal tumour or mass – if palpable, colonos-
copy is required. 

• Resting tone - indicative of internal anal sphinc-
ter function. 

• Voluntary and reflex squeeze pressure – indica-
tive of external anal sphincter function and po-
tential function, respectively. The latter is elicited 
most commonly by asking the patient to cough 
while assessing sphincter tone - a cough causes 
a reflex near-maximal external sphincter contrac-
tion. 

• Function of the puborectalis muscle (palpable at 
the anorectal junction) - assessed by asking the 
patient to squeeze the sphincter at which time 
the puborectalis should push the examiner’s fin-
ger anteriorly. 

• Regional sphincter defects - detected as asym-
metry. 

• Paradoxical puborectalis contraction - this may 
be valuable in assessing constipated patients to 
identify paradoxical contraction as a cause of re-
tained stool, and hence overflow incontinence 
[52].  

The evaluation by the digital rectal examinations is 
reasonably correlated with anal canal manometry for 
resting pressure [51,53-55] and squeeze pressure 
[51,53,55,56] (Level of Evidence 3), although there 
are some conflicting data [57]. Orkin et al.[51] have 
developed and proposed the digital rectal examina-
tion scoring system (DRESS) to describe anal sphinc-
ter tone on digital rectal examination. The DRESS 
score uses a scale of 0 to 5 for both resting and 
squeeze pressures, ranging from 0 = no discernible 
pressure to 5 = extremely tight and 3 = normal. It was 
demonstrated that DRESS correlates very well with 
anal manometry pressures for both resting and 
squeeze pressure (Level of Evidence 3). Therefore, 
experienced clinicians can reliably use the digital rec-
tal examination to assess the anal sphincter strength. 
However, anal inspection and digital rectal examina-
tion is not accurate enough to identify small to mod-
erate external anal sphincter defects, requiring further 
diagnostic work-up such as endoanal ultrasonogra-
phy in select patients [55,58] (Level of Evidence 3). 

If rectal prolapse is suspected by history of mass pro-
lapse per anus or perianal discomfort on straining 
or walking, but cannot be confirmed by Valsalva 
manoeuvre on a couch, the patient should be asked 
to sit on a commode and attempt defaecation - the 
perineum should then be inspected for evidence of 
a rectal mucosal or full thickness prolapse on strain-
ing. 

5. ANOSCOPY AND PROCTOSCOPY 

Anoscopy and proctoscopy with a rigid instrument or 
flexible sigmoidoscopy are bedside examinations of 
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value in excluding potentially treatable causes of fae-
cal incontinence: anorectal tumours or polyps, haem-
orrhoids[8] and solitary rectal ulcer syndrome - a 
functional disorder of evacuation, in which repeated 
straining at stool and or rectal self-digitalisation may 
result in an ulcerated area of the anterior rectal wall 
[59] (Level of Evidence 4). 

6. VAGINAL EXAMINATION 

Vaginal examination using a Simms speculum may 
show a rectocele, cystocele and/or uterine prolapse, 
all of which may contribute to developing faecal in-
continence [60,61] (Level of Evidence 4). Physiologi-
cal and complementary radiological tests are used to 
confirm clinical suspicion and provide objective data 
on the function of the anorectum. Pelvic floor dysfunc-
tion is a complex problem and multiple tests may be 
needed based on initial findings and complexity of the 
planned intervention. 

7. WHAT IS NEW ABOUT CLINICAL 
ASSESSMENT IN THE CURRENT 

REVIEW? 

• Experienced clinicians can reliably use the digital 
rectal examination to assess the anal sphincter 
strength. The digital rectal examination scoring 
system (DRESS) [51] is a useful tool to describe 
anal sphincter tone on digital rectal examination. 

• The Incontinence Associated Skin Damage and 
Severity Instrument (IASD.D.2) is a validated, re-
liable, and useful tool to assess the severity of 
superficial skin irritation resulting from faecal in-
continence and promote treatment [49,50].  

Current Recommendations for Practice for Clini-
cal Assessment 

• Perform a baseline assessment including a fo-
cused medical history, a general physical exam-
ination, and an anorectal examination with in-
spection of perineal skin (Recommendation 
Grade C). 

• Try to differentiate the type of faecal inconti-
nence (passive and/or urge, or functional), which 
can help identify its etiology (Recommendation 
Grade C). 

• Several conditions should be specifically as-
sessed for in the history and physical examina-
tion, as they may be amenable to definitive treat-
ment, including anorectal tumour, rectal pro-
lapse, haemorrhoids, faecal loading, potentially 
treatable causes of diarrhoea (e.g., inflammatory 
bowel disease, infection and irritable bowel syn-
drome), acute anal sphincter injury, and spinal 
cord disorders (e.g., spinal cord injury and cauda 
equina syndrome) (Recommendation Grade C). 

• Conduct a digital rectal examination to assess 
the strength of the internal and external anal 
sphincter as well as puborectal muscle (Recom-
mendation Grade B). 

• Perform anoscopy and proctoscopy to exclude 
potentially treatable causes of faecal inconti-
nence (e.g., anorectal tumours, haemorrhoids, 
inflammatory bowel disease) (Recommendation 
Grade C). 

• Further diagnostic work-up such as anorectal 
manometry, endoanal ultrasonography and 
defaecography are required, when the initial 
management fails to improve symptoms Suffi-
ciently (Recommendation Grade C). 

• Assess and manage skin damage associated 
with faecal incontinence (Recommendation 
Grade C). 

Current Recommendations for Research for Clin-
ical Assessment 

• Establish the best way for clinicians to ask pa-
tients directly about faecal incontinence. 

• Characterise the faecal incontinence in men, 
who are less studied although according to the 
epidemiological studies both sexes are equally 
affected. 

 SPECIALISED TESTING 

1. ANORECTAL MANOMETRY 

1.1. Indications 
Anorectal manometry measures the pressures in the 
anal canal and the distal rectum. This test serves 
as one of the most accepted and used investigations 
to measure the function of the internal anal sphincter 
and the external anal sphincter. Evaluation of the 
sphincter function in patients with faecal incontinence 
is the primary indication for manometry. In addition, 
measurement of rectal sensation is also an important 
component of the testing [62-64] (Level of Evidence 
2). 

1.2. Recommendations for Practice for 
Anorectal Manometry from the 5th ICI 

• Anorectal manometry can objectively assess 
anal sphincter function in patients with faecal in-
continence (Recommendation Grade C). 

• Focused expertise to perform manometry is re-
quired; each centre/laboratory should establish 
its own control values for anorectal manometry 
and check for reproducibility of the test (Recom-
mendation Grade B). 
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1.3. Equipment and Testing 
Anorectal manometry can be performed with different 
types of catheters, including solid state and water per-
fused [65]. The diameter of the probe is variable but 
should not exceed 5-6 mm. The probe usually in-
cludes sensors (typically fewer than 6) radially distrib-
uted to measure several pressures at each level. Any 
manipulation of the rectum, such as digital rectal ex-
amination or administration of an enema prior to a test 
should be followed by a minimum of 5 minutes of rest 
to allow sphincter activity to return to baseline. 

Traditional technique has been stationary pull-
through as this technique avoids the reflex sphincter 
contraction. The stationary pull-through measures the 
resting pressure and the squeeze increase at 6, 5, 4, 
3, 2, and 1 cm from the anal verge by extracting the 
probe in increments of 1 cm from the rectum to the 
anal verge. Allowing a waiting period of 30 seconds 
between each measurement minimises artifacts. A 
pull-through can also be performed by automated 
withdrawal. Because normal values are strongly af-
fected by technique as well as age and sex, and it is 
advisable to compare findings in patients with normal 
values determined with the same technique.  

1.4. High Resolution Manometry 
In the last decade, the development of high resolution 
manometry (HRM) has offered another option to in-
vestigate anorectal function in detail. A high-resolu-
tion catheter has up to 256 circumferentially distrib-
uted pressure sensors which extend over the entire 
length of the anal canal, allowing a greater definition 
of the function of the sphincter complex and removing 
the need for a stationary pull-through [66,67]. The 
pressures measured by HRM are generally well cor-
related with pressure measurements by a water-per-
fused catheter but the values are higher than those 
measured with conventional catheters [67,68]. High 
resolution manometry has become the gold-standard 
investigation in studying oesophageal function and 
standardised between hospitals using the Chicago 
classification [69] yet the take up in evaluation of an-
orectal function and standardisation has been slow. 
The British Society of Gastroenterology guideline for 
HRM was published in 2015 [70]. There is an ongoing 
international consensus process to standardise ano-
rectal manometry procedure. 

1.5. Anal Resting Pressure 
The anal resting tone is a composite pressure gener-
ated by the internal anal sphincter (55%), external 
anal sphincter (30%) and the anal cushions 
(15%)[71]. The patient needs to be relaxed; otherwise 
there may be contributory effects of the external anal 
sphincter. Anal resting pressure is defined as the dif-
ference between the intra-anal canal pressure at rest 
and the atmospheric pressure or the intrarectal pres-
sure [72]. There is some radial asymmetry in pres-
sures in the different parts of the anal canal and there-

fore the pressures are normally expressed as the av-
erage of readings obtained at a single level of the anal 
canal. The length of the anal canal with higher pres-
sure is normally called the high-pressure zone.  

Patients with faecal incontinence usually have a 
lower anal resting tone than continent patients or nor-
mal controls, but this is not a reliable marker on its 
own [73]. The degree of faecal incontinence will not 
only depend on the anal sphincter tone, since there 
are many other factors (i.e., stool consistency, rectal 
compliance, etc.) that play an important role. Age, sex 
and parity also affect sphincter pressure profile 
[74,75]. In general, older people and women with fae-
cal incontinence have lower sphincter pressures, but 
the association of lower sphincter pressure with age 
and female gender is also seen in normal sub-
jects[76]. Defined values for the normal range of anal 
resting tone pressures are being generated for some 
groups [66,77,78]. 

1.6. Squeeze Increments 
The squeeze increase of the anal canal pressure is 
generated by contraction of the external anal sphinc-
ter and puborectalis which can be calculated as the 
increase in pressure from the anal canal resting pres-
sure during maximal anal squeeze. The squeeze in-
crement is usually measured in the high-pressure 
zone. Decreased squeeze pressures are frequently 
correlated with injuries in the external anal sphincter, 
neurological damage or just poor patient compliance/ 
voluntary control [62,79].  

The fatiguability of the external anal sphincter can be 
estimated by measuring the patients’ ability to sustain 
the squeeze effort over time. The squeeze duration 
(endurance squeeze pressure or increment) is often 
reduced in patients withincontinence. Pressure 
change during cough can be measured and termed 
involuntary squeeze pressure or increment, which in-
dicates potential pressures that could be generated 
by the external anal sphincter and puborectalis.  

1.7. Recto-Anal Inhibitory Reflex 
Rectal distension or attempted defaecation results in 
an inhibition the tonic activity of the internal anal 
sphincter and relaxation of this muscle. Presence of 
an intact internal anal sphincter is dependent on an 
intact myenteric plexus and it is usually impaired in 
patients with intrinsic neuropathy such as Hirsch-
sprung’s disease and in some neuropathic conditions 
such as multiple sclerosis. The value of recto-anal in-
hibitory reflex testing in patients with faecal inconti-
nence is limited. 

1.8. Rectal Sensation and Compliance  
Rectal sensation (and rectal compliance) can be 
measured by intermittent balloon distension in the 
distal rectum and simultaneously monitoring the pa-
tient’s response. The first sensation, the first urge and 
the maximal tolerable volume are usually recorded. 
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Rectal compliance can also be assessed by measur-
ing the pressure and volume relationship when a bal-
loon is inflated in the rectum but this is mostly used 
as a tool in research settings.  

Reduced sensory threshold levels of the rectum (rec-
tal hypersensitivity) in patients with faecal inconti-
nence could indicate a presence of urge faecal incon-
tinence and increased frequency of defaecation, 
whereas incontinent patients with increased sensory 
threshold levels (rectal hyposensitivity) may suffer 
from overflow incontinence. 

1.9. What is New about Anorectal 
Manometry in the Current Review? 

• Development of high resolution manometry has 
generated more detailed profiles of sphincter 
function. There are ongoing efforts to establish 
its value in clinical practice.  

Current Recommendations for Practice for Ano-
rectal Manometry 

• Recommendations for Practice from the 5th ICI 
continue to be supported (See section IV.1.2-
Specialized Testing-Recommendations for Prac-
tice for Anorectal Manometry from the 5th ICI). 

Current Recommendations for Research for Ano-
rectal Manometry 

• Assess normal values for anorectal manometry 
in large healthy control samples spanning all 
ages to serve as comparisons for abnormalities 
in faecal incontinence. 

• Assess capability of anorectal physiology testing, 
including HRM, results on predicting outcomes of 
conservative/medical and/ or surgical treatments 
for faecal incontinence 

• Evaluate the utility of high resolution manometry 
in the assessment of patients with faecal incon-
tinence and whether HRM adds information to 
improves clinical decision making or is better 
than non-high resolution manometry. 

• Assess if anorectal manometry can be per-
formed in a more physiological position (e.g. sit-
ting) and if this provides more clinically meaning-
ful values. 

 

2. ENDOANAL ULTRASOUND 
IMAGING 

 

Summary of Studies from the 5th ICI 

Endoanal ultrasound (EAUS) is established as an im-
portant part of a colorectal diagnostic work-up [80] 

and has been recommended as the gold standard in-
vestigation to identify anal sphincter injury by the In-
ternational Urogynecological Association/ Interna-
tional Continence Society joint report [81]. EAUS is 
usually performed with high multi-frequency (9-16 
MHz), 360° rotational mechanical probe or radial 
electronic probe (frequency: 5-10 MHz)[80]. High-res-
olution three-dimensional (3D) EAUS provides better 
visualisation performance by multiplanar reconstruc-
tion and rendering of the 3D data volume[81].With 
EAUS, the anal canal is divided into three levels of 
assessment. The upper level corresponds to the hy-
perechoic sling of the puborectalis muscle and the 
concentric hypoechoic ring of the internal anal 
sphincter (IAS). In males, the deep part of the exter-
nal anal sphincter (EAS) is also identified at this level. 
The middle level corresponds to the superficial EAS 
(concentric band of mixed echogenicity), the con-
joined longitudinal layer, the IAS, and the transverse 
peronei muscles. The lower level corresponds to the 
subcutaneous part of the EAS [82].  

2.1. Endoanal Ultrasonography in Faecal 
Incontinence 

EAUS is currently the gold standard for the morpho-
logical assessment of the anal canal in faecal incon-
tinence and is a simple, well-tolerated and inexpen-
sive technique. Most studies revealed high accuracy 
in identifying sphincter defects. EAUS can differenti-
ate between incontinent patients with intact anal 
sphincters and those with sphincter lesions (defects, 
scarring, thinning, thickening, and atrophy) due to 
vaginal delivery or anal surgery (i.e., haemorrhoidec-
tomy, fistula surgery or sphincterotomy) [82].  

Tears are defined by an interruption of the circumfer-
ential fibrillar echo texture. Scarring is characterized 
by loss of normal architecture, with an area of amor-
phous texture that usually has low reflectivity. Num-
ber, circumferential (radial angle in degrees or in 
hours of the clock site) and longitudinal (proximal, dis-
tal or full length) extension of the defect should be re-
ported. 

3D EAUS is currently largely used and accepted for 
sphincter evaluation in faecal incontinence, improving 
diagnostic accuracy and knowledge of physiological 
and pathological sphincter alterations. It allows meas-
urement of length, thickness, and the area of sphinc-
ter defect in the sagittal and coronal planes in addition 
to the volume of sphincter damage [82]. Two scoring 
systems have been proposed to define the severity of 
the sphincter damage [83,84]. Both systems have 
demonstrated good correlation between the extent of 
sphincter defect and the degree of faecal inconti-
nence. EAUS has an important role in detecting clini-
cally occult anal sphincter injuries after vaginal deliv-
ery [22]. Faecal incontinence related to occult sphinc-
ter lesions is likely to occur even in an elderly popu-
lation of women who experienced vaginal deliveries 
earlier in life (late-onset faecal incontinence)[85]. US 
imaging is useful to evaluate the result of treatments 
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(e.g. sphincteroplasty, bulking agents, injections) 
[86,87]. 

2.2. Alternative Ultrasound Modalities 
(Transperineal and Endovaginal) in 
Faecal Incontinence 

Transperineal US (TPUS) is performed with conven-
tional convex transducers (main frequency between 
3 and 6 MHz, field of view at least 70°) applied in the 
perineum between the mons pubis and the anal mar-
gin[80]. Perineal ultrasound provides an overall as-
sessment of all anatomical structures in the midsagit-
tal plane (bladder, urethra, vaginal walls, anal canal 
and rectum) between the posterior surface of the 
symphysis pubis (SP) and the posterior part of the le-
vator ani (LA). Imaging is usually performed at rest, 
on maximal Valsalva manoeuvre and on pelvic floor 
muscle contraction (dynamic assessment). 3D TPUS 
is performed with volumetric probes. The most im-
portant clinical application is the assessment of LA in-
juries [88]. The disconnection of the muscle from its 
insertion on the inferior pubic ramus and the pelvic 
sidewall, a consequence of overstretching during the 
second stage of labour, is defined as LA avulsion 
[89,90].  

3D endovaginal ultrasound (EVUS) is performed with 
high multi-frequency (9-16 MHz), 360° rotational me-
chanical probe. The pelvic floor is divided into four 
levels of assessment [91]. At level I, the bladder base 
and the inferior third of the rectum are visualized. 
Level II corresponds to the bladder neck, the intramu-
ral region of the urethra and the anorectal junction. 
Level III corresponds to the midurethra and the upper 
third of the anal canal. Level IV corresponds to the 
perineal muscles, the perineal body, the distal urethra 
and the middle and distal third of the anal canal. 3D 
EVUS provides information on the levator ani and le-
vator hiatus integrity. 

Summary of Evidence from the 5th ICI 

• EAUS is an integral part in the investigation of 
faecal incontinence (Level of Evidence 2). 

Recommendations for Practice for Endoanal Ul-
trasonography from the 5th ICI 

• EAUS is an important part in the assessment of 
patients with faecal incontinence to define the 
presence of anal sphincter injuries (Recommen-
dation Grade A). 

• Pelvic floor ultrasound may define combined 
conditions, i.e., perineal descent, rectal intussus-
ception, enterocele, all of which may play a role 
in faecal incontinence (Recommendation Grade 
C). 

2.3. What is New about Endoanal 
Ultrasonography in the Current 
Review? 

2.4. Endoanal Ultrasonography and 
Obstetric Anal Sphincter Injury (OASIS) 

Obstetric anal sphincter injury (OASIS) is a term used 
to define trauma to the perineum during vaginal child-
birth that includes third- (injury to perineum involving 
the anal sphincter complex – EAS and IAS) and 
fourth-degree tears (injury to perineum involving the 
anal sphincter complex and anal epithelium). When 
the diagnosis of OASIS is obtained from EAUS eval-
uation within 2 months of delivery, the incidence of 
any degree of anal sphincter defect in primiparous 
women is reported to be as high as 27% -35%. Be-
tween 4% -8.5% of multiparous women have a new 
sphincter defect [92]. When women sustain an 
OASIS, they are at increased risk of developing fae-
cal incontinence either immediately following child-
birth or later in life. The true prevalence of faecal in-
continence related to OASIS may be underestimated. 
The reported rates of faecal incontinence following 
the primary repair of OASIS range between 15% and 
61%, with a mean of 39%[92].  

There is some evidence to suggest that EAUS per-
formed after vaginal birth and before the tear has 
been repaired could lead to improved primary repair 
of the IAS and EAS resulting in reduced rates of fae-
cal incontinence and improved quality of life for 
women. One randomised trial of 752 primiparous 
women compared clinical examination (routine care), 
to the use of EAUS prior to perineal repair. EAUS was 
associated with a reduction in the rate of severe fae-
cal incontinence at greater than six months postpar-
tum (risk ratio RR 0.48) (Level of Evidence 2) [93]. 
More high quality randomised controlled trials are 
needed before the routine use of EAUS on the labour 
ward can be supported. Cost and training required to 
implement EAUS should be considered.  

Data are controversial for asymptomatic patients. 
There are no cost-benefit studies of EAUS in this set-
ting, nor any data on whether asymptomatic patients 
could benefit from it. Currently, there is no recommen-
dation about screening women later after vaginal de-
livery for occult sphincter defects. EAUS may have a 
role after perineal repair in the evaluation of residual 
injury and in the management of subsequent preg-
nancies [94]. There are no systematic reviews or ran-
domised controlled trials to suggest the best method 
of follow-up after OASIS.  

Studies show a high frequency of endosonographic 
sphincter defects after primary repairs in between 
54% -93% of women [95,96]. These data emphasize 
the importance of adequate repair of OASIS and 
demonstrates that repair can be difficult or underesti-
mated. The current guidelines of the United Kingdom 
Royal College of Obstetricians and Gynecologists 
(RCOG) do not make recommendations about using 
EAUS for confirming a complete primary repair 
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(RCOG Guideline, 2007). According to this guideline, 
if a woman is experiencing faecal incontinence at fol-
low-up after repair, referral to EAUS should be con-
sidered. A persistent ultrasound-detected defect in 
the anal sphincter muscles after OASIS is associated 
with faecal incontinence[97]. Reconstruction of the 
entire length of the EAS is crucial. Incontinence after 
primary repair of OASIS is related to relative length of 
reconstructed EAS and to the extent of the ultraso-
nographic defects demonstrated by 3D-EAUS [98] 
(Level of Evidence 3). In a prospective study that as-
sessed at long term the function and morphology of 
the anal sphincters and the pelvic floor after primary 
repair of OASIS, women who experienced deteriora-
tion of continence over time following repair had a sig-
nificantly shorter anterior EAS at 3D-EAUS. EAS 
length correlated with increased severity of faecal in-
continence [99]. 

A decision about the mode of delivery of pregnancy 
after OASIS based on symptoms, anal manometry, 
and EAUS helps in preserving anal sphincter function 
and avoiding unnecessary Caesarean sections [100] 
(Level of Evidence 2 Recommendation Grade B). In 
a descriptive study on a cohort of women who had 
OASIS from 2006 to 2013, vaginal delivery was rec-
ommended to asymptomatic women with normal in-
vestigations (EAUS and anal manometry) and elec-
tive Caesarean section was recommended for 
women with faecal symptoms, anal sphincter defects 
of more than 30° or low resting or incremental anal 
pressures. Caesarean section was done in 22 women 
and 28 women delivered vaginally. Worsening of fae-
cal incontinence symptoms and reduction in anal 
pressures were not observed in the planned vaginal 
delivery or elective Caesarean section groups. There 
were no new sphincter defects or recurrent OASIS in 
any of the women in the study group. 

EUAS can be useful to select patients with faecal in-
continence that could benefit from rehabilitation. 
Therapy may be less effective in patients with sphinc-
ter lesions, and there is a linear relationship between 
post-rehabilitative scores of faecal incontinence se-
verity and severity of sphincter defects [101]. Cur-
rently, there is no evidence to support the use of real 
time elastography in the evaluation of faecal inconti-
nence. There was an absence of a correlation in elas-
togram colour distributions of the IAS and EAS with 
major clinical and functional parameters; elas-
tography does not seem to provide additional infor-
mation in the diagnostic workup of faecal inconti-
nence [102].  

2.5. Alternative Ultrasound Modalities 
(Transperineal and Endovaginal) in 
Faecal Incontinence 

TPUS and EVUS have been recently evaluated as al-
ternative imaging modalities for the investigation of 
sphincter integrity in faecal incontinence [80,103-106] 
(Level of Evidence 3). Advantages of these proce-
dures include the availability of commonly used trans-
ducers, absence of distortion of the anal canal, better 

patient acceptability and possibility for functional 
studies [107]. Currently there are limited studies that 
directly compare these techniques with EAUS 
[108,109]. Although the sensitivity for the detection of 
sphincter defects ranges from 44% for EVUS to 50% 
for TPUS, these modalities can be used in combina-
tion with EAUS, to provide additional information on 
pelvic floor muscles and levator hiatus damage. In a 
prospective, observational study, defects of the pubo-
visceral muscle (PVM) were identified with 3D-EVUS 
in 27% of women with faecal incontinence who had 
undergone vaginal delivery. Severity of incontinence 
was related to the extent of damage of the PVM and 
to the enlargement of the levator hiatus [110]. These 
findings were not confirmed in a retrospective study 
where worsening of levator ani deficiency among pa-
tients with major faecal incontinence, did not reach 
statistical significance [111]. 

TPUS may be used as screening modality for the de-
tection of occult anal sphincter injuries after vaginal 
delivery (Level of Evidence 2, Recommendation 
Grade B). In a prospective, randomised controlled 
trial, the occult tear rate increased from 3.5% (clini-
cally detected) to 11.5% by US technique [112]. Fu-
ture studies should focus on technique standardisa-
tion and method as well on the predictive value of 
both EVUS and TPUS compared with EAUS in the 
detection of sphincter defects. 

2.6. Endoanal Ultrasonography in Anorectal 
Surgery 

Haemorrhoidectomy, fistulectomy or fistulotomy, anal 
dilatation, or internal lateral sphincterotomy can 
cause faecal incontinence, due to anal sphincter in-
jury. Clinical severity of faecal incontinence after an-
orectal surgery is related to EAUS features. More fre-
quently, in patients with higher clinical severity score 
the IAS is always affected and thicker [113] (Level of 
Evidence 3). EAUS has been used to select the sur-
gical treatment in patients with faecal incontinence 
and to assess the clinical efficacy of the treatment. In 
a multicentre observational study on the implantation 
of prostheses in patients with faecal incontinence, 
EAUS was used preoperatively to select cases (either 
intact sphincters or IAS lesions extending for less 
than 60° of the anal circumference), intraoperatively 
to perform the implants into the intersphincteric space 
and postoperatively to evaluate the results of surgery 
and complications (prostheses dislodgement) 
[114,115]. 

3D-EAUS can be used to quantify how much sphinc-
ter can be safely divided during fistulotomy. In a pro-
spective, consecutive study, a strong correlation was 
found between preoperative 3D-EAUS measure-
ments of fistula height with intraoperative and postop-
erative 3D-EAUS measurements of IAS and EAS di-
vision. Fistulotomy limited to the lower two thirds of 
the EAS is associated with excellent continence and 
cure rates [116] (Level of Evidence 3). 
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2.7. Current Summary of Evidence about 
Endoanal Ultrasonography 

• Compared with clinical examination (routine 
care), the use of EAUS prior to perineal repair of 
OASIS is associated with a reduction in the rate 
of severe faecal incontinence at greater than six 
months postpartum (Level of Evidence 2). 

• Incontinence after primary repair of OASIS is re-
lated to relative length of reconstructed EAS and 
to the extent of the ultrasonographic defects 
demonstrated by 3D-EAUS (Level of Evidence 
3). 

• Clinical severity of faecal incontinence after ano-
rectal surgery is related with EAUS features 
(Level of Evidence 3). 

Current Recommendations for Practice for Endo-
anal Ultrasound Imaging 

• Decision about the mode of delivery of preg-
nancy after OASIS based on symptoms, anal 
manometry and EAUS helps in preserving anal 
sphincter function and avoiding unnecessary 
Caesarean sections (Recommendation Grade 
B). 

• TPUS and EVUS represent alternative imaging 
modalities for the investigation of sphincter integ-
rity in faecal incontinence (Recommendation 
Grade C). 

• TPUS may be used to screen for occult anal 
sphincter injuries after vaginal delivery (Recom-
mendation Grade B). 

• 3D-EAUS can be used to quantify how much 
sphincter can be safely divided during fistulot-
omy (Recommendation Grade C). 

Current Recommendations for Research for En-
doanal Ultrasound Imaging 

• Evaluate the role of levator ani damage, visual-
ised with pelvic floor ultrasound, on faecal incon-
tinence symptoms and therapy results. 

• Further characterise and standardise the utility of 
pelvic floor ultrasound in the clinical assessment 
of patients with faecal incontinence and if it adds 
extra information useful for clinical decision-mak-
ing. 

• Assess if pelvic floor ultrasound during rehabili-
tation provides more effective treatments for pa-
tients. 

 

3. DEFAECOGRAPHY 

3.1. Introduction 
Defaecography, also referred to as evacuation proc-
tography, is the radiological assessment of the volun-
tary rectal evacuation of semi-solid contrast material, 
and provides information on both static and dynamic 
anorectal structure and function. It is widely used in 
the diagnosis and management of obstructed defae-
cation, but the technique has been less often utilized 
in the assessment of faecal incontinence until the ad-
vent of laparoscopic ventral rectopexy (LVR) [117]. 
LVR improves faecal incontinence through the ana-
tomical correction of rectal intussusception (internal 
rectal prolapse) [118-120] (Level of Evidence 3), alt-
hough some studies have reported conflicting data. 

Rao [121] did not include defecography in commonly 
performed diagnostic tests in faecal incontinence in 
an evidenced-based summary, and an American 
Gastroenterological Association Medical Position 
Statement [16] concluded that defaecography was 
not of established value in patients with faecal incon-
tinence. Even in the recent guidelines from the Amer-
ican College of Gastroenterology in 2014 [9] and the 
AmericanSociety of Colon and Rectal Surgeons in 
2015 [8], defaecography is not included in the diag-
nostic testing for faecal incontinence (Level of Evi-
dence 4). 

On the other hand, defaecography was used by 56% 
of physicians in the routine diagnostic work-up of pa-
tients with faecal incontinence in a Dutch study [122]. 
Defaecography is also mentioned, albeit briefly, in re-
cent review papers for the management of faecal in-
continence [61,123] (Level of Evidence 4). There 
were several studies reporting that surgical correction 
of rectal intussusception [14] or rectocele [15] re-
sulted in improved faecal incontinence. Since 
D’Hoore et al. [117] reported on the LVR technique 
for the treatment of total rectal prolapse, several stud-
ies have demonstrated that LVR is also effective in 
improving faecal incontinence in patients with high-
grade rectal intussusception [118-120,124] (Level of 
Evidence 3). A consensus meeting on ventral rec-
topexy has reported that symptomatic high-grade rec-
tal intussusception and complex rectocele are relative 
indications for ventral rectopexy after the failure of 
maximal conservative therapies in patients with ob-
structed defaecation and/or faecal incontinence [125] 
(Level of Evidence 4). There has been a controversy 
regarding the correlation between symptoms and 
defaecographic findings. Abnormal findings from 
defaecography can be seen in many normal subjects 
without any anorectal symptoms [126,127], whilst 
there is some convincing evidence that rectal intus-
susception is associated with obstructed defaecation 
and faecal incontinence [128-131] (Level of Evidence 
3). 
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Since LVR has been shown to be effective in the 
treatment of faecal incontinence in patients with rectal 
intussusception and complicate rectocele, the role of 
defaecography has become more important in diag-
nosing these conditions, although some concerns re-
main regarding mesh-associated complications 
caused by this operation[132]. 

Recommendations for Practice for Defaecogra-
phy from the 5th ICI 

• Defaecography is of limited value and not always 
utilized in the diagnosis and management of fae-
cal incontinence. (Recommendation Grade B). 

• Defaecography can be useful in the diagnosis 
and management of faecal incontinence by 
measuring perineal descent and ARA, evaluating 
involuntary leakage of the contrast material as 
well as diagnosing rectal intussusception and 
rectocele (Recommendation Grade B). 

3.2. Examination Technique 
There are no universally agreed standard methods of 
defaecography. Usually, a viscous barium contrast 
material is injected into the rectum of the patient in 
the left decubitus position. The semisolid contrast 
material can be made by mixing barium with flour, 
oatmeal or mashed potato, whilst ready-made barium 
paste can be utilized in countries where it is commer-
cially available. The volume of the injected material is 
either fixed at around 150 ml or up to the volume at 
which the patient feels the urge to defaecate. A radi-
opaque marker can be placed close to the anus, pu-
bic symphysis and the apex of the coccyx to facilitate 
interpretation. Barium contrast in the vagina facili-
tates interpretation of enterocele and prolapse in the 
anterior and middle compartments.  

During the procedure, the patient sits on a commode 
attached to the footboard of the fluoroscopy table and 
lateral views of the film are taken at rest and maxi-
mum squeeze before rapid film sequences are taken 
during evacuation, followed by a film taken after the 
completion of the evacuation at maximum straining. 
The sequential films are usually by a video recording: 
cinedefaecography. 

3.3. Parameters Studied at Defaecography 
The anorectal junction is the distally tapered point of 
the rectal contrast column caused by posterior im-
pression of the puborectal muscle. The anorectal an-
gle (ARA) is measured by the angle between the line 
along the anal canal and the axis of the rectum. Nor-
mal subjects should be able to evacuate more than 
two thirds of rectal contrast material within 30 sec-
onds. In addition to assessing rectal evacuation, 
defaecography can reveal rectal intussusception, rec-
tocele, sigmoidocele and enterocele  

Rectal intussusception is defined as the invagination 
of the rectal wall into itself and the degree of rectal 

intussusception can be classified by Oxford classifi-
cation [133]. Rectocele is defined as the outpouching 
of the anterior rectal wall beyond the normally ex-
pected anterior rectal wall at straining. Sigmoidocele 
and enterocele are defined as the herniation of the 
lining of the peritoneum by the sigmoid colon or the 
small bowel, respectively, into the rectovaginal sep-
tum and may push on the anterior rectal wall. Dobben 
et al.[134] reported good reproducibility for entero-
cele, rectocele and their severity grading as well as 
fair to moderate reproducibility for rectal intussuscep-
tion in a prospective assessment of inter-observer 
agreement for defaecography in faecal incontinence 
(Level of Evidence 2). 

3.4. Clinical Utility of Defaecography  
Defaecography can be useful in the diagnosis and 
management of faecal incontinence by measuring 
perineal descent and ARA, evaluating involuntary 
leakage of the contrast material as well as diagnosing 
rectal intussusception and rectocele. Perineal de-
scent may be a sign of the weak pelvic floor muscles 
and possible pudendal neuropathy, which may be as-
sociated with faecal incontinence. An obtuse ARA im-
plies weakening of the puborectal muscle and possi-
bly the entire pelvic floor muscles. In a study by Piloni 
et al.[135], the mean ARA at rest differed significantly 
between patients with faecal incontinence and those 
without (Level of Evidence 3). The normal range of 
ARA, however, is wide and some patients with normal 
ARA are incontinent to stool, whilst some with abnor-
mally obtuse ARA are continent. 

Continent subjects with normal anal sphincter func-
tion can easily retain the contrast material in the rec-
tum while sitting on a commode. The involuntary leak-
age of the material during its injection or on sitting be-
fore evacuation indicates weak anal sphincters. This 
finding can be utilised to evaluate whether patients 
are incontinent to semisolid stool or not when their 
complaints are equivocal. In a study by Savoye-Collet 
et al.[136], 24 out of 50 women with faecal inconti-
nence showed a leakage of barium paste in upright 
position during defaecography (Level of Evidence 4). 
The finding of involuntary leakage is beneficial in 
evaluating the surgical outcomes by performing 
defaecography before and after the operation. Rao et 
al. [72] reported a significant correlation between the 
continence score and the finding of the involuntary 
leakage on defaecography performed before and af-
ter dynamic graciloplasty (Level of Evidence 3). This 
finding also can be utilised as a pre-operative evalu-
ation for stoma closure to predict faecal continence in 
patients with diverting stoma after surgery such as in-
tersphincteric resection of the rectum or restorative 
proctocolectomy [137].(Level of Evidence 4). 

Karasick [138] stated that the major indication for per-
forming defaecography in patients with faecal incon-
tinence is to diagnose rectal intussusception. Collin-
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son et al.[133] performed defaecography in 40 pa-
tients whose faecal incontinence could not be ex-
plained by anorectal physiology and endoanal ultra-
sound, and recto-anal intussusception was observed 
in 63% of the patients. Surgical correction of rectal 
intussusception has been shown to improve faecal in-
continence, indicating a possibility that rectal intus-
susception can be a cause of faecal incontinence 
[118-120] (Level of Evidence 3). Gosselink et al. [118] 
performed LVR in 72 patients with faecal inconti-
nence associated with high-grade rectal intussuscep-
tion not responding to maximal medical treatment, 
and the median Fecal Incontinence Severity Index 
score significantly improved 1 year after surgery. Tsu-
noda et al. [120] performed LVR in 21 patients with 
faecal incontinence associated with high-grade rectal 
intussusception; a reduction of at least 50% of the Fe-
cal Incontinence Severity Index score was achieved 
in 14 (67%). 

The possible mechanisms of faecal incontinence in 
rectal intussusception are thought to be the intermit-
tent activation of rectoanal inhibitory reflex by the re-
dundant mucosa and the faecal trapping in the rec-
tum allowing post-defecatory leakage [133]. Harm-
ston et al.[129] demonstrated a significant reduction 
in the mean maximum resting pressure with increas-
ing grade of rectal intussusception, concluding that 
the effect of rectal intussusception on continence oc-
curs mainly through a reduction of internal anal 
sphincter tone (Level of Evidence 3). 

It is more controversial whether a rectocele can cause 
faecal incontinence. Collinson et al.[133] claimed that 
one of its mechanisms is faecal trapping in the rectum 
that allows post-defaecatory leakage to occur. 
Formijne et al.[139] performed LVR in patients with 
combined rectocele and enterocele, and the propor-
tion of patients with faecal incontinence significantly 
decreased from 63% to 18% after surgery (Level of 
Evidence 3). However, when Wong et al.[124] per-
formed LVP in 84 patients with symptomatic complex 
rectocele, there was no significant improvement in 
faecal incontinence whilst vaginal discomfort and ob-
structed defaecation symptoms improved signifi-
cantly (Level of Evidence 3). 

3.5. Magnetic Resonance Defaecography 
Magnetic resonance (MR) defaecography can also 
provide information on both static and dynamic ano-
rectal structure and function. It has advantages over 
conventional defaecography in the avoidance of radi-
ation exposure as well as its ability to evaluate other 
pelvic organs including vagina, uterus, bladder and 
small intestine[140,141]. Its disadvantage is that it is 
often performed in the supine position and is not 
physiological. MR defaecography with an open-con-
figuration may solve this problem [142], but is expen-
sive and still not widely available. The supine position 
of MR defecography, however, might have another 
advantage over conventional defecography in pa-
tients with faecal incontinence. One of the problems 
in performing defaecography in these patients is that 

those with weak anal sphincters have problems re-
taining the semisolid contrast material in the rectum 
when seated on a commode. It might be easier for 
them to hold the contrast material in supine position 
than sitting on a commode, and its evacuation in the 
supine position might be enough for the diagnosis of 
rectal intussusception and rectocele in patients with 
faecal incontinence, contrary to those with obstructed 
defaecation.  

3.6. What is New about Defaecography in 
the Current Review? 

Defaecography has become more important in the di-
agnosis and management of faecal incontinence, 
since the advent of laparoscopic ventral rectopexy, 
which has been shown to improve faecal inconti-
nence through the anatomical correction of rectal in-
tussusception and/or complex rectocele. 

Current Recommendations for Practice for Defae-
cography 

• Defaecography can be useful in the diagnosis 
and management of faecal incontinence by 
measuring perineal descent and anorectal angle 
(Recommendation Grade C), evaluating involun-
tary leakage of the contrast material (Recom-
mendation Grade B), as well as diagnosing rectal 
intussusception and rectocele (Recommenda-
tion Grade B). 

• Defaecography might be performed in patients 
with faecal incontinence, when their symptoms 
cannot be explained by anorectal physiology and 
endoanal ultrasound, and rectal intussusception 
and/or rectocele are suspected from symptoms 
(post-defaecatory passive faecal incontinence) 
and anorectal examinations (Recommendation 
Grade B). 

• Defaecography is recommended in patients with 
faecal incontinence, who have failed to maxi-
mum conservative therapies, and are possible 
candidates for laparoscopic ventral rectopexy 
(Recommendation Grade B). 

Current Recommendations for Research for 
Defaecography 

• Identify patients with rectal intussusception 
and/or rectocele, who would most benefit from 
ventral rectopexy by combining symptoms, clini-
cal characteristics and defecographic findings. 

• Identify the best methods and interpretations of 
magnetic resonance defaecography at supine 
position in the diagnosis of rectal intussusception 
and rectocele. 
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4. Magnetic Resonance Imaging 
(MRI) 

MRI is a non-ionizing radiation technique which can 
provide high resolution images through the anal canal 
and pelvic floor. More recently it has also been used 
for proctographic studies (See section above). The 
role of MRI in assessing faecal incontinence is grow-
ing, although, in general, it remains second line be-
hind endoanal ultrasound for the evaluation of anal 
sphincter integrity. It has a long-established superior-
ity over ultrasound for quantifying pelvic floor and 
anal sphincter muscle quality, and delineating the 
presence of atrophy. The more recent literature sug-
gests its role is particularly developing in specialist 
situations where anatomy is complex or deranged, for 
example in congenital disorders or following surgery. 
The clinical significance of pelvic floor pubo-visceralis 
injury detected with MRI is also under investigation. 
MRI is also increasingly employed as a research tool 
to investigate the pathophysiology and mechanisms 
of defaecation.  
Recommendations for Practice for MRI from the 
5th ICI 

• The place for MRI assessment of anal sphincters 
is limited (Recommendation Grade D). 

• Patients with faecal incontinence after repeated 
anorectal surgeries may benefit from assess-
ment with MRI (Recommendation Grade C). 

• Patients with possible, but not proven, external 
sphincter defect on ultrasound may benefit from 
further assessment with MRI (Recommendation 
Grade C). 

Overview and Summary of MRI from the 5th ICI 

There is evidence that magnetic resonance imaging 
(MRI) is accurate in detecting external anal sphincter 
defects potentially suitable for repair in patients pre-
senting with faecal incontinence [143-156] (Level of 
Evidence 2). MRI can be performed with endoluminal 
coils or surface phased-array coils placed external to 
the patient. The spatial resolution of MRI is less than 
that of endoanal ultrasound and, in general, experi-
ence with the technique is less. Accuracy for external 
anal sphincter defects is therefore reported to be 
slightly below that of endoanal ultrasound [157-161]. 
There is good evidence that the longer-term func-
tional outcome following sphincteroplasty for obstet-
ric-related external anal sphincter defects is inferior in 
those with neuropathy-associated external anal 
sphincter atrophy [162-167]. MRI has higher accu-
racy in identifying external anal sphincter atrophy 
compared with endoanal ultrasound [166,167] (Level 
of Evidence 2). 

4.1. Normal Anal Sphincter Anatomy at MRI 
Anal sphincter anatomy is best depicted on high res-
olution angled T2-weighted images which maximise 
the contrast between muscle and adjacent fat. It is 
possible to measure muscle volume and length on 
the resulting images which may have some clinical 
utility. For example, in a series of 100 healthy volun-
teers, age- and sex -related differences are demon-
strable on endoanal MRI [168], women have a signif-
icantly shorter external anal sphincter than men. 

4.2. Anal Sphincter Defects on MRI 
Akin to endoanal ultrasound, external anal sphincter 
defects manifest as discontinuity in the normal inter-
mediate signal muscle structure, often with associ-
ated low signal fibrosis. An advantage of MRI is mul-
tiplanar image acquisition which facilitates evaluation 
of the sphincter complex in multiple orientations, im-
proving diagnostic accuracy. Secondary changes to 
the architecture of adjacent structures (for example, 
the longitudinal muscle and perianal fat) may provide 
supportive evidence of a sphincter tear. One pitfall of 
MRI evaluation of the anal sphincter complex is that 
variations in normal anatomy may be misdiagnosed 
as sphincter defects by the unwary. 
The internal anal sphincter is typically of higher signal 
than the external sphincter on T2 weighted images 
and defects manifest as either discontinuity or thin-
ning, again with replacement of the normal smooth 
muscle by fibrous tissue. Internal anal sphincter de-
fects are often found in combination with external 
anal sphincter defects, especially in women present-
ing with incontinence following obstetric sphincter 
tear. Solitary internal anal sphincter defects are more 
common in iatrogenic cases of incontinence. 
The ability of MRI to detect anal sphincter injury has 
been addressed by several studies. In general, those 
reporting higher accuracy have utilized an endoanal 
coil, although large scale comparisons with surface 
coils are lacking. An accuracy of 95% has been re-
ported for external sphincter tears [145,148,153].  

4.3. Anal Sphincter Atrophy at MRI 
The ability of MRI to accurately detect external 
sphincter atrophy has been demonstrated in a num-
ber of studies[144,145,148,165] (Level of Evidence 
2). For example, in a study of 25 women undergoing 
surgical external sphincter repair, Briel et al.[148] 
compared pre-operative MRI evaluation of sphincter 
atrophy with histological analysis of full thickness 
muscle biopsies. Atrophy on MRI was defined as 
muscle thinning or fatty replacement. Against the his-
topathological reference, MRI achieved a sensitivity 
of 89% and specificity of 94% for sphincter atrophy. 
Importantly, the same group reported a clear associ-
ation between external sphincter atrophy on MRI and 
significantly poorer outcome following external 
sphincter repair [165], emphasizing the clinical im-
portance of this observation. The work also showed 
atrophy could only be detected on MRI and not using 
endoanal ultrasound.  
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4.4. What is New about MRI in the Current 
Review 

4.4.1 Mechanistic Studies 
The complex anatomy of the external anal sphincter 
has been further elucidated by novel MRI techniques 
including diffusion tensor imaging, fibre tracking and 
spin-tag MRI [169]. Using these sequences, Mittal et 
al. demonstrated a purse-string morphology of the ex-
ternal anal sphincter on contraction, with decussation 
of muscle fibres within the perineal body to the con-
tralateral transverse perineal and bulbospongiosus 
muscles. This new understanding could potentially 
question the fundamental premise behind lateral epi-
siotomy and overlapping sphincteroplasty, as both 
these surgical techniques assume that the external 
sphincter is a circular muscle.  

4.4.2 Sphincter Atrophy 
In a retrospective cohort study of 158 women with pel-
vic floor symptoms undergoing external phased array 
coil MRI, Kessels et al.[170] reported a correlation be-
tween severe EAS atrophy and faecal incontinence, 
as well as a link between the severity of EAS atrophy 
and increasing age and BMI (Level of Evidence 3). 
There was however no statistically significant corre-
lation between the presence of sphincter defects and 
faecal incontinence. 

4.4.3 Sphincter and Pelvic Floor Injury 
The ability of MRI detected sphincter injury to predict 
symptoms has been reported in a few studies. In a 
nested case control study of 68 women with faecal 
incontinence and 68 matched controls, Bharucha 
[171] reported that IAS injury detected on endoanal 
MRI was an independent risk factor for incontinence 
(Level of Evidence 2). However, neither external 
sphincter nor puborectalis injury was itself an inde-
pendent risk factor. A retrospective cohort study in 
189 women with pelvic floor dysfunction [172] found 
no correlation between pubovisceral muscle avul-
sions detected on MRI and symptoms of faecal incon-
tinence, although there was a correlation with symp-
toms of pelvic organ prolapse and an inverse correla-
tion with symptoms of obstructed defaecation (Evi-
dence Level 3). A retrospective study in 119 women 
undergoing external phased array coil MRI and anal 
manometry [173] found that a patulous anal canal 
(which cannot be identified with endoanal MRI) was 
associated with more severe anal injury as docu-
mented by reduced squeeze pressure increment 
(Level of Evidence 3). 

4.4.4 Post-Surgical Sphincter Evaluation 
In a prospective study, 29 patients who had under-
gone 3rd- 4th degree obstetric sphincter injury recon-
struction underwent MRI and 3D ultrasound, along 
with 30 controls [99]. There was a significant correla-
tion between anterior EAS length (measured on 3D 
ultrasound) and the severity of faecal incontinence in 
the post-surgical patients, but no association with 

MRI parameters including sphincter defects or atro-
phy (Level of Evidence 3).  

How et al.[174] retrospectively reviewed the morphol-
ogy of the pelvic floor in 30 patients who had under-
gone staging MRI scans for rectal cancer, and found 
a correlation between the thickness of the 
puborectalis sling and the incidence of faecal inconti-
nence after anterior resection. A cut off thickness of 
3.5mm had the best predictive ability suggesting this 
assessment could be used to help predict functional 
outcome following surgery (Level of Evidence 3). 

MRI has also been found to be useful in assessing 
patients with defaecatory dysfunction after surgical 
correction of anorectal malformations, both in chil-
dren [175,176] and adults[177]. An increased anorec-
tal angle, misdirection of the neorectum and perito-
neal fat herniation between the neorectum and stri-
ated muscle complex are associated with an in-
creased incidence of faecal incontinence. MRI is su-
perior to endoanal ultrasound in demonstrating the 
amount and quality of any residual external sphincter 
(Level of Evidence 2). 

4.5. Role of MRI in the Assessment of 
Faecal Incontinence  

MRI is an accurate alternative to endoanal ultrasound 
for detection of anal sphincter injuries, when the latter 
is not available. MRI is superior to EAUS for evaluat-
ing external sphincter atrophy which is associated 
with symptoms of faecal incontinence and can predict 
poorer outcomes after surgical repair of sphincter de-
fects. MRI can provide additional information over 
EAUS in patients with congenital anorectal malfor-
mations, and after surgical interventions.  

Current Recommendations for Practice for MRI 

• Endocoil MRI has high accuracy for detecting 
anal sphincter injury but is second line after en-
doanal ultrasound (Recommendation Grade C). 

• Patients with faecal incontinence may benefit 
from assessment with MRI, particularly those 
with anorectal malformations and/or previous 
anal sphincter surgery (Recommendation Grade 
C). 

• MRI is superior to endoanal ultrasound for as-
sessing external sphincter atrophy, which may 
correlate with symptoms of faecal incontinence 
and predicts poorer outcome after anal sphincter 
repair (Recommendation Grade C). 

Current Recommendations for Research for MRI 

• The impact of MRI detected sphincter and pelvic 
floor muscle atrophy on the outcomes of emerg-
ing therapeutic interventions, for example, sacral 
nerve stimulation (SNS). 

• Use of advanced MRI sequence technology to 
further define the functional anatomy of the anal 
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canal and pelvic floor and the impact of this on 
surgical techniques. 

 

5. CLINICAL 
NEUROPHYSIOLOGICAL TESTING 

5.1. Introduction 
The clinical use of neurophysiological testing in pa-
tients presenting with incontinence has a long history, 
but appears to be diminishing in practice because of 
improvements in clinical sphincter imaging and as a 
result of the understanding that some neurophysio-
logic parameters have only minimal influence on de-
cision-making [178,179]. Despite the rise of sacral 
neuromodulation in the selective management of in-
continent patients, there is no clear guideline for spe-
cific predictive neurophysiological testing [180,181], 
relegating its specific use in complicated cases of in-
continence secondary to particular neurological dis-
eases and following spinal injury. A recent consensus 
paper suggested that neurophysiological testing 
should be performed in all incontinent patients who 
either have reduced anal pressure with no obvious 
explanation or who have a neurological disease alt-
hough this is not supported by any references [182]. 

Recommendations for Practice from the 5th ICI 

• Neurophysiological testing is of limited value in 
the assessment of patients with faecal inconti-
nence (Recommendation Grade C). 

• Pudendal nerve terminal motor latency (PNTML) 
may be useful in the perioperative assessment of 
patients before sphincteroplasty or sacral nerve 
stimulation (Recommendation Grade C). 

• Neurophysiologic testing may be useful in the as-
sessment of patients with possible pudendal 
neuralgia (Recommendation Grade D). 

• Concentric needle electromyography(CN-EMG) 
may have a specific role when ultrasonography 
and/or MRI imaging is equivocal (Recommenda-
tion Grade D). 

5.2. Types of Neurophysiological Testing 
for Faecal Incontinence 

The following are the typically described neurophysi-
ological test modalities in faecal incontinence: 

• Electromyography (EMG) 

• Pudendal terminal motor latency (PNTML) 

• Sacral latency test (SLT) 

• Somatosensory evoked potentials (seps) of pu-
dendal nerve 

• Motor evoked potentials (meps) 

• Anorectal reflex assessment 

• Autonomic nervous system (ANS) testing 

Somatic motor testing assesses the somatic nervous 
system responsible for skeletal muscle motor inner-
vation plus sensory innervation from cutaneous sites 
to the muscle spindles. This testing incorporates all 
forms of electromyography (EMG), PNTML studies, 
motor nerve conduction studies, and motor evoked 
potentials. Somatosensory testing includes soma-
tosensory evoked potentials and sensory neurogra-
phy. ANS testing assesses the ANS which provides 
motor innervation to the viscera and other end-organs 
and which assess its visceral afferent pathways at pe-
ripheral, spinal and supraspinal levels. 

5.2.1 Electromyography 
In the past the specific use of this EMG technology in 
faecal incontinence was for the differentiation of pa-
tients with potential voluntary sphincter defects from 
those without sphincter defects thought to be repara-
ble but who had an attendant presumptive neurologi-
cal cause for their incontinence. CN-EMG is per-
formed with single-use needles employed at multiple 
sites. Inherent differences exist at rest in sphincter 
musculature when compared with peripheral (non-
sphincteric) musculature showing basal resting activ-
ity whereas non-sphincter musculature is electrically 
silent [183,184]. The technique can help identify neu-
rogenic from myopathic causes of anal sphincter dys-
function [185]. There is no correlation between sever-
ity of EMG findings and degree of incontinence [186]. 
Denervation is diagnosed as a reduction in the num-
ber of continuously firing low-threshold MUPs. CN-
EMG has disappeared with improved accurate 
sphincter imaging; however, it may have a specific 
place in those patients where ultrasonography and/or 
MR imaging is equivocal. 

Single Fibre EMG (SF-EMG) has a smaller recording 
surface with a pickup of activity from a smaller muscle 
volume than that recorded with CN-EMG, recording 
generally 1-3 single muscle fibres from the same MU. 
Surface EMG has no value in assessing neurogenic 
aspects of sphincter function (but may be used as 
part of biofeedback therapy)[18]. 

5.2.2 Pudendal Nerve Conduction Testing 
Pudendal nerve conduction testing measures the 
nerve conduction velocity in the pudendal nerve as 
latency time between direct stimulation of the puden-
dal nerve and EAS contraction. There is a customised 
(Dantec Electronic Tonsbaaken 16-18 DK-2740 
Skovlunde, Denmark) St. Mark’s electrode that has 
been designed. Prolongation of the pudendal nerve 
terminal motor latency (PNTML) is common after vag-
inal delivery and with aging [187-189]. The technique 
tends to underestimate the degree of pudendal neu-
ropathy since the latency measured reflects the func-
tion of the most rapidly conducting nerve fibres[73]. 
Unlike needle EMG, it does not show direct neurolog-
ical damage.  
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It has been suggested that the delay in PNTML is as-
sociated with a worse overall prognosis of external 
anal sphincter repair for patients presenting with fae-
cal incontinence [162-164], although there is little 
available evidence to suggest that PNTML measure-
ment alters specific surgical decision-making or out-
comes after surgery[190]. In addition, the measure-
ment is influenced by body habitus and clinician fac-
tors [191,192]. There is little available evidence that 
the presence or extent of a pudendal neuropathy cor-
relates with objective incontinence [179] or with the 
specific response to biofeedback therapy with or with-
out the presence of an external anal sphincter defect 
[193]. 

5.2.3 Sensory System Testing 
Anorectal sensitivity plays a significant role in the 
defaecation process and in maintaining faecal conti-
nence. Variation in anorectal sensibility is also im-
portant in pain disorders and in irritable bowel syn-
drome. Basic sensory testing of light touch and pin-
prick and sensation of bladder filling is standard. The 
ano-cutaneous sensation of the perianal area and in 
the anal canal below the dentate line is conveyed by 
the efferent fibres of the pudendal nerve (S2-S4) 
[194].  

5.2.4 Anal Mucosal Electrosensitivity 
Anal mucosal electrosensitivity (MES) testing was 
originally described independently by Roe et al.[195] 
and Sigel [196] using two electrodes with a constant 
square wave of current with variable intensity. It is un-
known precisely which receptors are involved in this 
standardised and reproducible response [197]. Incon-
tinent patients invariably have a high MES whereas 
patients with anal sphincter defects, (with or without 
faecal incontinence), show an increased MES with 
the highest values found in patients with a combined 
internal anal sphincter and external anal sphincter 
defect. 

Current Recommendations for Practice for Neu-
rophysiological Testing 

• Neurophysiological testing is of limited value in 
the assessment of patients with faecal inconti-
nence (Recommendation Grade C). 

• PNTML is not useful in the preoperative assess-
ment of patients before sphincteroplasty or sa-
cral nerve stimulation. (Recommendation Grade 
C). 

• CN-EMG may have a specific role when ultraso-
nography and/or MR imaging is equivocal (Rec-
ommendation Grade D). 

Current Recommendations for Research for Neu-
rophysiological Testing 

• Assess reproducibility of testing of anorectal sen-
sation on predicting outcome of surgical and con-
servative/medical treatment for faecal inconti-
nence in large patient samples. 

 FAECAL INCONTINENCE 
SYMPTOM SEVERITY SCALES 

1. DESCRIPTION OF SCALES 

There are over 20 scales for rating the severity of fae-
cal or anal incontinence. Many scales were devel-
oped prior to 1992, are rarely used and have been 
reviewed elsewhere [198]; these are not included in 
this review. Subsequently, six other scales; the instru-
ment developed by Pescatori and Wexner [16,198], 
which is also known as the Cleveland Clinic inconti-
nence score, the Vaizey or St. Marks incontinence 
score [19], the Fecal Incontinence Severity Index by 
Rockwood et al.[20], Modified Manchester Health 
Questionnaire [21,199], and the Fecal Incontinence 
and Constipation Assessment (FICA) symptom se-
verity instrument [4,18,200] now referred to as the Fe-
cal Incontinence Symptom Severity Scale (FISS) 
have been developed and used in clinical studies to 
rate the severity of faecal or anal incontinence. More 
recent instruments, the Bowel version of the Interna-
tional Consultation on Incontinence modular ques-
tionnaire (ICIQ-B) [5,23] and the Revised Fecal In-
continence Scale [201], have been developed and 
validated but not been widely used in clinical studies. 
These eight scales are summarised in Table 16-1.  

None of the scales provide a measure of the severity 
of faecal incontinence only. Three scales score the 
severity of anal incontinence and, in five scales, the 
severity of anal incontinence is combined with a score 
of the impact of anal incontinence on lifestyle. Use of 
these instruments typically relies on patient recall as 
they are not part of a daily diary. 

All of these instruments contain an assessment of fre-
quency of different types of rectal leakage suggesting 
that frequency is considered one of the most im-
portant dimensions of incontinence severity. Some 
scales assess additional issues related to inconti-
nence, such as rectal urgency, amount or volume of 
leakage, or use of perineal protective products (e.g., 
pads). Three scales, Vaizey, FICA [FISS], and ICIQ-
B include a measure of rectal/ defaecation urgency 
[4,18,19,23]. The Vaizey scale [19] evaluates ur-
gency with a question that asks about the “lack of abil-
ity to defer defaecation for 15 minutes” for which 2 
response options are provided; weekly or daily. How-
ever, clinical observations suggest that this question 
may not accurately discriminate between people who 
have and do not have urgency because most people 
with severe urgency have a few, perhaps 5 minutes, 
at most to reach the toilet.  
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Population-based studies from the Rochester Epide-
miology Project defined urgency as the need to “rush 
to the toilet” often (>25% of time) or usually (>75% of 
time) because of an “urgent need to empty the bow-
els” [18]. Through an initial survey followed by a case-
control study that included a two-week daily bowel di-
ary, this study observed that bowel disturbances are 
the most important factors associated with faecal in-
continence and for incontinent bowel movements in 
women with faecal inconnence [4,18,44,202,203]. 
Rectal/ defaecation urgency was an independent and 
the strongest factor associated with faecal inconti-
nence even after adjusting for other bowel disturb-
ances.  

Urgency is a distressing symptom [204]. Patients with 
more severe urge faecal incontinence report greater 
use of pads [205]. Urgency is associated with loose 
stools, increased rectal sensitivity [18,205], and re-
duced rectal capacity (i.e., a smaller reservoir) [18]. 
Nonetheless, the time required for measuring the in-
ability to reach a toilet before leakage occurs is not 
standardised and patients' estimates and sense of 
being rushed may vary greatly.  

A recent state of the science summary emanating 
from a workshop organized by the U.S. National Insti-
tute of Diabetes and Digestive and Kidney Diseases 
(NIDDK), National Institutes of Health [15], empha-
sised the importance of considering the amount/vol-
ume of leakage when characterizing the severity of 
faecal incontinence. When the amount of leakage 
was greater, the impact on quality of life was worse 
[202]. Only one scale, the FISS, incorporates the 
amount of leakage into the assessment of anal incon-
tinence severity, with a question that categorises the 
“usual leakage” as staining, a moderate amount (i.e., 
requiring change of underwear), and a large bowel 
movement (i.e., requiring change of all clothes) 
[4,18,44,202,203]. Conceivably, a matrix defined by 
amount*frequency, which assesses the amount of 
leakage for each consistency of faeces leaked (e.g., 
solid or liquid) may more comprehensively character-
ise the severity of faecal incontinence. This type of 
matrix scoring of faecal incontinence severity was 
used by Bliss et al. [28] in summarizing data from a 
stool diary in a clinical trial of fibre supplementation 
for the treatment of faecal incontinence. Using this as-
sessment for anal incontinence would comprise four 
options for type of leakage (i.e, solid and liquid fae-
ces, flatus, and mucus) and three for amount/volume 
(e.g., small, moderate, and large) requiring 12 items. 
The challenge is to develop measures that are com-
prehensive and useful for clinical practice and re-
search but are not overly burdensome.  

The current anal incontinence severity scoring sys-
tems assume that leakage of solid and liquid stools is 
equivalent. However, the FISI study observed that 
patients and physicians have different perspectives of 
severity; loss of liquid and solid stool was the worst 
for patients and physicians respectively [17]. Patients 
with faecal incontinence are able to reliably distin-
guish solid from loose/liquid stools [27,28]. Some 

measures (e.g., Wexner [16] and Vaizey [19] scales) 
consider the use of pads when characterising sever-
ity. However, use of these measures may conceiva-
bly reflect not only the severity of anal incontinence 
but also fastidiousness regarding one’s sense of hy-
giene. Finally, the relationship between symptom se-
verity and anorectal functions (e.g., anal resting and 
squeeze pressures) has not been established.  

2. ASSESSING CLINICALLY 
IMPORTANT DIFFERENCES IN 

SYMPTOM SEVERITY 

Recent clinical trials have considered a 50% or 
greater reduction in the number of days or episodes 
of faecal incontinence recorded with bowel diaries as 
the primary endpoint [206,207]. On the other hand, it 
has been suggested that a 50% reduction does “not 
constitute a clinically meaningful improvement from 
the patient’s perspective, mainly because the degree 
of improvement does little to allay the anxiety of the 
patient that an accident may occur at any time” [208]. 
In accepting this assumption, it is necessary to ascer-
tain whether a statistically significant change in the 
frequency of faecal incontinence is also clinically sig-
nificant [209]. One way to accomplish this is to assess 
the minimum clinically important difference (MCID), 
which is the smallest change detected by an instru-
ment that is associated with a clinically meaningful 
change[210]. The MCID can be identified with distri-
bution-based (½ of standard deviation of the popula-
tion mean at baseline,[211] and the effect size (mean 
change /standard deviation at baseline or an anchor 
based approach [209]. These anchor-and distribu-
tion-based approaches [210] have been used to esti-
mate the MCID for the FISI, FISS, and Modified Man-
chester Health Questionnaire [212,213]. Based on 
the 0.5 SD threshhold, the improvement in FISS ex-
ceeded the MCID in 75% and 83% of patients in 
whom the faecal incontinence frequency declined by 
50– 74% and ≥75% respectively [213]. 

A few practical issues pertaining to assessment of the 
MCID deserve emphasis. First, the distribution-based 
MCID (e.g., 0.5*SD, effect size) can be readily calcu-
lated. The SD is not a universal value but is unique 
for each study. The anchor-based methods require 
additional data to be collected at all follow-up assess-
ments. This may be as simple as adding one addi-
tional item to the “post” measurement (for e.g., a 
global rating of better/worse for the time period be-
tween baseline and post measurement.) While MCID 
represents a step in the right direction and current 
methods have demonstrated a utility relative to iden-
tify meaningful ‘day-to-day’ life changes for a person 
with faecal incontinence, we have to be more cau-
tious if considering them “Clinically Important.” None 
of the methods rely on a clinical gold standard to de-
termine the amount of change that is clinically signifi-
cant as defined by a gold standard. These methods 
rely on either distributional properties (1/2 standard 
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deviation, MCID) or other self-reported assessments 
(anchor based) to identify meaningful change, not 
clinical indicators. These two questions may be con-
sidered as the anchor for assessing the MCID: 

1. Over the past <period of time> please rate 
whether or not the frequency of bowel accidents 
has become: Much Less Frequent, Moderately 
Less Frequent, Somewhat Less Frequent, 
Somewhat More Frequent, Moderately More 
Frequent, Much More Frequent. 

2. Thinking about the bowel accidents you have 
had over the past <period of time> do you think 
that you are getting: Much Better, Moderately 
Better, Somewhat Better, Somewhat Worse, 
Moderately Worse, Much Worse. 

3. BLENDING SYMPTOM SEVERITY 
AND QUALITY OF LIFE SCALES 

Faecal and anal incontinence can have a devastating 
impact on quality of life (QOL), which can be evalu-
ated by generic or disease-specific instruments [214]. 
Some symptom severity scales also include typically 
one [16,19,201], sometimes more [23] questions re-
lated to impact of faecal incontinence on lifestyle and 
QOL. The alternative approach is to use dedicated in-
struments with more questions that provide a more 
refined assessment of the impact of faecal or anal in-
continence on QOL (e.g., Fecal Incontinence Quality 
of Life Scale and modified Manchester Health Ques-
tionnaire, and FICA QOL scale) [4,20,21]. There is a 
significant correlation between symptom severity and 
QOL in faecal and anal incontinence [4,17] (See 
Qualitative Research section below). The Pelvic Or-
gan Prolapse/Incontinence Sexual Questionnaire - 
IUGA Revised is validated in women with faecal in-
continence, allowing for measurement of sexual func-
tion with a condition-specific measure [215]. 

Bowel diaries are widely used to record bowel habits 
and track the severity of faecal or anal incontinence. 
Bowel diaries are less prone to recall bias than ques-
tionnaires. They not only quantify faecal or anal in-
continence but also the relationship of episodes of in-
continence to bowel habits, e.g., whether episodes of 
faecal or anal incontinence are related to liquid or 
formed stools or preceded by urgency [203]. These 
features are useful for guiding therapy. However, 
maintaining daily bowel diaries entails more work for 
patients and more analysis. With advancements in 
digital technology, mobile “apps”, internet, and tele-
phone-based daily reporting of symptoms will likely 
be increasingly used in future.  

In summary, the severity of faecal or anal inconti-
nence is based on the symptoms evaluated by a 
standardised and validated questionnaires. A scale 
that scores the severity of faecal incontinence only is 
lacking and development is needed. The assessment 
of anal incontinence severity is currently comprised of 

four domains (i.e., frequency and type of leakage, 
amount, and rectal/defaecation urgency). Not all anal 
incontinence questionnaires incorporate all four do-
mains. At present, a 50% or greater reduction in the 
number of days or episodes of faecal incontinence is 
a primary outcome measure in therapeutic trials. In 
one study, this outcome measure reflects a clinically 
important difference as measured by the minimal clin-
ically important difference in 75% of patients[213].  

Recommendations for Research for Symptom Se-
verity Scales 

• Develop an instrument offering a severity score 
for faecal incontinence only (separate from that 
of anal incontinence and from quality of life 
measures). 

• Evaluate the addition of weighting the scoring of 
the consistency of leaked faeces (e.g.,liquid vs. 
solid) in faecal or anal incontinence severity 
scales. 

• Further studies are necessary to ascertain 
whether use, size, or number of pads is an indi-
cation of faecal or anal incontinence severity, hy-
giene preference, affordability, or a coping mech-
anism that mediates the relationship between se-
verity and QoL.  

• Evaluate the role of behavioural/coping factors 
(e.g., staying near a toilet, ability to respond to 
urgency) in faecal or anal incontinence severity. 
Develop measures for including the effects of 
these factors in faecal incontinence severity 
scales. 

• If rectal/defaecation urgency is to be used as an 
item in faecal or anal incontinence severity 
scales, a way to standardize and measure ur-
gency is necessary.  
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Table 16-1. Instruments for Rating Severity of Faecal or Anal Incontinence and Their Quality 

Scale Name 
Reference 

Content included in score and Type 
of Score (AI, FI or Blended with 
Impact on QOL) 

Inclusion of Urgency or 
Amount/Volume of 
Faecal Leakage*  

Construct 
Validity 

Criterion 
Validity 

Internal  
Consistency† 

Test-Retest 
Reliability 

Responsiveness 

Pescatori[198]   Frequency of leakage of solid and liquid 
faeces, flatus, and flatus 
AI score 

Urgency - 
Amount/Volume - 

A(19) B B A(19) B 

Wexner[16]  Frequency of leakage of solid and liquid 
faeces, flatus, pad use and lifestyle 
restriction  
AI QOL impact score  

Urgency-
Amount/Volume - 

A(19,201) A(216) A(201) A(19) A(217) 

St Mark’s  
Incontinence Score[19]  

Frequency of leakage of solid and liquid 
faeces, flatus, and altered lifestyle 
Presence of urgency (inability to delay 
defaecation), needing to wear a pad or 
anal plug, or use of  
constipating medication 
AI score  

Amount/Volume - A(201) A(218) A(201) A** A(218) 

FISI[17]  Frequency of leakage of solid faeces, 
liquid faeces, flatus, and mucus 
AI score 

Urgency - 
Amount/Volume - 

B A B A(21) 
 

A(206) 

FICA [FISS] [4,18,200]  Frequency of incontinence, type/amount 
of leakage (flatus only, small or large 
amount of faeces), number of pads 
changed, presence of urgency  
AI score 

 A A A A A(219) 
 

Modified Manchester 
Health  
Questionnaire[21,199]  

Frequency of: urgency, leaking faeces 
in various conditions (e.g., coughing 
and sneezing, walking), leaking solid or 
liquid faeces, flatus, not wiping clean, 
and effects on various activities 
(physical activity, sexual relations, etc) 
AI QOL impact score  

Urgency 
Amount/Volume - 

A(21) A(21) A(21) A(21) A(21) 
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Scale Name 
Reference 

Content included in score and Type 
of Score (AI, FI or Blended with 
Impact on QOL) 

Inclusion of Urgency or 
Amount/Volume of 
Faecal Leakage*  

Construct 
Validity 

Criterion 
Validity 

Internal  
Consistency† 

Test-Retest 
Reliability 

Responsiveness 

ICIQ-B[5,23]  In the Bowel Control section:  
Frequency of: ability to control solid 
faeces, liquid faeces, mucus, and flatus, 
frequency of needing to wear a pad, 
frequency of leakage in between bowel 
movements, frequency of 
unpredictability of incontinence 
In other sections: frequency of urgency, 
and using medication to stop leakage 
along with usual bowel pattern and 
impact on lifestyle 
AI QOL impact score 

Amount/Volume - A A A A B 

Revised Faecal 
Incontinence Scale[201]   

Frequency of leakage of solid faeces, 
liquid feces, urgency, needing to 
change underwear and needing to alter 
lifestyle 
FI QOL impact score 

Urgency - 
Amount/Volume - 

A B A B A 

QOL refers to Quality of Life.  
“A” refers to attributes that have been partly or adequately validated. “B” refers to attributes that have not been validated.  
* Items which are not incorporated in the instrument are indicated by a - sign 
†Internal consistency has been evaluated with Cronbach’s α coefficient, which may not provide the most appropriate assessment of this characteristic 
 **For cells with an “A” rating that do not include a citation, the citation is provided in the row heading. 
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 EDUCATION AND LIFESTYLE 
CHANGE 

Faecal incontinence Education, Weight Loss, 
Smoking, Medication Side Effects, Toilet Facili-
ties, and Complementary Therapies 

In community-living adults, conservative manage-
ment of faecal incontinence relies on patient partici-
pation and self-management or caregiver-assistance 
[220]. A number of self-management strategies for 
faecal incontinence have been identified including 
lifestyle changes such as modification of diet and eat-
ing patterns, learning the location of public toilets, 
planning the timing of social events, public outings, 
and taking anti-diarrhoeal medications, preparing kits 
of cleansing supplies and clothing changes [221-
224]. These strategies often rely on trial and error or 
borrowing recommendations for other gastro-intesti-
nal problems [221,222]. Many patients with faecal in-
continence or their caregivers lack understanding 
about how the bowel functions, how it may be altered 
in some disease processes such as dementia, or how 
lifestyle practices might influence defaecation [12]; 
therefore, expert opinion supports educating patients 
and caregivers about these topics [220]. Further-
more, self-management of health practices and care-
giving for faecal incontinence are influenced by 
knowledge and attitudes as well as stigma and cul-
tural taboos. Associations of lifestyle changes such 
as weight loss and smoking cessation with improve-
ments in urinary incontinence and an association be-
tween obesity and faecal incontinence in middle to 
older aged women have led to suggestions for similar 
changes to reduce faecal incontinence [226-228]. 

Recommendations for Practice for Faecal Incon-
tinence Education and Lifestyle Change from the 
5th ICI 

• Educate the patient (Recommendation Grade 
B/C) and their carer about faecal incontinence 
and normal bowel function (Recommendation 
Grade C). 

• Assess medication side effects and consider al-
ternatives if they include diarrhoea and faecal in-
continence (Recommendation Grade C). 

• Make available appropriate toilet facilities and 
convenient toilet access especially for people 
with disabilities (Recommendation Grade C). 

• No recommendation about use of complemen-
tary therapies can be made due to lack of evi-
dence (Recommendation Grade D). 

There is insufficient evidence to recommend or dis-
courage most lifestyle modifications either for the pre-
vention or treatment of faecal incontinence. Interven-

tions such as education and environmental modifica-
tion such as easier toilet access pose few risks of 
harm to patients, and therefore are encouraged. 

Summary of Studies about Faecal Incontinence 
Education and Lifestyle Change from the 5th ICI 

Nurse-led education and advice about conservative 
faecal incontinence management alone or as part of 
a combined intervention that added exercises and/or 
biofeedback reduced frequency of faecal inconti-
nence [229]. Nurse-led education and advice ad-
dressed diet modification, medication titration, and 
bowel retraining and was as effective as the combi-
nation therapies in reducing faecal incontinence 
(Level of Evidence 1).  

Caregivers of people with dementia, over half of 
whom had some degree of faecal incontinence, in-
creased their knowledge scores after receiving a vid-
eotape and information booklet about maintaining 
bowel control in those with dementia [230]. It is not 
known if the improved knowledge resulted in less fae-
cal incontinence. 

Faecal incontinence did not resolve in obese women 
with dual (faecal and urinary incontinence) on a non-
surgical weight loss programme [231] (Level of Evi-
dence 3). Results of two studies of decreases in fae-
cal incontinence after weight loss following bariatric 
surgery for morbid obesity are conflicting [232,233] 
(Level of Evidence 3). Faecal incontinence after bari-
atric surgery decreased in the study of women [232]. 

Nicotine is thought to slow upper gut motility and in-
crease total transit time [234], but it can reduce recto-
sigmoid transit time [235]. This colonic effect is asso-
ciated with a sense of defaecation urgency and anec-
dotal reports that cigarette smoking promotes the ini-
tiation of defaecation. However, epidemiological stud-
ies have shown no association of smoking and faecal 
incontinence [236-238] (Level of Evidence 3). No 
studies of the effects of smoking cessation on faecal 
incontinence were found. 

Liquid stool consistency and diarrhoea, which are 
common side effects of many medications, exacer-
bate faecal incontinence[28,36,239]. A thorough re-
view of prescribed medications as well as of over-the-
counter and herbal preparations taken by persons 
with faecal incontinence can identify the unintended 
side-effect of faecal incontinence. Change or discon-
tinuation of the medications/preparations is recom-
mended when possible (Level of Evidence 4).  

Continence is promoted by sitting well-supported, 
leaning forward somewhat with feet slightly raised to 
enable appropriate use of abdominal effort if needed 
[240]. An environment with lack of privacy such as 
with commode use in the home [241,242] or physical 
or social obstacles, especially for individuals with 
physical or mental disabilities, may impair the ability 
to maintain continence. Environmental obstacles in-
clude toilet facilities that are too few or distant, inac-
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cessible due to stairs, needing to obtain a key, requir-
ing money to access, or having no public access 
[243]. Other obstacles are clothing that is difficult to 
manipulate, a commode that is too high, low, or un-
stable, or a wheel chair with arms that are difficult to 
remove. No studies were found examining the effect 
of modifying the physical or social environment to re-
duce faecal incontinence.  

A review of complementary mind-body therapies for 
functional gastrointestinal disorders, i.e., diarrhoea 
(but not faecal incontinence) and constipation sug-
gested there were some positive outcomes but rec-
ommendations for their effectiveness and could not 
be made [244]. Therapies included yoga, hypnother-
apy, cognitive therapy, and biofeedback, and about 
one-third of studies used patients with inflammatory 
bowel syndrome. The use of cognitive therapy for 
managing incontinence has been proposed but not 
studied [245]. No studies of the use of acupuncture, 
reflexology, homeopathy or other complimentary 
therapeutic approach for faecal incontinence were 
found. 

Summary of Evidence on Education and Lifestyle 
Interventions for Faecal Incontinence from the 5th 
ICI 

• Educating patients and caregivers about their 
bowel function and faecal incontinence may im-
prove faecal incontinence (Level of Evidence 5). 

• Weight loss without surgery did not reduce faecal 
incontinence (Level of Evidence 3) and findings 
about the benefit of weight loss after bariatric sur-
gery for morbid obesity were inconsistent (Level 
of Evidence 3). 

• Smoking was not associated with faecal inconti-
nence (Level of Evidence 3) and there were no 
studies of the effects of smoking cessation on 
faecal incontinence. 

• Medication side effect of diarrhoea may cause 
faecal incontinence (Level of Evidence 4). 

• Environmental barriers in public facilities or pri-
vate homes increase the risk of faecal inconti-
nence; environmental modifications may pro-
mote continence (Level of Evidence 5). 

1. WHAT IS NEW ABOUT 
EDUCATION AND LIFESTYLE 
CHANGES IN THE CURRENT 

REVIEW? 

1.1. Education About Faecal Incontinence 
There was one observational study supporting the 
need for educating patients and caregivers about fae-

cal incontinence. One new experimental study inves-
tigated the effectiveness of a mnemonic to assist 
women receiving counselling for faecal incontinence 
to recall the lifestyle-related therapies that they were 
to perform. Bliss et al. [12] described the health liter-
acy needs of caregivers related to managing inconti-
nence and preventing skin problems in their care re-
cipients with Alzheimer’s disease or dementia (Level 
of Evidence 3). From focus groups and interviews of 
48 family and friend caregivers with culturally diverse 
backgrounds, three main areas of incontinence liter-
acy needs were identified: knowledge, skills, and atti-
tudes. For example, caregivers sought information 
about the risk of and reasons for incontinence in de-
mentia, therapies other than using absorbent prod-
ucts, understanding many over-the-counter products 
available for skin care and types of absorbent prod-
ucts, and trustworthy resources. Caregivers were in-
terested in improving skills for managing inconti-
nence, preventing incontinence associated skin prob-
lems, and lessening resistance of care recipients to 
those strategies. Almost all caregivers expressed a 
desire for incontinence to be framed as a health ver-
sus behavioural problem and saw a need for greater 
public awareness and empathy so the stigma associ-
ated with incontinence would be less. Results can 
guide the selection of educational topics for patients 
with faecal incontinence and their caregivers [12] 
(Level of Evidence 3). 

A series of educational and supportive materials for 
clinicians to provide their patients were developed 
from this study and are available free via the webpage 
of the Nursing Committee of the International Conti-
nence Society (ICS) [246] or the first author of the 
study [12]. A continence product advisor website 
[247] to assist in selecting absorbent products has 
also been developed from a collaboration of ICS, In-
ternational Consultation on Incontinence, University 
College of London and University of Southhampton. 

In teaching counselling-naïve women about faecal in-
continence management [248], randomized women 
with faecal incontinence to a standard counselling 
group or counselling and use of a mnemonic to assist 
them to recall the types of lifestyle therapies that they 
were to perform. The mnemonic was RELIEF: routine 
lifestyle and routine bowel habits, exercise, live, 
Imodium, effort, and fibre and food diary. At two 
months following counselling, there was no difference 
in recall of faecal incontinence treatments between 
groups. The group using the mnemonic had higher 
(better) scores on the Manchester Health Question-
naire however. Results show that although education 
about faecal incontinence increases knowledge, the 
effectiveness of different teaching strategies needs to 
be evaluated (Level of Evidence 2). 

1.2. Weight Loss 
Several recent studies investigating weight loss and 
faecal incontinence were found. Two studies were 
observations [249,250], one was a secondary analy-
sis [231], and one study had a one-group, pre-post 
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design [228]. Findings by Bussen et al. [249] add to 
observations of the association between faecal incon-
tinence and weight in women. In a retrospective re-
view of women evaluated at a coloproctological clinic, 
being overweight or obese was identified in 26% of 
98 women presenting with faecal incontinence com-
pared to 9% of 98 control women with outlet obstruc-
tion (Level of Evidence 3). 

Ellington et al. [250] described anorectal manometry 
findings in women with faecal incontinence grouped 
by weight (normal, overweight, or obese) in a retro-
spective review of medical records. Women with fae-
cal incontinence who were obese had higher baseline 
anal resting tone and squeeze pressures compared 
to those with normal weight (Level of Evidence 3). 
The authors concluded that obese women have a 
lower threshold to leakage with pressure increases 
(Level of Evidence 3). 

In a secondary analysis of 338 overweight and obese 
females completing an experimental programme of 
weight loss and maintenance for urinary incontinence 
using dietary fibre [231], examined whether there 
would be a decrease in anal incontinence at 6, 12, or 
18 months. Although there was an overall combined 
decrease in anal incontinence in 13% of women, the 
change was not significantly different from that of the 
control group receiving education. In comparing 
women with and without improvement of anal inconti-
nence, those who showed a decrease in anal incon-
tinence had a lower weight and BMI at baseline, but 
total caloric intake after 18 months did not differ be-
tween the groups. A decrease in lower urinary tract 
symptoms (LUTS) was associated with lesser anal in-
continence severity in all women. In 33 women with 
incontinence of liquid faeces, an increase of 10 g of 
dietary fibre and a decrease in LUTS were associated 
with less anal incontinence. Limitations of this study 
included using an untested modification of the FISI 
score to measure anal incontinence and the lack of 
adjusting for baseline anal incontinence severity in 
the analysis (Level of Evidence 2).  

Scozzari et al. [228] compared the presence and se-
verity of anal incontinence before and after bariatric 
surgery in 32 obese women. At 15.6 months after sur-
gery, the women lost about 40 kg on average. How-
ever, the presence of anal incontinence increased 
12.5% postoperatively but this was not a statistically 
significant change from baseline. The increased anal 
incontinence was attributed mainly to incontinence of 
flatus. The mean Wexner score of anal incontinence 
severity differed by only 0.1 before and after surgery 
and was not statistically significantly different. Limita-
tions of this study were lack of a power analysis for its 
sample size, no comparison treatment and therefore 
no random assignment was possible, and inability to 
describe/quantify faecal incontinence separately from 
flatus incontinence (Level of Evidence 2).  

1.3. Complementary Therapies 
A survey of patients utilizing a biofeedback service 
revealed that a variety of complementary therapies 

were used for bowel problems [251]. The most com-
mon therapies for bowel problems were the use of 
herbal medicines (n=27) or acidophilus/probiotics 
(n=26). Other therapies included acupuncture, mas-
sage, homeopathy, kinesiology, relaxation therapy, 
reflexology, and traditional Chinese medicine. Of the 
93 survey respondents, 31% were being treated for 
faecal incontinence, but use of complementary thera-
pies for faecal incontinence was not specified. Users 
considered complementary therapies safe, natural, 
and providing them with some control over their 
health feeling that conventional treatment had failed 
them or was not available (Level of Evidence 3). 

A case report describes naturopathic treatment of 
faecal incontinence, urgency and soft stools in a 44 
year-old woman with multiple sclerosis [252]. Her first 
treatment consisted of an herbal preparation (Parex, 
Health World LTD) considered antimicrobial and a 
probiotic (Probiotic Ultra flora LGG (Lactobacillus 
rhamnosus, (Health World LTD)). The second treat-
ment consisted of a different herbal mixture and In-
testamine, a bioceutical containing Aloe vera, Ulmus 
rubra, Citrus bioflavonoids, apple pectin, Pisacia 
lemtiscus, glutamine and Curcuma longa. After six 
weeks, the patient reported no faecal incontinence, 
fewer liquid stools and less urgency, albeit outcomes 
were not quantified before or after treatment (Level of 
Evidence 4). 

There is one case report of the occurrence of faecal 
incontinence in a middle-aged woman with multiple 
sclerosis after receiving bilateral needling of trigger-
point acupuncture (“dry needling”) for a painful mus-
culoskeletal condition [253]. Acupuncture was admin-
istered in spinal, gluteal and occipital areas (Level of 
Evidence 4).  

Current Recommendations for Practice for Faecal 
Incontinence Education and Lifestyle Change 

• Educate patients their caregiver about bowel 
function and alterations in disease states, faecal 
incontinence, and available therapies (Recom-
mendation Grade B/C). 

• Weight loss may be recommended for better 
health in general but no recommendation can be 
made regarding faecal incontinence due to in-
consistent evidence of improvement (Recom-
mendation Grade B). 

• Inform patients using complementary therapies 
to do so with caution as there is minimal evi-
dence of their effects and some may result in 
worsening of faecal incontinence(Recommenda-
tion Grade C). 

• Recommendations for practice regarding medi-
cation side effects, smoking and toilet access are 
similar to the 5th ICI: 

o Consider alternatives to medications if possible 
when faecal incontinence is a side effect (Rec-
ommendation Grade C). 
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o Improve access to toilet facilities especially for 
those with disabilities (Recommendation Grade 
C). 

o Smoking cessation is recommended for better 
health in general but no recommendation can be 
made regarding benefit for reducing faecal in-
continence due to a lack of studies showing as-
sociation (Recommendation Grade D). 

Current Recommendations for Research for Fae-
cal Incontinence Education and Lifestyle Change 

• Develop and evaluate innovative gender and cul-
turally appropriate educational strategies for in-
creasing patient and caregiver heath literacy 
about bowel function and preventing or manag-
ing faecal incontinence. 

• Randomized controlled trials on the effective-
ness of weight loss in reducing faecal inconti-
nence especially in moderately obese patients 
using non-surgical interventions are needed. 

• Randomized controlled trials on the effective-
ness of smoking cessation in reducing faecal in-
continence are recommended. 

• Evaluate the impact of environmental modifica-
tions including better toilet access in reducing 
faecal incontinence. 

• Evaluate the individual or additive effect of vari-
ous lifestyle changes and contribution of comple-
mentary therapies in reducing faecal inconti-
nence. 

 DIET AND FLUID INTAKE 

Background 

Some individuals with faecal incontinence believe the 
severity of their faecal incontinence is related to die-
tary intake and can be altered by modifying the type 
and amount of their food and drink and when they eat.  

Community-living individuals with faecal inconti-
nence, more so in iwomen than men, report that they 
manipulate their diet and eating patterns as part of 
their self-management strategies to reduce faecal in-
continence [222,254,255] (Level of Evidence 3). Die-
tary modifications most often restrict intake of certain 
foods (for example, fried or spicy foods, caffeine-con-
taining beverages and chocolate, or foods that in-
creased flatus such as cabbage); however, some 
foods are purposively eaten as a therapy to decrease 
faecal incontinence (for example, yogurt) [222]. Skip-
ping meals is also a common strategy to manage fae-
cal incontinence [221,222]. 

Some community-living individuals report increasing 
fluid intake especially when faecal incontinence is 
loose or liquid to prevent dehydration or subsequent 
constipation. Nutritional deficiencies and subsequent 
poor health are concerns of dietary modification in 
persons at high risk for malnutrition. In comparing diet 
intake of 39 community-living individuals with faecal 
incontinence with 39 age and sex matched controls 
with normal bowel function [34], reported there were 
no significant differences in the intake of total kilocal-
ories, protein, fat, dietary fibre, caffeine, or lactose. 
The group with faecal incontinence had a significantly 
greater intake of carbohydrates, manganese, and vit-
amin B1 compared with the control group. The per-
centages of the RDA for calcium and vitamin D were 
less for the group with faecal incontinence (84%± 6% 
and 56% ±8%, respectively) than controls (90% ± 8% 
and 69% ± 11%) but differences were not statistically 
significant (Level of Evidence 3).  

Recommendations for Practice for Diet and Flu-
ids from the 5th ICI 

• Patients should be asked about dietary re-
strictions and meal skipping to assess nutritional 
impact especially in groups who may be at higher 
risk for malnutrition (Recommendation Grade C). 

• Soluble dietary fibre is recommended for the 
management of faecal incontinence especially 
when stool consistency is loose or liquid (Rec-
ommendation Grade B). 
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• Soluble dietary fibre is recommended as part of 
a combination therapy involving rectal/ transanal 
irrigation (Recommendation Grade B). 

• No recommendations about the use of dietary fi-
bre as an adjuvant to antimotility medications 
can be made because evidence is conflicting and 
study methods vary in quality (Recommendation 
Grade B). 

1. LACTOSE, YOGURT, SORBITOL, 
FRUCTOSE, CAFFEINE, AND 

ALCOHOL  

Background 

Several diet components may induce alterations of 
normal gastrointestinal function resulting in faecal in-
continence. In individuals with a deficiency of the in-
testinal enzyme, lactase, hydrolysis and absorption of 
the disaccharide lactose is reduced. Consumption of 
lactose creates an osmotic shift of water into the small 
intestinal lumen which can increase transit. In the 
large intestine, lactose is fermented by colonic bacte-
ria resulting in flatulence, distension, diarrhoea, and 
possibly faecal incontinence. Malabsorption of fruc-
tose and sorbitol results in osmotic diarrhoea and fae-
cal incontinence similar to lactose. Caffeine, of which 
coffee is a popular source, induces a desire to defe-
cate in some individuals [256-260]. Chronic alcohol 
consumption accelerates gastric emptying and small 
bowel transit in animal studies.[261-263] Excessive 
alcohol consumption leads to injury of cells in the 
small intestine, reduced sodium and water absorp-
tion, and bacterial overgrowth, which may contribute 
to loose stools, diarrhoea, and faecal incontinence 
[264]. 

Summary of of Studies about Intake of Diet, Fluid, 
Lactose, Yogurt, Sorbitol, Fructose, Caffeine, and 
Alcohol from the 5th ICI 

• Studies about diet and faecal incontinence are 
observational and have not measured the effec-
tiveness of diet modification on faecal inconti-
nence in a controlled manner.  

• There were no studies assessing the effect of re-
ducing lactose, sorbitol, or fructose intake on fae-
cal incontinence.. 

• Regular consumption of coffee is not associated 
with faecal incontinence in elderly men and 
women [238] (Level of Evidence 3). No studies 
examining caffeine restriction to improve faecal 
incontinence were found. 

• There were no studies in which alcohol was re-
stricted to reduce faecal incontinence.  

2. WHAT’S NEW ABOUT DIET AND 
FLUID INTAKE IN THE CURRENT 

REVIEW? 
Two observational studies examining the effects of 
fluid or serum levels of Vitamin D were found. In one 
study, women with urinary incontinence were sur-
veyed about their fluid intake or restriction and both-
ersome bowel symptoms [265]. There were no asso-
ciations between faecal incontinence of solid or liquid 
faeces and the volume of daily fluid intake or the be-
haviour of restricting fluid (Level of Evidence 3). Fluid 
intake by women with bothersome flatus incontinence 
was less than those with no bother from flatus incon-
tinence. 

As Vitamin D is important for normal muscle function, 
serum Vitamin D levels were compared in 31 women 
with faecal incontinence or 81 female controls with 
normal bowel function referred to a tertiary care cen-
tre for faeca incontinence or gynaecological care, re-
spectively [266]. Women with faecal incontinence had 
significantly lower serum total Vitamin D levels 
(29.2±12.3 ng/ml) (mean±sd) than controls 
(35±14.1). The authors concluded that Vitamin D de-
ficiency may contribute to faecal incontinence in 
women (Level of Evidence 3). 

3. PREBIOTICS, PROBIOTICS, 
SYNBIOTICS  

Background 

A prebiotic is diet ingredient that is not digested by 
human enzymes in the small intestine and stimulates 
the growth or activity of bacteria in the colon. Dietary 
fibre, fructo-oligosaccharides and galacto-oligosac-
charides are prebiotics. A probiotic is a food supple-
ment containing live non-pathogenic and non-toxic 
microbial organisms, such as Bifidobacteria and lac-
tobaccilli, which have the potential to modify the pro-
file microbes in the colon. Yogurt which has active mi-
crobial cultures is a probiotic. A synbiotic refers to a 
product containing a prebiotic and probiotic. In the 
previous reviews, there were no studies examining 
the use of probiotics or synbiotics to treat faecal in-
continence. 

4. DIETARY FIBRE  

Background 

Dietary fibre is the non-starch, polysaccharide com-
ponent of plant cell walls and lignin that resists diges-
tion by human intestinal enzymes[267]. Faecal incon-
tinence is associated with low dietary fibre intake 
(Level of Evidence 1). Overweight women with faecal 
incontinence were 2.5 times as likely to have a low 
fibre intake (≤ 10 g/d) than those without faecal incon-
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tinence [231]. On the other hand, if a higher fibre in-
take increases flatus, faecal incontinence might 
worsen. Bliss et al. [268] showed that flatus increased 
over time in individuals with faecal incontinence tak-
ing one of three supplements of 16 g of dietary fi-
bre/day as well as a placebo supplement. The self-
reported severity of flatus did not significantly differ 
among the groups.  

Summary of Evidence about Dietary Fibre and 
Faecal Incontinence from the 5th ICI 

In two non-experimental studies, a staged interven-
tion in which dietary fibre was the initial treatment, re-
duced faecal incontinence[269,270]. In one of these 
studies, 46% of women taking a supplement of 
methylcellulose followed by the antimotility medica-
tion loperamide as needed were cured of faecal in-
continence while none in the control group receiving 
no intervention was cured [269]. In the second study 
[270], faecal soiling resolved in 24% of patients after 
psyllium supplementation alone, in 48% who added 
rectal/transanal irrigation to psyllium supplementa-
tion, and in 2% in those who added cholestyramine to 
psyllium supplementation transanal irrigation. 

In one randomized clinical trial [27], supplementation 
with one of two soluble dietary fibres of moderate fer-
mentability (psyllium) or high fermentability (gum ara-
bic) was compared to placebo (See Table 16-2). The 
percentage of incontinent stools was significantly 
lower in those taking the fibre supplements than the 
placebo (Level of Evidence 1). The percentage of 
stools that had a loose/liquid consistency was also 
significantly lower in the fibre groups[27].  

Another randomised clinical trial investigated two 
combination treatments: one treatment consisted of 
loperamide, a diet advice sheet describing a high vs. 
low fibre diet, and a fibre supplement, and the other 
treatment used loperamide and a placebo supple-
ment [271]. There was no additional benefit of a die-
tary fibre supplement and diet advice sheet over use 
of the antimotility medication in reducing incontinence 
of flatus, mucus or solid or liquid stool (Level of Evi-
dence 1).  

5. WHAT IS NEW ABOUT 
PROBIOTICS AND DIETARY FIBRE IN 

THE CURRENT REVIEW? 

A case report [252] in which a probiotic (Lactobacillus 
rhamnosus) was included as part of a naturopathic 
therapy for faecal incontinence is described in the 
section on complementary therapies (Level of Evi-
dence 4).  

Two new randomised clinical trials investigating the 
effects of dietary fibre on faecal incontinence were 
conducted. Both studies showed a reduction in faecal 
incontinence from consumption of psyllium fiber, one 

using a higher dose of psyllium [28] and the other a 
lower dose [28,272]. Bliss et al. [28] compared three 
soluble dietary fibre supplements of 16 g total fi-
bre/day and a placebo supplement on the frequency 
of faecal incontinence in community-living adults. The 
supplements were carboxy- methylcellulose, psyl-
lium, and gum arabic and had low, medium, and high 
fermentability. There was a 14-day baseline period 
and a 32-day treatment period during which the fibre 
amount was increased over six days. The primary 
outcome of faecal incontinence frequency was re-
ported daily on a diary for 14 days at the end of each 
period. Secondary measures of all subjects were wet 
and dry stool weights, the water content and total fi-
bre content, adverse symptom severity, and quality of 
life (FIQL score). In 52 randomly selected subjects, 
gel formation and water-holding capacity of stools 
was also measured.  

In the intent-to-treat analysis, data from 206 adults 
with faecal incontinence of loose/liquid faeces who 
were randomly assigned to a group were analysed; 
189 subjects completed the protocol. Both the intent-
to-treat and per protocol analyses showed that faecal 
incontinence frequency significantly decreased after 
supplementation with psyllium fibre compared to pla-
cebo (Level of Evidence 1). The percent change of 
faecal incontinence in the psyllium group was 51%. 
Faecal incontinence severity, measured by a severity 
index of frequency, consistency, and amount, signifi-
cantly decreased in the psyllium group (Level of Evi-
dence 1). The fermentability of psyllium was moder-
ate[273] and a gel formed in stool during psyllium 
supplementation only suggesting a mechanism of 
psyllium’s effect in faecal incontinence. Secondary 
measures did not differ among groups.  

The severity of adverse symptoms, including flatus, 
was small and did not differ among groups ingesting 
dietary fibre or placebo [268] (Level of Evidence 1). 
Those withdrawing from the study were more likely to 
experience bloating or a feeling or fullness and emo-
tional upset from symptoms. Strengths of the study 
included blinding of subjects, pre-prepared supple-
ments with a known amount of fibre, monitoring die-
tary intake with a food diary and adherence with ap-
pearance of a dye in faeces, and using a longitudinal 
analysis that adjusted for baseline faecal inconti-
nence and faecal dietary fibre content. Limitations in-
cluded self-report measures of faecal incontinence 
and use of a diary and faecal incontinence severity 
index whose parts had not all been tested for validity 
and reliability, not double-blinded, some lab 
measures only on a subsample. 

Markland et al. [272] examined the effectiveness and 
tolerance of loperamide (2 mg) versus a supplement 
of psyllium fibre in a cross-over design with a two-
week washout period. Subjects (68% male) were pa-
tients at clinics at veterans’ hospitals who were ran-
domly assigned to take loperamide first then psyllium 
for 4 weeks each or psyllium then loperamide after a 
two-week baseline period. The dose of loperamide 
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was 2 mg/day and that of psyllium was 3.4 mg/day, 
but these could be titrated depending on effects. The 
primary outcome of faecal incontinence frequency 
was reported daily on a diary for 7 days during each 
period. Secondary measures were anal incontinence 
severity (FISI score), quality of life (MMHQ), adverse 
symptoms, and impression of improvement for all 
subjects, and anorectal manometry for a subset of 26 
subjects. There was no significant difference in faecal 
incontinence between treatment groups (Level of Ev-
idence 1).  

Within each treatment group, faecal incontinence fre-
quency significantly decreased from baseline during 
the first treatment period for both treatments, but did 
not significantly change after the crossover to the 
other treatment (Level of Evidence 1). No differences 
were found between groups for secondary measures. 
Anal incontinence severity (FISI) scores improved in 
both groups as did quality of life after the second 
treatment and subjects’ impressions of improvement. 
Loperamide users complained of constipation and 
headache and one serious adverse occurred in this 
group. 

Most anorectal manometry measures did not differ 
between treatment groups except transit time in-
creased with loperamide after the second interven-
tion. A supplement of low dose psyllium was as effec-
tive as loperamide in reducing faecal incontinence 
frequency and was associated with fewer side effects 
(Level of Evidence 1). Strengths of the study were its 
double-blinding and use of a longitudinal analysis. 
Limitations were self-report measures, use of a stool 
diary untested for validity and reliability, potential er-
ror due to subjects needing to prepare part of their 
supplement, possible unmeasured cross-over ef-
fects, a non-equivalent baseline period, and attrition 
during the washout period.  

6. SUMMARY OF CURRENT 
EVIDENCE ON DIETARY FIBRE AND 

PROBIOTICS 

• Two new randomized clinical trials showed that 
a supplement of moderately fermentable, soluble 
dietary fibre (i.e., psyllium) reduced the fre-
quency of faecal incontinence (Level of Evidence 
1). 

• A supplement of a low amount of psyllium fibre 
(3.4 mg/day) was as effective as a low dose of 
loperamide (2 mg/day) in reducing faecal incon-
tinence (Level of Evidence 1). 

• Gel formation in faeces may be a mechanism by 
which psyllium dietary fibre exerts its effect in 
faecal incontinence (Level of Evidence 1). 

• The severity of adverse symptoms of dietary fi-
bre supplementation up to 16 g total fibre/day are 
small on average but tolerance may be more in-
dividual (Level of Evidence 1). 

Current Recommendations for Practice on Diet and 
Fluids 

• Patients should be asked about dietary re-
strictions and meal skipping to assess nutritional 
impact, especially in groups who may be at 
higher risk for malnutrition (Recommendation 
Grade C). 

• Soluble dietary fibre fibre with moderate ferment-
ability such as psyllium is recommended for the 
management of faecal incontinence; starting with 
a lower fibre amount and assessing its effect 
then increasing to a higher amount if needed is 
suggested (Recommendation Grade A). 

• Supplementation with psyllium fibre, especially 
when a low dose is used, is recommended as an 
alternative rather than an adjuvant to antimotility 
medication as a therapy for faecal incontinence 
as their effects may be similar (Recommendation 
Grade B). 

• Soluble dietary fibre with moderate fermentability 
is recommended as part of a combination ther-
apy involving transanal irrigation (Recommenda-
tion Grade B).  

Current Recommendations for Research on Diet and 
Fluids 

• Because dietary fibres differ in their chemical 
composition and properties, future studies are 
recommended to determine the optimal type and 
amount of fibre to use for faecal incontinence.  

• The extent to which modifying usual diet includ-
ing specific foods, caffeine, and alcohol and eat-
ing patterns can reduce faecal incontinence or 
augment other behavioural interventions, such 
as pelvic floor muscle exercises or bowel train-
ing, needs further study.  

• More research is needed about the role of Vita-
min D in the management of faecal incontinence. 
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Table 16-2. Randomised Trials Using Dietary Fibre to Manage Faecal Incontinence 
Study and 
Country 

Design and Sample Intervention and Out-
comes 

Findings Strengths Limitations 

Markland et al. 2015[272]  
USA 
 

Double-blind, randomised, 
cross-over design 
 
80 veterans with faecal in-
continence or liquid or 
solid stool at least weekly 
for 3 months 

Random assignment to 
loperamide  (2 mg/day) 
first then a  supplement of 
psyllium fibre (3.4 
mg/day) or psyllium first 
then loperamide for 4 
weeks each with a 2 week 
washout and a 2 week 
non-equivalent baseline 
period Faecal inconti-
nence frequency was re-
ported daily on a diary for 
7 days during each period  

No significant difference 
in faecal incontinence be-
tween treatment groups.  
Within each treatment 
group, faecal incontinence 
frequency significantly de-
creased from baseline 
during the first treatment 
period for both treat-
ments, but did not signifi-
cantly change after the 
crossover to the other 
treatment. 

Double-blind, and used a 
longitudinal analysis 

Use of a stool diary un-
tested for validity and reli-
ability, potential error due 
to subjects needing to 
prepare part of the sup-
plement, possible un-
measured cross-over ef-
fects, non-equivalent 
baseline period, and attri-
tion during the washout.  

Bliss et al. 2014[28]  
USA 
 
 

Single-blind, randomised, 
placebo controlled, paral-
lel groups 
 
206 community-living 
adults with at least 2 epi-
sodes of faecal inconti-
nence of loose/liquid 
stools in 2 weeks 

One of 3 dietary fibre sup-
plements, carboxy-
methylcellulose, psyllium, 
or gum arabic, (16 g total 
fibre/day) or placebo for 
32 days each 
Faecal incontinence fre-
quency was reported daily 
on a diary for 14 days at 
the end of each period 

Both the intent-to-treat 
and per protocol analyses 
showed that faecal incon-
tinence frequency signifi-
cantly decreased after 
supplementation with 
psyllium fibre compared to 
placebo.  
The percent change of 
faecal incontinence in the 
psyllium group was 51% 

Blinding of subjects, pre-
prepared supplements 
with a known amount of fi-
bre, monitoring dietary in-
take with a food diary and 
adherence with appear-
ance of a dye in faeces, 
and a longitudinal analy-
sis that adjusted for base-
line values 

Use of a diary and faecal 
incontinence severity in-
dex whose parts had not 
all been tested for validity 
and reliability; not double 
blinded; lab measures 
only on a subsample 
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Study and 
Country 

Design and Sample Intervention and Out-
comes 

Findings Strengths Limitations 

Lauti et al. 2008[271]  
Australia 
 

Double-blind, randomised, 
cross-over design using 
blocks of 10 
63 adults with inconti-
nence of mucus, or liquid 
or formed stools.  
started study, and 47 sub-
jects (91% female) com-
pleted the study 
Treatment A n= 31 and 
treatment B n= 32 
49 crossed-over Treat-
ment A = 27 and B = 22 

Treatment A: self-titrated 
dose of loperamide (start-
ing at 2 mg twice/d), 1 
teaspoon of a food thick-
ener containing starch, 
maltodextrin, and locust 
bean gum twice/d, and a 
diet advice sheet about a 
low-fibre residue diet. 
Treatment B: same self-ti-
trated dose of loperamide, 
one teaspoon of psyllium 
fibre in water twice/d, and 
a diet advice sheet about 
a high and low fiber resi-
due diet.  
Treatments were for 6 
weeks each 
Primary measure was 
self-reported anal inconti-
nence for the last 4 weeks 
of each treatment using 
the FISI.  
Secondary clinical 
measures were FIQL and 
SF-36, a measure of gen-
eral health. 

67% of treatment A fibre 
and 73% of treatment B fi-
bre were taken. 
The mean difference in 
the FISI score between 
treatments was not statis-
tically significant.  

A power analysis was 
used for sample size cal-
culation. 
Independent pharmacists 
dispensed the treatments. 
The interval for data col-
lection during both treat-
ments was the same. 
 75% of subjects com-
pleted the study protocol 
and reasons for attrition 
were reported. 

Period and sequence ef-
fects were not reported 
prior to combining all sub-
jects on Treatments A or 
B for analysis. 
Attrition resulted in low 
statistical power. 
There was no theoretical 
or physiological rationale 
for use of dietary fibre for 
leakage of mucus or solid 
stools.  
Subjects mixed their own 
fibre supplements and in-
take was not controlled.  
Doses of the anti-motility 
medication and supposito-
ries for constipation were 
uncontrolled. 
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Study and 
Country 

Design and Sample Intervention and Out-
comes 

Findings Strengths Limitations 

Bliss et al. 2001[27]  
USA 

Randomised, parallel-
group, placebo-controlled,  
single blind trial 
Subjects, statistician, lab 
technician, and subjects’ 
clinicians were blinded.  
39 adults (79% female) 
with faecal incontinence 
of loose or liquid stool at 
least weekly.  
A block scheme resulted 
in equal numbers (n=13) 
in each group.  
Groups’ characteristics 
were comparable at base-
line.  

Intervention: soluble die-
tary fibre supplements 
mixed into fruit juices: 
7.1g of psyllium/d,  
21.5 g of gum arabic/d, or 
placebo (0.2 g pectin/d).  
Supplements taken for 31 
days in addition to usual 
diet 
Faecal incontinence re-
ported daily on a stool di-
ary for 8 d in baseline and 
supplement periods 
Primary measure was the 
proportion of incontinent 
stools. 
Secondary clinical 
measures were stool con-
sistency and frequency, 
and flatulence reported 
daily  
Secondary lab measures 
were stool wet and dry 
weights, % of water, pH, 
total fibre content, water-
holding capacity of stool 
solids, and faecal short 
chain fatty acids. 

Proportion of incontinent 
stools in psyllium or gum 
arabic groups was signifi-
cantly lower than placebo. 
Percent of loose or liquid 
stools in psyllium and 
gum arabic groups was 
significantly lower than 
placebo. 
The water-holding capac-
ity of stool solids was 
highest for the psyllium 
group. 
No significant differences 
among the groups in other 
measures.  

Sample size was based 
on a power analysis. 
Data collection period was 
equal during baseline and 
supplement periods.  
Control of concomitant 
treatments. 
Supplements were pre-
mixed and ready-to-take.  
95% of subjects com-
pleted the study and rea-
sons for attrition were re-
ported. 

Details of the procedures 
for random assignment 
and allocation conceal-
ment were not provided.  
Although adequately pow-
ered, small group sizes 
reduce generalizability of 
findings. 
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 BOWEL MANAGEMENT AND 
RETRAINING PROGRAMMES, 
RECTAL EVALUATION, AND 

TRANSANAL IRRIGATION 

Summary from the 5th ICI 

Expert opinion supports the importance of attempting 
to establish a regular, predictable pattern of bowel 
elimination using patient teaching and adherence to 
a routine [274,275] (Level of Evidence 4). Because 
peristaltic contractions of the colon that are associ-
ated with defaecation increase in frequency following 
awakening from sleep and following meals [276,277], 
the period after breakfast is considered the best time 
for scheduled defaecation. Bowel management, 
bowel habit retraining, or toileting programmes have 
been tested for their effectiveness for faecal inconti-
nence mainly in adults with neurogenic faecal incon-
tinence or in those in long-term care institutions. The 
possibility of managing faecal incontinence through 
bowel habit training by community-living adults with 
normal cognitive function is relatively unexplored.  

As the sensation of a strong urge to defecate is asso-
ciated with some forms of faecal incontinence, some 
biofeedback protocols aim to modify altered rectal 
sensory thresholds as discussed below. Some pa-
tients, mainly those with passive faecal incontinence 
or incomplete evacuation of the rectum, are advised 
to use laxatives, suppositories, enemas, or transanal 
irrigation (also called rectal irrigation) to empty the 
rectum and reduce the risk of faecal incontinence. No 
studies examining the use of laxatives or supposito-
ries to treat faecal incontinence in adults with non-
neurogenic faecal incontinence were found.  

Irrigation of the lower bowel via the rectum has been 
used for many years to manage both faecal inconti-
nence and constipation by patients with neurogenic 
bowel problems such as spinal cord damage, spina 
bifida, multiple sclerosis, stroke etc. [278,279] Ante-
grade irrigation is possible after surgical construction 
of a portal into the intestine. Observational studies 
[118,165,270,279] have shown that transanal irriga-
tion reduced faecal incontinence in 47% to 61% of 
patients (Level of Evidence 3). Patients discontinuing 
transanal irrigation complained of the time required, 
difficulties with the irrigating procedure, incontinence 
of irrigation fluid later in the day, lack of benefit, and 
bothersome symptoms. Transanal irrigation was in-
cluded as part of a staged intervention for faecal in-
continence by patients who still had faecal inconti-
nence after consuming 3.25 g psyllium fibre per day 
and high fibre diet [270]. Patients whose faecal incon-
tinence continued added cholestyramine. Faecal soil-
ing resolved in 24% of patients consuming psyllium 
alone, 48% of patients who added transanal irrigation 

to psyllium supplementation, and 2% who added cho-
lestyramine to the other treatments (Level of Evi-
dence 2). 

Recommendations for Practice for Bowel Train-
ing Rectal Evacuation, and Transanal Irrigation 
from the 5th ICI 

• Attempt to establish a bowel habit routine (Rec-
ommendation Grade C). 

• No recommendation can be made about estab-
lishing a toileting schedule for non-institutional-
ized adults due to a lack of studies (Recom-
mendation Grade D). 

• Urgency resistance training is possibly useful 
for defaecation urgency (Recommendation 
Grade D). 

• Transanal irrigation is recommended for pa-
tients who do not respond to other conservative 
therapies and as part of a combined approach 
of therapies (Recommendation Grade C). 

1. WHAT IS NEW IN THE CURRENT 
REVIEW? 

In the current review, one study [280] described the 
use and evaluation of a mini-irrigation system 
(Qufora®, MBH International A/S, Allerod, Denmark) 
by 50 adults with passive faecal incontinence (n=11), 
incomplete rectal evacuation during defaecation 
(n=35) or both (n=4) undergoing biofeedback ther-
apy. The mini irrigation system consists of a hand-
held bulb used to draw up and deliver tap water 
through a cone at the other end that is inserted into 
the rectum while sitting on the toilet. Thirty-six pa-
tients (72%) reported on a questionnaire completed 
at their clinic that they irrigated less than once a day, 
11 patients (22%) irrigated once per day, and three 
(6%) irrigated more than once a day. More than half 
of the patients (n=29 58%) thought their symptoms 
improved while using the system, two patients 
thought their symptoms completely resolved, 
whereas 14 (34%) did not think the irrigation system 
helped, and one patient said their symptoms wors-
ened. The rate of faecal incontinence was not meas-
ured daily before or during use of the irrigation sys-
tem. Only 14 patients 28% thought that using irriga-
tion system was uncomfortable. Eitghteen patients 
(36%) said they would continue using the irrigation 
system as designed (Level of Evidence 2).  

In a long-term prospective observational study [281], 
the effectiveness of transanal irrigation was assessed 
in patients who received sphincter-saving anterior re-
section for rectal cancer and developed a combina-
tion of faecal incontinence and defaecation difficulty. 
Ten patients had received pre-operative radiother-
apy. All patients had tried other conservative 
measures (dietary counselling, loperamide, or an 
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anal plug). The Peristeen® irrigation system (Colo-
plast A/S, Humblebak, Denmark) which consists of a 
rectal catheter with a balloon, bag with a screw top for 
water, pump for activating the balloon and and flush-
ing water, and a control unit for regulating water, was 
used. Five patients irrigated less than once per day, 
and nine patients (64%) irrigated daily. After an aver-
age of 29 months using transanal irrigation, the 
Cleveland Clinic Score for anal incontinence de-
creased from 17 (15-20 (median (range)) to 5 (4-9) 
(p< .01). The total number of defaecations per day 
significantly decreased from 8 (1-4) to 1 (1-2) after 
using transanal irrigation. Transanal irrigation also re-
sulted in a significant decrease in defaecations during 
the night from 3 (2-5) to 0 (0).  

Median scores on all domains (Lifestyle, Coping/Be-
haviour, Depression/Self-perception, and Embar-
rassment) of the Fecal Incomitance Quality of Life 
Scale significantly improved after using transanal irri-
gation (Level of Evidence 3). Adverse symptoms in-
cluded minor rectal bleeding in four patients and tran-
sient abdominal pain after irrigation in three patients.  

Patton and Lubowski [282] reported a retrospective 
case series of use of an indwelling antegrade conti-
nence enema for 2 to 5.5 years by 54 patients with 
constipation, faecal incontinence, or other elimination 
difficulties from a variety of aetiologies. Six patients 
had incontinence and two had constipation and in-
continence but results for those with faecal inconti-
nence were not reported separately. 

Lyons [283] instituted group sessions for teaching 
and supporting patients using transanal irrigation. 
She observed that the groups helped patients feel 
that they were not alone in needing to use transanal 
irrigation and were a cost-effective means to provid-
ing psychosocial support and improve patients’ skills 
in the procedure (Level of Evidence 2). 

Current Recommendations for Practice for Bowel 
Training and Rectal Evacuation or Irrigation 

• Attempt to establish a bowel habit routine (Rec-
ommendation Grade C). 

• No recommendation can be made about estab-
lishing a toileting schedule for non-institutional-
ized adults due to a lack of studies (Recommen-
dation Grade D). 

• Urgency resistance training is possibly useful for 
defaecation urgency; urgency resistance training 
is part of some biofeedback regimens (See Sec-
tion XI Pelvic Floor Muscle Exercises, Biofeed-
back, and Electrical Stimulation). (Recommen-
dation Grade C). 

• Evacuation of the rectum using a suppository or 
enema in patients with passive faecal inconti-
nence or incomplete rectal evacuation is possibly 
useful (Recommendation Grade D). 

• Transanal irrigation is recommended for patients 
with passive faecal incontinence, incomplete rec-
tal evacuation, or faecal incontinence with defae-
cation difficulty who do not respond to other con-
servative therapies (Recommendation Grade C). 

• Consider group sessions as a way of teaching 
and supporting patients performing transanal ir-
rigation (Recommendation Grade D). 

Current Recommendations for Research for 
Bowel Training and Rectal Evacuation or Irriga-
tion 

• Randomised clinical trials of transanal irrigation 
are needed. 

• Research is needed in all areas of bowel habit 
training and rectal evacuation.  

 COMBINATION THERAPIES 

Summary from The 5th ICI 

Faecal incontinence may be the result of a complex 
combination of alterations in normal anatomy and 
physiology, stool consistency, gut motility, colonic mi-
croorganism environment, emotional and psycholog-
ical status, and access to toilet facilities. Many pa-
tients use a combined approach, for example, adjust-
ing diet, medications, lifestyle, and pelvic floor muscle 
function. Studies of combinations of interventions are 
addressed by the main topic of the intervention in the 
respective section above when possible. A limitation 
of these studies is that the contribution of the individ-
ual components to the overall effect or the effect of 
the order of components has not been determined 
and remains unknown.  

1. WHAT IS NEW ABOUT 
COMBINATION THERAPIES IN THE 

CURRENT REVIEW? 

A study by Sjodhal et al. [284] which compared bio-
feedback to treatment with loperamide and stool bulk-
ing agents, isphagula and stericulia, then to both ther-
apies combined in a randomised crossover design is 
addressed in the section on biofeedback therapy. 

Collins et al.[ 285] performed a retrospective study in 
which patients treated for anal incontinence or consti-
pation were classified into three groups: those receiv-
ing (1) defaecatory techniques and biofeedback, (2) 
dietary advice and education about medications and 
suppositories, and (3) rectal irrigation and anal plugs. 
Anal incontinence was graded in 231 patients with 
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anal incontinence before and after treatment using St. 
Mark’s score. There was a decrease in the median 
St. Mark’s score from 10 of a possible 24 (5-14) to 4 
(1-6) (median (interquartile range)). However, the re-
sults were not reported by the type of treatment (Level 
of Evidence 3). 

 MEDICATION TREATMENT OF 
FAECAL INCONTINENCE  

1. GOALS 

With the recognition that severity is subjective, treat-
ment should be allocated according to symptom pro-
file and patient lifestyle. The goals of this section are 
to identify the drugs and other conservative/medical 
interventions that have been used to treat faecal in-
continence and to evaluate the evidence regarding 
their efficacy (See Table 16-3). Drugs can be com-
bined for synergistic effect, helping reduce individual 
doses; loperamide plus codeine phosphate and 
loperamide plus amitriptyline are examples. The con-
servative/ medical management of faecal inconti-
nence has focused exclusively on three mechanisms: 

1. Reduction of diarrhoea. Diarrhoea is consistently 
found to be a strong risk factor for faecal inconti-
nence.  

2. Increasing resting anal canal pressure. Low rest-
ing anal canal pressure is a risk factor for passive 
faecal incontinence, and is commonly seen fol-
lowing some types of anorectal surgery (e.g., il-
eal pouch procedures, sphincterotomy, abdom-
ino-perineal pull-through for imperforate anus). 

3. Treatment or prevention of constipation. Consti-
pation is frequently found to be a risk factor for 
faecal incontinence, especially in children and 
the elderly [286].  

Recommendations for Clinical Practice for Drug 
Treatment of Faecal Incontinence from the 5th ICI 

• Treat faecal incontinence with diarrhoea with 
anti-diarrhoeal medication. (Recommendation 
Grade C); titrate the dose to individual re-
sponse (Recommendation Grade C). 

• We are unable to recommend sphincter modify-
ing drugs (Recommendation Grade D). 

Summary of Evidence on Medication Treatment 
for Faecal Incontinence from the 5th ICI 

Treatment of Diarrhoea-Associated Faecal Incon-
tinence with Antidiarrhoeal Drugs, Loperamide 
and Diphenoxylate 

Loperamide (synthetic opioid with µ-agonist activity) 
is the most studied drug specifically for diarrhoea-as-
sociated faecal incontinence. The mechanism of ac-
tion is slowing of gut transit, increasing fluid reabsorp-
tion and reducing secretion, as well as directly in-
creasing resting anal pressure. There were 9 studies 
in adult subjects [133,149,287] and 3 studies in chil-
dren [126,288,289].  

• Due to design, sample size and case selection, 
a methodologically sound meta-analysis is not 
feasible.  

• Loperamide improves continence by reducing di-
arrhoea, being superior to codeine and diphe-
noxylate in this respect.  

• Syrup formulation offers the opportunity of finer 
dose-titration to avoid constipation. 

• Tolerance does not seem to develop with chronic 
use. 

• Diphenoxylate, a natural opioid, is usually com-
bined with atropine to reduce abuse potential 
and can cause anticholinergic effects.  

• Codeine phosphate is another opiate derivative. 
Clinical effects are like those of loperamide, but 
it is harder to titrate and adverse effects (nausea 
and tolerance) become prominent with time. 

Palmer [290] compared loperamide (average of 
4.6mg/day) to codeine (average of 103mg/day) and 
diphenoxylate (average of 12.5mg/day) in 30 patients 
with diarrhoea, of whom 19 had faecal incontinence. 
Loperamide significantly decreased stool frequency, 
improved stool consistency, and showed a trend for 
less faecal incontinence. Effect was like codeine and 
superior to diphenoxylate. 

Fox et al. [291] undertook a double-blind placebo- 
controlled cross-over trial of loperamide in 10 obese 
subjects taking orlistat with resulting faecal inconti-
nence. Loperamide significantly decreased soiling 
and faecal incontinence and increased resting anal 
canal pressure.  

Lahti et al. [271] conducted a double-blind cross- over 
trial comparing loperamide plus fibre supplementa-
tion to loperamide with a low fibre placebo supple-
ment in 63 patients. Both groups showed a significant 
improvement in faecal incontinence, but the addition 
of fibre to loperamide did not increase benefit.  

Sze and Hobbs [151,269] investigated the additional 
benefit of loperamide over methylcellulose in an open 
controlled, study of 69 patients. Combination therapy 
“cured” 46% with a tendency towards constipation 
(which was modified by dose reduction).  

Other Antidiarrhoeal Drugs 

Santoro et al. [292] carried out an uncontrolled study 
of amitriptyline 20 mg at bedtime, in 18 patients with 
faecal incontinence of whom 3 reported improvement 
and 13 became constipated.  
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Sucralfate is a formulation of aluminium hydroxide 
used primarily for the treatment of peptic ulcers. A 
large randomised controlled trial showed no signifi-
cant benefit for diarrhoea [135] and a worsening of 
faecal incontinence [138] in patients with radiother-
apy-induced symptoms. 

Bharucha and Fletcher [219] undertook a 4-week trial 
of clonidine showing a modest reduction of stool fre-
quency and improvement of faecal incontinence.  

Adrenoceptor Agonists 

Phenylephrine gel, an alpha-1 adrenergic agonist, 
has been investigated for the treatment of passive 
faecal incontinence [178,179,181,293,294]. Two 
studies failed to show any benefit [178,179,181] and 
two others [178,179,293,294] suggested a modest 
benefit. The clinical utility of phenylephrine gel seems 
limited, and the topical preparation was associated 
with local discomfort. L-erythro methoxamine gel, an 
alpha-1 adrenoreceptor agonist like phenylephrine, 
was shown to increase internal anal sphincter resting 
pressure [180,183].  

Valproate Sodium  

This gamma-amino butyric acid transaminase inhibi-
tor increases anal canal resting pressure. It was com-
pared to placebo in two randomised placebo-con-
trolled studies of post-operative patients and found to 
improve rectal physiology and faecal incontinence 
[184,187].  

Drug Treatment of Constipation-Associated Fae-
cal Incontinence  

Constipation-associated faecal incontinence, some-
times referred to as “overflow incontinence” [295]. It 
is more common in children, nursing home residents, 
and in patients with spinal cord injury. Chapter 11 
deals specifically with faecal incontinence in the frail 
elderly where more detail can be found. No studies of 
treating constipation-associated faecal incontinence 
in community, independent-living adults with medica-
tions were found in 2012 or the current review. 

2. WHAT IS NEW ABOUT 
MEDICATION TREATMENT IN THE 

CURRENT REVIEW? 

Two studies on loperamide for faecal incontinence 
showed benefit of the drug alone or in combination 
with standard medical therapy or biofeedback. Judah 
et al. [284] undertook an open controlled study of bi-
ofeedback with loperamide and fibre supplementation 
in 57 patients. They showed that such combination 
therapy improved stool consistency and faecal incon-
tinence. Markland et al. [272] conducted a random-
ised, double-blind, placebo-controlled cross-over trial 
comparing loperamide (followed by psyllium) and 
psyllium (followed by loperamide). Whilst both drugs 

reduced faecal incontinence, loperamide was associ-
ated with greater frequency of constipation. 

A recently developed opioid agonist, eluxadoline, has 
been shown to have antidiarrhoeal properties, and 
has been licensed for use in the irritable bowel syn-
drome in North America [296]. The drug acts on al-
pha-receptors (and to an extent also the beta-recep-
tors) in the gut to improve stool consistency, reduce 
bowel frequency and faecal urgency [297]. Its poten-
tial use in faecal incontinence remains to be studied. 

In a placebo-controlled clinical trial, a topical adreno-
ceptor agonist agent had no benefit over placebo in 
increasing sphincter pressure, and the study showed 
a strong placebo response by the subjects [298]. This 
underlines the vital importance of having placebo-
controlled studies in this disease area where uncon-
trolled studies and case series can predominate. 

Current Recommendations for Clinical Practice for 
Medication Treatment of Faecal Incontinence 

• Loperamide is useful for diarrhoea-associated 
faecal incontinence. There is some evidence 
that the loperamide may be superior to diphe-
noxylate (Level of Evidence 2). 

• Use of loperamide can be similarly effective to 
supplementation with psyllium fibre in reducing 
faecal incontinence (Level of Evidence 1). 

• Sodium valproate may have a modest role in 
post-surgical faecal incontinence (Level of Evi-
dence 3). 

Current Recommendations for Research for Drug 
Treatment of Faecal Incontinence 

• Well-designed studies are needed to validate 
the common clinical practice of using laxatives 
to treat constipation-associated faecal inconti-
nence. 

• There is a need for further research on prepara-
tions, doses and combination therapies for all 
types of faecal incontinence and all patient sub-
groups. 

• There is need to develop new targets for poten-
tial topical treatment, informed by the negative 
data from recent studies. 

• The vital importance of placebo-controlled stud-
ies is emphasized by the negative data on L-
erythro methoxamine gel.  

• Eluxadoline, a novel opioid agonist with low bio-
availability, needs to be studied in patients with 
faecal incontinence. 
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Table 16-3. Effectiveness of Medication Treatment for Faecal Incontinence  

Citation Sample Study Design Major Findings Adverse Events Comments 
Markland  
et al. 2015[272]  

Double-blind, random-
ised, cross-over design 
80 veterans with faecal 
incontinence or liquid or 
solid stool at least 
weekly for 3 months 
 

Random assignment to 
Loperamide  
(2 mg) first then a sup-
plement of psyllium fibre 
(3.4 mg) or psyllium first 
then loperamide for 4 
weeks each with a 2-
week washout and a 2-
week non-equivalent 
baseline period  
Faecal incontinence fre-
quency was reported 
daily on a diary for 7 
days during each period  

No significant difference 
in faecal incontinence 
between treatment 
groups.  
Within each treatment 
group, faecal inconti-
nence frequency  
significantly decreased 
from baseline during the 
first treatment period for 
both treatments, but did 
not significantly change 
after the crossover to 
the other treatment. 

Loperamide group had 
one adverse event, con-
stipation and  
none in psyllium group 

Use of a stool diary un-
tested for validity and 
reliability, potential error 
due to subjects needing 
to prepare part of the 
supplement, possible 
unmeasured cross-over 
effects, non-equivalent 
baseline period, and at-
trition during the wash-
out 

Bharucha  
et al. 2014[219]  

Double-blind, random-
ised, placebo-controlled, 
parallel-group study 
44 women (age 18-75 
years) with urge-pre-
dominant FI of 1 year or 
longer duration.  
 

After a 4-week beeline 
(no drug) period, pa-
tients with ≥ 4 FI epi-
sodes/4 weeks were 
randomly assigned to 
clonidine  
(0.1 mg bid) or placebo. 
Symptoms, anal pres-
sures, rectal compliance 
and sensation were as-
sessed before and after 
therapy. Anal sphincter 
injury was evaluated by 
endoanalmagnetic reso-
nance imaging. 

Differences in faecal in-
continence and anorec-
tal functions between 
treatment groups were 
not significant. How-
ever, clonidine reduced 
the proportion of loose 
stools in patients with 
diarrhoea and reduced 
(p=0.08) the proportion 
of days with FI in pa-
tients with diarrhoea. 

Adverse events were 
more common for 
clonidine (19 patients) 
than placebo (7 pa-
tients).  
Of individual side  
effects, dry mouth was 
more common after 
clonidine than placebo. 

Further studies are 
necessary to evaluate 
effects of clonidine in 
patients with diarrhoea 
and FI. 
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Citation Sample Study Design Major Findings Adverse Events Comments 
Bharucha  
et al. 2010[299]  
 

 

12 women with urge-
predominant faecal in-
continence and mixture 
of sphincter integrity. 
Outcomes: diary data, 
faecal incontinence 
symptom severity score, 
FIQoL, anorectal physi-
ology 

Open label, uncontrolled 
study of 4 weeks’ 
clonidine via patch 
(0.2mg/day) 

Clonidine reduced stool 
frequency and propor-
tion of patients with 
>50% reduction of fae-
cal incontinence epi-
sodes (9 of 12, 75%) 
and faecal incontinence 
days (8 of 12, 67%).  
No changes by manom-
etry, but slight increased 
rectal capacitance with 
clonidine 

6 (50%) had adverse ef-
fects. 5 (42%) had skin 
reaction, 3 (25%) fa-
tigue, 2 (16%)  
postural hypotension 
and 2 (16%) dry mouth. 

Unclear whether effects 
most marked in those 
with baseline looser 
stool 

Sze & Hobbs 2009[269]  59 patients and 10 con-
trols (latter recruited if 
declined active treat-
ment). Outcomes: over-
all improvement and 
Pescatori score at 8 
weeks 

Prospective unblinded 
controlled study of me-
thyl-cellulose with or 
without loperamide  

27 patients (46%) 
“cured” by intervention, 
equally whether solid or 
liquid stool  
incontinence 

Constipation with 
loperamide, relieved by 
dose alteration. 

40 of 59 used 
loperamide. Power cal-
culation aimed to detect 
46% difference in open 
study. 

Remes-Troche  
et al. 2008[300,301]  
 

21 patients with faecal 
incontinence treated 
with cholestyramine plus 
biofeedback and 
matched cohort of 21 
with faecal incontinence 
who underwent biofeed-
back alone 

Prospectively collected 
data which was retro-
spectively compared be-
tween groups. Median 
cholestyramine dose 
4gm 

Improved stool fre-
quency and consistency 
with cholestyramine 
only, not biofeedback. 
faecal incontinence 
symptoms and global 
satisfaction similar in 
both groups. Physiologi-
cal measures improved 
in both groups. 

Side effects in 7 (33%), 
constipation 4 (19%), 
bloating (9%) and head-
ache 1 (5%).  

Poor palatability 
 
Side effects improved 
with dose reduction. 

Lauti et al. 2008[271]  63 randomised (49 com-
pleted both phases of 
cross-over) consecutive 
referrals to specialist 
centre. 

Double-blind random-
ised cross-over trial, 
each treatment was 6 
weeks. Treatment A = 
low-residue diet sheet, 
placebo fibre and 
loperamide Treatment B 
= psyllium fibre, low and 
high residue diet sheet 
and loperamide. 

FISI scores fell from 
baseline 31 to 18 for 
treatment A and 19 for 
treatment B. No differ-
ences between treat-
ments in terms of FISI 
or FIQL. 
 

Nil major adverse 
events – palatability of 
supplements caused 1 
patient (3%) to withdraw 

Marked inter-individual 
variation, hence  
importance of tailoring 
fibre to individual  
symptom profile. 
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Citation Sample Study Design Major Findings Adverse Events Comments 
Demirci et al. 2006[302]  Two stage study. 

Stage I: 287 tertiary re-
ferred patients. Multiple 
aetiologies (including 
transit disorders), mixed 
treatments based on 
consensus algorithm 
Stage II: 36 patients, 
mixed aetiology includ-
ing transit disorders 
outcome measured at 
median of 2 months af-
ter treatment 

Stage I: intention to as-
sess proportion of pa-
tients suitable for medi-
cal treatment. Quanti-
fied by Pescatori scale. 
Stage II: uncontrolled 
trial of efficacy of medi-
cal therapy – unclear 
duration of treatment. 
Wexner score outcome 

Stage I: 44% recom-
mended drug treatment 
(anti-diarrhoeal, laxa-
tives, enemas or anti-
depressants), 18% bio-
feedback and 35% sur-
gery. 
 
Stage II: 22% “cured,” 
39% improved, 39% un-
changed  
(non-compliance 11%, 
untreatable transit is-
sues 17%, faecal  
incontinence despite 
“normalising” transit 
11%). 

None reported Low quality – time lapse 
of many years between 
stages, not clear  
algorithm applied  
prospectively in all  
subjects. Stage II – 
small numbers, no  
attrition rate details 

Santoro  
et al. 2000[303]  

18 patients and 24 con-
trols (latter for anal 
physiology measure-
ments) 

Open study of 20 mg 
amitriptyline for 4 weeks 

Faecal incontinence 
scores reduced from 
median 16 (maximum 
18) pre-treatment to 3. 
Treatment reduced am-
plitude and frequency of 
rectal  
contractions and  
improved sphincter 
pressure. 

Dry mouth or  
drowsiness in 4 patients 
(22%)  
 
Nil withdrew 

Effects suggested to be 
mediated by  
anti-muscarinic slowing 
of transit, and improved 
anon-rectal coordination 

Guillemot  
et al. 1995[304]  

24 patients (16 biofeed-
back (BF) treated and 8 
anti-diarrhoeal and en-
ema treated), mixed ae-
tiology.  
12 controls. 30-month 
follow-up 

Unblinded randomised 
clinical trial (RCT) 

At 30 months,  
non-significant change 
in Wexner score in both 
BF-treated (17.8 to 
14.4) and  
medical-treated (17.0 to 
18.0) groups. More 
marked BF change at 6 
months 

Nil significant Low quality study 
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 PELVIC FLOOR MUSCLE 
EXERCISES, BIOFEEDBACK, AND 

ELECTRICAL STIMULATION 

1. BACKGROUND 

Pelvic floor muscle training (PFMT), biofeedback 
(BF), electrical stimulation of the anal mucosa (ES), 
and tibial nerve electrical stimulation (TNS) are dis-
tinctly different therapeutic techniques for treating 
faecal incontinence; see descriptions below. How-
ever, they are discussed together in this section be-
cause many studies compare these techniques to 
each other while other studies test combinations of 
these techniques (e.g., BF combined with ES) (See 
Table 16-4).  

1.1. Pelvic Floor Muscle Training  
The patient is instructed to contract the pelvic floor 
muscles (usually maximally) including the external 
anal sphincter and puborectalis while keeping ab-
dominal wall muscles relaxed and to do this multiple 
times each day with the goal of strengthening pelvic 
floor muscles. In a typical protocol the patient may be 
instructed to squeeze for 10 seconds while continuing 
to breathe deeply so that the abdominal wall muscles 
do not also contract. Ten to 20 such 10-sec squeezes 
are separated by 20 second periods of pelvic floor re-
laxation. Often patients are instructed to squeeze 10-
20 times in a block and to repeat this block of exer-
cises 3-5 times a day. The patient may be taught how 
to perform this exercise using only verbal or written 
instructions [305], or they may be given verbal feed-
back on their performance by the therapist during a 
digital rectal examination [306,307]. However, elec-
tronic or mechanical devices are not used to amplify 
the sensory information available to the patient to 
make them more aware of how well they are perform-
ing the exercises; this distinguishes PFMT alone from 
PFMT with BF.  

1.2. Biofeedback 
BF is distinguished from PFMT alone using electronic 
or mechanical devices to augment the intrinsic sen-
sory information available to the patient on how well 
they are contracting and relaxing their pelvic floor 
muscles. The purpose of this type of training is to en-
sure that patients learn the appropriate way to selec-
tively contract and relax the pelvic floor muscles while 
keeping abdominal wall muscles relaxed.  

Another feature of many biofeedback training proto-
cols is sensory training (rectal balloon training) or co-
ordination training [308]. Because of neurological in-
juries, many patients lose the ability to recognize sen-
sations associated with the movement of stool into 
the rectum and may fail to contract the pelvic floor 
muscles to avoid stool leakage. In sensory training, a 
balloon-tipped catheter is introduced into the rectum 
and distended with varying volumes of air to help the 
patient learn to recognize weaker distensions. Coor-
dination training is a variant of sensory training and 
refers to having the patient practice contracting pelvic 
floor muscles in response to any sensation of rectal 
distention until this becomes a well-practiced habit 
[240]. 

A third type of BF training for faecal incontinence (in 
addition to strength training and sensory training) has 
recently been described and is referred to as urge re-
sistance training [308]. This is intended for patients 
who experience intense sensations of urgency to def-
ecate prior to stool leakage. These sensations may 
be associated with prolonged smooth muscle con-
tractions of the rectum leading to reflex inhibition of 
the external anal sphincter and puborectalis muscles 
and rectal evacuation[309]. These smooth muscle 
contractions may be triggered by stress or anxiety 
[310] or by food ingestion [311]. Urge resistance train-
ing has the goal of desensitizing the patient to the 
sensation of rectal fullness or rectal contraction. This 
is accomplished by (1) teaching the patient to use 
deep breathing or another relaxation technique to 
counteract anxiety and (2) progressively inflating a 
balloon in the rectum to desensitise the patient to the 
sensation of rectal filling[312].  

1.3. Electrical Stimulation  
Electrical stimulation from probes placed in the anal 
canal as far up as the puborectalis muscle or from 
electrodes on the perineum adjacent to the anus has 
also been used to treat faecal incontinence. In typical 
applications, stimulation is performed daily at home 
using a battery operated electrical pulse generator 
connected to the anal electrodes [307]. Different the-
ories have been advanced to account for how this 
might facilitate continence [307]. In the earliest appli-
cations, ES was used at intensities that triggered a 
contraction of the pelvic floor muscles, and patients 
were encouraged to try to augment the contractions 
produced by ES or to try to reproduce these contrac-
tions without electrical stimulation. Others have sug-
gested that the stimulation of afferent nerves by lower 
intensities of ES may help by increasing the sprouting 
of synapses peripherally or the size of the receptive 
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fields for these nerves in the brain [313]. ES is some-
times combined with BF [314].  

1.4. Tibial Nerve Stimulation 
This is a form of ES in which surface electrode is 
placed on the skin over the tibial nerve on one ankle 
and referenced to another electrode on the ipsilateral 
foot (transcutaneous, TTNS) or a needle inserted be-
neath the skin close to the tibial nerve on one side 
and is referenced to an electrode on the ipsilateral 
foot (percutaneous, PTNS) [315]. Typical TTNS stim-
ulation parameters are 200 microsecond pulses at a 
frequency of 10 Hz and current of up to 30 mA. Typi-
cal PTNS stimulation parameters are 200 microsec-
ond pulses at a frequency of 10-20 Hz and up to 9 
mA. In the 5th ICI, Chapter 17, the faecal inconti-
nence Surgery Committee reviewed the evidence for 
tibial nerve stimulation available at that time and con-
cluded: “Posterior tibial nerve stimulation is an inves-
tigational technique with few available data regarding 
efficacy and outcome.”  

Summary of Assessment of Biofeedback Therapy 
from the 5th ICI 

In the last International Consultation on Incontinence 
the working committee concluded with a cautious en-
dorsement of biofeedback: “Manometric biofeedback 
training is possibly effective” [but] “the variability be-
tween studies suggests that results may be depend-
ent on the training and experience of the therapist.” 
The evidence supporting this conclusion was based 
largely on an randomised clinical trial (RCT) by Hey-
men et al.[305] and an updated Cochrane review 
[316]. Other studies included in this review were 
judged to have significant limitations.  

In the study by Heymen et al.,[305] patients with at 
least weekly solid or liquid faecal incontinence were 
randomized to either BF PFMT or PFMT alone for 6 
sessions. However, before they began their investi-
gational treatment, all patients were first provided 
with 4 weeks of conservative management consisting 
of patient education about the physiology of faecal in-
continence and instructions in how to normalise stool 
consistency with fibre or non-prescription medication. 
Only patients who failed to report adequate relief from 
conservative management (79%) could continue and 
be randomised to receive BF PFMT or PFMT alone.  

The primary assessment was at 6 months, corre-
sponding to 3 months after the end of the 3-month 
treatment period. Patients who reported adequate re-
lief at 3 months were followed up again at 12 months, 
whereas patients not reporting adequate relief at 3 
months were assumed to be non-responders at 12 

months. Patients treated with BF PFMT were signifi-
cantly more likely than patients treated with PFMT 
alone to report adequate relief (76% vs. 41%). Conti-
nence (zero faecal incontinence episodes in the pre-
vious month) was achieved by 44% of biofeedback-
treated patients compared to 21% of PFMT-only pa-
tients. Scores on the validated Fecal Incontinence 
Severity Index [17] also showed significantly greater 
improvement in the biofeedback patients compared 
to the PFMT-only patients at 3 months and again at 
12 months’ follow-up. Biofeedback-treated patients 
increased their anal canal squeeze pressures and de-
creased their abdominal wall tension significantly 
more than PFMT-only patients when squeezing to 
prevent stool leakage. This study showed that BF 
PFMT was superior to PFMT alone in patients with 
moderate to severe faecal incontinence. It also 
showed that treatment benefits for both biofeedback 
and PFMT were not explained by nonspecific effects 
of conservative treatment. 

The updated Cochrane review [316] surveyed the lit-
erature until January 2012 and identified 21 studies 
for analysis. Unlike the previous Cochrane review 
[317], this one resulted in a qualified endorsement of 
biofeedback for the treatment of faecal incontinence: 
“We found some evidence that biofeedback and elec-
trical stimulation may enhance the outcome of treat-
ment compared to electrical stimulation alone or ex-
ercises alone…While there is a suggestion that some 
elements of biofeedback therapy and sphincter exer-
cises may have a beneficial effect, this is not certain.”  

Summary of Assessment of Pelvic Floor Exer-
cises from the 5th ICI 

The 5th ICI concluded: “PFMT is possibly effective for 
the treatment of faecal incontinence.” This conclusion 
was based on a study showing that PFMT was more 
effective than conservative management, although it 
was less effective that BF combined with PFMT [305]. 

Summary of Assessment of Electrical Stimulation 
of the Anal Mucosa or Perineum from the 5th ICI 

In the previous ICI report [318] reviewers concluded: 
“There is no support for the addition of electrical stim-
ulation from non-implanted devices” This conclusion 
was based on the lack of good quality RCTs during 
the period from 2008 to January 2012, and the ab-
sence of any Cochrane systematic review of the ef-
fects of ES from peripheral devices since 2007 [313]. 
By January 2012 it seemed evident to the reviewers 
that interest had shifted from peripheral ES of the rec-
tum and anal canal to two new types of ES: stimula-
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tion from wire electrodes surgically implanted along-
side sacral nerves [319,320] or tibial nerve stimula-
tion [321,322] In the 5th ICI these topics were re-
viewed by the surgery committee.  

2. WHAT IS NEW IN THE CURRENT 
REVIEW? 

Biofeedback Compared to Standard 
Conservative/ Medical Care 
Two new RCTs followed a traditional design by com-
paring BF to standard conservative/medical care, de-
fined as dietary counselling and use of antidiarrhoeal 
drugs or laxatives to normalise stool consistency. Da-
mon et al. [323] randomised patients to receive either 
standard medical care alone or standard medical 
care plus 20 sessions of BF, and found that signifi-
cantly more of the BF-treated patients met the re-
sponder definition compared to the standard medical 
care only group. Sjodahl [284] used a crossover de-
sign in which patients were initially randomised to re-
ceive either standard medical care or 3 sessions of 
EMG BF in phase 1 and the combination of standard 
medical care and BF in phase 2. There was no evi-
dence of differential effects in phase 1, but the com-
bined treatment was associated with significant im-
provement compared to baseline. Since most pa-
tients had tried standard conservative/medical care 
prior to the study and the BF training was less than is 
usually employed in phase 1, this study may also be 
supporting the efficacy of BF.  

The Pelvic Floor Disorders Network, which is a con-
sortium of 8 academic surgical divisions supported by 
the National Institute for Child Health and Human De-
velopment, is conducting a multicentre trial of bio-
feedback and/or loperamide for the treatment of fae-
cal incontinence. Results are not yet available, but 
the study design and methods have been published 
[324]. This study uses a factorial design which com-
pares 4 groups: biofeedback plus loperamide, 
loperamide plus education (control for biofeedback), 
biofeedback plus placebo tablets, and patient educa-
tion plus placebo tablets. A detailed protocol for con-
ducting biofeedback training using new software 
which provides the therapist with prompts to help 
standardise the biofeedback intervention across sites 
as well as individualising biofeedback to the patient’s 
specific deficits, has been published [312].  

Electrical Stimulation  
Two RCTs evaluated the efficacy of a triple therapy 
(3T) protocol in which medium frequency electrical 
stimulation (3000 Hz, 500 mV) plus EMG BF was 
compared to either EMG BF alone [300] or to low fre-
quency ES (100 Hz, 50 mV) alone[325]. These two 
studies were published prior to 2012 but were inad-
vertently missed in the previous review. Triple ther-

apy is a complex protocol in which patients are di-
rected to practice during two 20-minute sessions 
each day at home. In the morning session, they re-
ceived EMG BF and alternately contracted their pel-
vic floor muscles voluntarily or stimulated contrac-
tions with medium frequency ES. In the afternoon 
session, they received EMG BF and were also pro-
vided with medium frequency ES contingent on a vol-
untary contraction that exceeded an individually de-
termined threshold. The threshold required to trigger 
ES was progressively raised as performance im-
proved to encourage stronger contractions. Triple 
therapy was provided by battery-operated devices at 
home. A minimum of 6 months of twice daily sessions 
was required to improve faecal incontinence. 

A study by Schwandner et al. in 2010 [300] compared 
3T to EMG BF alone and found that the 3T group im-
proved significantly more than the group treated with 
EMG BF at 9 months but not at 3 months. However, 
this study had limitations: Some patients had only 
mild faecal incontinence and 15% were only inconti-
nent for flatus. In addition, the drop-out rate was high: 
only 24% of the EMG BF-only group completed the 9-
month trial and only 54% of the combined ES plus BF 
group completed the trial. However, these limitations 
do not explain the findings because the data were an-
alysed by intention to treat. 

A second study from this group of investigators [325] 
compared 3T to low frequency (100 Hz, 50 mV) ES, 
with both treatments provided twice a day for 20 
minutes each for a total of 6 months. There were few 
drop-outs: 92% of the 3T group and 84% of the EMG 
BF group completed the 6-month trial. The 3T group 
showed significant improvement by 3 months 
whereas the low frequency ES group showed no 
change from baseline at 3 or 6 months. A limitation of 
this study was the lack of blinding.  

Two other studies tested low frequency ES alone 
[326] or combined ES with BF [327]. The aim of the 
first study was to compare daily home ES to standard 
BF training in six weekly sessions provided in the 
clinic. There was no difference between these two 
treatments in overall improvements in faecal inconti-
nence, although there was a significant decrease in 
faecal incontinence frequency from baseline to the 
end of treatment for the ES group. Home ES was less 
costly than BF provided in the clinic.  

In the second study, ES was combined with BF but 
only in half of patients (28/62), and then only if, in the 
opinion of the investigators, ES was needed to “help 
the patient identify and contract their sphincter;” 
There was no difference in faecal incontinence sever-
ity or faecal incontinence quality of life between the 
BF/ES group and the dextranomer–injected group at 
the six month assessment. 

Home Biofeedback Training 
The efficacy of home-based BF, which allows for 
more frequent BF training and reduces the amount of 
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professional time required, was the focus of six stud-
ies. Two studies in which 3T was provided twice daily 
for 6-9 months were described above [300,325]; both 
supported the efficacy of 3T. Dehli et al.[327] com-
pared intra-anal injections of a bulking agent to 6 
months of twice-daily BF and found that both treat-
ments improved faecal incontinence severity and 
quality of life with no significant difference between 
treatments. Damon et al.[323] compared 4 months of 
home-BF to standard medical care and reported that 
significantly more patients in the BF group were re-
sponders. Bartlett et al.[328] tested whether the addi-
tion of home BF to clinic BF improved outcomes com-
pared to clinic BF alone: for the whole group, supple-
mentation with home BF did not significantly improve 
outcomes, but a post hoc analysis showed that the 
youngest half of the patients (below the median age 
of 61) did benefit significantly more when clinic-based 
BF was augmented by home BF [240]. A study by 
Peirce et al. [329] compared daily home BF to daily 
PFMT for 3 months to determine whether either treat-
ment could prevent faecal incontinence in women 
with a third-degree sphincter laceration sustained 
during childbirth. There was no evidence that home 
based biofeedback training prevented the develop-
ment of faecal incontinence, but the study was under-
powered to show a difference in incident faecal incon-
tinence.  

The six studies of home biofeedback described 
above suggest that home practice 1-2 times daily with 
a battery-operated BF device is more beneficial than 
either ES or BF in the clinic, or standard conserva-
tive/medical care. Home BF may also be less costly 
to provide. However, these studies also suggests that 
home BF has possible limitations: (1) longer periods 
of BF training may be required (at least 6 months ac-
cording to one investigator); (2) on average, younger 
patients benefit more than older patients; and (3) 
daily practice is a burden which may increase the 
drop-out rate. 

PFMT Studies 
Daily pelvic floor muscle exercises are often com-
bined with clinic-based BF [284]. Three studies pub-
lished since 2012 evaluated PFMT as the primary 
treatment [329-331]. Glazener et al. [330] reported 
the long-term follow up of a study comparing PFMT 
to standard medical care. All 747 women included in 
this study had urinary incontinence 3 months after 
vaginal delivery, and 15.7% of them also reported 
faecal incontinence. PFMT had a significantly greater 
impact on faecal incontinence than standard medical 
care at 1 year follow up but not at 12 years. Limita-
tions to this study are that comparisons at 12 years 
are confounded by some patients undergoing addi-
tional treatments, especially if they had an inade-
quate response to the initial treatment, and progres-
sion of underlying disease.  

Pierce and colleagues [329] compared PFMT alone 
to PFMT supplemented by clinic based BF in 120 

women with a third-degree sphincter laceration dur-
ing vaginal delivery, to determine whether supple-
mental BF is more effective at preventing faecal in-
continence. No differences were seen, but the study 
was underpowered to detect a difference in incident 
cases of faecal incontinence.  

Lin et al. [331] tested whether PFMT and a pamphlet 
(recommendations for post-surgical care) were more 
effective than the pamphlet alone in reducing faecal 
incontinence following low anterior resection for can-
cer. PFMT was taught by a research assistant the day 
before discharge from the hospital, and appropriate 
performance of the exercises was confirmed by phys-
ical examination before discharge and at the first fol-
low up visit. PFMT patients were provided with a DVD 
to remind them how to perform PFMT, and they were 
instructed to practice 20 squeezes 4 times each day. 
Cleveland Clinic Incontinence scores were signifi-
cantly lower in the PFMT group compared to the no-
exercise group at follow-up visits for months 1-6, but 
by 9 months’ continence had improved in the no-ex-
ercise group to the same level as in the PFMT group. 
An unanswered question remains whether PFMT 
taught by digital palpation of pelvic floor muscles ra-
ther than by verbal or printed instructions, is as effec-
tive as BF augmented by PFMT, as some earlier stud-
ies suggested [229,306].  
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Table 16-4. New Evidence for the Efficacy of Biofeedback, Pelvic Floor Muscle Therapy, Electrical Stimulation, and Tibial Nerve Stimulation 
First author, Year, Refer-
ence 

Aims Subjects Study Design Results Comments 

Sjodahl, 2014[284]  Compare 3 conditions: 
EMG BF (median of 3 vis-
its in 4-6 months); medical 
treatment only (1 mg 
loperamide 2 g fibre for 2 
months); and combined 
BF and medical treatment  

64 females aged 18+ with 
at least 1 episode faecal 
incontinence in 2 weeks 
Excluded patients with 
any disease explanation 
for faecal incontinence but 
allowed those with sphinc-
ter tears Analysis limited 
to 57 who completed 
study 

Crossover design:  
patients randomized to ei-
ther BF or medical treat-
ment in Phase 1; second 
treatment added in Phase 
2 Anorectal manometry 
tested at baseline and af-
ter each treatment phase. 

Faecal incontinence fre-
quency did not differ be-
tween groups in Phase 1, 
but decreased signifi-
cantly for both groups fol-
lowing combined treat-
ment. Anal resting and 
squeeze pressures did 
not change significantly in 
either study phase. 

Authors conclude that 
combined treatment was 
effective but neither BF 
nor medical treatment 
alone was effective. 
Study limitations: Number 
of BF sessions and 
loperamide dose are 
lower than most published 
studies. Study was not 
adequately powered. 

Damon, 2014[323]  Compare BF to  
standard medical care 

157 randomized but anal-
ysis was per protocol in 
142 who did not drop out 
Trial duration was 4 
months 

Primary outcome was 
self-rating of  
improvement (-5 to 5). 
Secondary measures 
were diary,  
questionnaires, &  
manometry. 

Significantly more BF pa-
tients met success crite-
rion (defined as >3 on -5 
to 5 scale) at 4 months.  

This study supports the ef-
ficacy of home-based BF 
training. Study Limitations: 
data analysis in complet-
ers only (there were more 
drop-outs in the BF condi-
tion), and lack of long-term 
follow-up. A strength was 
that standard care fol-
lowed French national 
guidelines and BF training 
protocol was developed by  
consensus of physical 
therapists.  
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First author, Year, Refer-
ence 

Aims Subjects Study Design Results Comments 

Dehli, 2013[327]  Compare biofeedback to 
dextranomer injection 

126 adults with faecal in-
continence, minimum se-
verity of 4 on St Mark's 
scale. Patients with any 
prior treatment for faecal 
incontinence were ex-
cluded. 

BF was performed 5 
days/wk for 6 mo at home 
using a portable device. 
BF patients met with PT 
5-6 times and 28/62 re-
ceived supplemental ES. 
Anal injection of 4 ml bulk-
ing agent was repeated in 
21/64 at 3 mo. 

Primary assessment at 6 
mo showed significant im-
provement in both groups 
but no between-group dif-
ference. Also, no differ-
ence at 24 mo. QOL also 
showed no between-
group difference. More 
adverse events seen in 
anal injection group, but 
most could be prevented 
by antibiotic prophylaxis. 

Well designed, ade-
quately powered study 
showed nodifference be-
tween BF and dex-
tranomer injection in mod-
erately severe, treatment 
naïve patients. Study limi-
tation: no minimum sever-
ity requirement for eligibil-
ity except St. Mark's score 
>3. 

Bartlett, 2015[328]  (1) Assess accept-ability 
of home biofeedback 
(BF); (2) compare clinic 
home BF to clinic-only BF 

75 faecal incontinence pa-
tients aged 18-80, aver-
age of 61 years 

Unblinded, parallel group 
study of 6 wks duration 
All patients had 4 BF ses-
sions in the clinic, but the 
home BF group practiced 
daily with a BF device 
while standard group 
practiced using PFMT in-
structions.  

Supplementing BF with 
home practice had no 
overall effect but post hoc 
analysis found that pa-
tients younger than 61 yrs 
improved more when 
treated with home BF 
than with clinic-only BF; 
home BF was acceptable 
to most patients. 

Daily home practice with a 
BF device improves fae-
cal incontinence and QOL 
more than standard BF 
with PFMT practice at 
home.Study limitations: 
Only 4 sessions of BF in 
clinic, which may be insuf-
ficient.  

Peirce, 2013[329]  Compare home BF to 
PFMT for prevention of 
faecal incontinence in 
women with 3rd degree 
obstetric tears. 

120 women with 3rd de-
gree tears were random-
ized to begin EMG BF 
(n=30) or PFMT (n=90) 
prior to discharge. 

All were assessed 3 
months later. BF and 
PMTF were taught in hos-
pital before discharge. 
Both groups were told to 
practice twice daily. 

There were no between-
group differences in 
Cleveland Clinic Conti-
nence Scores, QOL, anal 
canal resting or squeeze 
pressures.  

This study shows no 
added value for home BF 
compared to PFMT. It is 
unclear whether either 
helps to prevent postpar-
tum faecal incontinence in 
women with obstetrical 
tears. 
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First author, Year, Refer-
ence 

Aims Subjects Study Design Results Comments 

Cohen-Zubary, 2015[326]  Compare daily electrical 
stimulation (ES) at home 
to weekly BF in the clinic 
on continence scores and 
cost. 

Analysis limited to 18 in 
each group who com-
pleted the protocol.  
Eligibility required normal 
colonoscopy, normal ul-
trasound, no diabetes or 
other severe comorbidity. 

BF was 6 weekly 30-45 
min sessions for strength 
and sensory factors, sup-
plemented by home PFE. 
ES was 25 min twice daily 
for 6 weeks with no clinic 
training. 

No significant differences 
between groups. ES im-
proved faecal inconti-
nence from baseline to 
end of treatment but BF 
did not. Costs were lower 
for ES than BF. 

Authors argue that ES is 
at least as effective as 
BF, and it is less costly 
and more widely availa-
ble. 

Schwandner, 2011[325]  Triple Therapy (3T) com-
pared to low frequency 
ES  

80 patients with faecal in-
continence of any severity 
including gas only 

Two 20-min sessions per 
day for 6 mos. For 3T 
group, morning BF ses-
sion included alternating 
between ES and voluntary  
contraction. Afternoon 
session involved medium 
frequency ES triggered by 
voluntary contractions 
above a threshold deter-
mined by ability. Control 
group received low fre-
quency ES in both ses-
sions each day.  

Cleveland Clinic scores 
improved more in 3T than 
in low frequency ES at 3 
and 6 mos. QOL was also  
significantly better in 3T 
group. 54% of 3T group 
were continent at 6 mos 
vs. none in the low fre-
quency ES group. The at-
trition rate was low in this 
trial (8% in the 3T group 
vs. 15% in the low fre-
quency ES group). 

3T was superior to low 
frequency ES and was 
better tolerated.  
Limitation: Trial could not 
be blinded, and 6 mos of 
twice daily practice may 
be more than most pa-
tients will tolerate. 

Schwandner, 2010[300]  9 mos of twice daily ES 
combined with EMG BF 
(3T) compared to EMG 
BF only  

158 patients from 8 sites 
were enrolled. Severity 
varied from loss of flatus 
only to solid or liquid stool 
loss.  

For 3T protocol, see 
above. Control group re-
ceived only EMG BF in 
morning and afternoon. 

3T group improved signifi-
cantly more than BF only 
group (8 points vs. 3 
points) improvement on 
Cleveland Clinic scale 
from baseline to 9 
months. More subjects 
dropped out in the BF 
only group. Significant dif-
ferences between groups 
did not emerge until 6 
mos of twice daily ther-
apy. Dropout rate was 
higher in BF only group. 

Data show 3T is superior 
to EMG BF only, but the 
high burden of undergoing 
training twice daily for at 
least 6 mos may be a limi-
tation.  
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First author, Year, Refer-
ence 

Aims Subjects Study Design Results Comments 

Leroi, 2012[332]  Compare TTNS to sham 
ES  

144 patients with faecal 
incontinence >1/week and 
no response to conserva-
tive treatment were re-
cruited from 9 centres in 
France. 

Multisite RCTPatients 
used battery operated 
stimulator twice daily at 
home for 3 mo. Elec-
trodes were on calf and 
ankle in both active and 
sham groups. No current 
was used for sham group. 
Primary outcomes were  
frequency of faecal incon-
tinence and ur-
gency/week. QOL and 
time to defer defaecation 
was also measured.  

No significant differences 
between groups on any 
outcome. Active TTNS 
tended to show greater 
decreases in frequency of 
faecal incontinence and 
urgency, but differences 
were not significant.  

TTNS showed no evi-
dence of efficacy in this 
large RCT. 

George, 2013[333]  Comparison of PTNS, 
TTNS, and sham TTMS in 
parallel groups 

30 patients with >2/ week 
episodes of faecal inconti-
nence were randomly as-
signed to 3 groups. 

RCT conducted at one 
centre. 12 treatment ses-
sions scheduled 2/week 
for 6 weeks. Primary out-
come was >50% reduc-
tion in Faecal inconti-
nence frequency.  

PTNS but not TTNS pa-
tients improved signifi-
cantly more than sham 
group on number with 
>50% decrease in faecal 
incontinence, number of 
faecal incontinence epi-
sodes per week, and abil-
ity to defer defaecation. 
No differences in QOL or 
St Mark's scale.  

Underpowered study 
which nevertheless sug-
gests PTNS is superior to 
TTNS and sham.  

Knowles, 2015[334]  Comparison of PTNS to 
sham ES 

Inclusion based on "faecal 
incontinence sufficiently 
severe to warrant inter-
vention as recommended 
by PI" at each of 17 sites 
and failure to respond to 
conservative treat-
ment.227 women were 
randomized. 

RCT comparing 12  
sessions of PTNS to 12 
sessions of sham (ES be-
tween 2 electrodes on 
one foot).  
Responder was defined 
by >50% decrease in fae-
cal incontinence fre-
quency on diary.  

Responder rates were no 
different (38% for PTNS, 
31% for sham, N.S.). 
However, faecal inconti-
nence frequency de-
creased significantly more 
in PTNS group, especially 
in patients with urge-re-
lated faecal incontinence.  

This RCT fails to  
support the efficacy of 
PTNS, but the differences 
seen in secondary out-
comes make it unclear 
whether PTNS may have 
a specific benefit for urge 
faecal incontinence. Fur-
ther research is needed. 
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First author, Year, Refer-
ence 

Aims Subjects Study Design Results Comments 

Thin, 2015[335]  Pilot study aimed to esti-
mate effect sizes for SNS 
vs. PTNS as well as ac-
ceptability of these treat-
ments to patients 

Faecal incontinence pa-
tients meeting NICE crite-
ria for SNS and PTNS 
were randomized: 23 to 
SNS and 17 to PTNS (un-
balanced to allow for fail-
ure of trial stimulation in 
25%). Qualitative inter-
views were done in 5 pa-
tients from each group. 

SNS and PTNS followed 
standard protocols. 15 30-
min PTNS sessions over 
5 months Assessed at 
baseline, 3, and 6 months 
after end of treatment 
Within group effect sizes 
were estimated but be-
tween-group differences 
were not tested. 

19 patients underwent 
temporary SNS and 15 
had permanent implants. 
16 received all 15 PTNS 
sessions. At 6 months, 
ITT analysis showed 61% 
of SNS and 40% of PTNS  
patients had >50% reduc-
tion in faecal inconti-
nence. Significance of be-
tween group differences 
were not tested. 

Both SNS and PTNS sig-
nificantly improved faecal 
incontinence. Effect sizes 
tended to be larger in 
SNS, but a definitive RCT 
comparing SNS to PTNS 
would require a sample 
size that is not feasible. 
Both treatments were  
acceptable to patients but 
some preferred one over 
the other. 

Glazener, 2014[330]  Assess 12 year FU of 
study comparing brief 
PFMT to standard care for 
UI and faecal Inconti-
nence  

747 women with UI 3 
months after vaginal deliv-
ery. 15.7% also reported 
faecal incontinence at 
study initiation. 

Nurses taught PFMT in 3 
home visits 5, 7, and 9 
months after delivery. 
Controls received stand-
ard medical care. FU was 
at 1, 6, and 12 years. 

Faecal incontinence rate 
was significantly lower af-
ter PFMT at 1 year (4% 
vs. 11%, p= .01), but not 
at 12 years (19% vs. 15%, 
p=.22). 52% were still us-
ing PFMT after 12 years. 

Benefits of PFMT at 12 
mos were not evident 12 
years later.  
Study limitations: 12-year 
follow up is of questiona-
ble relevance. Faecal in-
continence increases with 
age, and in 12 years 
women may try other 
treatments.  

Peirce, 2013[329]  Compare home BF to 
PFMT for prevention of 
faecal incontinence in 
women with 3rd degree 
obstetric tears  

120 women with 3rd de-
gree tears were random-
ized to begin EMG BF 
(n=30) or PFMT (n=90) 
prior to discharge. 

All were assessed 3 
months later. BF and 
PMTF were taught in hos-
pital before discharge. 
Both groups were told to 
practice twice daily. 

There were no between-
group differences in 
Cleveland Clinic  
Continence Scores, QOL, 
anal canal resting or 
squeeze pressures.  

This study shows no 
added value for home BF 
compared to PFMT. It is 
unclear whether either 
helps to prevent postpar-
tum faecal incontinence in 
women with obstetrical 
tears. 
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First author, Year, Refer-
ence 

Aims Subjects Study Design Results Comments 

Lin, 2016[331]  (1) Test whether faecal in-
continence improves with 
time following LARS for 
rectal cancer; (2) deter-
mine whether PFMT aug-
ments  
improvement 

60 patients in Taiwan with 
rectal cancer were ran-
domised to PFMT instruc-
tional DVD pamphlet or 
pamphlet alone. 

PFMT taught just before 
hospital discharge. 
 Weekly phone calls for 
first month in both groups.  
FU at 1, 3, 6, and 9 
months 

Faecal incontinence se-
verity (CCI scale) de-
creased over time and 
was significantly less in 
PFMT group vs. controls 
at 1, 3, and 6 months FU. 
No difference at 9 months 

Persuasive evidence that 
brief PFMT traininig sup-
plemented by pamphlet 
and DVD accelerates im-
provement in faecal in-
continence following 
LARS procedure.  

Laforest, 2012[336]  Test whether BF improves 
functional outcomes more 
than PFMT following lapa-
roscopic rectal resection 
for cancer 

22 patients undergoing to-
tal mesorectal excision for 
rectal cancer was pro-
vided BF 3 mo after sur-
gery. Matched controls 
were selected from a reg-
istry. 

Cohort study. BF group 
received 15 weekly ses-
sions. PFMT group re-
ceived one session of 
training. Assessed 8-46 
mo after surgery. 

No differences in faecal 
incontinence severity but 
BF group reported less 
dyschezia and greater im-
provement in QOL.  

Authors conclude BF con-
ferred a benefit in func-
tional outcomes and QOL 
over PFMT alone. 
Study limitations: Cohort 
design does not match 
groups for time and atten-
tion. PFMT group may 
have had lower expecta-
tions because they were 
not study participants. 
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2.1. Systematic Reviews and Meta-Analyses 
Table 16-5 lists the systematic reviews and guide-
lines documents published since January 2012 that 
addressed the use of BF, ES, TNS, and PFMT for the 
treatment of faecal incontinence [314-316, 337-339]. 
The Cochrane review [316] published in 2012 pro-
vided qualified evidence for the efficacy of biofeed-
back as summarised in its conclusion: “While there is 
a suggestion that some elements of biofeedback ther-
apy and sphincter exercises may have a therapeutic 
effect, this is not certain. Larger well-designed trials 
are needed to enable safe conclusions.” The other re-
views and guidelines documents that addressed BF 
(Table 16-5) were consistent in recommending it, 
alone or in combination with PFMT or ES, for the 
treatment of faecal incontinence. 

2.2. Tibial Nerve Stimulation 
A variant of ES is to stimulate through electrodes at-
tached to the skin overlying the tibial nerve of one an-
kle (transcutaneous stimulation, abbreviated TTNS) 
or to stimulate through a needle inserted through the 
skin and into the region of the tibial nerve (percutane-
ous stimulation, abbreviated PTNS). A systematic re-
view of tibial nerve stimulation published in 2014 
[315] reviewed two RCTs of TNS and PTNS [332,333] 
published up to 2013 and multiple uncontrolled stud-
ies of both percutaneous and transcutaneous TNS. 
This review concluded that transcutaneous TNS was 
not superior to sham electrical stimulation and that no 
adequate RCT of percutaneous TNS was available 
by 2013. 

A pilot study published by Thin et al. in 2015 [335] 
compared sacral nerve stimulation to PTNS and 
found support for the efficacy of PTNS. Subsequently 
a rigorous RCT of PTNS was reported by the same 
group [334]. They randomised 227 patients with fae-
cal incontinence from 17 clinical sites to receive 12 
weekly sessions of percutaneous PTNS or sham 
PTNS. There were no significant differences in the 
primary outcome measure, which was the proportion 
achieving at least a 50% reduction in faecal inconti-
nence episodes (38% in PTNS, 31% in sham). How-
ever, some of the secondary outcomes showed dif-
ferences: The average number of faecal incontinence 
episodes decreased significantly more in the PTNS 
group than in the sham group, and this was found to 
be due to a greater reduction in urgency-related fae-
cal incontinence episodes but not in the number of 
passive faecal incontinence episodes. Thus, this well 
conducted study failed to show a significant benefit of 
PTNS on the a priori selected primary outcome meas-
ure, but it leaves doubt about whether PTNS may be 
an effective treatment for urgency-related faecal in-
continence. Further research is needed in groups 
stratified at the outset between urgency and passive 
faecal incontinence 
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Table 16-5. New Systematic Reviews of the Efficacy of Biofeedback, PFMT, Electrical Stimulation, and Tibial Nerve Stimulation 
First Author, Year, Refer-
ence 

Aims/Scope Analysis Sample Conclusions Level of Evi-
dence 

Comments 

Norton, 2012  
(Update of Cochrane 
2003)[316]  

Determine effects of biofeed-
back (BF) and/or pelvic floor 
exercises (PFMT) in adults 

1525 subjects in 21 studies "While there is a suggestion 
that some elements of BF and 
sphincter exercises may have 
a therapeutic effect, this is not 
certain. Larger well-designed 
trials are needed to enable 
safe conclusions."  

Treatment protocols, outcome 
measures, and training of pro-
viders varied across trials. 
Risk of bias was judged to be 
low in 13/21 trials.  

Rao, 2015[337]  Define indications, training 
protocols, and efficacy of BF 

731 patients (11% males) in 8 
studies 

BF is recommended for short-
term & long-term treatment of 
faecal incontinence; Level II 
recommendation; Grade B ev-
idence. 

Treatment protocols, outcome 
measures, and training of pro-
viders varied across trials. 
Risk of bias was not as-
sessed.  

Berghmans, 2015[340]  Assess efficacy of BF alone or  
combined with PFE or ES 

Not described 
13 RCTs and Norton’s 
Cochrane review are cited in 
the narrative summary. 

BF PFE appears to be more 
effective than PFE alone, and 
BF ES appears to be more ef-
fective than ES alone. 
Level 3 evidence 

 

Vonthein, 2013[314]  Assess efficacy of BF, ES, 
and/or BF ES 

13 studies met criteria. Pri-
mary outcome was remission 
of faecal incontinence. 

BF was superior to all control 
groups but ES was not. BF ES 
was superior to BF alone or 
ES alone. BF ES is recom-
mended as second line treat-
ment for faecalincontinence. 

Only 3/13 trials met all quality 
criteria and 2/3 were by one of 
the authors, suggesting possi-
ble bias. 4 other studies rated 
as being of moderate quality. 
Type of ES was important: 
amplitude modulated medium  
frequency ES was superior to 
low frequency ES. 

Rao S, Am College of Gastro-
enterology Practice Parame-
ters  Committee, 2014[338]  

Assess efficacy of BF for fae-
cal  
Incontinence in adults 
Broader goals of review were 
evaluation of reliability of  
diagnosis and efficacy of  
treatment for all benign ano-
rectal disorders 

Not described Pelvic floor 
rehabilitation with BF and PFE 
is superior to PFE alone in pa-
tients with faecal  
incontinence who do not re-
spond to conservative 
measures. 
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First Author, Year, Refer-
ence 

Aims/Scope Analysis Sample Conclusions Level of Evi-
dence 

Comments 

Visser, 2014[339]  Assess efficacy of BF for fae-
cal incontinence secondary to 
low anterior resection for rec-
tal cancer (LARS) 

321 patients in 5 studies Pelvic floor rehabilitation with 
BF and/or PFE improves  
functional outcomes after low 
anterior resection for cancer. 

Quality of these studies was 
rated as low. 

Horrocks, 2014[315]  Assess efficacy of percutane-
ous and transcutaneous 
PTNS 

375 patients in 12 studies, in-
cluding 2 RCTs which had 
good quality  
Ratings 
Review predates large RCT of 
PTNS 

TTNS was no better than 
sham in large RCT.  
However, in a second RCT  
comparing PTNS to TTNS and 
sham TTNS, PTNS was signif-
icantly more effective than 
TTNS, which was significantly 
more effective than sham ES.  

RCT comparing PTNS to 
TTNS and sham was under-
powered with 10 patients per 
arm.  
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3. SUMMARY OF CURRENT 
EVIDENCE FOR PELVIC FLOOR 

MUSCLE EXERCISES, 
BIOFEEDBACK, AND ELECTRICAL 

STIMULATION 

New studies [284,323] (Table 16-4) and new system-
atic reviews (Table 16-5) support the hypothesis that 
biofeedback augmented by PFMT, when provided by 
an experienced therapist, is more effective than 
PFMT alone, but the variability between studies sug-
gests that results may be dependent on the training 
and experience of the therapist (Level of Evidence 1). 

• PFMT is possibly effective for the treatment of 
faecal incontinence. Studies comparing PFMT 
alone to BF augmented by PFMT and ES have 
shown mixed results, and the optimal protocol for 
teaching PFMT has not been standardised, limit-
ing the generalisability of findings (Level of Evi-
dence 2).  

• Home practice of BF and/or ES using battery-op-
erated portable devices, appears to improve 
treatment outcomes when compared to clinic-
based treatment. Younger patients may benefit 
more from home practice than older patients, 
and it may take up to 6 months to see benefits 
from home practice (Level of Evidence 2). 

Mixed results from two studies continue to suggest 
that low frequency ES is weakly effective or not effec-
tive when used alone [326] or in combination with BF 
[327]. However, two studies from a single group sug-
gest that the Triple Therapy protocol involving electri-
cal stimulation at a frequency of 3000 Hz combined 
with BF, when practiced twice daily for at least 6 
months, may be more effective than biofeedback 
alone [300] or low frequency (100 Hz) electrical stim-
ulation alone[325].This represents a significant 
change from the recommendation in our previous re-
view (the 5th ICI) that ES is not effective (Level of Ev-
idence 2). 

Percutaneous electrical stimulation of the tibial nerve 
is a possibly effective approach to the treatment of 
faecal incontinence. An underpowered RCT suggests 
that PTNS is more effective than sham stimulation 
[333], and a second adequately powered RCT [334] 
shows mixed results (not significant for the primary 
endpoint but significant for frequency of faecal incon-
tinence episodes preceded by urge) (Level of Evi-
dence 2). 

Current Recommendations for Clinical Practice for 
Pelvic Floor Muscle Exercises, Biofeedback, and 
Electrical Stimulation 

• PFM exercises are recommended as an early in-
tervention in the treatment of faecal incontinence 

as part of a conservative management bundle of 
interventions, based upon low cost, low morbid-
ity, and at least weak evidence of efficacy (Rec-
ommendation Grade B). 

Biofeedback, which is usually combined with PFMT 
and sensory training with a rectal balloon, is recom-
mended as second line treatment for faecal inconti-
nence after other behavioural and conservative/med-
ical management have been tried and have failed to 
provide adequate symptom relief. (Recommendation 
Grade A). 

Biofeedback training may employ either pressure 
sensors or electromyographic (EMG) electrodes to 
provide feedback on pelvic floor muscle contractions 
[341]. In some countries (for example, the United 
States), biofeedback treatment is limited by the fact 
that few adequately trained therapists are available  

• Home biofeedback using portable battery-oper-
ated device is recommended as an adjunct to bi-
ofeedback training in the clinic, especially for 
younger patients (Recommendation Grade B). 

• Based on currently available evidence it is not 
possible to recommended low frequency (i.e., 
100 Hz) electrical stimulation for faecal inconti-
nence. The Triple Therapy protocol for combin-
ing biofeedback with 3000 Hz electrical stimula-
tion appears to be effective, but this recommen-
dation is tentative pending confirmation of the 
findings by other research groups (Recommen-
dation Grade B). 

• Percutaneous tibial nerve stimulation remains an 
investigational treatment protocol which cannot 
currently be recommended for clinical practice 
(Recommendation Grade B). 

Current Recommendations for Research for Biofeed-
back, Pelvic Floor Muscle Therapy, Electrical Stimu-
lation, and Tibial Nerve Stimulation 

• There is a need to conduct further RCTs to de-
termine which specific biofeedback protocols al-
ter physiological parameters of anorectal func-
tion with concomitant changes in bowel control. 
These studies should address: 

o Clear description of modalities and evalua-
tion of different components of BF 

o Long term follow up 

o Adherence monitoring 

o Standardisation of outcome measures 

o Exploration of possible synergies between 
urinary and faecal incontinence interven-
tions and diagnostic evaluations  

• Standardisation of protocols for teaching PFMT 
are needed. 
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• Pelvic floor rehabilitation, as practiced by physi-
cal therapists for the treatment of faecal inconti-
nence, is not adequately described in the medi-
cal literature. Can this be standardized and man-
ualized so that it can be compared to biofeed-
back and to the PFMT protocols described in the 
literature? 

• Compare the effectiveness of PFMT taught by 
verbal or printed instructions (as is commonly 
done) to PFMT taught during digital rectal exam-
ination. Standardise techniques for teaching 
PFMT via digital rectal examination. 

• RCTs are needed of the Triple Therapy protocol 
or other ways of combining electrical stimulation 
with biofeedback.  

• Investigate different modalities of ES, specifically 
distinguishing high frequency stimulation (e.g., 
3000 Hz) from low frequency (e.g., 100 Hz) stim-
ulation. 

• Investigate ways to shorten the amount of train-
ing required to see benefits for faecal inconti-
nence. 

• Percutaneous tibial nerve stimulation requires 
additional randomised controlled trials, specifi-
cally addressing: 

o Whether urgency associated faecal inconti-
nence is more responsive to treatment than 
passive faecal incontinence and why this 
might be the case 

o Patient characteristics and physiological 
mechanisms associated with successful 
PTNS 

o Biofeedback 

 QUALITATIVE RESEARCH ON 
THE EXPERIENCE OF FAECAL 

INCONTINENCE AND QUALITY OF 
LIFE 

The experience of faecal incontinence and its impact 
on quality of life, which was studied from a qualitative 
perspective since 1999, was included for the first time 
in the 5th ICI review (Table 16-6). Qualitative research 
studies provide a perspective of patients’ experiences 
and their practical know ledge about how they live 
and try to manage their faecal incontinence. These 
studies also reveal a personal viewpoint of the mean-
ing of quality of life to patients’ experiencing the dis-
tressing symptom of faecal incontinence. Addition-
ally, qualitative studies provide insight into living with 
and managing the physical, psychological, and social 
effects of faecal incontinence and what constitutes 
acceptable treatment techniques.  

Qualitative methods such as ethnography, grounded 
theory and phenomenology provide “understanding”, 
that is the aim of qualitative research. These methods 
are primarily applicable to similar contexts. Included 
below is a qualitative evidence pyramid and accom-
panying criteria that parallel the evidence pyramid for 
ranking quantitative evidence only. The qualitative 
evidence pyramid provides a novel strategy for rank-
ing qualitative evidence for practice recommenda-
tions. 

Criteria for Evaluation 

Given that qualitative research employs different 
methodologies than quantitative research, a relevant 
evaluation framework for decisions on levels of evi-
dence was developed for the 5th ICI review. This 
framework was informed by the most significant liter-
ature on quality and rigor in qualitative research, and 
is described below again in this update [342-351]. 
These criteria were used to critique studies, note 
strengths and limitations, and assign an evidence 
level.  

The Type of Study: The Qualitative Evidence Pyr-
amid 

1. Qualitative meta-synthesis, meta-ethnography, 
meta-analysis 

2. Interpretive designs including phenomenology, 
grounded theory, ethnography 

3. Descriptive qualitative designs using content 
analysis (including inductive and deductive con-
tent analysis approaches, analysis of focus 
group data, photovoice, participatory action re-
search, single or multiple case studies) 

4. Surveys with semi-structured open-ended ques-
tions 

1. CRITERIA FOR EVALUATION OF 
QUALITATIVE STUDIES 

1. There is a clear research purpose or questions 
that are appropriate for qualitative inquiry. 

2. The purpose or questions are directly related to 
the review of the literature and the literature iden-
tifies a gap or new understanding of the phenom-
enon. 

3. There is a guiding framework for the study that 
fits the phenomenon being studied. 

4. The method and the research purpose are re-
lated. 

5. The sampling plan is purposeful and exemplifies 
the purpose and method that is being studied. 
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6. The sample size is appropriate for the sampling 
strategy. 

7. Inclusion and exclusion criteria are described 
and appropriate. 

8. Data collection strategies are appropriate for the 
purpose, method and sample. 

9. The analysis plan fits the method. 

10. Data are adequately analysed and interpreted, 
and reported so that meaning is recognised. The 
interpretation or description is distinguishable 
from the raw data. 

11. The participants’ voices are perceptible and 
demonstrate the meaning of the categorical, the-
matic or conceptual findings. 

12. The findings (categories, themes and concepts) 
are well developed and organised to support 
each other. 

13. The results offer a new understanding of the phe-
nomenon and are transferrable to similar con-
texts. 

14. Reflexivity is addressed. 

15. Evidence of an audit trail of how key decisions 
were made is clear. Strategies to achieve rigour 
are described. 

16. Study specific limitations are summarised. 

17. Ethical considerations are described. 

2. WHAT IS NEW IN THE CURRENT 
REVIEW? 

In this review, numerical levels of evidence related to 
the quality of studies have been created in addition to 
the articulation of the grades of recommendations for 
the practice recommendations. 

Because of the length of recommendations for prac-
tice from qualitative studies in ICI5, new practice rec-
ommendations in this section are made in addition to 
those from ICI5. Pervious recommendations for prac-
tice are still supported. 

3. LEVELS OF EVIDENCE FOR 
QUALITATIVE STUDIES 

• Level 1: Study includes all criteria marked in bold 
above. Level 1 studies are typically ones listed 
as types 1-2 above (qualitative evidence pyra-
mid). 

• Level 2: Study includes all the criteria marked in 
bold and italic above. Level 2 studies are ones 
listed as types 3-4 above. 

• Level 3: Study does not include most the criteria 
above for evaluation. 

4. GRADES OF RECOMMENDATION 
FOR QUALITATIVE STUDIES 

• Grade A recommendation: Excellent evidence 
leads to a practice recommendation. A Grade A 
recommendation is based on Level 1 studies. 

• Grade B recommendation: Moderate evidence 
leads to a possible practice recommendation 
(more evidence is needed). Grade B recommen-
dation is based on a combination of level 1 and 
2 studies or only level 2 studies. 

• Grade C recommendation: Poor evidence from 
level 3 studies that does not lead to a practice 
recommendation.  

5. THE EXPERIENCE OF FAECAL 
INCONTINENCE AND QUALITY OF 

LIFE  

5.1. Review of Studies from the 5th ICI 
Thirteen studies were included in the 5th ICI and an 
additional five papers detailing three studies were lo-
cated for this update (See Table 16-6). As higher 
quality evidence had been recently published, Level 
3 studies from the 5th ICI were also excluded. The in-
cluded studies explored topics on the experience of 
faecal incontinence from multiple perspectives of 
men and women in relation to: colorectal cancer; sex-
uality; quality of life; pelvic floor dysfunctions; aging 
and frailty; diet strategies; goals of faecal inconti-
nence management; post-natal onset; spina bifida; 
and inflammatory bowel disease (IBD). Refer to Table 
16-6 for summary and quality appraisal of the studies 
from the 5th ICI review and the new additions. 

The included studies used varied qualitative methods 
to explore the experiences of quality of life. A thematic 
analysis was completed on the content of the studies. 
The philosophical framework of life worlds or overlap-
ping realms of experience was employed to organise 
the findings in the following themes: relationships; 
time and planning; bodily symptoms, self-esteem and 
body image; sexuality; and dietary issues [352]. 
These themes remained consistent with the addi-
tional support of the newly included studies, which 
are referenced below in the descriptions of the 
themes. 
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6. LIVING WITH FAECAL 
INCONTINENCE RELATED TO 

RELATIONSHIPS 

6.1. Summary of Evidence from the 5th ICI 
Men and women found that faecal incontinence was 
a perceived threat to their social acceptability, privacy 
and relationships [221,223,353-355] (Level of Evi-
dence 2). 

Who to tell about the faecal incontinence problem and 
when was a matter of great concern. Family, close 
trusted friends or co-workers were told because the 
secret could not be completely concealed 
[221,223,354] (Level of Evidence 2). 

Discussing problems with others who experienced 
faecal incontinence was comforting and allowed con-
versation about how to manage the problem 
[221,223] (Level of Evidence 1). 

Humour was used as a resource to avoid humiliation 
and embarrassment in dealing with daily symptoms 
of faecal incontinence and relationships, even though 
feelings of shame and humiliation persisted 
[23,221,223,344,355] (Level of Evidence 2). 

Men and women felt discomfort in being with ‘mixed 
company’ and having a possible accident. Gender 
was an issue in relation to perceived social risk 
[221,223] (Level of Evidence 1). 

Men and women described trying to protect them-
selves from the unpredictability of their symptoms 
and kept up a façade to keep the secret of faecal in-
continence from others [23,348] (Level of Evidence 
2). 

Support from spouses was noted to be very important 
for men and women [221,223,354,356] (Level of Evi-
dence 2). 

Relationships with healthcare providers were not 
helpful in providing advice concerning symptom man-
agement and control. Misinformation or no infor-
mation was commonly given [23,221,223, 
345,354,357] (Level of Evidence 2). 

Women felt embarrassed, humiliated and marginal-
ized when their faecal incontinence problem was min-
imized or trivialized by rude or blaming health care 
providers [23,221,355,356] (Level of Evidence 2). 

Women had concerns about entering new relation-
ships due to their fear and shame of having to dis-
close faecal incontinence [23] (Level of Evidence 2). 

Anxiety was present in both men and women who suf-
fered from social isolation because of faecal inconti-
nence [23,222,223,344,345,354,356,358] (Level of 
Evidence 2). 

6.2. Recommendations for Practice from 
the 5th ICI 

• Acknowledge the problem of faecal incontinence 
compassionately and initiate the assessment 
and discussion of faecal incontinence symptoms 
as stigma, embarrassment and sensitivity asso-
ciated with faecal incontinence may impede 
communication and provision of therapeutic ad-
vice [221,223,355,357] (Recommendation 
Grade B). 

• Recognize and eliminate dismissive or blaming 
responses as they retard future care-seeking 
and contribute to patient distress and under-re-
porting of faecal incontinence [221,223,355,357] 
(Recommendation Grade B). 

• Facilitate gender sensitive support groups to 
share practical knowledge of faecal incontinence 
symptom management [221,223] (Recommen-
dation Grade B). 

6.3. What Is New in the Current Review? 
Women reported that faecal incontinence is a sensi-
tive topic to discuss with others and is strongly asso-
ciated with the emotions of guilt and shame [355] 
(Level of Evidence 2). 

Women did not attend social events and made ex-
cuses not related to faecal incontinence [355] (Level 
of Evidence 2). 

Men and women attributed their adaptation to faecal 
incontinence to loving, empathic, unconditional sup-
port from significant others [359] (Level of Evidence 
2). 

After years of dealing with faecal incontinence men 
and women’s interactions with health care providers 
had become confident, assertive control-seeking in 
decision-making [360] (Level of Evidence 2).  

After years of living with faecal incontinence men and 
women felt they could provide support to others with 
faecal incontinence [359,360] (Level of Evidence 2). 

Additional Recommendations 

• Health care providers can assist adaptation to 
faecal incontinence by being aware of clinical in-
terventions to improve symptoms [360] (Recom-
mendation Grade B).  

• Also See Section XII-Qualitative Research on 
the Experience of Faecal Incontinence and Qual-
ity of Life-Recommendations for Practice for Liv-
ing with Faecal Incontinence Related to Relation-
ships from the 5th ICI. 
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Current Recommendations for Research 

• Investigation of the use of humour as a therapeu-
tic coping strategy for dealing with the symptoms 
of faecal incontinence [221]. 

• Exploration of attitudes and treatment goals of 
health professionals treating faecal incontinence 
to identify barriers to effective treatment[223]. 

• Implementation and evaluation of gender sensi-
tive support groups to facilitate sharing of practi-
cal management strategies for faecal inconti-
nence symptom management[223].  

• Investigation of role-modelling effectiveness in 
adapting to faecal incontinence [360]  

• Investigation into living with faecal incontinence 
long-term[360]  

7. LIVING WITH FAECAL 
INCONTINENCE RELATED TO TIME 

AND PLANNING 

7.1. Summary of Evidence from the 5th ICI 
Participants described spending a significant amount 
of time planning for and worrying about accidents 
[221,223,355] (Level of Evidence 2). 

Men and women perceived their symptoms of faecal 
incontinence grew worse with aging in relationship to 
severity, onset and duration [221,223] (Level of Evi-
dence 1). 

Men and women had symptoms for months or years 
before seeking help for the condition [221,223] (Level 
of Evidence 1). 

Women reported the frequency of stool leakage was 
unpredictable and because of this they needed to be 
vigilant and prepared for the unexpected [23,221] 
(Level of Evidence 2). 

“Being prepared” was a common theme. Planning 
and management strategies to avoid an accident in-
cluded: morning bathroom rituals, changing the loca-
tion of their workstation (relative to the bathroom), al-
tering eating habits (foods and timing), taking a fibre 
supplement, or using anti-diarrhoeal products 
[23,221,223,345,354,355,357] (Level of Evidence 2). 

Many women discussed packing ‘kits’ of absorbent 
products, cleansing supplies and extra clothing as a 
routine part of planning to leave their home [221,354] 
(Level of Evidence 2). 

Women postponed business meetings because of 
faecal incontinence [221] (Level of Evidence 1). 

Space was experienced as a measure of risk expo-
sure of faecal incontinence and personal space 
shrank inward or expanded related to perceived com-
fort or lack of perceived social safety 

[221,223,344,345,350,353,354,357,358] (Level of 
Evidence 2). 

Seeking out the location and availability of a bath-
room was major consideration in all dimensions of 
space outside the home 
[23,221,223,344,345,350,354,355,357,361] (Level of 
Evidence 2). 

Travel was limited to familiar spaces and significant 
planning was required to prevent an accident. faecal 
incontinence limited travel for the family [221,223, 
344,355-357] (Level of Evidence 2). 

Women and men experienced heightened anxiety 
about faecal incontinence symptoms and the risk of 
accidents in public spaces [221,345,350,354,357] 
(Level of Evidence 2). 

Work life presented complicated situations for both 
men and women and limited some people’s ability to 
engage in productive work outside the home 
[221,223,357,358,361] (Level of Evidence 2). 

Symptoms related to faecal incontinence were a com-
mon reason for early retirement for both men and 
women [221,223,358] (Level of Evidence 2). 

7.2. Recommendations for Practice from 
the 5th ICI 

• Share practical management strategies, such as 
preparing cleansing kits and locating public re-
strooms, etc., with clients with faecal inconti-
nence to help them understand and manage 
their experiences [221,223] (Recommendation 
Grade A). 

• Promote self-efficacy by coaching clients on how 
to plan for and prevent unpredictable accidents 
and teaching strategies to go out confidently 
(such as, education on product, packing a 
change of clothes, disposable wipes, etc.) 
[221,223] (Recommendation Grade A). 

7.3. What Is New in the Current Review? 
Clients with IBS and faecal incontinence had signifi-
cant worry that their symptoms would worsen with ag-
ing [357] (Level of Evidence 2). 

Additional Recommendations for Practice from Cur-
rent Review 

• Clients with IBS and faecal incontinence noted 
the services they would want to manage faecal 
incontinence included access to bathrooms in 
both public and employment spaces [361] (Rec-
ommendation Grade A).  

• Also see Section XII-Qualitative Research on the 
Experience of Faecal Incontinence and Quality 
of Life-Additional Recommendations for Practice 
from Current Review. 

Current Recommendations for Research  
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• Investigation of interventions that promote en-
hanced self-efficacy and increase incontinence 
health literacy.  

• Evaluation of effect of public and work-based ed-
ucation campaigns on normalizing elimination 
and raising awareness that incontinence is a 
treatable condition. 

8. LIVING WITH FAECAL 
INCONTINENCE RELATED TO 

BODILY SYMPTOMS, SELF ESTEEM, 
AND BODY IMAGE 

8.1. Summary of Evidence from the 5th ICI 
Feelings of shame and embarrassment related to fae-
cal incontinence were noted across all studies (Level 
of Evidence 2). 

Men and women with faecal incontinence felt stigma-
tized and stigmatized themselves [221,223,354-357] 
(Level of Evidence 2). 

Men and women reported their emotional life and self-
confidence was undermined because of the faecal in-
continence and embarrassment [221,223,344,354-
356] (Level of Evidence 2). 

Men and women reported altered body image, low 
self-esteem, guilt, and distress as a result of their in-
ability to control faecal incontinence and associated 
odour [23,221,223,344,355] (Level of Evidence 2). 

Not talking about the problem and denying the faecal 
incontinence was coping mechanisms used to protect 
from threat to self-esteem and prevent public embar-
rassment [356] (Level of Evidence 2). 

Faecal incontinence as well as the fear of faecal leak-
age and odour caused women view themselves as 
shameful, guilty, unworthy [345,356,355,361] (Level 
of Evidence 2). 

Some women reported the need for psychological 
consultations because of the feeling insufficient, in-
competent, or vulnerable [23,356](Level of Evidence 
2). 

Unpredictability of the type, timing and magnitude of 
faecal incontinence events were key concerns of men 
and women [350,357] (Level of Evidence 2). 

Faecal incontinence was considered a consequence 
of exercise, heavy chores and lifting[ 223,350,354] 
(Level of Evidence 2). 

Bodily sensations that bothersome, embarrassing, or 
distressing associated with the faecal incontinence 
included: sensations in the intestines, itching, burn-
ing, cramping, feelings of incomplete bowel move-
ments, and odour associated with flatus and or 
leaked faeces. Other distressing symptoms dis-
cussed included: leaking stool without defaecation 

sensations, and false abrupt and urgent sensations 
usually indicative of defaecation [221,223,345, 
350,355, 357] (Level of Evidence 2). 

Skin excoriation at the rectum was reported due to 
frequent bowel movements, soling and associated 
cleansing [344,350] (Level of Evidence 2). 

Women were attentive to their body image and 
dressed carefully to conceal pads and wore dark 
clothing to hide stains if an accident should happen 
[23,221,353,357] (Level of Evidence 2). 

Men and women wore only small disposable pads 
that were not obvious through their clothing. Large di-
aper-like pads were avoided because of their per-
ceived visibility beneath clothing [23,221,223] (Level 
of Evidence 2). 

The essential theme in the phenomenological study 
of men managing faecal incontinence was ‘secret 
resignation’: men came to expect the consequences 
of faecal incontinence as normal [223] (Level of Evi-
dence 1). 

Major goals of people experiencing faecal inconti-
nence was to have: fewer dietary restrictions, less 
faecal leakage, especially during exercise, improved 
public toilet accessibility, more confidence in control-
ling faecal incontinence symptoms and associated 
odour, and a normal daily routine [346] (Level of Evi-
dence 2). 

8.2. Recommendations for Practice from 
the 5th ICI 

• Acknowledge and support the common feelings 
of shame and embarrassment by facilitating self-
management of faecal incontinence 
[221,223,344,354,356,361] (Recommendation 
Grade B). 

• Raise awareness with clients and the general 
public that faecal incontinence is not something 
to be tolerated and that it responds to conserva-
tive treatment [223,344,361] (Recommendation 
Grade B). 

• Educate patients regarding conservative symp-
tom management: causes of faecal inconti-
nence, dietary modifications including fibre sup-
plements, behavioural strategies such as pelvic 
floor exercises and biofeedback, anti-motility 
medications, use of absorbent products and 
ways to reduce odour and flatus [223,361] (Rec-
ommendation Grade A). 

• Share positive coping strategies identified by 
participants with other people managing the 
symptoms of faecal incontinence that include: 
managing privacy issues in the bathroom, coun-
selling, restricting activity, carrying a change of 
clothes, humour, knowing the location of toilets 
when out, diet, clothing selection, cleansing, 
odour control and use of absorbent products [23] 
(Recommendation Grade B). 
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• Consider patient’s goals when developing a plan 
for faecal incontinence [346] (Recommendation 
Grade B). 

• Request completion of a daily stool diary when 
accurate information of faecal incontinence se-
verity is important [223] (Recommendation 
Grade A). 

• Refer to psychologists to manage the emotional 
impact of faecal incontinence on self-efficacy, 
self-esteem and mood, as indicated and appro-
priate [345,361] (Recommendation Grade B). 

8.3. What is New in the Current Review? 
A sense of mastery and new self-confidence were 
achieved by some after years of successfully dealing 
with the symptoms of faecal incontinence [359,360] 
(Level of Evidence 2). 

Poor public knowledge of faecal incontinence created 
feelings of stigma in persons with IBD and faecal in-
continence [357] (Level of Evidence 1). 

Urgency to have a BM and associated fear and un-
predictable nature of faecal incontinence were the 
most troubling bodily symptoms for persons with IBD 
and faecal incontinence [357] (Level of Evidence 1). 

The essential theme in the phenomenological study 
of women managing faecal incontinence was ‘control-
ling the body out of control’ and a similar subtheme in 
the Dibley and Norton study [357] of ‘loss of control’: 
women tried to control all aspects of their life in rela-
tionship to the faecal incontinence and avoiding acci-
dents [223,344,355,357,360] (Level of Evidence 2). 

Women reported a sense of self-affirmation that they 
would stop worrying of what others thought of them 
[355] (Level of Evidence 2). 

To deal with faecal incontinence women used a per-
sonal approach to adapt as “life has to go on”. 
Women were hopeful and optimistic they would get 
better. They believed their incontinence would be 
easier to accept if they had an explanation for their 
symptoms [355] (Level of Evidence 2). 

There are negative feelings associated with living 
with faecal incontinence such as anger, frustration, 
injustice, guilt, shame, disappointment, hopeless-
ness, despair and sadness [355] (Level of Evidence 
2). 

Men and women perceived that additional chronic ill-
nesses with worsening bowel control affected one’s 
whole self-concept [360] (Level of Evidence 2). 

Men and women adapted in the presence of obsta-
cles, downgrading aspirations and “making the best 
of it” (re-evaluating control) [360] (Level of Evidence 
2). 

After 10 or more years of living with faecal inconti-
nence, men and women found comorbidity and aging 
posed further challenges to adaptation. By using trial 

and error, adaptation was ongoing [359] (Level of Ev-
idence 2). 

Additional Recommendations from the Current Re-
view 

• People with faecal incontinence wanted to be re-
ferred to, or at minimum, informed of, other ser-
vices for continence by the specialist health care 
professionals in their circle of care [357] (Recom-
mendation Grade A). 

• Ensure that clients are aware of other specialists 
in the care continuum and support agencies, 
making referrals as appropriate[361] (Recom-
mendation Grade A). 

• Also see Section XII-Qualitative Research on the 
Experience of Faecal Incontinence and Quality 
of Life-Living with Faecal Incontinence Related 
to Time and Planning- Recommendations for 
Practice from the 5th ICI. 

Current Recommendations for Research  

• Determination of how goal setting and tailoring 
interventions for faecal incontinence is effective 
in promoting adherence to a management plan 
[346]. 

• Further exploration of the phenomenon of secret 
resignation as a method of coping by men and 
effective attitudes in treating these attitudes to 
assist them with improved communication with 
health care professionals and health-care seek-
ing [223].  

• Investigation of appropriate and effective inter-
ventions to educate and support men and 
women in adopting practices for managing faecal 
incontinence and associated odour and urgency 
symptoms [223]  

• Investigation of the experience of having and 
managing faecal incontinence in presence of 
other multiple chronic conditions [359] 

9. LIVING WITH FAECAL 
INCONTINENCE RELATED TO 

SEXUALITY  

9.1. Summary of Evidence from the 5th ICI 
Although asked about sexuality and intimacy women 
were reticent to discuss their sexuality or the effect of 
their symptoms on their sexual functioning [23,221] 
(Level of Evidence 2). 

Some women felt there were no changes in their sex-
ual drive [355,356] (Level of Evidence 2). 

Women arranged timing of sex to meet their needs 
and the needs of their husbands in relation to the 
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symptoms of faecal incontinence [356] (Level of Evi-
dence 2). 

Women reported a range of psychosocial issues in-
cluding lack of sexual arousal or desire to abstinence 
[23,345,353,355] (Level of Evidence 2) 

Choice of clothing was an outward expression of sex-
uality and faecal incontinence and UI restricted cloth-
ing to wearing patterned materials to avoid people de-
tecting an accident [353] (Level of Evidence 2). 

Men and women reported continually washing them-
selves to avoid smelling [353] (Level of Evidence 2). 

Health care professionals did not discuss sexuality 
even after surgeries that affected sexual functioning 
[353,358] (Level of Evidence 2). 

9.2. Recommendations for Practice from 
the 5th ICI 

• Ask directly about the impact of faecal inconti-
nence on patients sexuality [23,221] (Recom-
mendation Grade B). 

• Establish a comfortable, stigma-free climate in 
order to elucidate the impact of faecal inconti-
nence on sexuality and teach practical strate-
gies[23,345,353] (Recommendation Grade B). 

Additional Recommendations for Practice  

• Current recommendations for practice for living 
with faecal incontinence related to sexuality are 
the same as those for the 5th ICI. 

• Also see Section XII-Qualitative Research on the 
Experience of Faecal Incontinence and Quality 
of Life-Living with Faecal Incontinence Related 
to Sexuality- Recommendations for Practice 
from the 5th ICI. 

Current Recommendations for Research 

Develop and test interventions that minimize stool 
leakage during intercourse. 

10. LIVING WITH FAECAL 
INCONTINENCE RELATED TO 

DIETARY ISSUES 

10.1. Summary of Evidence from the 5th ICI 
Men and women discussed fasting or not eating for a 
number of hours or days as a strategy to deal with 
faecal incontinence symptoms outside the home 
[23,221,223,356,357,362] (Level of Evidence 2). 

Alteration in the timing of meals to avoid an accident 
was a common management strategy for faecal in-
continence [221,223,344,354,357] (Level of Evi-
dence 2). 

Restricting foods noted as affecting faecal inconti-
nence included: sweets, alcohol, onions, rich and 
spicy foods, caffeine, fruits, greasy, fat, fried foods, 
and dairy products [356,362,363] (Level of Evidence 
2). 

Limiting portion or meal size was a strategy to limit 
faecal incontinence [221,344] (Level of Evidence 2). 

Avoiding gas-producing foods such as, pea soup, on-
ions, cabbage, cauliflower, and dairy products used 
as a treatment for flatus [221,223,344] (Level of Evi-
dence 2). 

Increasing fluids was another practice used as a man-
agement technique for constipation [221] (Level of 
Evidence 2). 

Some women reported using protracted voluntary 
constipation for up to one month as a management 
technique for leakage [345] (Level of Evidence 2). 

Increasing dietary fibre and taking fibre supplements 
along with digestive enzymes and yogurt were noted 
as treatments for faecal incontinence [221,223] 
(Level of Evidence 2). 

Women reported eating foods they enjoyed at home 
and then dealt with the consequences of faecal incon-
tinence symptoms [221,344] (Level of Evidence 2). 

Women lacked therapeutic guidance regarding diet 
modifications and adapted recommendations from 
other gastrointestinal disorders such as IBS and lac-
tose intolerance or approached diet modification by 
trial and error [221] (Level of Evidence 2). 

10.2. Recommendations for Practice from 
the 5th ICI 

• Teach successful diet strategies including: timing 
of food intake, restricting food amounts to mini-
mise leakage, avoiding aggravating foods, in-
creasing water intake, and increasing the con-
sumption of yogurt, high fibre foods or a fibre 
supplement [362] (Recommendation Grade B). 

• Enquire directly about dietary restrictions be-
cause not all strategies employed by people with 
faecal incontinence are helpful or evidence-
based[23,221,223,356] (Recommendation 
Grade B). 

Additional Recommendations for Practice for Living 
with Faecal Incontinence Related to Dietary Issues 

• The same recommendations for practice as 
those from the 5th ICI are made are supported. 

• Also see Section XII-Qualitative Research on the 
Experience of Faecal Incontinence and Quality 
of Life-Living with faecal incontinence related to 
dietary issues-Recommendations for Practice 
from the 5th ICI. 
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Current Recommendations for Research for Living 
with Faecal Incontinence Related to Dietary Issues 

• Investigate strategies to relay best-evidence re-
lated to dietary advice and faecal incontinence in 
manner that is experienced as therapeutic by 
persons with faecal incontinence, such as patient 
directed goal-setting. 

 SUMMARY OF KEY 
RESEARCH RECOMMENDATIONS 

• Develop techniques for diagnosing faecal incon-
tinence and its aetiologies using new and availa-
ble diagnostic technologies.  

• Develop user-friendly measures and instruments 
for quantifying the severity of faecal incontinence 
and other components of anal incontinence sep-
arately from each other and in total.  

• Investigate the epidemiology of the different 
types and subtypes of bowel and anal inconti-
nence.  

• Collect data on faecal incontinence whenever 
practical as part of research on urinary inconti-
nence. 

• Well designed and adequately powered studies 
are needed to evaluate faecal incontinence treat-
ment modalities and management strategies cur-
rently available including: 

o Effectiveness of lifestyle modifications in-
cluding weight loss, exercise, diet and eat-
ing pattern modifications, and supplement-
ing dietary fibre as an adjuvant or combined 
strategy 

o Comparative effectiveness trials of instru-
mented biofeedback training versus neu-
rostimulation 

o Effectiveness of tibial nerve stimulation 
(transcutaneous and percutaneous) 

• Develop and test interventions for promoting 
care seeking and self-management of faecal in-
continence (and associated odour and urgency). 

• Develop and test interventions for increasing 
coping skills and health literacy related to faecal 
incontinence for patients and family caregivers. 

• Evaluate tailoring the management of faecal in-
continence based on patients’ goals, peer sup-
port, and the use of current technologies such as 
mobile devices for delivering management and 
support interventions to patients and family care-
givers. 

ALGORITHM 

The algorithm for assessment and conservative man-
agement of faecal incontinence was updated based 
on a review of new evidence in the literature within 
the context of previous evidence and consensus of an 
international group of experts on faecal incontinence 
(See chapter Recommendations of the Interna-
tional Scientific Committee). 
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Table 16-6. Matrix of Qualitative Studies on Faecal Incontinence (faecal incontinence) 

Authors, Refer-
ence, 
Country 

Study Purpose/  
Research Ques-
tions  

Qualitative 
Design 

Sample Patient Type/ 
Diagnosis 

Data  
Collection 

Findings Limitations Per  
Evaluation  
Criteria 

Level of 
Evidence 

Roe  
& May[353]  
UK 

Explore the impact 
of fecal and urinary 
incontinence on 
sexuality and iden-
tify interventions for 
the management of 
incontinence on 
sexuality 

Descriptive 27 adults Various 
causes of fae-
cal inconti-
nence 

Semi-struc-
tured inter-
views and 
field notes 

Themes: clothing and ap-
pearance; intimacy and car-
ing; management tech-
niques and relationships; 
life trajectory 

No rigor  
discussed 

2 

Chevavanayagam  
& Norton[341]  
UK 

Describe issues  
affecting quality of 
life of women with 
faecal incontinence 

Descriptive 13 women Various  
causes of  
faecal  
incontinence  
unsuccessfully 
treated 

Structured 
open-ended 
questions 

Issues with toileting, psy-
chological and emotional ef-
fects, timing of meals and 
proximity of toilets, skin ex-
coriation and constant 
cleaning,  
difficulties while in public 
places such as shopping, 
maintaining an attractive 
appearance and wearing 
clothes that conceal pads 
and possible accidents, re-
duced exercise, issues with 
employment, restricted 
travel, limited  
socialization 

Background lit-
erature brief, 
aim not specifi-
cally stated 

2 
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Authors, Refer-
ence, 
Country 

Study Purpose/  
Research Ques-
tions  

Qualitative 
Design 

Sample Patient Type/ 
Diagnosis 

Data  
Collection 

Findings Limitations Per  
Evaluation  
Criteria 

Level of 
Evidence 

Rozmovits &  
Ziebland [358]  
UK 

Understand as-
pects of distress in  
colorectal cancer 
and explore the im-
pact of the illness 
on identity and  
self-understanding 

Descriptive 39 adults 
with loss of 
bowel con-
trol with 
and without 
colostomy 
or ileos-
tomy 

Colorectal  
cancer 

Narrative  
interviews 

Loss of professional  
identity: temporal and spe-
cial boundnessLoss of abil-
ity to socialize: Considera-
ble impact on travel, eating 
away from home and en-
gaging in leisure pursuits. 
Learning to manage a 
stoma: loss of dignity, pri-
vacy and  
independence, disruption of 
sexual identity 

Limitations and 
rigor not dis-
cussed 

2 

Collings  
& Norton[354]  
UK 

Discover  
psychosexual and 
psycho- 
social aspects of 
living with  
faecal  
incontinence to in-
form  
practice 

Descriptive 20 women 
with FI 

Various  
causes of  
faecal  
incontinence 

Semi-struc-
tured inter-
views 

Women with faecal inconti-
nence have ongoing stress 
and face potential humilia-
tion. Strategies used for 
management include: fast-
ing; pads; using own trans-
portation; knowing the loca-
tion of toilets. Faecal incon-
tinence affects: skin care; 
shopping; eating; travel; ap-
pearance; employment; and 
socializing. Sex not always 
affected but there may be 
fear and shame that deter 
single women from  
entering a new relationship.  

Reflexivity and 
audit trail not  
addressed 

2 
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Authors, Refer-
ence, 
Country 

Study Purpose/  
Research Ques-
tions  

Qualitative 
Design 

Sample Patient Type/ 
Diagnosis 

Data  
Collection 

Findings Limitations Per  
Evaluation  
Criteria 

Level of 
Evidence 

Hansen et al.[222]  
USA 

Investigate the 
meaning of food as 
a strategy for treat-
ing faecal inconti-
nence 

Phenome-
nology 

10 women 
with FI liv-
ing in  
community  
 

Various  
causes of  
faecal 
 incontinence 

In-depth  
unstructured 
interviews 

4 categories of diet strate-
gies: restricting intake of 
food that worsen faecal in-
continence; avoiding gas-
producing foods; limiting 
portion or meal size; and 
using diet and fluids as 
treatments 
Themes: restricting diet and 
eating patterns; eating and 
dealing with the conse-
quences; treating faecal in-
continence with food and 
fluids; lack of therapeutic 
guidance for diet modifica-
tions 

Reflexivity not  
addressed 

2 

Wilson 
& McColl[364] 
UK 

Explore the quality 
of life, manage-
ment strategies, 
reasons for and 
barriers of seeking 
help by participants 
experiencing faecal  
incontinence 

Grounded  
theory 

22 adults 
living in  
community  

Various 
causes of  
faecal inconti-
nence 

In-depth 
guided inter-
views 

Five themes: impact of fae-
cal incontinence on self; re-
sponse to faecal 
 incontinence including ad-
aptation or maladaptation; 
interactions with significant 
others; positive/negative life 
direction; interaction with 
health professionals 

Limitations and 
rigor not dis-
cussed 

  
  2 
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Authors, Refer-
ence, 
Country 

Study Purpose/  
Research Ques-
tions  

Qualitative 
Design 

Sample Patient Type/ 
Diagnosis 

Data  
Collection 

Findings Limitations Per  
Evaluation  
Criteria 

Level of 
Evidence 

Peden-McAlpine  
et al.[221]  
USA 

Understand the  
experience of 
women with faecal  
incontinence and 
how they manage 
the  
problem daily 

Phenome-
nology 

10 women 
with FI liv-
ing in  
community  
 

Various 
 causes of fae-
cal  
incontinence 

In-depth  
unstructured 
Interviews 

Lived space: comfort at 
home;limited travel outside 
the home; social isolation; 
availability of a bathroom a 
priority; anxiety about public 
accidents; productive work 
outside the home problem-
atic Lived time: progression 
of symptoms over time; 
planning to prevent acci-
dents; frequency of leakage 
and defaecation; urgency 
Lived relationality: faecal in-
continence a threat to social 
acceptability and relation-
ships; careful about disclo-
sure of problem; humiliation 
and embarrassment at 
problem; caregiver re-
sponses rude and blam-
ing.Lived corporeality: man-
agement of symptoms 
aimed at regaining bodily 
functions; self-esteem suf-
fered; attentive to body im-
age.Controlling the body out 
of control was essential 
theme. 

Reflexivity 
not  
addressed 

1 
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Authors, Refer-
ence, 
Country 

Study Purpose/  
Research Ques-
tions  

Qualitative 
Design 

Sample Patient Type/ 
Diagnosis 

Data  
Collection 

Findings Limitations Per  
Evaluation  
Criteria 

Level of 
Evidence 

Coterill  
et al.[23]  
UK 
 

 

Identify question 
items for a tool as-
sessing symptoms 
and quality of life of 
individuals with fae-
cal incontinence 

Descriptive Opinions 
from 7 clini-
cal  
experts  
Qualitative 
interviews 
with 31 pa-
tients with 
FI 

Inflammatory 
bowel disease 
with faecal in-
continence 

Interviews 
with patients 
Comments 
by clinical 
experts 
 

Assessment areas defined 
by clinical experts: type, 
amount and frequency of 
faecal incontinence; ability 
to control flatus and stool; 
straining to evacuate; 
 incomplete evacuation; 
ability to discriminate be-
tween flatus and stool; pas-
sive and urgent episodes of 
faecal incontinence; sensa-
tion during faecal  
incontinence episodes; ‘nor-
mal’ bowel pattern for the  
individual Free text  
comments ranking; toilet  
location; social life;  
hygiene/odour issues; cop-
ing strategies; fear, physical 
activities; embarrassment; 
bowel unpredictability 
Interview analysis key is-
sues: unpredictability; cop-
ing strategies; and im-
portance of sexual matters 

Interview data 
not sufficiently 
analyzed 
Reflexivity not 
mentioned 
Limitations not 
noted 
Ethical  
considera-
tions not de-
scribed 

2 
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Authors, Refer-
ence, 
Country 

Study Purpose/  
Research Ques-
tions  

Qualitative 
Design 

Sample Patient Type/ 
Diagnosis 

Data  
Collection 

Findings Limitations Per  
Evaluation  
Criteria 

Level of 
Evidence 

Johnsen  
et al.[363]  
Sweden 

Describe problem-
atic aspects of fae-
cal incontinence to 
the experience of 
adults with Spina 
Bifida 

Descriptive 11 adults Spina Bifida 
with bowel 
problems 

Semi-struc-
tured open-
ended inter-
views 

13 specific problem issues 
were identified in 4 broad 
categories: subjects spent a 
lot of time controlling their 
defaecation; problems com-
municating with nurses and  
physicians; involuntary fae-
cal leakage contributed to 
social isolation; they did not 
feel secure in relationships; 
leisure time was determined 
by access to toilets; sense 
of helplessness and worry 
about smell, gaining control,  
accidents; sense of impu-
rity, being socially  
unacceptable; poor self-im-
age; decisions about bowel 
control were troubling (co-
lostomy or voluntary consti-
pation); and changing pat-
terns 

Guiding  
framework  
described as 
‘pragmatism’ 
and not 
aligned with 
any  
epistemologi-
cal perspec-
tive 
 
Not clear if  
followed  
guiding  
framework or 
not 
 
Reflexivity is 
not  
addressed 

2 

Norton &  
Chelvanayagam 
[365] UK  

Describe the im-
pact bowel  
dysfunction has on 
the lives of people 
with MS and to 
identify  
interventions that 
MS Society  
Members find help-
ful that may war-
rant further  
investigation 

Survey with 
open-ended 
question 

155 adults Adults with MS 
 

Free-text 
section on 
question-
naire 

Faecal incontinence had a 
more profound effect on 
quality of life than constipa-
tion. Bowel dysfunction and 
bowel management had the 
greatest negative impact on 
quality of life, as much as 
difficulty with mobility. 

How thematic 
analysis was 
undertaken 
was not dis-
cussed 
Reflexivity 
was not ad-
dressed 

2 
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Authors, Refer-
ence, 
Country 

Study Purpose/  
Research Ques-
tions  

Qualitative 
Design 

Sample Patient Type/ 
Diagnosis 

Data  
Collection 

Findings Limitations Per  
Evaluation  
Criteria 

Level of 
Evidence 

Rasmussen & 
Ringsberg[356]  
Sweden 

Elucidate how 
women experience 
what it is like to live 
with faecal inconti-
nence due to child-
birth complication 
and how they cope 
with that situation 

Grounded 
theory 

9 women  Women with 
anal sphincter 
rupture during 
childbirth 

Unstructured  
interviews 

To have faecal incontinence 
due to a child birth compli-
cation is like being in an ev-
erlasting fight. To live with 
and cope with faecal incon-
tinence is like having to fight 
to be like others, a fight 
against attitudes and having 
a constant striving for con-
firmation. 

Theoretical  
sampling  
not men-
tioned 

1 

Manthey et al.[1]  
USA 

Examine the man-
agement goals of  
individuals with fae-
cal incontinence liv-
ing in the commu-
nity if total reduc-
tion of faecal 
 incontinence 
would not be possi-
ble 

Descriptive 189  
community 
dwelling 
adults with 
FI 

Various  
causes of  
faecal  
incontinence 

Semi-struc-
tured inter-
views 

Patients have numerous 
goals if cure is not possible. 
Having fewer leaks was most 
popular goal.  
One-third of patients can 
identify their own goals. 
 Differences between men 
and women: men are more 
interested in not leaking stool 
at night and decreasing the 
amount of stool leaked. 
Women rate having less ur-
gency and decreasing 
size/amounts of pads of 
higher importance. Younger  

participants are more inter-
ested in elimination of leak-
age of stool during sex and 
lessening worry. 

Reflexivity 
not men-
tioned 
Limitations 
not noted 

2 
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Authors, Refer-
ence, 
Country 

Study Purpose/  
Research Ques-
tions  

Qualitative 
Design 

Sample Patient Type/ 
Diagnosis 

Data  
Collection 

Findings Limitations Per  
Evaluation  
Criteria 

Level of 
Evidence 

Peden-McAlpine 
et al.[223]  
USA 
 
 

Describe the life  
experience of men  
managing 
faecal incontinence 

Phenom-
enology 

11 men 
with FI 

Men living  
independently, 
managing 
frequently 
 occurring  
faecal inconti-
nence for 1 
year minimum 

Interviews Essential theme: “Secret  
Resignation” --Men accept 
faecal incontinence as nor-
mal, limit activities outside 
the home, associate faecal 
incontinence with aging, 
and accept the changes in 
their body image. Did not 
generally employ self-care 
strategies or use product 

Reflexivity 
was not ad-
dressed 

1 

Dibley &  
Norton[357]  
UK 

Understand the  
experiences and 
concerns of people 
with IBD and  
faecal incontinence  
To understand fac-
tors that influence  
help-seeking and 
needs or desires 
for continence ser-
vices 

Mixed  
methods 
Reflexivity, 
rigour, and 
study  
limitations 
not de-
scribed by 
authors.  
New  
insights for  
persons 
with IBD 
and  
faecal  
inconti-
nence re-
garding ur-
gency and 
need for 
quick public 
access to 
toilets 

28 adults 
 
583  
question-
naire  
responses 

 
 

Adults with 
IBD  
diagnosis 

Free-text  
responses to 
survey 

Interviews 

7 themes: faecal inconti-
nence has intense negative 
emotional and psychologi-
cal impact; feelings of 
stigma; limited life activities; 
 5 predominant symptoms;  
practical coping mecha-
nisms; access to toiletfacili-
ties; and fear of faecal in-
continence 

Reflexivity 
and proce-
dures for ri-
gor not  
Described 
New insights 
for persons 
with IBD and 
faecal  
incontinence  
regarding  
urgency and 
need for quick 
public access 
to toilets and 
requests to 
have services 
to manage 
anxiety related 
to faecal  
incontinence 

1 
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Authors, Refer-
ence, 
Country 

Study Purpose/  
Research Ques-
tions  

Qualitative 
Design 

Sample Patient Type/ 
Diagnosis 

Data  
Collection 

Findings Limitations Per  
Evaluation  
Criteria 

Level of 
Evidence 

Norton &  
Dibley[361]  
UK 

Understand the  
experiences and 
concerns of people 
with IBD and faecal 
incontinence  
Understand factors 
that influence help-
seeking and needs 
or desires for conti-
nence services 

Mixed  
methods 

617  
question-
naire  
responses 

Adults with 
IBD  
diagnosis 

Free-text  
responses to 
survey 

 

Minority sought help for fae-
cal incontinence because: 
thought nothing could be 
done, did not know who to 
ask, did not know of spe-
cialist services or thought it 
was too insignificant a prob-
lem.Desired services in-
cluded public and social is-
sues (e.g., employer aware-
ness, access to toilets) and 
health services to cope with 
emotional aspect, better de-
signed products and well-in-
formed and sympathetic 
specialists 

Reflexivity and 
procedures for 
rigor not de-
scribed New 
insight that  
persons with 
IBD and faecal  
incontinence  
require ser-
vices to man-
age anxiety, 
such as coun-
selling 

2 
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Authors, Refer-
ence, 
Country 

Study Purpose/  
Research Ques-
tions  

Qualitative 
Design 

Sample Patient Type/ 
Diagnosis 

Data  
Collection 

Findings Limitations Per  
Evaluation  
Criteria 

Level of 
Evidence 

Wilson[360]  
UK 
 
 

Determine changes 
that had taken 
place since first 
study Focused on 
adaptation and  
establishing the 
factors for adapta-
tion 

Descriptive  
 

6 women 
and 5 men 
from the ini-
tial study 
(11 total) 

Men and 
women with  
faecal  
incontinence 
of various 
causes 

In-depth 
guided inter-
views based 
on topic 
guides  
directed by 
the initial 
study find-
ings  
Emerging  
topics were  
explored 
where rele-
vant. 

The major theme identified 
is the quest for control. Sub-
themes include: other 
chronic conditions: addi-
tional adversity or providing  
perspective (control in con-
text), adaptation in the pres-
ence of obstacles:  
downgrading aspirations 
and making the best of it 
(re-evaluating control),  
Meaningful support:  
significant others (sharing 
control), Interaction with 
health professionals: from 
passive recipient to expert 
patient (taking over control);  
Interactions with others with 
faecal incontinence: from 
advice seeker role model 
(inspiring control), Interac-
tion: the generalized other 
(outwardly in control). 

Background 
literature not 
well developed 
 Reflexivity 
and audit trail 
not mentioned 
Other 
measures of 
rigor not  
addressed 

1 

Olsson. & 
Bereto[355]  
Sweden 
 

Identify and de-
scribe the lived  
experience of  
persons living with 
faecal incontinence 
and show how it af-
fects daily life 

Interpretive  
Phenome-
nology  
 
 

 5 women 
with FI  

Adults with 
faecal  
incontinence  
regardless of 
cause or  
severity 

Unstructured 
 interviews 

Four themes: self-affirma-
tion; guilt and shame; limita-
tions in life; personal ap-
proach; Leaked faeces, as-
sociated odour and worry 
about these problems oc-
curring continue to be con-
cerns and sources of guilt 
and shame  

Literature  
review on the  
experience of  
faecal inconti-
nence is inad-
equateLittle 
new infor-
mation is of-
fered in find-
ings, No men-
tion of reflexiv-
ity, limitations, 
or audit trail 

2 
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Authors, Refer-
ence, 
Country 

Study Purpose/  
Research Ques-
tions  

Qualitative 
Design 

Sample Patient Type/ 
Diagnosis 

Data  
Collection 

Findings Limitations Per  
Evaluation  
Criteria 

Level of 
Evidence 

Wilson[359]  
UK 

Report on a 10 
year follow up 
study examining 
the challenges as-
sociated with living 
with faecal  
incontinence and 
different ways of  
managing the con-
dition,  
including the im-
portance of social 
support. 

Grounded  
Theory 

There were 
3 men and 
6 women 
with FI in 
the follow-
up 

Various 
causes of fae-
cal  
incontinence 

Semi-struc-
tured guided  
interviews 
 

The core category was im-
pact and response to faecal 
incontinence. Subcatego-
ries included: interaction 
with the generalized other; 
interaction with significant 
others; interaction with in-
siders.The follow up study 
after 10 years of living with 
faecal incontinence posed 
challenges to adaptation.  
Adaptation was ongoing 
and faecal incontinence 
was not always the domi-
nant issue. New self-man-
agement strategies were 
identified. 

Half of the 
original sub-
jects in the ini-
tial study was 
lost to attrition. 
No mention of  
rigor, reflexiv-
ity or an audit 
trail  

2 
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APPENDIX 1 

Literature Search Strategies  

Clinical Assessment 

The following search terms were used in  The follow-
ing search terms were used in searching PubMed, 
Web of Science and Cochrane Review databases: 
faecal inconti-nence, fecal  incontinence, anal incon-
tinence, symptoms, signs, clinical assessment, his-
tory, examination, digital examination, vaginal exam-
ination. The search was conducted for the literature 
from January 1, 2011 until December 31, 2015, be-
cause the literature before January 1, 2011 was cov-
ered by the  previous edition of this chapter. 

Endoanal Ultrasound Imaging 

The following search terms were used for Pub-Med, 
Web of Science and Cochrane reviews: faecal in-
continence, fecal incontinence, anal incontinence, 
endoanal ultrasound, endovaginal ultrasound, trans-
perineal ultrasound, translabial ultrasound, pelvic 
floor ultrasound, obstetric anal sphincter injuries 
(OASIS), three-dimensional ultrasound. The search 
was conducted for the literature from January 1, 
2011 until March 31, 2016, because the literature 
before January 1, 2011 was covered by the previous 
edition of this chapter. 

Defaecography 

The following search terms were used for PubMed, 
Web of Science and Cochrane reviews: faecal   in-
continence, fecal incontinence, anal incontinence, 
defecography, evacuation proctography, MRI 
defecography, ventral rectopexy. The search was 
conducted for the literature from January 1, 2011 un-
til December 31, 2015, because the literature before 
January 1, 2011 was covered by the previous edi-
tion of this chapter. 

Magnetic Resonance Imaging (MRI) 

The following search terms were used in searches in 
PubMed and Cochrane Reviews: MRI   faecal incon-
tinence, MRI fecal incontinence, MRI anal inconti-
nence. The search was conducted from January 1, 
2011 until December 31, 2015, because the litera-
ture before January 1, 2011 was covered by the pre-
vious edition of this chapter. 

Clinical Neurophysiologic Testing 

A search of PubMed, Web of Science, CINAHL and 
Cochrane reviews was undertaken using the follow-
ing terms: f(a)ecal incontinence, anal incontinence, 
neurophysiology, neurophysiologic evaluation, ano-
rectal manometry, anorectal physiology, anorectal 

sensation, mucosal electrosensation, anorectal test-
ing, anorectal reflexes, anal sphincter EMG.  The 
search was conducted from January 1, 2011 until 
Decem-ber 31, 2015, since earlier literature had 
been considered in the previous version of the chap-
ter. 

Symptom Severity Scales 

Ovid/MEDLINE and EMBASE were searched for rel-
evant literature on the assessment and severity of 
symptoms in fecal incontinence.  This combination 
allows for expanded coverage (articles from both da-
tabases, as well as meeting abstracts) use of unique 
controlled vocabulary (fecal incontinence (MeSH), 
feces incontinence (EMTREE)), as well as searching 
titles with adjacency ((feces or faec* or fecal or anal 
or anus) within 3 words of incontinen*).  PubMed 
does not permit adjacency searching. Once the con-
cept of fecal incontinence was established, the re-
sults were combined with subject headings as well 
as text words, specific tools, as well as specific 
symptoms: severity of illness index/, disability sever-
ity/, disease severity assessment/, disease severity/, 
exp   symptom/, exp symptom assessment/, exp 
Symptom Distress Scale/,  gastrointestinal  symp-
tom/,  sever*,  “modified Manchester”, wexner,  “st 
Mark*”,  fisi , fica,  iciq; or specific symptoms: symp-
tom*,   diarrhe*,  diarrhoe*, urgen*, frequen*, soil*, 
leak*, stool*, constipat*) associated with methods of 
assessment: (sur-vey*, questionnaire*, scale*, 
score*, validat*, instrument*, assess*, tool*, evaluat*, 
index, indi-ces, grade*, grading, classif*).  The study 
by Pescatori, which is the earliest of the contempo-
rary studies evaluating the severity of symptoms in 
faecal incontinence, was published in 1992(198). 
Hence, results were limited to literature published 
since 1992, and to formal study design in English.   

Medications 

Ovid/Medline and Cochrane Review databases were 
searched for studies in any language and any year 
through October 2011 which matched the   following 
search terms:  

“Faecal incontinence” OR “anal incontinence” AND 
“drug” OR “medical management” OR “medical 
treatment.” 

 “Faecal incontinence” OR “anal  incontinence” AND 
“loperamide” OR “diphenoxylate.” 

“Faecal incontinence” OR “anal incontinence” AND 
“laxative” OR “polyethylene.” 

“Faecal incontinence” OR “anal incontinence” AND 
“phenylephrine gel.” 

Education and Lifestyle Changes 
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PubMed, Ovid/Medline and EMBASE, CINAHL, and 
Cochrane Review databases were search for arti-
cles from January 1, 2011 to December 31, 2015 for 
each topic separately in this section using syntax 
and combinations of terms that were appropriate for 
each data base.  Articles were limited to the English 
language and duplicates removed before review. An 
example of the search terms used is as follows: anal 
or anorectal* or bowel* or faecal* or fecal* or rectal* 
or stool*).mp, and (continen* or incontinen*).mp, 
and:  

(bowel and (habit* or management or   program* or 
training or retraining)).mp, bowel AND (habit* or 
management or program* or training or retraining). 

exp Combined Modality Therapy/, (combin* adj3 
therap*).mp, (combin* adj3 therap*).mp, (MH "Com-
bined Modality Therapy+"), combin* n3 therap*. 

Exp Complementary Therapies/, alternative 
therap*.mp, complementary therap*.mp, (acupunc-
ture or anthroposophy or auriculotherapy or diffuse 
noxious inhibitory control or holistic health or homeo-
path* or horticulutural therapy or traditional medicin* 
or traditional Chinese medicine or mesotherap* or 
mind-body therap* or biofeedback or aromatherap* 
or hypnosis or meditat* or psychophysiology or re-
laxation therap* or Tai Ji or therap* touch* or yoga or 
musculoskeletal manipulat* or chiropractic* or osteo-
pathic or soft tissue therap* or acupressure or mas-
sage* or   naturopath* or organotherap* or tissue 
therap* or phytotherap* or reflexotherap* or sensory 
art therap* or speleotherap* or spiritual therap*).mp.  

Lactose Intolerance/, Lactose Factors/, Lac-tose/, 
Lactose Tolerance Test/, Lactose Synthase/, lac-
tose.mp, exp Dairy Products/, (dairy or milk or yo-
gurt* or yoghurt*).mp.  

exp Glutens/, gluten*, Carbohydrates/, car-bohy-
drate*, fats/, fat*Sorbitol/, sorbitol.mp.  

exp Diet/, exp Nutrition Therapy/,  Food/,  Food Hab-
its/ (diet* or food* or nutrition* or prune*), feeding be-
havior.mp. 

exp Dietary Fiber/, (fiber or fibre).mp, (oligofructose 
or oligosaccharides or fructans or fruco* or fos or 
fructoligosaccharide or sorbitol or glucitol or iso-
sorbide* or meglumine), prune*, senna extract/ or 
senna plant/ or senna.mp. 

Herbal Medicine/, herb* medicin*.mp, exp Dietary 
Supplements/, dietary supplement*, (prebiotic* or 
probiotic*).mp, exp Phytotherapy/, plant Extracts/,  

Plant Preparations/, Plants, Medicinal/, (plant* adj 
(extract* or preparation* or medicin*)), Lactobacil-
lus/, acidophil*Lactobacillus, 

Selenium/, selenium, symbiotic, Vitamins/, vita-
min*.mp.  

exp Alcohols/, Alcoholism/,  Alcohol   Drinking/, Alco-
holic Beverages/ ,Beverages/, Drinking Behavior/, 
Drinking/,  Ethanol/, Water/, Caffeine/ , (alcohol* or 
beverage* or caffein* or coffee or drink* or ethanol* 
or fluid* or water).mp. 

 educat*.mp. or exp health education/ or patient edu-
cation as topic/.  

exp Exercise/, Exercise Therapy/, Exercise Move-
ment Techniques/, Physical Fit-ness/, (exercis* or 
stretch* or resistance train-ing or run* or walk* or 
swim* or pilates).mp. 

(carer or caregiver* or spous* or family or families or 
parent*), Family/, Caregivers/.mp., (carer or care-
giver* or spous* or family or fami-lies or  par-
ent*).mp. 

(irrigat* and (rectal or rectum or anal or transanal or 
trans-anal or retrograde)).mp.,  lavage/. 

Telephone/, (cell phone* or smartphone* or tele-
phone* or text messag*).mp., Mobile Applications/,  
exp Remote Sensing Technology/, (mobile applica-
tion* or geographic information systems).mp. 

Nurse's Role/, Nurse-Patient Relations/, (nurs* adj3 
(advice or advis*)).mp., (nurs* adj3 support*).mp., 
nurse attitude/,  (nurs* adj3 (advice or advis* or role 
or support*)).mp. 

Tobacco Use"/, "Tobacco Use Disorder"/, exp "To-
bacco Use Cessation"/, Tobacco Smoke  Pollu-
tion/,tobacco dependence/, smoking  cessation/, 
passive smoking/, (smok* or tobac-co).mp. 

Rectum/ and Physical Stimulation/, rectal stimula-
tion.mp., anal stimulation.mp.  

Toilet Facilities/, toilet*.mp., exp  sanitation/. 

(urge or urgency).mp. 

exp body weight changes/,  (weight gain* or weight 
loss or weight reduc*).mp. 

Pelvic Floor Muscle Exercises, Biofeedback, and 
Electrical Stimulation 

PubMed and Cochrane Review databases were 
searched for articles published between January 
2012 and March 2016. These searches were limited 
to studies in which the subjects were adult humans. 
No restrictions were placed on language of publica-
tion. The search terms were: (fecal incontinence OR 
anal incontinence or accidental bowel leakage) AND 
(biofeedback OR neuromuscular conditioning OR 
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pelvic floor exercise OR Kegel exercise OR electri-
cal stimulation OR percutaneous tibial nerve stimula-
tion).  

Qualitative Research on the Experience of Fae-
cal  Incontinence and Quality of Life 

PubMed, Ovid/Medline, and CINAHL databases 
were search from January 2012 - December 2015.  
The following subject headings and key words were 
searched: stool incontinence; self-report; narratives; 
qualitative research; anal, bowel, faecal and inconti-
nence; quality of life and faecal incontinence. Addi-
tional articles were identified by examining reference 
lists from articles and citation search of early work. 
Articles were included if they met the following crite-
ria: (a) focus on adults; (b) were published in Eng-
lish; (c) featured qualitative research; and (d) ex-
plored the experience of faecal incontinence. Arti-
cles were excluded if they were: (a) focused on 
caregivers; or (b) exploring another condition as the 
primary experience (i.e., sphincter saving surgery).
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SURGERY FOR FAECAL 
INCONTINENCE 

P. R. O’CONNELL (IRELAND) 
C.H. KNOWLES (UK), Y. MAEDA (UK), C. VAIZEY (UK), R.D. MADOFF (USA), S. LAURBERG 

(DENMARK), P.A. LEHUR (FRANCE), K. E. MATZEL (GERMANY), A.F. MELLGREN (USA), 
T. MIMURA (JAPAN) 

  INTRODUCTION 

Normally,therapy for faecal incontinence is readily di-
vided into non-surgical and surgical therapy. Selec-
tion of specific therapy is based upon a number of 
considerations, including the severity of incontinence 
and structural integrity of the anal sphincter. 

Non surgical therapy is most applicable to relatively 
mild cases of incontinence. Biofeedback retraining 
can be attempted for incontinence of any cause or se-
verity, as the therapy is painless and risk-free. These 
treatments are discussed in detail elsewhere in this 
monograph. 

Traditionally, the most widely accepted surgical ther-
apy for faecal incontinence was overlapping sphinc-
teroplasty. Typical of other well-established thera-
pies, the evidence base supporting this approach is 
paradoxically less robust than that supporting more 
recent treatment options. Sphincteroplasty is useful 
only in cases in which there is an anatomical anal 
sphincter defect. Sphincteroplasty provides satisfac-
tory results in the majority of patients, however the 
results of sphincteroplasty deteriorate with time (2-4)  

A number of operations were developed to treat pa-
tients whose native sphincter was either intact but 
weak or not amenable to repair. Parks’ conceived the 
postanal repair to accentuate the anorectal angle in 
patients with incontinence due to pelvic neuropathy 
(5). Muscle transposition procedures using either glu-
teus maximus or gracilis were devised to create a 
functional biological neosphincter. The results were 
modest but electrical stimulation of the neosphincter, 
known as dynamic gracilloplasty, led to improved 
continence outcomes. An artificial anal sphincter was 
devised as a salvage procedure for patients who had 
failed or were not candidates for standard therapy. A 
simplified magnetic bead artificial sphincter has been 
developed and is currently the subject of clinical trials 

Sacral nerve stimulation (SNS), which was being 
studied for treatment of urinary incontinence, was 
found to improve faecal incontinence in a sub-set of 
patients with dual incontinence. This observation led 

to application of SNS as a primary treatment of faecal 
incontinence in patients with intact or minimally dis-
rupted anal sphincters. Approximately 55% of pa-
tients assessed achieve a substantial benefit from 
SNS (50% reduction in incontinence episodes) such 
that SNS is increasingly offered to patients with major 
incontinence difficulties including those with larger 
anal sphincter defects. 

There has been considerable interest in the develop-
ment of minimally invasive approaches to faecal in-
continence for patients with less severe symptoms. 
These include the use of injectable biomaterials, ra-
diofrequency energy treatment, a vaginal pessary de-
vice and pelvic sling procedures. The potential for use 
of autologous stem cells to augment residual anal 
sphincter function is also being explored.  

Several important caveats apply to interpretation of 
the results of surgery for faecal incontinence reported 
in the literature. Firstly, the vast majority of reports are 
uncontrolled case series. Randomised controlled 
studies are rare, and those reported include only 
small numbers of patients (6). Secondly, numerous 
quantitative measures have been used to report out-
comes, but only recently have any of these been val-
idated, such as the Faecal Incontinence Quality of 
Life (FIQL) instrument (7). Thirdly, the criteria for es-
tablishing “successful” outcomes have been variable 
and often appear arbitrary. Fourthly, the quality of 
data reported is variable, though this has generally 
improvedin more recent studies. Chart review has 
been supplanted by patient questionnaires and inter-
views by independent data auditors. Daily continence 
diaries, the most stringent form of data collection, 
have become increasingly commonplace (although 
not routine). A recent systematic review has high-
lighted many of the limitations (8). Notwithstanding 
this, clinical guidelines published by the American 
College of Gastroenterology (9) and the American 
Society of Colon and rectal Surgeons (10) do provide 
a framework under which to consider the evidence 
available to support clinical decision making regard-
ing surgical treatments for faecal incontinence. 
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1. SEARCH METHODS 

A PubMed search was conducted to identify studies 
published on the use of surgery for faecal (fecal) in-
continence. Keywords used were faecal (fecal) incon-
tinence and surgery. Full text copies of studies 
deemed to be potentially relevant were obtained. Pri-
ority was given to systematic reviews, randomised 
controlled trials, and controlled clinical trials; if those 
were unavailable or inadequate, comparative obser-
vational studies, case series, case reports and narra-
tive reviews were also included. Reviewers were not 
blinded to the names of studies’ authors, institutions 
or publications. In view of the nature of the guideline, 
priority was given to the reports with large number of 
patients and long follow-ups assessing efficacy of 
surgical interventions. Particular emphasis was 
placed on those reporting techniques and functional 
outcome including quality of life after an operation. 

Non-English language papers were noted but ex-
cluded from the review unless they contained an Eng-
lish language abstract providing sufficient infor-
mation. 

 SURGERY FOR ADULT FAECAL 
INCONTINENCE 

1.1. Sphincter Repair  
Anal sphincter repair is the term used to describe pri-
mary repair of the anal sphincter mechanism follow-
ing direct trauma. The most common indication is fol-
lowing childbirth and repair in this situation is usually 
performed by the attending obstetrician. Colorectal 
surgeons are more commonly involved in primary re-
pair of injury that is the result of blunt or penetrating 
trauma. Occasionally, the anal sphincter mechanism 
is damaged during anorectal surgery for other anal 
pathology, particularly surgery for anal fistula. 

In Western obstetric practice, the incidence of overt 
anal sphincter injury (grade 3 or 4 tear) is low, 3-5% 
following primiparous delivery and 0.5-1% following 
second and subsequent deliveries (11). When pro-
spectively looked for with endoanal ultrasound, the 
actual incidence of anal sphincter injury is higher (12, 
13). A meta-analysis of 717 vaginal deliveries found 
an incidence of new anal sphincter defects of 27% in 
primiparous and 9% in multiparous women using 2D 
endoanal ultrasound (14). 3D and transperineal ultra-
sonography suggest that the incidence is somewhat 
less, perhaps 11%, following primiparous delivery 
(15, 16). The risk factors for sphincter injury include 
instrumental vaginal delivery, prolonged second 
stage of labour, fetal macrosomia, and a persistent 
occipital position of the fetal head (13, 17, 18). Midline 
episiotomy is associated with higher incidence of anal 
sphincter injury and the angle of mediolateral episiot-
omy may also influence perineal outcome (19). 
LEVEL OF EVIDENCE 2.  

A policy of restrictive use of episiotomy may reduce 
the incidence of anal sphincter injury (20-22). LEVEL 
OF EVIDENCE 2.  

Obstetric injury of the perineum is classified as a first 
degree tear if confined to vaginal epithelium and skin, 
second degree if the perineal muscles are torn, third 
degree if the anal sphincter muscles (external: EAS; 
internal: IAS) are torn, (3a: less than 50% EAS torn; 
3b: more than 50% EAS torn; 3c: IAS torn) or fourth 
degree if both EAS and IAS and rectal or anal mucosa 
are torn (23). Primary repair of an obstetric tear is cor-
rectly termed anal sphincter repair and is frequently 
performed by the obstetrician immediately after deliv-
ery, most commonly in the delivery room under local 
or epidural anaesthetic. However recent guidelines 
issued by the Royal College of Obstetricians and Gy-
naecologists  in the UK recommend that all such re-
pairs should be performed in an operating theatre 
with adequate exposure, lighting and adequate an-
aesthesia (24) . By tradition, the technique of repair 
has been a direct oppositional repair of the severed 
EAS, however an overlapping technique, as com-
monly used in secondary repair (vide infra), has been 
recommended as it obliges identification and ade-
quate mobilization of the severed ends of the EAS 
(25). The IAS, if damaged, is difficult to identify sepa-
rately and is usually repaired en-block with the anal 
canal mucosa in a complete or 4th degree tear. How-
ever, Mahoney et al (26) have shown that persistence 
of an IAS defect is adversely associated with conti-
nence outcome following repair of a 3rd or 4th degree 
tear, while Roos et al (27) have found that women 
with major tears (grade 3c or 4) were significantly 
more likely to have ultrasound evidence of a persist-
ing IAS or combined IAS and EAS defect following 
obstetric repair. These women were more likely to 
have poor functional outcomes. Separate repair of 
the IAS is now recommended when the sphincter can 
be separately identified using a direct appositional 
technique (21, 24, 28, 29). LEVEL OF EVIDENCE 3.  

There have been six randomised clinical trials (588 
women) (25, 30-34), a meta-analysis (35), and a sys-
tematic review (36) that have investigated different 
techniques of immediate primary anal sphincter re-
pair following obstetric injury. Compared with primary 
end-to-end repair, immediate primary overlap repair 
of the EAS appears to be associated with lower risks 
of developing faecal urgency and anal incontinence, 
however at 36 months following repair there appears 
to be no difference in outcome between the two tech-
niques. Norderval et al have shown that the conti-
nence outcome in women with an obstetric anal 
sphincter tear was improved if the entire length of the 
EAS was repaired in addition to separate repair of the 
IAS if a co-existing injury was found (37). Guidelines 
from the American College of Obstetrician and Gyne-
cologists state that end-to-end or overlap repair are 
both acceptable for full-thickness external anal 
sphincter injury (29). A recent Cochrane review con-
cluded that more evidence is needed to establish the 
optimum technique of repair (35). LEVEL OF 
EVIDENCE 2. 
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As colorectal surgeons are, in general, quite familiar 
with the anatomy of the anal canal, it has been sug-
gested that primary anal sphincter repair might be 
best performed by a colorectal surgeon rather than an 
obstetrician. Nordenstam et al (38) concluded, in a 
single institution study of 165 women, that technique 
and expertise affect the outcome of primary repair 
and that if needed, the repair could be safely delayed 
until such expertise was available. In a similar study, 
Soerensen et al (39) also found no adverse outcome 
with delayed primary repair. Co-operation between 
obstetric and colorectal surgical colleagues can result 
in much improved outcomes (40), while a structured 
training programme for obstetric trainees also im-
proves clinical outcomes (41). LEVEL OF 
EVIDENCE: 2 

There have been two randomised trials of post-oper-
ative management of the bowel after primary anal 
sphincter repair. These have shown benefit in use of 
a laxative rather than a constipating regimen but no 
advantage to the addition of a stool bulking agent (42, 
43). LEVEL OF EVIDENCE:1 

Some alteration in faecal continence occurs in ap-
proximately 13 - 17% of women following primiparous 
vaginal delivery, even in the absence of a recognised 
sphincter tear (12, 44, 45). The prevalence is greater 
if urgency of defaecation is included as a symptom 
(13). MacArthur et al (46) found flatal incontinence in 
27% of 7,879 women surveyed 12 weeks after deliv-
ery. Fenner et al (47) found that women who had sus-
tained third and fourth degree tears were more likely 
to have bowel incontinence than women without anal 
sphincter injury 6 months following delivery. This was 
more pronounced in women with a history of 4th de-
gree tear. Samarasekera et al (48) found long-term 
effects on anal continence and quality of life following 
postpartum anal sphincter injury. Oom et al (49) sug-
gested that concomitant injury to the pelvic floor may 
be an associated determinant of outcome, in addition 
to adequacy of sphincter repair. Following repair of 
obstetric anal sphincter injury patients should be re-
ferred for pelvic floor physiotherapy (50, 51) LEVEL 
OF EVIDENCE: 2 

Management of subsequent labour following a previ-
ous anal sphincter tear must take account of obstetric 
risk factors, symptoms of incontinence and patient 
preferences. Harkin et al (18) found an approximately 
5 fold increase in the incidence of recurrent sphincter 
tear compared to the incidence of first sphincter injury 
during second labour. Fynes et al (52) found that 
women with altered continence after first vaginal de-
livery were at risk of deterioration if delivered vagi-
nally on their second pregnancy. Caesarean delivery 
before the onset of the second stage of labour was 
found to be protective (53); however, Nelson et al (54) 
in a systematic review found that pregnancy rather 
than delivery was more important in predicting post-
partum continence. Scheer et al (55) have confirmed 
that subsequent vaginal delivery is reasonable in 
asymptomatic women after a previously repaired third 
degree tear. LEVEL OF EVIDENCE: 3  

A number of studies have looked at long-term out-
comes after repair of a 3rd or 4th degree tears and all 
have shown an increasing prevalence of continence 
disorders in association with greater age. These find-
ings parallel those in the general population of parous 
women who have not had a recognized tear (44, 56, 
57). Eogan et al (58) found in a study of women 10, 
20 and 30 years following delivery that onset of men-
opause was the most significant determent of symp-
toms, whereas Mous et al (59) found the incidence of 
incontinence increased with age irrespective of men-
opausal status. Fornell et al (60) found that subjective 
and objective anal function after anal sphincter injury 
deteriorates with time and subsequent deliveries. A 
persistent defect in the IAS was also found to be an 
important determinant, an observation supported by 
Mahony et al (26). LEVEL OF EVIDENCE: 3  

There is some evidence that hormone replacement 
therapy may be of value in women who develop 
symptoms post menopause (61).  

Summary: Primary anal sphincter repair should be 
undertaken by an experienced operator under opti-
mal conditions. End to end and overlap EAS repair 
appear equivalent. Separate IAS repair should be 
considered when divided. Following obstetric injury, 
management of subsequent deliveries should take 
account of patient symptoms and preferences as well 
as obstetric factors. Grade of Recommendation: C 

1.2. Sphincteroplasty 
The term “anal sphincteroplasty” is used to describe 
secondary or delayed reconstruction of the anal 
sphincter musculature, injury to which has either not 
been recognised at the time of injury or when the out-
come of primary repair has been unsatisfactory. De-
layed sphincteroplasty is usually performed a mini-
mum duration of three months after the initial injury. 
Anterior sphincteroplasty is the most common type of 
reconstruction performed because of the association 
with obstetric injury. In this situation, the anal sphinc-
ter muscles and perineal body have separated leav-
ing a horseshoe type configuration to the anal sphinc-
ter mechanism, with a large defect in the anterior 
quadrant. Occasionally, the defect is such that the 
anal and vaginal mucosae have healed to form a clo-
acal defect. Anal sphincter defects related to previous 
anal fistula surgery or direct trauma are usually less 
complex and are not associated with a deficient peri-
neum unless there has been an avulsion injury with 
significant tissue loss. 

The decision to perform anal sphincteroplasty is 
based on an assessment of symptoms and the ana-
tomical extent of the sphincter defect (62). In as-
sessing symptoms one of several faecal continence 
scores should be used. The two most commonly ap-
plied are the Cleveland Clinic Continence Score (63) 
and the St Mark’s Continence Score (64). In addition 
a quality of life instrument should be applied (65). 
LEVEL OF EVIDENCE: 4 
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Anorectal function can be evaluated objectively using 
different modalities, including colorectal transit time 
(CTT), anorectal manometry, rectal sensation, rectal 
compliance, defaecography or scintigraphy, pelvic 
floor electrophysiology including, but not limited to, 
pudendal nerve terminal motor latency (PNTML), en-
doanal ultrasound and MRI. The results from objec-
tive measurement techniques should be applied with 
caution in the assessment of faecal incontinence as 
they are often inadequate in determining the pres-
ence and/or severity of the condition. The American 
Society of Colon and Rectal Surgeons considers as 
having a surgical indication those symptomatic pa-
tients with localised anal sphincter defects, without 
defining exactly the minimum size of the injury de-
tected as indication for this surgery (66). LEVEL OF 
EVIDENCE: 4  

Other causes of disordered continence should be ex-
cluded e.g. inflammatory bowel disease, colorectal 
cancer and neurological disorders. Patients with 
background IBS are more likely to be symptomatic 
than those with more predictable bowel habit and 
equivalent anal sphincter defects (67). Pelvic floor 
electrophysiological assessment, while not essential, 
if performed, should be comprehensive and not con-
fined to measurement of pudendal nerve terminal mo-
tor latency (68). 

For symptomatic patients with a less than one quad-
rant anal sphincter defect, a trial of dietary modifica-
tion, stool regulating drugs and physiotherapy is ap-
propriate. Anal sphincter exercises (pelvic floor mus-
cle training) and biofeedback therapy have been used 
to treat the symptoms of people with faecal inconti-
nence. However, standards of treatment are still lack-
ing and the magnitude of alleged benefits has yet to 
be established. A recent Cochrane review concluded 
that while some elements of biofeedback therapy and 
sphincter exercises may have a therapeutic effect, 
this is not certain. Larger well-designed trials are 
needed to enable safe conclusions (69). LEVEL OF 
EVIDENCE: 3 

For patients with a more than one quadrant anal 
sphincter defect, anal sphincteroplasty is appropriate 
(6, 23, 62). Preoperative counselling should identify 
post-operative wound healing as the most common 
difficulty. The majority of patients can expect signifi-
cant improvement in continence after the procedure 
with a mean of 66% reporting excellent or good re-
sults in the short term (62), however, the long-term 
outcome is not satisfactory, decreasing to between 
30-80% at 80 months and to 6% at 120 months. Con-
comitant repair of a cloacal defect or vaginal fistula 
should be undertaken (70, 71). There is no evidence 
that a defunctioning colostomy improves outcome. 
The results of anal sphincteroplasty in recent series 
reporting more than 50 patients are given in Table 1. 

Anal sphincteroplasty can be performed in the lithot-
omy position or the prone jack-knife position. Full 
bowel preparation is not needed, although most 

would give a cleansing enema pre-operatively. The 
conventional incision is an inverted ‘V’ that may be 
closed as an inverted ‘Y’ as described by Parks and 
McPartlin (90). If anterior levatorplasty or rectocele 
repair is contemplated, a posterior fourchette incision 
with the patient in the lithotomy position may have ad-
vantages (81). The external anal sphincter is usually 
repaired using an overlapping technique without sep-
arate identification and repair of the IAS (23), how-
ever, Maslekar et al (87) attribute their good long term 
results to a selective policy of separate repair of the 
IAS. There has been one small randomised trial of di-
rect versus overlapping sphincteroplasty which 
showed similar outcomes (91). To prevent dehis-
cence and subsequent failure, the two divided ends 
of the external sphincters must have an adequate 
blood supply and the reconstructive suture cannot be 
under excessive tension. Occasionally the EAS de-
fect is not full thickness and overlapping repair in such 
circumstances would require division of the residual 
intact fibres to facilitate overlap. Oberwalder et al (92) 
have, in a small series of patients, found that imbrica-
tion of the EAS in such cases is associated with out-
comes similar to formal overlapping sphincteroplasty. 
LEVEL OF EVIDENCE: 3  

More recently, Zutshi et al developed a modified 
sphincteroplasty with the application of a biological 
porcine collagen mesh for reinforcement of the recon-
struction, but only 10 patients were with meshes were 
included (93). Larger studies are needed.  

Anterior levatorplasty may be performed in conjunc-
tion with external anal sphincter repair (94, 95) or as 
an isolated procedure (79, 96). No technique has 
shown superiority and it is possible that the operative 
technique should be individualised to the particular 
patient (97). LEVEL OF EVIDENCE: 3 

Initial success of sphincteroplasty is related to 
whether the anal sphincter defect is corrected (98, 
99). Early failure is usually associated with a persist-
ing defect identified using endoanal ultrasound (100). 
This may be amenable to a further attempt at repair 
(99, 101, 102). There is however increasing evidence 
that continence outcomes deteriorate with long-term 
follow-up (23, 62, 103). The effect of age at time of 
operation on long-term function is controversial (95, 
104), however long-term effects of aging and meno-
pause coupled with atrophy of the sphincters may be 
relevant (3, 23, 89). LEVEL OF EVIDENCE: 3 

Pre-operative physiological testing is helpful in the 
overall management of patients with faecal inconti-
nence, however the value of anal manometry and pel-
vic floor electrophysiological assessment as prognos-
tic indicators for outcome following sphincteroplasty 
is controversial (105). There are no established pa-
rameters that reliably predict outcome following 
sphincteroplasty (87, 106). Patients with an unsatis-
factory clinical outcome following sphincteroplasty 
may be considered, if sufficiently symptomatic, for ad-
junctive sacral neurostimulation (vide infra) (107). 
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Table 1. Published results of anal sphincteroplasty since 1990, including series with 50 or more 

Authors (ref) Year Number of 
patients 

Follow–up 
months 

Continent % (excellent / 
good) 

Fleshman et al (72) 1991 55 12 72 

Engel et al (73) 1994 55 15 79 

Londono-Schimmer et al (74) 1994 94 60 50 

Oliveira et al (75) 1996 55 29* 71 

Gilliland et al (76) 1998 77 24* 55$ 

Young et al (77) 1998 54 18* 86$
 

Malouf et al (1) 2000 55 77 49 

Karoui et al (78) 2000 74 40 47 

Osterberg et al (79) 2000 51 12 58 

Morren et al (80) 2001 55 40 56 

Tan et al (81) 2001 50 28 50 

Halverson and Hull (2) 2002 71 69 25 

Bravo Gutierrez et al (82) 2004 130+
 120 6 

Madoff# (62) 2004 891  66 

Norderval et al (83) 2005 71 27 41 

Zorcolo et al (84) 2005 93 70* 55 

Trowbridge et al (85) 2006 86 67 11 

Barisic et al (86) 2006 65 80* 48 

Maslekar et al (87) 2007 64 84* 80 

Oom et al (49) 2009 120 111* 38 

Gleason et al (88) 2011 74 32 77 

Lehto et al (89) 2013 56 89* <30** 

# metanalysis 

* Median follow-up 

+ 130/190 available for 10 year follow-up 

$ defined as “successful” 

** Overall improved symptoms in regard to solid, liquid and flatus

Summary: Anal sphincteroplasty should be consid-
ered in symptomatic patients with a defined defect in 
the external anal sphincter. Overlapping EAS repair 
is usually performed. Results appear to deteriorate 
with time. Redo sphincter repair may be feasible in 
patients with a poor continence outcome. Grade of 
Recommendation: C 

1.3. Post Anal Repair 
Postanal repair was first reported by Sir Alan Parks in 
1975 (108). This procedure was designed to increase 
the length of the anal canal, restore the anorectal an-
gle and re-create the flap valve mechanism, which at 

the time was thought essential for maintaining faecal 
continence. Success rates ranged from 15% to 83%, 
depending on the definition of the success, the length 
of follow-up, and possibly the cause of incontinence.  

The published studies regarding postanal repair in-
clude four systematic reviews of randomised con-
trolled trials (6, 109-111), two randomised controlled 
trials (94, 112), two non-randomised cohort studies 
(113, 114), 8 case series of good quality (5, 98, 115-
120) and 11 case series of poor quality (120-130).  
Since the 5th International Consultation on Inconti-
nence in 2012, no new studies regarding the role of 
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postanal repair for the treatment of faecal inconti-
nence, other than one systematic review have been 
reported (111). 

Subsequent observational studies with a median fol-
low-up of more than 5 years revealed that continence 
deteriorated with time. Despite 60-80% of patients re-
porting persisting symptomatic improvement, only 
one-third were actually continent to liquid or solid 
stool (116, 118-120, 130). Even in the most recent 
study reporting the long-term outcome of postanal re-
pair (131), only 26% reported none to minimal incon-
tinence with the Cleveland Clinic Florida Fecal Incon-
tinence score being between 0 and 5, while 79% im-
proved symptomatically with a mean follow-up of 9.1 
years. Possible explanations for deterioration of con-
tinence following initial improvement included unrec-
ognised denervation and/or muscular injury of the 
sphincter and pelvic floor musculature, and the pres-
ence of occult anal sphincter disruption, particularly in 
the studies reported before endoanal ultrasonogra-
phy or magnetic resonance imaging were available. 
Moreover, physiological and radiological evaluations 
before and after postanal repair have not demon-
strated consistent changes in anal canal length, rest-
ing pressure, voluntary contraction pressure, anorec-
tal sensitivity and movement of the anorectal angle 
(5, 112-114, 132, 133). These reports of increasingly 
poor outcomes have significantly diminished the pop-
ularity of this procedure. 

Deen et al (94) in a randomised controlled trial, com-
paring three procedures in 36 women with neuro-
pathic faecal incontinence, found that complete con-
tinence was achieved in 42% of patients after posta-
nal repair, 33% after anterior levatorplasty and 67% 
after total pelvic floor repair. In contrast, van Tets et 
al (112) conducted a randomised controlled trial com-
paring postanal repair and total pelvic floor repair in 
20 women with neurogenic faecal incontinence. Com-
plete continence to solid or liquid stool was achieved 
in 27% of patients after postanal repair and in 22% 
after total pelvic floor repair. 

Summary: Postanal repair can be performed with 
modest success in carefully selected patients. How-
ever, this procedure is now rarely performed due to 
the advent of newer treatments Grade of Recommen-
dation: D. 

1.4. Non-Stimulated Muscle Transposition 
A variety of muscle transposition procedures have 
been devised for the treatment of faecal incontinence. 
Early efforts focused upon the use of transposed skel-
etal muscle to supplement the function of a weak or 
disrupted anal sphincter. Early in the 20th century, a 
number of surgeons utilized gluteus maximus mus-
cle, transposed in a variety of configurations to create 
a neosphincter. In 1952, Pickrell et al (134) described 
the use of transposed gracilis muscle to create a ne-
osphincter for incontinent children. 

Published series of gracilis transposition are uncon-
trolled and demonstrate variable success rates (134-
143). LEVEL OF EVIDENCE: 3.  

One study reviewed the functional results of 
graciloplasty longitudinally in 22 patients followed for 
a median 63 months (144). Eighteen patients (81%) 
were improved at 6 months, though only one re-
gained normal continence. Results deteriorated in 5 
patients during subsequent follow up. Bilateral gra-
cilis transposition has been used successfully in sev-
eral small series (135, 145). 

Success rates following gluteus transposition have 
likewise been variable (146-149). A prospective ran-
domised trial in women with post-obstetric neuro-
pathic incontinence showed similar significant de-
grees of improvement following both gluteus maxi-
mus transposition and total pelvic floor repair (150). A 
recent retrospective review of 25 gluteoplasty pa-
tients reported restoration of continence in 18 pa-
tients (72%) and partial restoration in an additional 4 
patients (16%). Donor-site and peri-rectal complica-
tions occurred in 16 patients (64%) (151). LEVEL OF 
EVIDENCE: 3  

Summary: Unstimulated gracilloplasty should not be 
routinely offered. It is now rarely performed due to the 
advent of newer treatments Grade of Recommenda-
tion: D 

1.5. Stimulated Muscle Transposition 
Successful electrical stimulation of a previously trans-
posed gracilis muscle was first reported in 1988 
(151), and subsequently in 1990 in a case series of 6 
patients of whom 5 had closure of a defunctioning 
stoma with improvement in continence (152). This se-
ries was later increased to 20 patients (including 12 
in whom the anus had been surgically removed or 
was congenitally absent) in whom continence im-
proved in 12 (153). Baeten et al (154) showed im-
proved continence in 8 of 10 patients. 

Even after successful muscle transposition, func-
tional outcomes are limited by two physiological fac-
tors. First, patients are unable to consciously main-
tain tonic contraction of their neosphincters over long 
periods of time. Furthermore, even if patient volition 
were not a problem, the gracilis muscle is poorly 
suited to tonic contraction. While the external anal 
sphincter comprises predominantly slow-twitch, fa-
tigue-resistant type I fibres, the gracilis muscle com-
prises predominantly type II, fast-twitch fibres that are 
rapidly fatiguable (155). Graded electrical stimulation 
transforms type II into type I muscle fibres, and the 
use of an implantable electrical pulse generator has 
been shown to convert transposed gracilis to a mus-
cle with predominantly type I fibres (150) . The gracilis 
muscle is well suited to electrical stimulation due to 
the relatively constant proximal location of its neuro-
vascular bundle, which is easily identified at surgery 
(153). The results of stimulated graciloplasty are 
shown in Table 2.  
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Table 2. Dynamic Graciloplasty: General measures of continence 

Authors (ref) Year Number patients Follow-up (months) Percentage continent* 

Baeten et al (156) 1995 52 25.2 (mean) 73 

Geerdes et al (157)l  1996 67 32.4 (mean) 78 

Cavina et al (158) 1998 31 37.8 (mean) 85 

Madoff et al (159) 1999 131 24 (median) 66 

Mander et al (160) 1999 64 16 (median) 69 

Baeten et al (161) 2000 123 23 (mean) 74 

Wexner et al (162) 2002 83 24  53 

Rongen et al (163) 2003 200 16.3 (median) 72 

Pennickx et al(164) 2004 60 48 (median) 55 

Tillin et al (165) 2006 49 43 (median) 70 

Hassan et al (166) 2010 31 67 (median) 71 

*variable definitions; does not necessarily denote perfect continence. Issues of divergence in technique 
arose from these studies, each of which has seen increasing consensus in the literature despite a lack 
of randomised trial data. Thus, intramuscular (vs. epineural) electrodes are now universally employed, and 
diverting stomas and ‘vascular delay’ prior to muscle transposition are no longer utilized. 

 

In 1995, Baeten reported results in 52 patients, with 
38 (72%) becoming continent after surgery (156). In 
a subsequent paper published by this group in 2003, 
200 patients followed for a median of 261 weeks were 
reported (163). The overall success rate was 72%. 
Patients with incontinence due to trauma had the best 
results (82% success), while patients with inconti-
nence due to congenital anorectal malformation had 
the worst results (52% success). A total of 138 com-
plications were reported, including disturbed evacua-
tion in 32 patients (16%), infection in 24 (12%), pain 
in 16 (8%) and pulse generator displacement in 12 
(6%). Ten patients (5%) had anorectal perforations, 7 
of whom eventually obtained a successful outcome. 
Rosen et al (167) reported restoration of continence 
in 9 of 10 patients treated by dynamic graciloplasty 
using a “split-sling” wrap configuration. Sielezneff et 
al (168) treated 16 patients and 13 had improved con-
tinence. However, 8 patients suffered morbidity, re-
sulting in 33 subsequent admissions and 23 reopera-
tions. 

Three multicentre prospective trials of dynamic mus-
cleplasty have been performed to date. In each of 
these studies, patients served as their own controls. 
No randomised prospective trials have been per-
formed. Madoff et al (159) studied 139 patients from 
12 centres, 128 of whom had gracilis wraps and 11 
gluteus wraps. Of those patients, 104 were treated for 
faecal incontinence, and 35 underwent total anorectal 
reconstruction following abdominoperineal resection 
for cancer. Success rates for graciloplasty were 71% 
for patients with acquired incontinence and 50% for 
those with incontinence due to a congenital abnor-
mality. There was a total of 138 complications for the 
entire group. Wound complications (41 major and 35 

minor) were both the most prevalent and the most 
consequential. Other complications included pain in 
28 patients (22%), hardware problems in 14 (11%) 
and tendon detachment in 4 patients (3%). Centres 
with significant prior experience of the procedure had 
substantially fewer major wound complications (17.4 
vs. 33.1%) and significantly higher success rates 
(80% vs. 47%). 

Mander et al (160) reported the results of dynamic 
graciloplasty in 64 patients with refractory faecal in-
continence treated at 7 centres. There were 24 infec-
tious complications, 5 of which involved perineal 
wound breakdown and 3 of which required re- opera-
tion. Forty-four (69%) patients became continent to 
solid stool 1 month following stoma closure. Evacua-
tion problems developed in 16 patients (25%), and 
this lead to failure in 14. At a median of 10 months 
follow-up, 29 patients had a good functional result. 

Baeten et al (161) reported the results of dynamic 
graciloplasty in 123 patients treated at 20 centres as 
part of the Dynamic Graciloplasty Therapy Study 
Group (DGTSG). The aims of this study were to as-
sess both the safety and efficacy of this treatment; 
189 adverse events occurred in 91 patients, including 
one death due to pulmonary embolism. There were 
18 major and 31 minor infectious complications. 
There were 42 instances of therapy-associated pain, 
occurring variably in the donor leg, at the anal canal, 
or at the device site. There were 11 lead dislodge-
ments but no problems with lead breakage or pulse 
generator malfunction. A follow-up study showed full 
or partial recovery from these complications in 87% 
of patients (165). This study, in contrast to others, 
was based upon data from daily continence diaries. A 
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successful result (defined as a 50% or greater de-
crease in incontinent events in patients without pre-
existing stomas) was achieved in 63% of patients af-
ter one year. Another follow-up of this patient cohort 
demonstrated stable success rates at 18 months 
(55%) and 24 months (56%)(168). Statistically signif-
icant improvements in the physical and social func-
tion scales of the SF-36 were also recorded at 12 
months. 

A multicentre retrospective trial from Belgium using 
dynamic graciloplasty treated 60 patients with 27 fail-
ures (164). Continence was achieved in 78% of the 
group. However, more than half (26 patients) required 
the use of antegrade continence enemas or other 
measures to maintain continence. Seven patients 
had a permanent stoma constructed. Seventy-five 
complications occurred with 61 total reoperations. 
Loss of muscle stimulation occurred in 22 patients; 10 
were due to issues specific to the stimulator and 
leads, 4 were due to technical failure of the muscle 
wrap. Functional outcome was directly associated 
with a maintenance of stimulation and initiation of 
stimulation within 50 days of surgery. 

Very few studies have examined the long term results 
with dynamic muscle wraps. Thornton et al (169) re-
ported on the 5-year follow up of 38 patients who had 
undergone dynamic graciloplasty. Of the 33 patients 
available for follow-up by telephone interview, ob-
structive defaecation was a problem for 11% of the 
cohort and 16% had been converted to a permanent 
colostomy. Of those with a functioning graciloplasty 
(22 patients) who reported a faecal incontinence 
score of less than 12 (range 0-24), 50% reported 
problems with obstructive defaecation and 64% felt 
their bowel habits had negatively affected their quality 
of life. Long-term complications were primarily related 
to stimulator problems; ten patients required 15 oper-
ations to replace stimulator components. However, 
72% of patients reported pain, swelling or paresthesia 
of the donor leg and 27% reported sexual dysfunc-
tion. Hassan et al (166) reported follow-up of 31 pa-
tients who underwent gracilis muscle transposition 
with periodic electrical stimulation and postoperative 
supplemental biofeedback. Twenty-two patients 
(71%) reported improvement at five-years. Nine pa-
tients (29%) were deemed failures, requiring further 
surgical intervention (colostomy formation, contrala-
teral dynamic gracilis muscle transposition, implanta-
tion of artificial bowel sphincter). Six patients devel-
oped perineal wound infections (5 resolved with anti-
biotics, 1 required surgical drainage), and 2 patients 
had evacuation difficulties requiring regular enemata. 
Those who underwent operation due to traumatic in-
jury to sphincters had better outcome (82% improve-
ment) compared to patients with congenital faecal in-
continence (55%). 

Tillin et al (165) performed a prospective case-com-
parison study of 49 patients who had a dynamic 
graciloplasty and 87 patients who either refused the 
surgery or who were not offered the surgery. The pri-
mary outcomes evaluated were symptoms, quality of 

life, anxiety, and depression. Of the treated group, the 
procedure failed completely in 15 patients. At two 
year follow-up, bowel-related QoL and continence 
had improved by more than 20 per cent compared 
with the preoperative status for two-thirds of patients 
who had dynamic graciloplasty. Up to 50% of patients 
with a satisfactory outcome reported disordered 
evacuation and 8 other patients were deemed failures 
due to this problem 

Chapman et al (170) performed a systematic review 
of dynamic graciloplasty for faecal incontinence on 
behalf of the Australian Safety and Efficacy Register 
of New Interventional Procedures-Surgical 
(ASERNIP-S). The authors reviewed 37 original arti-
cles published between 1991 and October 2000. All 
of the papers were judged to be of low-evidence qual-
ity, as all but one paper were case series, and the 
sole comparative study utilized historical controls. 
Mortality excluding cancer deaths was 1% (95% con-
fidence interval 1-3%) and morbidity 1.12 (95% CI 
0.14 - 2.08) events per patient. Success was variably 
defined between studies, but was reported as ranging 
from 42-58%. The ASERNIP-S Review Group deter-
mined that “the safety of the procedure cannot be de-
termined at the present time due to an incomplete 
and/or poor-quality evidence base” and that “efficacy 
is established.” Tan et al(171) examined three treat-
ments for faecal incontinence including dynamic 
graciloplasty, artificial bowel sphincter and end 
stoma. They concluded that the most cost effective 
intervention was an end stoma, the artificial bowel 
sphincter was most cost-effective after 10 years and 
that dynamic graciloplasty should only be considered 
as an alternative in highly specialized centres. These 
findings are subject to the criticism that a colostomy 
does not attempt to restore continence whereas the 
other two procedures do. LEVEL OF EVIDENCE: 2 

Summary: Stimulated gracilloplasty should be offered 
to selected patients who have failed other modalities 
of treatment particularly where there has been loss of 
native sphincter tissue. Otherwise, it has largely been 
superseded by sacral neuromodulation. Grade of 
Recommendation: B 

1.6. Artificial Anal Sphincter 
In parallel to the now recognised and, for some, ap-
proved nerve stimulation procedures various types of 
artificial sphincter devices have been designed and 
proposed to treat severely incontinent patients. 
These options have some common characteristics: 
they frequently derive from innovations and experi-
ments from sister specialties, urology for instance, 
but also upper GI surgery; their development is asso-
ciated with significant efforts from companies that in-
vest heavily to establish them in the market; they are 
not yet universally approved and have to be regarded 
as investigational/experimental in many ways as 
strong evidence is still missing in terms of feasibility, 
cost-effectiveness, durability and reproducibility. 
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Artificial bowel sphincter (ABS) - Acticon™ Ne-
osphincter 

This innovative procedure for anal sphincter replace-
ment was developed in the 1990s. This technique is 
in effect a sophisticated modification of a Thiersch 
wire implantation. During the surgical procedure, a 
silicone-made pressure-regulated inflatable cuff is 
placed around the upper anal canal and tubing from 
the cuff is directed along the perineum and connected 
to a pump placed in the scrotum or labia. Tubing is 
used to connect the pump to a pressure regulating 
balloon implanted in the pre-vesical space. The bal-
loon contains 40 ml of isotonic radio-opaque solution 
which gives approximately 100 cm H2O pressure into 
the perianal cuff. The control pump allows a fluid 
transfer from the cuff to the balloon. To do so, the pa-
tient squeezes the pump to empty the cuff allowing 
for the anal canal to open and defaecation to occur. 
The fluid then slowly returns to the cuff which results 
in the closing of the anal canal and restoration of con-
tinence. 

Two papers have reported the outcome of ABS im-
plantation in the long term. The first from Cleveland 
Clinic, Florida, USA (172) investigated the risk factors 
related to ABS implantation in a single centre series. 
Fifty-one implantations were performed in 47 patients 
with faecal incontinence (84.3% female - mean age 
of 48.8 years - range, 19-79) from 1998 to 2007. 
Twenty-three (41.2%) of the ABS implantations be-
came infected, 18 (35.3%) of which developed early-
stage infection, all explanted, whereas 5 (5.9%) had 
late-stage infection. Time to the first bowel movement 
was an independent risk factor for early-stage ABS 
infections, which are significantly higher in those 
whose first bowel movement occurred before day 2. 
Patients with a stoma also had a tendency toward a 
higher infection rate. Common late-stage complica-
tions were device malfunction, device erosion, persis-
tent perianal pain, device migration and constipation. 
Ultimately a third of the 33 participants required ABS 
explantation with device malfunction being the most 
common reason for explantation. The authors found 
that the rate of explantation increased with the time 
after implantation; the longer the ABS was in use, the 
more complications occurred, and the more the ABS 
was explanted. The 1, 2, 3 and 4-year cumulative risk 
of ABS explantation was respectively 9.7, 13, 43 and 
48%. At 5 years after ABS implantation, the risk of 
explantation was 57%.  

The second report from Nantes, France (173) fo-
cused more on ABS functional outcome in a report of 
a 52 patients consecutive series treated for severe 
faecal incontinence from 1996 to 2010. All of the par-
ticipants failed to respond to medical treatment / pel-
vic floor retraining for at least 1 year. Indications for 
implantation were sphincter destruction, pudendal 
neuropathy, perineal colostomy and congenital mal-
formation. The mean follow-up period was 64.3 ± 46.5 
months (range 2-169). Of the 52 patients, 26 (50%) 
required revisions primarily due to device malfunc-
tions from a leaking cuff, with 7 of the participants 

(13.5%) requiring 2 revisions. Thirty-five (67.3%) still 
had an activated device in situ at the last review. Two 
patients had their device deactivated and 14 (26.9%) 
required definitive explantation with the majority 
(42.9%) due to infection. With regards to the 35 pa-
tients with an activated device in situ, the authors re-
port a significant improvement in the continence 
(CCIS) and quality of life scores (FIQL) scores at last 
follow-up.  

More recently Wang et al focused on the outcome of 
ABS reimplantation and the overall results of ABS at 
Cleveland Clinic Florida (174). They concluded ABS 
implantation has a high failure rate with explantation 
in 72% of patients but reimplantation is often possible 
with a success rate of 47% with reimplantation for 
non-infectious complications (perforation of the cuff 
mainly) has better outcomes than reimplantation fol-
lowing device infection. Short- and long-term out-
comes of reimplantation were comparable in this se-
ries to initial implantation. 

A systematic review of the ABS found that the need 
for surgical revision increases and continence de-
creases with time (175). Although functioning devices 
stabilize to a pooled rate of 59% after 5 years of fol-
low-up, continence as measured by the CC-FIS in pa-
tients with a functional device decreases with time, 
although interestingly the QOL of implanted patients 
remained high. Although evacuation difficulty was 
common, it was severe in only 8% of patients. Thus 
preoperative assessment for outlet obstruction and 
surveillance in the follow-up with instructions to use 
laxatives or enemas as needed is important to 
achieve a good functional outcome. They concluded 
that both device refinements by the manufacturer and 
meticulous aseptic procedures at implantation are 
keys to help improve these outcomes. LEVEL OF  
EVIDENCE: 3 

Recently another systematic review studied, among 
others, the results of ABS (8) The authors highlighted 
the existing discrepancy in recommendations for this 
invasive approach of severe FI. They observed that 
the American Society of Colon and Rectal Surgeons 
in their latest recommendations gave the ABS a 
strongly favourable support to its use in selected pa-
tients yet noting that the evidence was of low or very 
low quality (10) In contrast, the American College of 
Gastroenterology identified the ABS evidence as in-
sufficient and gave it a weak recommendation (9). 
From their review, Forte et al found the evidence 
about ABS to be insufficient to enable conclusions 
about its effectiveness (8). That being stated, in pa-
tients who retain the device, several studies report 
good restoration of continence and a positive impact 
on quality of life. The primary concern with ABS im-
plantation is infection, with rates ranging from 20 to 
45%. Mechanical failure is as well a recognized com-
plication of the ABS the most common cause being a 
micro-perforation at the folds of the cuff membrane, 
which leads to a loss of fluid and pressurization of the 
system. Cuff perforation that reflects intrinsic “wear 
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and tear” of the device components over time contrib-
utes to a number of revision procedures, especially 
detrimental when patients experience a satisfactory 
functional ABS results. Revision rate with the ABS is 
directly proportional to the length of follow-up. With 
this background, even in specialist centres with dedi-
cated interest and experience in ABS the number of 
implantations has significantly decreased and the 
ABS Acticon Neosphincter™ is no longer commer-
cially available. This is unfortunate for those few pa-
tients that retained the device with good restoration of 
continence as they will encounter difficulties if and 
when a replacement device is needed.There are no 
similar options presently available.  

Summary: The artificial bowel sphincter is a treatment 
for patients who have failed other modalities of treat-
ment. Obstructed defaecation and device erosion 
have been problematic. Currently the device is not 
commercially available. Grade of Recommendation: 
C 

1.7. Magnetic Anal Reinforcement – Fenix™ 
The magnetic anal reinforcement device (or magnetic 
anal sphincter – MAS (FENIX; Tora x Me dica l, Inc, 
Shoreview, MN – USA)) is a new device designed to 
augment the native anal sphincter. It consists of a se-
ries of titanium beads with magnetic cores hermeti-
cally sealed inside. The beads are interlinked with in-
dependent titanium wires to form a flexible ring that 
rests around the external anal sphincter in a circular 
fashion. The device is manufactured in different 
lengths based on the number of beads (14 to 20) nec-
essary to accommodate the variation in anal canal cir-
cumference (176). The procedure used for MAS de-
vice implantation is substantially simpler than the 
ABS implantation. A single anterior incision is made 
on the perineal body and the rectovaginal septum is 
dissected down to a depth of 3-5 cm. Next, a perianal 
tunnel is created around the posterior side of the anus 
to place a sizing tool allowing for measurement of the 
proper size of the MAS device. The sized MAS device 
is then placed into the tunnel and the sutures at-
tached to each end of the device are tied to secure 
the device around the upper anal canal and the inci-
sion is closed without drainage. Early data concern-
ing safety and short/middle term effects on conti-
nence are available, however this device  is still in-
vestigational and only conditionally available on the 
market in Europe and USA. 

Unlike the ABS, the MAS works immediately once im-
planted, without the need for further manipulation by 
either the patient or surgeon. The device is initially 
placed under fluoroscopic guidance to make sure that 
it adapts adequately to the anal canal and benefits 

from a new sizing tool that efficiently measures the 
anal canal circumference. Plain X-rays can assess 
the device postoperatively. It is not MRI-compatible. 

A multicentre feasibility study demonstrated a good 
restoration of continence with limited complications in 
short term (177). Based on these results, MAS was 
granted a CE mark on November 2011 and its com-
mercial use has started in selected centres in Europe. 
Barussaud et al reported the medium term results of 
a series of 23 patients (178) (Table 5). A German cen-
tre reported results from 18 patients implanted with a 
MAS for severe FI. No devices became infected or 
were explanted. CCIF scores decreased from 17.5 to 
7.3 and FIQoL improved in all 4 domains. Bowel diary 
results showed 76% of the implanted patients experi-
enced a > 50% reduction in the number of FI epi-
sodes per week (179). More recently Sugrue et al an-
alysed the 5-year results of the original feasibility 
study group of 35 patients (34 females) implanted at 
4 centres in the world. Assessment at 5 years was 
completed for 23 patients. Eight patients underwent a 
subsequent operation including 7 MAS explantations 
due to device failure or complications, mainly occur-
ring in the first year. Thirty adverse events were re-
ported in 20 patients, most commonly defaecatory 
dysfunction (20%), pain (14%), erosion (11%) and in-
fection (11%). Success rates were 63%, 66% and 
53% respectively at year one, three and five. In pa-
tients who retained their device, the number of incon-
tinent episodes per week and CCIF scores signifi-
cantly decreased from baseline, with also a signifi-
cant improvement in quality of life. The authors con-
cluded that MAS provided excellent outcomes in pa-
tients who retained a functioning device at long-term 
follow-up and therefore protocols to reduce early 
complications will be important to improve overall re-
sults(180).  

Presently the place of the MAS in the treatment algo-
rithm of FI remains to be determined. It appears to be 
a promising innovation but undoubtedly there is a 
learning curve with this technology, particularly in pa-
tient selection. With a limited number of patients 
treated and only middle-term follow-up available, it re-
mains to be seen if the MAS can withstand the test of 
time. Two on-going trials in France (MOS STIC – reg-
istered in Clinicaltrials.gov NCT01920607) and in UK 
(SAFARI - ISRCTN 16077538  http://ukctg.nihr.ac.uk) 
will help to answer this question. These randomised 
controlled trials are of similar design, aiming to com-
pare MAS to SNS in terms of FI successful treatment 
and cost-effectiveness. Results are expected in 2017 
and 2018 on more than 150 and 350 randomized pa-
tients respectively. 
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Table 3: Magnetic anal sphincter: Results (178) 

Type of study Single centre - Prospective 
Non randomized 

N female patients 23 

Median age (years) (range) 64 (35-78) 

Median duration (years) of FI (range)  8.8 (1-40) 

CCF-IS score baseline 15.2 

CCF-IS score at 6, 12, 24 and 36 mo. 6.9, 7.7, 7.8, 5.3 

FIQoL questionnaire baseline 1.97 

FIQoL questionnaire at 6, 12, 24 and 36 mo. 3.19, 3.11, 2.92, 2.93 

Explantation  2 

Satisfied patients 16 

Would recommend to other patients 14 

Summary: The magnetic anal sphincter is a novel 
treatment for patients who have failed other modali-
ties of treatment. Early results are promising, how-
ever long term and comparative studies are required. 
Grade of Recommendation: C 

1.8. Sacral Nerve Stimulation 
Sacral nerve stimulation (SNS), also termed sacral 
neuromodulation (SNM) was first applied for the treat-
ment of faecal incontinence in 1994 by Matzel et al 
(181) in patients with functional deficits of the anal 
sphincter but no morphologic defect. The concept of 
recruiting residual function of an inadequate anorec-
tal continence organ by electrostimulation of its pe-
ripheral nerve supply, i.e. the sacral spinal nerves, 
was adapted from the field of urology in the early 
1990s (182), where it has been used since 1981 
(183). The rationale for applying SNS to faecal incon-
tinence was based on both clinical observations and 
anatomical considerations (from the former, the ben-
eficial effect on bowel habits and anorectal conti-
nence function and increased anorectal angulation 
and anal canal closure pressure seen in urological 
patients; from the latter, the demonstration by dissec-
tion of a dual peripheral nerve supply of the striated 
pelvic floor muscles that govern these functions 
(182), with the sacral spinal nerves being the most 
distal common location of this dual nerve supply). It 
was hypothesised that stimulating the sacral spinal 
nerves could both enhance physiological function and 
improve the symptoms of faecal incontinence.  

1.8.1 Technique 
SNS has become a minimally invasive technique with 
low morbidity. The surgical technique can be divided 
into two stages. As no other predictors of SNS out-
come exist at present, patients are uniformly selected 
for operative implantation of a permanent neurostim-
ulation device on the basis of clinical improvement 

during test stimulation. This first stage, termed percu-
taneous nerve evaluation (PNE), is used to confirm a 
satisfactory neural response and then to evaluate the 
clinical effect of stimulation before implantation of a 
permanent device. Trial stimulation is performed for 1 
– 3 weeks, a period sufficient to demonstrate its ther-
apeutic effect--commonly considered as a decrease 
in the frequency of incontinence episodes (docu-
mented by bowel-habit diary) by at least 50% and re-
versibility after discontinuation of stimulation. Two 
technical options are used for PNE: a temporary, per-
cutaneously placed, unipolar test stimulation lead (or 
multiple leads) that will be removed at the end of this 
phase; or operative placement of a quadripolar lead, 
the so-called “foramen electrode,” close to a target 
nerve, usually the S3 root, less frequently that of S4. 
This electrode can stay in place and be used for per-
manent stimulation if the trial is effective. Today most 
commonly a minimally invasive technique places this 
foramen electrode with a modified anchoring device, 
the so-called “tined lead,” through a trochar. This 
technique has lately been redefined by introducing 
the regular use of a softer, curved stylet to guide the 
electrode placement (184). For screening, both types 
of leads are connected to an external pulse genera-
tor, the tined lead with a percutaneous extension ca-
ble. 

The second stage is implantation of a permanent 
electrode and neurostimulator if the screening test is 
successful. The therapeutic outcome for permanent 
SNS appears to be best when both sensory/anal mo-
tor and toe flexion responses are achieved during test 
stimulation (185).  

Patients with a temporary lead require simultaneous 
implantation of the pulse generator and the quadripo-
lar lead, most commonly as a tined lead procedure. 
Those with a foramen electrode already in place for 
screening will undergo removal of the percutaneous 
extension before placement of the pulse generator 
(so-called “two-stage implant”(186)). 
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Bilateral placement of foramen electrodes remains 
the exception, based either on improved outcome of 
bilateral stimulation during the screening phase (187) 
or on conceptual considerations (188). A recent study 
exploring the benefit of bilateral over unilateral sacral 
neuromodulation had to be discontinued prematurely 
after an interim analysis of 20 patients demonstrated 
no additional benefit in symptom score, quality-of-life 
score, or findings on anorectal manometry (189).  

The pulse generator is placed subcutaneously, usu-
ally in the gluteal area or under certain circumstances 
in the abdominal wall. It is activated and stimulation 
parameters are set early after surgery by telemetry; it 
can be deactivated by the patient with a small, 
handheld device commonly referred to as a “patient 
programmer.” The patient programmer also offers the 
ability to vary among four preset stimulation proto-
cols. 

1.8.2 Patient Selection and Indications 
Today, a variety of causes leading to faecal inconti-
nence can be treated with SNS. During the initial SNS 
experience, only patients presenting with deficient 
function but no morphologic defect of the striated anal 
sphincter and levator ani were eligible (182, 190, 
191), however, because of the high predictive value 
of the test stimulation, a more pragmatic, trial-and-er-
ror approach to patient selection evolved. Patients 
are now selected for SNS based upon PNE results 
rather than conceptual considerations of the potential 
mechanism of action. Test stimulation is indicated, 
not by an underlying pathophysiological condition, but 
by the existence of an anal sphincter with reduced or 
absent voluntary squeeze function and existing reflex 
activity, indicating an intact nerve-muscle connection 
(that may be confirmed by intact anocutaneous reflex 
activity or by muscular response to pudendal stimula-
tion with the St. Mark’s electrode)(190). LEVEL OF 
EVIDENCE: 2 

At present, the test stimulation is the only reliable 
method for selecting patients who will likely benefit 
from permanent therapeutic stimulation. Various 
studies have attempted to identify potential predictors 
of success of SNS. In a study by Gourcerol et al 
(192), age was the only variable related to success of 
temporary stimulation. In patients with a permanent 
implant, neurological disorders, delay of the left 
bulbocavernosus reflex and a prolonged or absent 
bulbocavernous reflex was more frequent in patients 
with a successful outcome. In another cohort analy-
sis, the need for repeated temporary procedures was 
associated with failure during the screening in univari-
ate and multivariate analysis (193). A low threshold to 
obtain motor response during temporary lead place-
ment was revealed to be associated with improved 
outcome only in univariate, but not in multivariate, 
analysis.  Evidence of anal sphincter injury was re-
lated to a greater risk of failure during temporary test-
ing, but not with permanent implant. In a large single-
centre study comprising 245 patients with test stimu-
lation and 169 patients with permanent implant, 

Govaert et al. (194) determined in univariate analysis 
that older age (>70 years), presence (but not size) of 
an external sphincter defect, and the need for re-
peated procedures after initial failure were signifi-
cantly related to failure of test stimulation. In multivar-
iate regression analysis presence of an external 
sphincter defect and need for repeated procedures 
remained significant. The permanent implant was 
successful in 76.9% of the patients, but no predictor 
was found to be significantly related. Brouwer and 
Duthie (107), in a cohort of 55 patients with perma-
nent SNS, demonstrated that continence scores did 
not differ significantly in those with a defect, pudendal 
neuropathy, or previous sphincter repair. Melenhorst 
et al. (195) found no difference in outcome with 
chronic SNS in patients after sphincter repair and 
those with an external sphincter lesion of up to 33% 
of the circumference; they concluded that a morpho-
logically intact sphincter is not a prerequisite for suc-
cessful SNS. In 244 patients undergoing test stimula-
tion with a success rate of 78.3%, Maeda et al. (196) 
determined that low amplitude of the sensory thresh-
old during PNE and lead placement anterior to the sa-
cral cortex are positive predictors of PNE outcome. 
No other demographic, physiological or morphologi-
cal variable (motor response threshold) was a nega-
tive predictive factor. In a cohort of 200 patients with 
permanent SNS from 6 centres (197) only loose stool 
consistency, a history of diarrhoea management by 
medical treatment, and low stimulation intensity were 
associated with improved medium-term outcome. 
Multivariate regression analysis confirmed that stool 
consistency and stimulation intensity were independ-
ent predictive factors of success or failure of SNS.  

In a cohort of 45 consecutive patients, temporary 
stimulation was successful in 32 (71%). At a median 
follow-up of 33 months, the neurostimulator remained 
in place in 25 (55%) and active in 23 (51%). No sta-
tistically significant differences were found in the 
characteristics (including anorectal physiological 
workup) of the 32 patients who underwent implanta-
tion and the 13 who did not or in those 23 with a func-
tioning stimulator (198).  

In a single centre study, at 3-year follow-up with 33 
(of 66) patients with a ≥ 30% improvement in Cleve-
land Clinic Incontinence score (CCIS), Roy et al. were 
not able to demonstrate any predictive factor of suc-
cess based on preoperative and postoperative as-
sessment (199). 

Altomare et al. in a recent study from four European 
centres of 228 patients with chronic SNS, could find 
no determinant of success at last follow-up of ≥ 60 
months (200). Factors investigated included: de-
mographics, technique, symptom severity and cause 
(age, sex, PNE vs. tined lead test, implant side, im-
plant site, sphincter lesion, extension of sphincter le-
sion, incontinence type and baseline episodes of in-
continence, CCIS, and St. Mark’s incontinence 
score). Factors associated with a significantly lower 
failure rate over the long term included a reduction of 
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six incontinence episodes per week and eight Cleve-
land Clinic and St. Mark’s score points during test 
stimulation (200). LEVEL OF EVIDENCE: 3 

In a retrospective analysis of prospectively obtained 
data from 65 patients, Prapasrivorakul et al. (201) 
found less success at one-year follow-up in patients 
with a coexisting high-grade internal rectal prolapse 
(HIRP Oxford Grade III and IV) when compared with 
those without HIRP (FISI 37 to 23; p < 0.01 vs. 38 to 
34 p= 0.16) (200). In a univariate analysis, concomi-
tant rectocele, enterocele and HIRP were found to be 
associated predictors of outcome of permanent SNS; 
in multivariate analysis only HIRP was predictive 
(201).  

Other than this recent report of HIRP, none of the var-
iables usually considered in preoperative evaluation 
are of any help in selecting the appropriate patient for 
chronic SNS. 

Contraindications to SNS include pathological condi-
tions of the sacrum preventing adequate electrode 
placement (such as spina bifida), skin disease at the 
area of implantation, anal sphincter damage requiring 
a sphincter substitute (e.g. artificial bowel sphincter, 
dynamic graciloplasty), trauma sequelae with micturi-
tion disorders or low bladder capacity, pregnancy, 
bleeding complications, psychological instability, low 
mental capacity, limited cognitive function that inter-
feres with the operation of the neurostimulation de-
vice, anticipated future need for magnetic resonance 
imaging and the presence of an implantable defibril-
lator or a cardiac pacemaker. With reference to the 
latter , a case series has shown the relative safety of 
the use of SNS in the presence of a cardiac pace-
maker when monitored intraoperatively. If the dis-
tance between the devices is greater than eight 
inches, interference is unlikely (202). 

1.8.3 Mechanism of Action 
The mechanism of action of SNS remains in part un-
certain. Clinical outcome has been seen to correlate 
with results of anorectal physiology studies, but the 
effect of chronic stimulation varies greatly among 
published reports (190, 191).  Data monitoring colo-
rectal and anal function are in part contradictory and 
inconclusive and sometimes not reproducible. The ef-
fect appears to be somatomotor (203-209), soma-
tosensory (203), autonomic nervous system-based 
(203, 205, 210), and mediated by somatovisceral re-
flexes (211, 212). The effects appear not to be limited 
to the continence organ per se, but also to the central 
nervous system: corticoanal excitability in patients 
with faecal incontinence was found to be reduced 
with SNS (213); in successfully treated patients cere-
bral somatosensory evoked potential (SEP) latencies 
were higher at baseline than in the normal population, 
whereas they were normal in patients with SNS fail-
ure. Success was also associated with a fall of the 
SEP latency to the normal range after one month of 
SNS at 40 Hz (214). SNS induces changes in anal 
representation on the primary somatosensory cortex 

(215). The effect on the CNS induced by SNS 
changes during its course: at its initiation, changes 
are seen in the contralateral frontal cortex, reflecting 
focus attention; subsequent changes are found in the 
ipsilateral caudate nucleus, an area related to learn-
ing (216).   

Qualitative changes in anal, rectal and colonic motility 
- i.e., reduction of spontaneous rectal motility com-
plexes (217, 218), spontaneous anal sphincter relax-
ation (217), reduction in antegrade transport from the 
ascending colon (219) or no change (220), and in-
creased retrograde transport from the descending co-
lon at defecation (219, 220), increase rectal percep-
tion thresholds (221, 222) and improve pelvic floor 
contraction during SNS (223). The findings on rectal 
capacity with SNS have been inconsistent: unaltered 
(223-225) or increased (217, 226). No changes in 
gastric retention, gastric emptying, small bowel transit 
or colonic passage have been seen with scintigraphic 
measurements during SNS (227).  

A recent review indicates that physiological functions 
outside the anorectum are influenced by stimulation 
of afferent nerve fibres via the sacral spinal nerves 
(228). Corticoanal pathways, brainstem and specific 
parts of the CNS and the spinal cord appear to be 
involved.  

An effect on mucosal neurochemistry during SNS has 
also been shown, with elevation of Substance P and 
TRPV1 levels (229), although the relevance of each 
of these has not been proven in specific pathophysi-
ological conditions. The mechanism of action is most 
likely multifactorial and dependent on the underlying 
condition. LEVEL OF EVIDENCE: 4 

1.8.4 Outcome 
The results of permanent SNS after pragmatic, trial-
and-error, patient selection are shown in Tables 4-
6(107, 193, 196, 199, 205, 229-244). Most studies 
have encompassed patients with heterogeneous 
pathophysiology, and they vary with regard to design 
and patient number, but there is general agreement 
regarding the test stimulation for selection for perma-
nent implant. Most commonly, clinical outcome is re-
ported as an improvement in the number of inconti-
nence episodes or days with incontinence during the 
period of observation, percentage of this improve-
ment, and changes in the CCIS and quality of life. 

In a first multicentre prospective trial of SNS adherent 
to the initial, confined spectrum of indications, Matzel 
et al. (245) reported 37 patients, 34 of whom under-
went a permanent implant. Not only was the fre-
quency of incontinence episodes and the CCIS score 
improved significantly, so too was the ability to post-
pone defaecation. These effects were attained imme-
diately. Multiple case series have been published, but 
the number of randomised controlled trials is small. 
LEVEL OF EVIDENCE: 3 
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Table 4.  Chronic sacral nerve simulation (SNS) for fecal incontinence (FI):  Improvement of incontinence 
episodes, studies with ≥ 50 patients 

 Author Year Patients (n) 
(Baseline) 

Patients (n) 
(Follow-up) 

Median 
Follow-up 
(month) 

Per protocol: 
>50% 
improvement 
Incontinence 
episodes / 
week 

Intention-to-
treat: 
50% 
improvement 
Incontinence 
episodes / 
week 

Follow-up: < 12 months 

Tjandra et al (230) 2008 53 53 12 * 71 63 

Hollingshead et al (231) 2011 86 86 12 81 62 

Wexner et al (233) 2010 120 106 12 * 83 66 ++ 

Follow-up:  12-36 months 

Melenhorst et al (206)  2007 100 100 26 § 79 59 

Dudding et al (234) 2008 51 48 24 65 52 

Govaert et al (185) 2009 173 169 35 § 77 53 

Mellgren et al (235) 2011 120 77 36 * 86 59 ++ 

Follow-up:  > 36 months 

Altomare et al (246) 2009 60 52 74 § n.a. n.a. 

Hollingshead et al (231) 2011 86 18 60 * 83 n.a. 

Duelund-Jakobsen et al 
(237) 

2012 158 91 46 75 n.a. 

Uludag et al (238). 2011 50 50 85 84 n.c. 

Mellgren et al (235) 2013 120 76 >60 89 53 

Altomare et al(200) 2015 272 228 84 78 50 

 Modified from (239)  

* values at specific times 

§ mean 

++ intention-to-treat  

n.a. data not available 

Table 5. Chronic SNS for FI: Cleveland Clinic Incontinence Score, studies with > 50 patients 

Author Year Patients 
(n) 
(Baseline) 
 

Patients 
(n) 
(Follow-
up) 

Median 
Follow-
up 
(months) 

Median 
Score 
Baseline 
(range) 

Median 
Score 
Follow-
up 
(range) 

p- value 

Follow-up (< 12 months) 

Tjandra et al (230) 2008 53 53 12 * 16 ± 1 § 1 ± 2 § < 0.001 

Brouwer et al (107)  2010 55 48 12 * 15 (13-18) 6 (4-8) 0.001 

Gallas et al (197) 2011 200 130 12 * 14 (2-20) 7 (0-19) 0.001 

Follow-up 12-36 months   

Brouwer et al 2010 55 31 36 * 15 (13-18) 7 (5-8) 0.001 
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Author Year Patients 
(n) 
(Baseline) 
 

Patients 
(n) 
(Follow-
up) 

Median 
Follow-
up 
(months) 

Median 
Score 
Baseline 
(range) 

Median 
Score 
Follow-
up 
(range) 

p- value 

Hollingshead et al (231) 2011 86 86 33 15 ± 3 9 ± 5 < 0.001 

Michelsen et al (240) 2010 126 126 24 16 (6-20) 10 (0-20) < 0.001 

Gallas et al (197) 2011 200 54 24 * 14 (2-20) 7 (0-19) 0.001 

Wong et al (241) 2011 61 61 31 14 (n.a.) 8 (n.a.) n.a. 

Follow-up > 36 months   

Altomare et al (246)  2009 60 52 74 § 15 ± 4 5 ± 5 < 0.001 

Brouwer et al (107)  2010 55 13 48 * 15 (13-18) 6 (2-8) 0.008 

Faucheron et al (242) 2010 87 87 45 13 (6-19) § 8 (1-17) § n.a. 

Michelsen et al (240)  2010 126 10 72 * 20 (12-20) 7 (2-11) < 0.001 

Lim et al (247) 2011 53 41 51 § 12 (9-15) 8 (5-11) 0.001 

Faucheron et al (248) 2012 57 42 63 14 (4-19) 7 (1-16) <0.001 

Damon et al (244) 2013 119 102 48 § 14 ± 3 9 ± 1 <0.0001 

Maeda et al (232) 2014 108 101 60 * 16 (6-20) 8 (0-19) <0.0001 

Altomare et al (200) 2015 272 228 84 16 (13-18) 7 (4-12) <0.001 

 Modified from (239) 

* values at specific time 

§ mean value, standard deviation 

n.a. data not available 

Table 6: Chronic SNS for FI: Incontinence episodes, studies with > 50 patients 

 Author Year Patients (n) 
(Baseline) 

Patients (n) 
(Follow-up) 

Median 
Follow-
up 

Incontinence 
episodes/week 
median (range) 

P value 

Baseline Last 
Follow-up 

Follow-up < 12 months 

Uludag et al (218) 2004 50 27 12 * 8 (n.a.) 1 (n.a) < 0.001 

Melenhorst et al (206)  2007 100 76 12 * 10 (n.a.) § 2 (n.c.) § < 0.001 

Tjandra et al (230) 2008 53 53 12 * 10 (13) § 3 (10) § < 0.001 

Michelsen et al (240) 2010 126 49 12 * 8 (n.a.) 1 (n.c.) < 0.001 

Wexner et al (233) 2010 120 106 12 * 9 (7) § 2 (4) § < 0.001 

Follow-up 12-36 months 

Uludag et al (218) 2004 50 6 24 * 8 (n.a.) 1 (n.a.) ns 

Melenhorst et al (206)  2007 100 33 36 * 10 (n.c.) 2 (n.c.) < 0.001 

Dudding et al (234) 2008 51 48 24 6 (0-81) 1 (0-59) n.a. 

Hollingshead et al (231) 2011 86 86 33 9 (7) § 1 (2) § < 0.001 
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 Author Year Patients (n) 
(Baseline) 

Patients (n) 
(Follow-up) 

Median 
Follow-
up 

Incontinence 
episodes/week 
median (range) 

P value 

Baseline Last 
Follow-up 

Mellgren et al (235) 2011 120 77 36 * 9 (n.a.) § 2 (n.a.) § < 0.001 

Follow-up > 36 months 

Melenhorst et al  (206) 2007 100 15 
6 

48 * 
60 * 

10 (n.a.) § 
10 (n.a.) § 

2 (n.c.) § 
2 (n.c.) § 

< 0.001 
<0.001 

Altomare et al (246) 2009 60 52 74 § 4 (n.a.) § 1 (n.c.) § 0.004 

Duelund-Jakobsen et al 
(249) 

2012 147 147 46 6 (n.c.) 1 (n.c.) < 0.001 

Uludag et al (238) 2011 50 n.a. 60 8 (n.a.) 0 (n.c.) < 0.002 

Mellegren et al (235) 2013 120 76 > 60 9 (n.a.) 2 (n.a.) <0.0001 

Altomare et al (200) 2015 272 228 84 7 (4-11) 0.3 (0-3) <0.001 

  Modified from (239) 

* values at specific time 

§ mean value, standard deviation 

n.a. data not available, n.c. not calculable 

Melenhorst et al. (206) published a large mid-term-
follow-up, single-centre study, with 100 patients un-
dergoing permanent SNS. Late failure defined as a 
relapse of symptoms to less than 50% improvement 
over baseline, implementation of another therapy for 
faecal incontinence, or patient dissatisfaction, oc-
curred in 21 patients. The mean time for definitive fail-
ure was 13.6 months (range 3–42). There was no ev-
idence of technical failure such as lead migration or 
lead breakage. 

A report by Rosen et al. (203) highlighted the effect of 
SNS in a cohort of patients of whom 75% suffered 
from faecal incontinence of neurological origin. Fre-
quency of incontinence episodes/week was reduced 
from 6 to 2 at 15 months’ follow-up. 

In a larger multicentre study Wexner et al. (233) con-
firmed the efficacy of SNS in reducing symptoms of 
faecal incontinence: of 112 patients with permanent 
SNS followed for a mean of 28 months (2-69), 83% 
experienced a ≥50% improvement, including 41% 
who gained complete continence (at 12 months). 
Mellgren et al. (235) reported on the same cohort af-
ter a mean follow-up of 3.1 years (0.2 – 6.1 years). 
With a complete or partial data set available in 64% 
of the patients, a ≥ 50% reduction of incontinence ep-
isodes was seen in 86% of these, with 40% achieving 
perfect continence. Symptom improvement resulted 
in improved quality of life, which was stable over fol-
low-up.  If a “last observation carried forward analy-
sis” is performed, the 50% reduction of symptoms at 
3 years is a 78% success rate; in a “modified worst-
case analysis”--with all missing data classified as fail-
ure--the success rate at 3 years is 59%. Again, this 
same cohort was reported upon at follow-up ranging 

from five years (63% of patients) to more than eight 
years: faecal incontinence episodes per week de-
creased from 9.1 (mean at baseline) to 1.7 at 5 years; 
89% reported a ≥ 50% improvement of incontinence 
(36% complete continence). After 5 years, therapy 
was active in 81% of the patients (235).  

In a systematic review including 61 publications from 
2001 to 2012, Thin et al. (239) found higher median 
rates of ≥50% improvement in incontinence epi-
sodes/week when patients’ data were analysed  “per 
protocol” (PP) (i.e., implantation after a successful 
test period) than when the denominator for analysis 
was PNE (i.e., comparable to “intention-to-treat” [ITT] 
principles): short-term (median 12 months) 79% (69-
83%) vs. 63% (33-66%); medium-term (25 months) 
80% (65-88%) vs. 58% (51-81%); long-term (56 
months) 84% (75-100%) vs. 54% (50-58%). In the ITT 
analysis only two studies comprising 86 patients were 
long-term (250, 251). Perfect continence was likewise 
greater in the “per protocol” analysis than in the ITT:  
short-term 42% (21-68%) vs. 36% (8-68%); medium-
term 44% (5-74%) vs. 32% (4-72%); long-term 35% 
(4-52%) vs. 20% (2-48%).  The CCISs were also sig-
nificantly improved and remained stable over follow-
up.  

A summary of the published long-term outcome of 
SNS up to 2015 included 12 studies with a median 
follow-up of 85 months (44-118) in 745 patients (200). 
As in the report of Thin et al. (239), improvement (≥ 
50% reduction in incontinence episodes) was greater 
on PP than on ITT analysis: median 78% (21–96%) 
vs. 50% (42–89%).  Full continence was also greater: 
median 36% (4–52%) vs. 20% (2–48%).  
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In most studies, quantitative measures are used to 
describe the clinical benefit, such as days with incon-
tinence episodes or absolute numbers of inconti-
nence episodes per period of observation, ability to 
postpone defaecation (in minutes), and percentage 
improvement. Even though published reports differ 
with regard to patient population, a general pattern of 
outcome can be observed: when compared with 
baseline status, the clinical outcome is significantly 
improved. Outcome reporting increasingly includes 
both PP and ITT analyses. 

In a meta-analysis of publications from 2000-2008 
comprising 790 patients, 28 studies compared incon-
tinence episodes per week before and with SNS, and 
14 studies compared incontinence scores. Both out-
come criteria were significantly decreased. Another 
nine studies documented the ability to postpone def-
aecation, and this criterion also was significantly im-
proved (252). LEVEL OF EVIDENCE: 2 

Whereas cohort studies and observation studies are 
numerous, only a limited number of randomised con-
trolled trials could be included in a recent Cochrane 
review of SNS for faecal incontinence: four crossover 
trials and two parallel group trials (253). In a random-
ised controlled trial of patients with severe faecal in-
continence, Tjandra et al (230) compared the effect 
at 12 months of SNS with that of supervised optimal 
medical therapy comprising pelvic floor exercises, 
bulking agents, and dietary manipulation. Permanent 
SNS in 53 patients was significantly better than con-
servative treatment in 60 patients: CCIS 1.2 vs. 14.1; 
incontinence episodes/week 3.1 vs 9.4; days with in-
continence/week 1 vs. 9.4 (mean difference (213) 
−5.20, 95% confidence interval [CI] −9.15 to −1.25 at 
3 months; MD −6.30, 95% CI −10.34 to −2.26 at 12 
months); lifestyle 3.31 vs. 2.31; coping/behaviour 
2.68 vs. 1.86; depression/self-perception 3.25 vs. 
2.64; embarrassment 2.76 vs. 1.78. 

In a parallel group trial with 6 months’ follow-up car-
ried out by Thin et al., patients were allocated to re-
ceive either SNS or percutaneous tibial nerve stimu-
lation (PTNS)(254). Participants (N = 15) who under-
went permanent SNS had had a two-test stimulation 
period demonstrating at least a 50% reduction in fae-
cal incontinence. Compared with the PTNS group, 
they experienced fewer episodes of faecal inconti-
nence (MD −3.00, 95% CI −6.61 to 0.61 at 3 months; 
MD −3.20, 95% CI −7.14 to 0.74 at 12 months). Mean 
(±SD) faecal incontinence episodes per week at 
baseline and 3 and 6 months of follow-up with chronic 
stimulation were: 11.4 (12.0), 4.0 (4.0) and 4.9 (6.9), 
respectively, for SNS compared with 10.6 (11.2), 5.8 
(6.9) and 6.3 (6.9) for PTNS. Mean (±SD) CCIS val-
ues at baseline and 3 and 6 months were: 16.2 (3.0), 
11.1 (5.2) and 10.4 (5.6) for SNS versus 15.1 (2.7), 
11.7 (4.4) and 12.1 (5.2) for PTNS. 

In the blinded crossover trial in two patients by Vaizey 
et al., participants were allocated to two weeks of “off 
“ and “on” periods of subsensory stimulation(255). 

They reported a clear difference in number of epi-
sodes of incontinence per week during the off and on 
periods (Patient 1, 20 vs. 2 episodes; Patient 2, 4 vs. 
0 episodes). 

Leroi et al (256) reported a double-blind, crossover 
multicentre study in 34 patients. The indication to pro-
gress from temporary to permanent SNS (N = 27) 
was based on at least a 50% reduction in the number 
of episodes of incontinence or faecal urgency per 
week, or both. After implantation each participant un-
derwent a 1 – 3 month phase with the stimulator 
turned on to determine the most effective stimulation 
parameters. At the end of this post-implantation pe-
riod, patients were randomised in a double-blind 
manner to on- or off-stimulation for a 2-month period, 
with reversal of the activation mode after 1 month. Of 
these, 24 of the 27 (89%) patients completed the 2-
month trial. A significant decrease in median fre-
quency of faecal incontinence episodes was noted 
during the on-stimulation period. No significant differ-
ence was observed between on- and off-stimulation 
for frequency of urgency episodes, delay in postpon-
ing defaecation, or median number of bowel move-
ments per week (10.2 and 11.1 for on and off, respec-
tively). There was a trend towards greater improve-
ment in the CCIS during on-stimulation (8.5 vs 10.5 
[ns]).   All 24 patients considered that they had im-
proved during the on period, although 17 (63%) also 
felt they had improved during the off period. In 19 par-
ticipants who preferred the on period and five who 
preferred the off-period outcomes were reported sep-
arately:  For the group of 19, the median (range) epi-
sodes of faecal incontinence per week fell from 1.7 
(0-9) during the off period to 0.7 (0-5) during the on 
period; for the group of five, however, the median 
(range) rose from 1.7 (0-11) during the off period to 
3.7 (0-11) during the on period. 

In the crossover trial by Kahlke et al. (257), 16 of 31 
patients who had had SNS for a median of 26.8 
months agreed to be randomised in a crossover de-
sign to two three-week periods each of stimulation on 
and off. After six weeks, the patients--still blinded to 
the stimulator status-- chose which stimulation period 
they preferred. The mode of stimulation correspond-
ing to the selected period was then continued for 3 
months (final period). All patients (N=14 of 16) se-
lected the on mode. They experienced significantly 
fewer episodes of faecal incontinence per week (1 
[SD 1.7]) compared with the off period (8.4 [8.7]). The 
CCIS was significantly higher (P < 0.05) during the off 
period (14.6 [SD 4.6]) compared with the on period 
(8.7 [SD 3.6]). The overall number of bowel move-
ments per week declined significantly (P < 0.05) in the 
crossover on period (10.9 [SD 4.1]) compared with 
the off period (18.2 [SD 8.7]).  During the final 3-
month period incontinence episodes per week re-
mained low 0.3 (SD 0.5), CCIS was 6.4 (SD 3.3), and 
the number of bowel movements per week was 9.4 
(SD 2.6). LEVEL OF EVIDENCE: 3 
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1.8.5 SNS for Patients with Anal Sphincter Le-
sions 

An increasing body of evidence indicates that SNS 
may also be a treatment option for patients with 
sphincter defects, either unrepaired or after at-
tempted anatomical reconstruction. The presence of 
an internal anal sphincter defect on endoanal sonog-
raphy is reportedly unrelated to the success of per-
manent SNS (193). Since the first report that three of 
five patients with ultrasound evidence of sphincter 
disruption measuring 25–33% of the circumference 
benefited from chronic SNS (258), several studies 
have been published (195, 240, 258-263). The origins 
and morphologic findings regarding the extent of the 
sphincter gap differ in these studies, but lesions up to 
180o have been treated. It appears that outcome is 
not dependent on the radial extent (259, 261). A sig-
nificant improvement in clinical function, measured ei-
ther as frequency of incontinence episodes or CCIS, 
has been seen in a substantial number of patients in 
all studies (195, 258, 260, 263). Follow-up is still lim-
ited. LEVEL OF EVIDENCE: 3 

Melenhorst et al. (195) showed that the primary use 
of SNS in patients with a sphincter gap 17-33% of the 
circumference appeared to result in an outcome sim-
ilar to its use after failed sphincter repair. In another 
study, SNS in 6 of 8 patients with faecal incontinence 
related to obstetric full-thickness anal sphincter le-
sions of >30-150º resulted in improved frequency of 
incontinence episodes (from 5.5 to 1.5 per week) 
(262), improved ability to postpone bowel emptying, 
and improved ASCRS quality-of-life scores at a me-
dian follow-up of 26.5 months (259). No correlation 
between improvement and the radial extent of the 
sphincter defect was seen. In patients with internal 
and external sphincter disruption owing to Crohn’s 
disease SNS was demonstrated to be beneficial in 
one study (258). 

A recent review of SNS for faecal incontinence asso-
ciated with anal sphincter lesions identified ten publi-
cations (nine retrospective, one prospective) from 
1995-2011 comprising 119 patients, of whom 106 
(89%) had a definitive implant after PNE testing (264). 
A lesion of the external and ⁄ or internal anal sphincter 
was confirmed on endoanal ultrasound. Outcome re-
porting was not uniform. Follow-up ranged from 4.5 to 
48 months. The weighted average number of inconti-
nent episodes per week decreased from 12.1 to 2.3, 
the weighted average CCIS decreased from 16.5 to 
3.8, and the ability to defer defaecation, when evalu-
ated, increased significantly. Quality of life improved 
significantly in almost all studies.  

In the one prospective investigation, a comparative 
cohort study (261), the effect of permanent SNS was 
reported in 53 patients with either an intact external 
anal sphincter (N=32, 37.5% after sphincter repair) or 
an external anal sphincter lesion (N=21, 81% after 
prior sphincter repair) of <90° (N=11) or 90-120° 
(N=10).  Improvement in symptoms and quality of life 
was achieved, and outcome after 12 months was not 

significantly different between groups. LEVEL OF 
EVIDENCE: 3 

The therapeutic potential of SNS has also been 
demonstrated in some, mostly small, case series and 
individual case reports of patients with distinct patho-
logical conditions or well defined anorectal patho-
physiology: .e.g. muscular dystrophy (265); procto-
colectomy with ileoanal J-Pouch reconstruction for 
colitis (266); neurological dysfunction including spinal 
disc prolapse (267); rectal prolapse repair (268, 269); 
rectal resection for cancer (270) with or without neo-
adjuvant chemoradiation (188, 271-273); after neoad-
juvant and adjuvant chemoradiation / radiotherapy for 
endometrial and anorectal cancer (274, 275); after 
unilateral traumatic pudendal neuropathy (276); in 
spina bifida (277); and incontinence related to exter-
nal anal sphincter atrophy (278). LEVEL OF 
EVIDENCE: 4 

1.8.6 Quality of Life  
Outcome assessment has also evolved, and aspects 
of quality of life have been added to the evaluation 
(CCIS, SF-36 and Fecal Incontinence Quality of Life 
[FIQL] Score).  The therapeutic impact of SNS is most 
evident when a disease-specific quality-of-life instru-
ment, the ASCRS FIQL scale, is applied.  

In the first study to apply this instrument, the multi-
centre clinical trial by Matzel el al. (245), ASCRS 
FIQL was significantly increased in all 4 scales; SF-
36 scores improved in 7 of 8 scales, the greatest be-
ing social functioning and mental health, but only the 
former reached statistical significance. A similar re-
sult was published by Leroi et al (256) with the French 
version of the ASCRS QOL (FIQL): at the final follow-
up visit, improvements in lifestyle, coping behaviour, 
depression, and self-perception and embarrassment 
were significant.  Hetzer et al (279) demonstrated a 
significant improvement of the median Gastrointesti-
nal Quality of Life Index score with permanent SNS 
from a baseline of 96 (range 47–128) to 107 (range:  
36–128) at 6 months’ post-implantation. 

In most studies on outcome, quality-of-life evaluation 
is a secondary endpoint (107, 187, 191, 203, 230, 
245, 256, 267, 268, 270, 272, 280). When used, the 
finding of improved quality of life is consistently re-
lated to symptom relief and remains stable with longer 
follow-up (107, 235, 238, 246, 279). Indeed, recent 
long-term data with a follow-up of at least 5 years in-
dicate a significant improvement of all four scales of 
the FIQL score (235, 251). 

In a meta-analysis (252) of 34 studies with 790 pa-
tients, SF-36 score data were analysed from 7 stud-
ies with 98 to 102 patients and ASCRS FIQL data 
from 9 studies comprising 199 patients: SF-36 out-
come was significantly increased in all categories 
(physical functioning, social functioning, role physical, 
role emotional, mental health, vitality, general health) 
with one exception (bodily pain). FIQL outcome was 
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significantly increased in all categories (lifestyle, cop-
ing/behaviour, depression/self-perception, embar-
rassment). 

In a two-centre study of patients with permanent SNS 
for a median of 46 months (11-122), 108 of 127 pa-
tients responded to questionnaires regarding bowel 
habits and quality of life. Using a non-validated score, 
75.8% reported satisfaction, which in most was re-
lated to clinical improvement. However, at last follow-
up 11 of 23 patients who had failed to achieve a 50% 
reduction in incontinence episodes reported satisfac-
tion, and 6 of these had more incontinence episodes 
than at baseline (237). 

Four of the randomised controlled trials discussed 
above, when relating quality of life to clinical efficacy 
of SNS, have used varying instruments: SF-12, 
ASCRS FIQL (230); SF-36 (255); the French version 
of the ASCRS FIQL (256); and ASCRS FIQL, SF-36 
and EQ-5D (254). Improvement was found in all, ex-
cept for EQ-5D with chronic SNS. LEVEL OF 
EVIDENCE: 2 

1.8.7 Cost Benefit  
Permanent SNS is expensive; however, its cost-ef-
fectiveness has been demonstrated in several Euro-
pean nations. Hetzer et al (281) compared the costs 
of SNS with those of conservative treatment, anterior 
sphincteroplasty, dynamic graciloplasty, and stoma 
creation in 34 consecutive patients. The 5-year cumu-
lative cost for SNS was €19,333, compared with 
€35,965 for a stoma (with annual costs of €5,339) and 
€34,953 for dynamic graciloplasty (annual costs 
€1,659).  The equivalent cost for conservative treat-
ment was €3,895, and the overall median real cost for 
an anterior sphincteroplasty was €5,327. Muñoz-
Duyos et al (282) analysed the direct medical costs of 
SNS in a series of 47 patients undergoing 57 PNEs 
and the consequent 29 patients with a permanent uni-
lateral implant for a median follow-up of 34.7 (2.3-
81.2) months. The cost totalled €371,434, including 
€317,791 for the devices. In patients without anal 
sphincter damage SNS provided 0.34 incontinence-
free life-years and entailed additional costs of €1,054, 
which generates a cost-effectiveness ratio of €16,181 
per quality-adjusted life-year (QALY). The nationally 
accepted threshold is around €30,000/QALY. The 
economic impact of the introduction of SNS would be 
to add 0.07-0.1% to the care of these patients (2008 
data).  

In a decision-analysis model based on prospectively 
collected data in 70 patients undergoing test stimula-
tion and implantation of the permanent SNS device, 
incontinence episodes/week were reduced from 6 at 
baseline to 0.5. Dudding et al. (234), based on direct 
medical and non-medical costs, found an incremental 
cost-effectiveness ratio (ICER) for SNS of £25,070 
per QALY gained. It cost £1,038 per year to achieve 
a median reduction of 238 incontinence episodes, 
equal to £3.61 per reduced episode. The ICER of 
g£25,070 per QALY was within the UK nationally ac-
cepted £30,000 per QALY threshold. 

In a similarly designed study based on published re-
ports and expert opinion, Indinnimeo et al (283) found 
that the ICER was €28,285 per QALY gained in pa-
tients with a structurally deficient anal sphincter and 
€30,662 per QALY in patients with an intact anal 
sphincter. Both are below the relevant national 
threshold of €40,000 per QALY gained. Budget-im-
pact analysis demonstrated that the implementation 
of SNS would have an estimated impact of 0.56% 
over a 5-year period on the budget allocated for fae-
cal incontinence treatment.  

In a French study clinical outcome and cost-effective-
ness analyses were performed in parallel with a pro-
spective, multicentre cohort study that included 369 
consecutive patients with urge urinary and/or faecal 
incontinence with a follow-up of 24 months (284).  
Cost-effectiveness outcomes were expressed as in-
cremental costs per 50% of improved severity scores 
(incremental cost-effectiveness ratio). Based on a na-
tional health perspective the average cost of SNS for 
faecal incontinence was €6,581 more for the first 2 
years when compared with alternative treatments 
(95% confidence interval, €2,077–€11,084; P = 
0.006) when an improvement of more than 50% in the 
continence severity score was used as the criterion of 
effectiveness. The incremental cost-effectiveness ra-
tio for SNS was €94,204 and €185,160 at 24 months 
of follow-up for urinary and faecal incontinence re-
spectively. These findings were above the generally 
accepted range of cost effectiveness, but SNS was 
considered to offer marked health benefits for pa-
tients with faecal incontinence (measured by the se-
verity score). LEVEL OF EVIDENCE: 3 

1.8.8 Safety  
SNS is a relatively safe procedure (233, 285).  A 
meta-analysis (252) is in accordance with earlier re-
ports, which describe a relatively low rate of compli-
cations (190, 191) and a need for device removal in 
only approximately 5% because of loss of effect, 
symptom deterioration, pain from lead dislocation, or 
infection. The results of the meta-analysis, which cov-
ered the period 2000 – 2008 and included patients 
undergoing the more invasive, open-approach elec-
trode placement technique, found a complication rate 
of less than 15% in 665 patients with a permanently 
implanted device. In only 3% did the device need to 
be removed. In patients in whom infection necessi-
tated removal, re-implantation later was reportedly 
successful (280).  

In an FDA study with strict monitoring of adverse 
events (235), 334 were reported in 99 patients at 
three-year follow-up; 67% occurred in the first year, 
and most required no or minimal intervention at the 
time. The adverse events included pain at the implant 
site (28%), paresthesiae (15%), change in the sensa-
tion of stimulation (12%), implant site infection 
(10%)(233), urinary incontinence (6%), diarrhoea 
(6%), and extremity pain (6%). Half of the infections 
required surgical intervention with removal of the de-
vice in 5 of 6 patients (235). More recent data of the 
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same patient cohort report a 39% need for device re-
vision, replacement or removal. With 5 years’ follow-
up 26.3% of patients had a revision, replacement or 
removal of the device for reasons other than battery 
depletion (235). Significant differences between 
those who exited because of a lack of efficacy before 
five years and those who remained in the study were 
found in two areas: average percentage of improve-
ment at test stimulation (90% vs. 80%, p=0.007) and 
the percentage of patients completely continent dur-
ing the test stimulation (47% vs 7%; p=0.004).  

A single report of a consecutive series of 87 patients 
over a mean follow-up of 48.5 months describes the 
need for revision surgery in 41%--one-third for de-
vice-related failure--including 24% for removal (242). 
In a French multicentre study comprising 200 consec-
utive patients with a mean follow-up of 12 months, the 
rate of device-related adverse events was 24.5% 
(197). 

Major complications are rare: one case report of a life-
threatening haemorrhage after elective tined lead 
electrode removal has been published (286). 

A review of 48 cohort studies (45 for faecal inconti-
nence and 3 for constipation) documented the post-
operative issues in the 1661 patients with test stimu-
lation and 1600 patients with a permanent SNS im-
plant (287): it found that the incidence of suboptimal 
outcome was 12.1%, pain 13%, and infection 3.9%. 
The most common problem during test stimulation 
was lead dislodgement (5.3%). Systematic literature 
review suggests a possible underreporting of subop-
timal outcome and adverse events. In one single 
study, the rate of adverse events reached up to 
85.2% in patients with a median follow-up of 11 
months: loss or lack of efficacy and pain or discomfort 
accounted for 88.5% of these (288). In a recent re-
view with 45 studies including 1953 patients the 
pooled rate of infection was 5.1% (4.1-6.4) without 
significant heterogeneity between trials (289). 

In their summary of studies with long-term follow-up 
(70-118 months), Altomare et al. reported minor com-
plications in 79 patients (PP, 29%; ITT, 19.4%), of 
which 64 (PP, 23.5%; ITT, 15.7%) were device-re-
lated. The most common was pain at a subcutaneous 
site (23 patients) prompting device removal in 12 pa-
tients and replacement in seven. Removal and repo-
sitioning for dislocation or battery depletion was nec-
essary in another 17 patients (200). LEVEL OF 
EVIDENCE: 2/3 

Summary: Sacral neuromodulation is an effective 
treatment in patients with severe incontinence unre-
sponsive to conservative treatment. It may be effec-
tive as a first line treatment in patients with an anal 
sphincter defect. The therapeutic benefits are sus-
tained in the medium to long term. The mechanism of 
action is uncertain however effects on sensory affer-
ents appear most probable. Grade of Recommenda-
tion: B 

1.9. Puborectal Sling  
The puborectal sling operation was first reported by 
O’Rourke in 1974 (290). In this procedure, an artificial 
sling is routed behind the anorectal junction and its 
two ends are fixed to the pubic bone, pulling the ano-
rectal junction up forward with some tension. Similar 
to the postanal repair, the rationale of this operation 
is the restoration of the anorectal angle normally 
maintained by puborectal muscle. 

No systematic reviews, randomised controlled trials, 
non-randomised cohort studies or case control stud-
ies have been reported regarding puborectal sling op-
eration for faecal incontinence, while one prospective 
comparative study (level 2) (291), three prospective 
case series of good quality (level 3) (292-294) and 
three retrospective case series of low quality (level 
4)(290, 291, 295) were identified. 

O’Rourke (290) reported using Dacron® mesh for the 
treatment of 3 patients with full rectal prolapse as well 
as 4 patients with mucosal partial rectal prolapse and 
faecal incontinence. Of the 4 patients with faecal in-
continence and partial prolapse, 3 were reported to 
have “benefited considerably” from the procedure alt-
hough a formal evaluation of the faecal incontinence 
was not performed and the follow-up period was not 
documented. O’Rourke and Egerton (295) also re-
viewed 24 patients in whom the sling operation was 
performed using a strip of rolled Mersilene® mesh. 
This procedure, however, was performed mainly for 
the treatment of rectal prolapse, while it was con-
ducted because of faecal incontinence alone only in 
two out of the 24 patients, and the outcomes regard-
ing the continence were not formally evaluated.  

Shafik (291) reported another sling operation called 
puborectoplasty utilising a Teflon™ sling for faecal in-
continence. Of 31 patients who had been incontinent 
to solid stool and underwent this procedure, “good re-
sults” were achieved in 26 patients (84%) after a fol-
low-up period of between 2 - 4 years: 20 became con-
tinent to solid and liquid stool as well as flatus; 6 to 
solid and liquid stool but not to flatus; 4 to solid stool 
only; and only one remained incontinent to solid stool. 

Shafik and Shafik (291) conducted a prospective 
comparative study comparing two fascia lata slings 
(double loop) in 22 patients and one fascia lata sling 
(single loop) in 22 for the treatment of faecal inconti-
nence. After 12 months follow-up, “good results” were 
achieved in 14 (64%) and 8 (36%) by the double loop 
and the single loop, respectively 

Yamana et al. (292) performed the perineal 
puborectalis sling operation in 8 patients with passive 
faecal incontinence using polyester mesh sling. A 
rectal ulcer developed in one patient requiring the 
sling removal. In the 6-month evaluation of the re-
maining 7 patients, all reported some extent of im-
provement of their faecal incontinence. Both the Fe-
cal Incontinence Severity Index and the Cleveland 
Clinic Florida Fecal Incontinence Score (CCIS) signif-
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icantly improved from 27 to 9 and from 13 to 5, re-
spectively. Moreover, all parameters in Fecal Inconti-
nence Quality of Life Scale (FIQL) significantly im-
proved: lifestyle from 2.1 to 3.6; coping/behaviour 
from 1.5 to 3.4; depression/self-perception from 2.3 
to 3.7; and embarrassment from 2 to 3.6. 

The transobturator posterior anal sling (TOPAS™) is 
the first puborectal sling, aimed to be commercially 
available for the treatment of faecal incontinence in 
women. It is comprised of a knitted, Type 1 polypro-
pylene monofilament mesh, which is covered by re-
movable insertion sheaths, and two insertion nee-
dles. It is implanted through a transobturator ap-
proach via two small incisions in the both thighs and 
buttocks. The implanted mesh is self-fixating and per-
manent with tissue in-growth providing additional 
support to the anorectum. 

In a preliminary prospective multicentre study, 29 
women were implanted with the TOPAS™ system 
(293). Fifteen patients (52%) achieved treatment suc-
cess, which was defined as a reduction of 50% or 
more in the number of faecal incontinence episodes 
compared with baseline, and 33% reported complete 
continence. The mean faecal incontinence episodes 
per 14 days significantly decreased from 6.9 at base-
line to 3.5 at 24 months of follow-up. The CCIS and 
FIQL for all 4 domains were significantly improved 
during the overall follow-up period compared with 
baseline. A total of 12 patients (41%) experienced 19 
procedure- and/or device-related adverse events, but 
there were no device-related erosions, extrusions or 
revisions.  

In a larger multicentre FDA controlled study, 152 
women were implanted with the TOPAS™ system 
(294). At 12 months of follow-up, 69% of the patients 
achieved treatment success, which was defined as a 
reduction of 50% or more in the number of faecal in-
continence episodes compared with baseline, and 
19% reported complete continence. The median 
number of faecal incontinence episodes per week 
significantly decreased from 9 at baseline to 2.5 at 12 
months. The CCIS and FIQL for all 4 domains were 
significantly improved from baseline to 12 months. A 
total of 66 patients (43%) experienced 104 proce-
dure- and/or device-related adverse events, but most 
of them were short in duration and 97% were man-
aged without therapy or with nonsurgical interven-
tions. There were no treatment-related deaths, ero-
sions, extrusions, or device revisions. LEVEL OF 
EVIDENCE: 3  

The puborectal sling operation, particularly with 
TOPAS™ system, seems promising because it is a 
simple procedure and yielded reasonably good re-
sults with low rate of serious complications so far. 
More prospective studies of longer follow-up period 
are warranted.  These should closely evaluate com-
plications such as sling infection, erosion and rectal 
ulcer requiring the sling removal.  

Summary: The use of a puborectal sling remains un-
proven but may be of value in selected patients. 
Grade of Recommendation: D 

1.10. Injectable Biomaterials 
Injectable agents for urinary incontinence (UI) have 
had variable success rates but they offer the benefit 
of performing an outpatient procedure without anaes-
thesia and with minimal morbidity (296). This has re-
sulted in their continued use for urinary incontinence, 
as well as continuing research on different injectable 
agents for use in faecal incontinence. The ideal agent 
for injection should be biocompatible, non-allergenic, 
non-immunogenic, non-carcinogenic, easy to inject, 
and should not migrate within the tissues. Liquid 
agents that have particles with a diameter of 80 mm 
are felt to be less prone to migration, but agents with 
a larger particle size require a larger bore needle to 
inject, which put them at a higher risk for leakage from 
the injection site. More recently there has been in-
creasing interest in solid “injectables” in the form of 
Hi-Hexpan™ [GateKeeper™ (297) - SphinKeeper™ 
(298)] which expand after their insertion through a 
custom-made introducer. The results of injectable bi-
omaterials used for faecal incontinence to date are 
shown in Table 7.  However, Injection of liquid bulk-
enhancing agents into the anal canal to treat faecal 
incontinence has reduced in popularity since thedate 
of the 5th ICI. LEVEL OF EVIDENCE: 3 

Injectable agents for faecal incontinence were first 
used in 1993 when Shafik (299) treated 11 patients 
with injections of polytetrafluoroethylene paste into 
the anal submucosa. After 18-24 months of follow up, 
64% reported complete cure and 36% had partial im-
provement. Shafik (300) subsequently treated 14 pa-
tients with autologous fat injections with a reported 
100% success rate at 2-3 months and all patients who 
lost continence to gas or stool became continent after 
repeat injections. There were no complications using 
either agent. However, other reports of autologous fat 
injection have resulted in death from pulmonary fat 
embolism, and a randomised clinical trial using fat for 
UI demonstrated no efficacy over placebo; thus, it is 
currently not used for faecal incontinence (301). 
Other agents used for injection in the past, that have 
not achieved widespread use include micro balloons, 
bovine dermal collagen, and polyacrylamide hydrogel 
(Bulkamid®).  

The first reported injections of glutaraldehyde cross-
linked synthetic bovine dermal collagen (Contigen™) 
for faecal incontinence included 17 patients (302), 11 
(65%) of whom showed marked symptomatic im-
provement at 8 months. A much larger series of 73 
patients was then reported (303) in which subjects re-
ceived injections of 1.7 ml of collagen transanally into 
the rectal submucosa in three separate areas just 
proximal to the anal canal. Overall, 63% reported an 
improvement in their incontinence and the 49 patients 
with idiopathic incontinence (no sphincter defect and 
no pudendal neuropathy) had a significant decrease 
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in their incontinence score. The disadvantages of us-
ing synthetic collagen are its potential to be allergenic 
and degrade over time.  

A series of six patients injected with self-detaching 
cross-linked silicone micro balloons with a biocom-
patible filler material demonstrated fairly good results, 
with Browning-Parks incontinence scores for the 
group decreasing from 16 to 5 (range 0-20)(304). 
However, sterilization issues have prevented the on-
going use of this product. 

Two pilot studies using polydimethylsiloxane particles 
(PDMS) suspended in a bioexcretable carrier hydro-
gel of polyvinylpyrrolidone (Bioplastique™) for faecal 
incontinence in 2001 and 2002 (305, 306) led to in-
creased use of this product in Europe and it was re-
named PTQ™ implants (PTP™ implants in Aus-
tralia). The initial pilot study (305) looked at 10 pa-
tients with passive incontinence who received circum-
ferential or single site injections of PDMS. At six 
weeks, six patients showed either marked improve-
ment or complete cessation of leakage and an addi-
tional patient improved after a second injection. How-
ever, after six months, only two of seven patients had 
maintained marked improvement. Complications in-
cluded anal pain and ulceration at the injection site. 
In the largest study of PDMS injection to date (307) 
82 patients with severe faecal incontinence were ran-
domised to receive PDMS implants either with or 
without endoanal ultrasound guidance for injection. 
All patients had a significant improvement in their 
CCF-FIS. At 12 months, this score decreased from 
14.5 to 3 in the ultrasound guidance group and from 
14.5 to 11 in the non-ultrasound group. Six patients, 
two from the ultrasound guidance group, complained 
of pain at the injection sites. There were no other 
complications. The ultrasound guidance group had 
more significant improvement in resting pressures 
and quality of life scores. The same investigators in-
jected PDMS into seven patients with passive incon-
tinence after haemorrhoidectomy and found signifi-
cant improvement CCF-FIS and quality of life scores 
in all patients (308). 

Several other series have been reported PDMS use 
for faecal incontinence (309-312). In all, 2.5ml of 
product was injected into 3-4 sites in the intersphinc-
teric space and CCF-FIS decreased significantly. In 
one study of 20 patients, the CCF-FIS decreased sig-
nificantly from 13.5 to 4.5 at one month and slowly 
increased to 9.4 at two years, which was a still a sig-
nificant improvement from the baseline score. Quality 
of life scores also improved, but there was no effect 
on resting or squeeze anal canal pressures pressures 
measured at baseline and 3 months after injection. 
Seventy percent of patients experienced pruritus ani 
and one patient developed an infection at an injection 
site (309). In a study of 33 patients, CCF-FIS de-
creased from 12.7 to 10.4 at one year, yet quality of 
life was not improved (310). Both of these studies ex-
amined implant migration and 67% (310) and 84% 
(313) had detectable implants at the site of injection 

by ultrasound, though this did not seem to affect clin-
ical response. The largest of these studies is notable 
for its sample size of 74 patients and that half of these 
subjects were men. It found that 70% of patients re-
ported complete satisfaction with their continence 
(post-treatment CCF-FIS =0). In the remaining 30%, 
CCF-FIS decreased from 12 to 3.5 at 33 months with 
associated improvements in quality of life measures. 
All patients, but especially those who became conti-
nent, had significant improvements in mean resting 
pressures, squeeze pressure and mean anal canal 
length.  

Worse results were seen in women with pudendal 
neuropathy or those for whom biofeedback had al-
ready failed (311). Another study specifically com-
pared the anorectal manometry of patients injected 
with PDMS with that of normal controls and found that 
after injection in the symptomatic patients there was 
a similar decrease in CCF-FIS with associated im-
provements in FIQL scores. The symptomatic pa-
tients had lower resting and squeeze pressures than 
controls at baseline and these pressures did not im-
prove with injection. However, these patients did 
have elongation of their high-pressure zone, as well 
as improvements in the asymmetry index, indicating 
that morphologic but not physiological changes had 
occurred with injection (312).  

The only report of long-term results for injectable 
agents was for Bioplastique™ (314). The 5-year out-
come for 6 patients injected with this compound in 
1999 included a median St. Mark’s incontinence 
score that was essentially unchanged from 11 to 13 
(range 9-20). One patient had undergone a colos-
tomy, but four of the five remaining patients reported 
subjective improvement in their incontinence and bet-
ter quality of life scores. In 2012 van Wunnik et al 
(315) reported on 2 patients who were said to have 
developed local giant cell foreign body reactions after 
PTQ injections; both required surgical intervention 
and further treatment for their incontinence.  LEVEL 
OF EVIDENCE: 3 

A pilot study conducted in 2008 examined two other 
products, cross-linked porcine dermal collagen (PDC) 
(Permacol™), and polyacrylamide hydrogel (PAH) 
(Bulkamid®)(316). Ten patients with passive faecal 
incontinence to liquid or solid stool who had failed 
conventional treatments were prospectively random-
ised to receive either of the two products. The needle 
was first inserted into the skin 2 cm from the anal mar-
gin and the product was then injected trans-sphinc-
terically. The median volume to achieve closure of the 
anal canal under direct vision was 9 ml for PAH and 
15 ml for PDC.  The St Mark’s incontinence score de-
creased at 6 weeks for both groups, but this decrease 
was sustained at 6 months only for the PAH group. 
This pilot study lacked power to determine if these 
two treatments for faecal incontinence was signifi-
cantly differerent.  

There has been a further nonrandomised retrospec-
tive study in which PDC was injected into the internal 
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anal sphincter in 110 patients 100 of whom were 
available for follow up for a minimum of 36 months 
(317). Three injections of 2.5 ml with a further 2.5 ml 
injected into any defect identified on endoanal ultra-
sound. The CCF-FIS scores improved from a median 
of 14 (range 5-14) to a median of 8 (range 5-14) but 
this difference was not statistically significant. A total 
of 68% of patients reported a subjective improvement 
at 3 years but there was deterioration with time. Thirty 
eight percent of patients were given a second injec-
tion and 15% required a third injection.  

Several other injectables have been used for faecal 
incontinence with variable results. In one of the few 
adequately powered, randomised controlled trials us-
ing injectables, 44 patients were randomised to re-
ceive transdermal injections of polydimethylsilozane 
elastomer silicone biomaterial (PDMS) or saline into 
the intersphincteric space (318). Three 2.5ml injec-
tions were performed using local anaesthesia. Only 
the patients were blinded to the treatment. There was 
no difference in the percentage of patients in the two 
groups who had a successful treatment, defined as 
having a CCF-FIS score <8 or the decrease in CCF-
FIS scores post treatment. The saline group tolerated 
treatment better and had fewer adverse effects over-
all. Thus, the study concluded that the use of PDMS 
should not be recommended. 

Two small studies using calcium hydroxylaptatite ce-
ramic microspheres (HCM) (Coaptite™) and ethylene 
vinyl alcohol (EVOH) showed some promise but the 
testing was much less rigorous. In one of these stud-
ies, HCM were injected transphincterically to four 
submucosal sites using 1ml at each site with the pa-
tient under local anaesthesia. The average Faecal In-
continence Scoring System (FISS) score for 10 pa-
tients decreased from 85.6 to 28 at 12 months 
(p=0.008) and the lifestyle, coping and behaviour/em-
barrassment subscales of the Fecal Incontinence 
Quality of Life Scale (FIQL) showed improvements 
(p<0.05). Anorectal manometry also showed better 
resting pressures (40 to 47 mmHg, p=0.018). There 
were no complications, but one patient experienced 
leakage of product from the injection site that required 
another injection (319).  

In the second of these smaller studies, 21 patients re-
ceived ethylene vinyl alcohol (EVOH) injections with 
1-2 ml in up to 8 sites in the intersphincteric space 
under general or local anaesthesia. At 12 months, 
Faecal Incontinence Severity Index (FISI) scores 
dropped from 32.8 to 22 and CCF-FIS scores de-
creased from 11 to 6.9. Two subscales of the FIQL 
improved significantly and repeat anorectal manom-
etry demonstrated some increase in anal canal length 
and resting pressures (320).  

Another commonly used injectable, pyrolytic carbon-
coated zirconium oxide beads (PCZO) (Duras-
phere®), is non-reactive and not biodegradable. 
However, the beads are known to migrate within the 
tissues and require a large bore needle to inject the 
substance. The injected substance is placed in the 

submucosal plane using either a transanal or in-
tersphincteric approach. The initial trial (321) as-
sessed the short and long-term efficacy in 18 patients 
with an internal anal sphincter defect refractory to 
conservative management. About 1.3ml was injected 
in the submucosal plane at the site of the sphincter 
defect in 1-4 sites until adequate anal sphincter sym-
metry was restored. At 12 months, CCF-FIS and pa-
tient satisfaction scores were significantly improved. 
Fifteen of 18 patients reported improvement in their 
incontinence. Weiss et al. also demonstrated im-
provement in ten patients who were followed for only 
3 months (322).  

In a larger study, 33 patients with minor or medium 
severity faecal incontinence (CCF-FIS < 14 and/or 
American Medical Systems (AMS) score < 89) re-
ceived injections (mean of 8.8 ml (range 2-19 ml) of 
PCZO into the submucosa at the level of the dentate 
line using an 18-gauge needle at four different sites 
(323). After a mean follow-up period of 21 months, 
the CCF-FIS for the group decreased significantly 
from 12 to 8 and the AMS score from 89 to 73 but the 
faecal incontinence specific quality of life measures 
did not change. Resting and squeeze pressures also 
increased 12 months after injection. Adverse events 
included anal pain in two patients, asymptomatic 
leakage of material in one patient, and distal migra-
tion of product in two patients. A study of 11 patients 
in which about 2.8ml of PCZO was injected into 3-4 
sites in the submucosal space reported a decrease in 
CCF-FIS from 12.7 to 4.9 at 2 years with improve-
ments in the coping and embarrassment subscales of 
the FIQL at 6 months. Although manometry pres-
sures did not change initially, the resting and cough 
pressures were higher at 2 years than at 1 year (324).  

The most recent study using PCZO injected the prod-
uct using a slightly different approach. In all 23 sub-
jects, the product was injected into the intersphinc-
teric space in four sites. Again, about 2.8ml of product 
was injected at each site. At 12 months, patients had 
a decrease in the CCF-FIS from 18.7 to 10.9 and an 
increase in FIQL score from 46 to 55.8. Mean 
squeeze pressures on anorectal manometry in-
creased significantly at 12 months. Adverse compli-
cations included prolonged pain in one patient and a 
sterile perianal fluid collection in another (325). 
LEVEL OF EVIDENCE: 4  

Two trials have compared the safety and efficacy of 
PDMS and PCZO (326, 327). In the first sample size 
was calculated to detect a 50% reduction in the CCF-
FIS post injection. Thus, 40 patients with faecal in-
continence (mean CCF-FIS 11.45) were randomised 
to receive either PDMS or PCZO.  Both groups were 
similar in terms of age, medical history, faecal incon-
tinence severity and quality of life scores, as well as 
anorectal manometry results. Although the PCZO 
group had a more significant reduction in CCF-FIS at 
2 weeks (11.45 to 8.25 vs. 11.45 to 10.9), the PTQ 
group had a greater reduction in CCF-FIS at 6 weeks, 
6 months and 12 months (4.6,2.95 and 3.8 vs. 7.65, 
6.2 and 7), and had no complications. The PCZO 
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group had several complications including anal pain 
(5%), mucosal erosion (10%), arthritis and skin 
rashes (5%). Furthermore, the PDMS group demon-
strated significant improvements in general and fae-
cal-incontinence-specific quality of life scores that 
were not seen in the PCZO group. Thus, the conclu-
sion was that PDMS was safer and more effective 
than PCZO for the treatment of faecal incontinence 
(326). LEVEL OF EVIDENCE: 3 

In the second trial, Morris et al. (327) performed a 
smaller study of 35 patients with 17 randomised to re-
ceive PDMS and 18 to PCZO; numbers were limited 
as the trial was closed early due to the removal of 
PDMS from the Australian Pharmaceutical Benefits 
scheme. Circumferential injection was performed un-
der local anaesthesia and sedation. The primary out-
come measure was the CCF-FIS incontinence score 
with the SF-36 and maximum resting and squeeze 
pressures being secondary outcomes. Follow-up was 
up to 1 year and despite early improvements inconti-
nence scores were not significantly improved at 12 
months. SF36 scores did not significantly improve at 
any stage of the follow up. One of the patients receiv-
ing PDMS developed a perianal abscess. 

The newest liquid injectable agents to be used for fae-
cal incontinence are acid/dextranomer (NASHA Dx) 
copolymers (Zuidex™, Solesta®). Dextranomer mi-
crospheres are suspended in non-animal stabilized 
hyaluronic acid. As with other injectable agents, 
NASHA Dx has been used to treat urinary inconti-
nence (328) and a pilot study of four patients reported 
no adverse events and a median decrease in St 
Mark’s incontinence score of 3.5 points (19.25 to 
15.75) (329). In a subsequent study of 34 patients 
who received transanal injections into the submucosa 
just above the dentate line (about 1ml of product was 
injected into four sites), the median number of incon-
tinent episodes in a four-week period dropped from 
22 to 9 (325). When response was defined as a 50% 
or greater decrease in number of incontinent epi-
sodes, 56% of patients were defined as responders 
at 12 months. No adverse events were reported. 
These findings led to a randomised double-blinded 
sham-controlled trial of 206 patients randomised in a 
2:1 fashion to receive NASHA Dx or placebo injection 
(330). The patients and the evaluating investigators 
were blinded to the treatment. More patients in the 
treatment group had 50% or greater reduction in the 
number of incontinence episodes (52% vs. 31% of 
controls; p=0.009), but the change in CCF-FIS did not 
differ after treatment between groups (14 to 2.5 in the 
treatment group vs. 13 to 1.7 in placebo group). The 
FIQL was only significantly improved compared to 
placebo for the coping and behaviour subscale. Both 
groups had a high retreatment rates: 82% of patients 
in the NASHA Dx group received reinjection of prod-
uct and 87% of patients in the control group had re-
peat sham injection. The NASHA Dx group had sig-
nificantly more adverse events, including proctalgia, 
rectal bleeding, pruritus, diarrhoea, constipation, fe-
ver, and two serious complications of rectal abscess 
and prostatic abscess. The control group had more 

injection site bleeding. Schwandner et al. (331) re-
porting on 21 patients who received injections of 1ml 
of NASHA Dx in four sites of submucosa there were 
no adverse events and 61% of patients had a signifi-
cant decrease in incontinence episodes at 3 months 
and 56% had a sustained improvement at 22 months. 
The CCF-FIS decreased from 16.8 to 12.3 but was 
not significant. Improvements in FIQL scores were 
noted.  

La Torre and de la Portilla reported on 83 of 115 pa-
tients who were followed up for 24 months after 4 in-
jections of 1ml DHAC with 62.7% reporting a ≥ 50% 
reduction in the total number of episodes of faecal in-
continence. This decrease and the increase in the 
number of incontinence free days were significant as 
was the reduction in the CCF-FIS and FIQL (332).   

Danielson at al reported on only 34 patients injected 
with 4 × 1 ml DHAC in the submucosal layer. At 2 year 
follow up 26 patients were said to have reported a 
“sustained improvement”. This assessment was done 
using median number of incontinence episodes [22 
pre-treatment, 10 at 1 year and 7 at 2 years] and the 
Miller incontinence scores [14 pre-treatment, 11 at 1 
year and 10.5 at 2 years]. It was also noted that only 
patients with more than a 75% improvement in the 
number of incontinence episodes had a significant 
improvement in quality of life at 24 months, resulting 
in the suggestion that this was a more accurate 
threshold to indicate a successful incontinence treat-
ment than the more commonly used 50% (333). 

A Cochrane review published in 2013 concluded that 
there had been no long term studies on the efficacy 
of injectable bulking agents for passive faecal incon-
tinence (334). Whilst relatively safe, the studies done 
on these agents by the time of that review had been 
of poor quality and no firm conclusions could be 
reached. LEVEL OF EVIDENCE: 3 

In 2014 the NASHA Dx Study Group reported on the 
3-year follow up of NASHA Dx injection therapy for 
treatment of faecal incontinence (335). One hundred 
and thirty six patients were assessed post injection 
with success defined as a reduction in number of FI 
episodes by 50% or more compared with baseline. 
The CCF-FIS and Fecal Incontinence Quality of Life 
Scale were also used. A successful outcome was 
deemed to have occurred in 52% of patients at 6 
months and this was sustained at 12 months (57%) 
and 36 months (52%). There were also significant de-
creases in the mean CCF-FIS and all four domains of 
the quality-of-life scores improved significantly be-
tween baseline and 36 -months follow-up.  

The newest injectables are polyacrylonitrile Hi-Hex-
pan ™ cylinders, the Gatekeeper™ and Sphin-
Keeper™ prostheses. The first study on Gate-
keeper™ reported on 14 patients who received trans-
dermal injections of into the intersphincteric space. 
The CCF-FIS score decreased from 12.7 to 
5.1(p<0.01) and there were no complications. Loca-
tion of the prostheses was recorded by ultrasound 
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and no dislodgement was seen at 1 year (336). A mul-
ticentre observational study of the efficacy of 6 Gate-
keeper™ implants placed intersphincterically rec-
orded the outcome in 54 patients. Incontinence to 
gas, liquid and solid stool improved significantly and 
all faecal incontinence severity scores were signifi-
cantly reduced. At 12 months 56 per cent of the pa-
tients showed at least a 75 per cent improvement in 
all faecal incontinence parameters; 7 (13 per cent) 
were fully continent. Three patients extruded a single 
prosthesis during surgery; these were all replaced. 
Dislodgement occurred in three patients post-opera-
tively but none required replacement. 

The only study to date on the SphinKeeper™ has 
looked the feasibility of using this implant and pros-
thesis localization at 3 months (298). The Sphin-
Keeper™ prostheses pre-implantation are 29mm in 
length and 3mm in diameter; they become 23 mm 
long and 7mm diameter within 48 h of contact with 
fluids. Ten prostheses were implanted in each patient 
under local anaesthesia and endoanal ultrasound 
guidance, into the upper-middle intersphincteric 
space of the anal canal. A partial dislocation of a sin-
gle prosthesis causing anal discomfort was docu-
mented by EAUS post operatively in one patient. The 
discomfort resolved after 1 week. 

Another newer agent is polyacrylate-polyalcohol 
which was used in non-consecutive series of 58 pa-
tients and reported to have achieved predefined suc-
cessful treatment (50% of more improvement of CCF-
FIS) in 60.4%, albeit only 34 patients and 22 patients 

were available at 6 months and 36 month follow-up 
respectively (337). 

In conclusion, studies of injectable biomaterials com-
prise several small case series that in general show 
short-term efficacy and only three randomised trials, 
two of which compared PMDS and DHAC to placebo, 
and a third that compared PDMS to PCZO™. These 
trials indicated that PMDS should not be used,  

PDMS appears to be better than PCZO in terms of 
both safety and efficacy, and there are data indicating 
that NASHA Dx is more effective than placebo. Two 
systematic reviews (338, 339) and a Cochrane review 
(334) could not establish evidence to support the ef-
ficacy of any of these agents, however one review did 
find in multivariate analysis, use of the intersphinc-
teric, instead of transanal or trans-sphincteric routes 
of injection, was associated with a higher complica-
tion rate. Furthermore, PDMS and HCM were more 
effective that other injectable agents with regard to 
short-term outcome and use of local anaesthesia was 
associated with a lower likelihood of success (338) 
[LEVEL OF EVIDENCE: 3] 

Summary: The role of Injectable biomaterials in treat-
ment of faecal incontinence remains to be estab-
lished but may be of value in the treatment of passive 
incontinence. The optimum bulking agent and tech-
nique of application remains to be determined.  Grade 
of Recommendation: D 

 

Table 7. Studies using Injectable biomaterials 

Authors 
(ref) 

Year Agent # 
Pts
. 

Injection 
technique 

# 
Sites 

Volume Success 

Shafik 
(299) 

1993 Polytetrafluoroethylene 
paste 

11 Transanal 2 0.5ml 64% 

Shafik 
(300) 

1995 Autologous fat 14 Transanal 2 50-60ml 100% 

Kumar et 
al (302) 

1998 Glutaraldehyde cross-
linked synthetic 
bovine dermal 
collagen 

17 Transanal 1-3 Up to 
2ml 

65% pts improved 

Malouf et 
al (305) 

2001 polydimethylsiloxane 
particles 

10  1-4 5-
11.5ml 

60% initial 
improvement, 20% 
long-term 

Feretis et 
al (304) 

2001 Microballoons with 
biocompatible 
hydrogel 

6 Transanal 3-5 0.9ml in 
balloon 

Browning-Parks 
Incontinence score 16 
to 5 

Davis et al 
(321) 

2003 Carbon-coated 
zirconium oxide beads 

18 Transanal 1-4 1.28ml 83% pts improved 
CCF-FIS 11.9 to 8.1 

Tjandra et 
al (307) 

2004  polydimethylsiloxane 
particles 

82 Intrasphincteric 
with and without 
ultrasound 

4 2.5ml CCF-FIS w US: 14.5 to 
3 
Without US: 14.5 to 11 

Stojkovic 
et al (303) 

2006 Glutaraldehyde cross-
linked synthetic 

73 Transanal 3 1.7ml 63% improved 
CCF-FIS 10 to 6 
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Authors 
(ref) 

Year Agent # 
Pts
. 

Injection 
technique 

# 
Sites 

Volume Success 

bovine dermal 
collagen 

Dehli et al 
(329) 

2007 NASHA/Dx gel 4 Transanal to 
Submucosal 

4 1.4ml St Marks Incontinence 
score 19.25 to 15.75, 
75% pts improved 

Siproudhis 
et al (318) 

2007 Polydimethylsilozane 
elastomer silicone 
biomaterial 

22 Intrasphincteric 3 2.5ml No difference in CCF-
FIS: 13.8 to 11.7 
PMDS, 
14.6 to 11.4 placebo 

de la 
Portilla et 
al (309)  

2008  polydimethylsiloxane 
particles 

20 Transsphincteric 3 2.5 ml CCF-FIS 13.5 to 4.5 

Altomare 
et al (323) 

2008 Carbon-coated 
zirconium oxide beads 

33 Transsphincteric 4 8.8ml CCF-FIS 12 to 8 
AMS 89 to 73 

Maeda et 
al (316) 

2008 Cross-linked porcine 
dermal collagen 

5 Transsphincteric 3 9ml St Marks Incontinence 
score 15 to 12.5 

Polyacrylamide 
hydrogel 

5 Transsphincteric 3 15ml St Marks Incontinence 
score 15 to 12.5 

Saline 22     

Ganio et al 
(319) 

2008 Calcium 
Hydroxylaptatite 
Ceramic Microspheres 

10 Transsphicteric 
to submucosal 
site 

4 1ml FISS 85.6-28 
FIQL impr     subsc 
4 

Soerensen 
et al (310) 

2009  polydimethylsiloxane 
particles 

33 Transsphincteric 
to 
Intrasphincteric 

3 2.5ml CCF-FIS score 12.7 
to10.4 18% pts sig 
improved 

Tjandra et 
al (326) 

2009  polydimethylsiloxane 
particles 

20 Intrasphincteric 4 2.5ml No complications, more 
pts with >50% 
improvement 
CCF-FIS 11.45 to 3.8 
sig improvement FIQL 
and SF12 

pyrolytic carbon coated 
beads  

20 Submucosal 4 2.5ml More complications 
CCF-FIS 11.45 to 7 
No change FIQL 
andSF12 

Bartlett & 
Ho (311) 

2009 polydimethylsiloxane 
particles  

74 Intrasphincteric 4 2.5ml 70% continent CCF-
FIS=0 30% CCF-FIS 
20 to 3.5 

Aigner et 
al (324) 

2009 pyrolytic carbon coated 
beads  

11 Intrasphincteric 
to submucosa 

3-4 Avg. 
2.82ml 

CCF-FIS 12.7 to 4.91, 
FIQL 2/4 subscl 
improved 

Oliveira et 
al (312) 

2009 polydimethylsiloxane 
particles  

35 Transsphincteric 
to intra-
sphincteric site 

3 2.5ml CCF-FIS 11 to 3.5 

Danielson 
et al (340) 

2009 NASHA/Dx 34 Transanal to 
submucosa 

4 1ml # episodes/4wks 22 to 
9 

Beggs et 
al (325) 

2010 Pyrolytic carbon coated 
graphite beads suspended 
in a water-based carrier gel  

23 Intersphincteric 4 2.8ml CCF-FIS 18.7 to 10.9 
FIQL improved 

Stephens 
et al (320) 

2010 Ethylene Vinyl Alcohol 
EVOH 

21 Intrasphincteric Max 
8 

1-2ml FISI 32.8 to 22 
CCF-FIS 11 to 6.9 
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Authors 
(ref) 

Year Agent # 
Pts
. 

Injection 
technique 

# 
Sites 

Volume Success 

FIQL 2/4 subs 
improved 

Ratto et al 
(336) 

2011 Polyacrylonitrile 
cylinder 

14 Transdermal to 
intrasphincteric 

4 NA CCF-FIS 12.7 to 5.1 
FIQL and SF36 
improvement 

Graf et al 
(330) 
 
 
 
 
 

2011 NASHA/Dx 136 Transanal 
submucosal 

4 1ml 52% vs. 31% had 
>50% reduction in 
incont episodes 
No difference in CCF-
FIS:14 to 2.5 NASHA 
Dx ,13 to 1.7 placebo 
 
 

Placebo 70 

Morris et al 
(320) 

2013 Textured 
polydimethylsiloxane 
particles suspended in 
a bioexcretable carrier 
hydrogel of 
polyvinylpyrrolidone 
(PTQ implants) 

17 Intersphincteric 3-4 2.5ml Wexner score compared 
to baseline was reduced 
by 4.3 (P<0.001), 4.2 
(P<0.001), and 1.1 
(P=0.24) at 
6 weeks, 6 and 12 
months. 

Pyrolytic carbon coated 
graphite beads suspended 
in a water-based carrier gel 

18 Submucosal 
plane 

4 2.5ml Improvements in the 
Dura- 
sphere arm for the same 
time periods were 5.3 
(P=0.003), 
4.1 (P=0.002), and 1.8 
(P=0.19). 
 

Rosato et al 
(337) 
  

2015 polyacrylate-polyalcohol 58 NA  2ml at 
site, min 
3-max 
9ml 

60.4% met criteria of 
success (>=50% 
improvement of CCF-
FIS) 

 

1.11. Vaginal Bowel-Control System  
The vaginal bowel-control system (Eclipse System) is 
a recently developed compression device designed 
to agument faecal continence. It consists of a silicone 
coated vaginal pessary with a stainless steel base 
and posteriorly directed balloon, both of which have a 
range of available sizes.  It is inserted into the vaginal 
cavity and the air-filled balloon augments continence. 
The balloon is deflated to allow evacuation and is re-
moved prior to intercourse (341).  

There has been one open label prospective non ran-
domised observational study reported to date (342). 
In 110 patients (required criteria of ≥4 FI episodes 
every two weeks) fitted with the device, only 56 pa-
tients entered treatment and completed the one-
month follow up per protocol. The principal outcome 
was a reduction in the number of bowel movements 
per day which was associated with fewer loose stools 
and consequently less urgency and fewer inconti-
nence episodes. There were no major adverse ad-
vents. Collaborative studies and longer term follow-

up are required, however the system is relatively sim-
ple to use and may have a role in moderately severe 
faecal incontinence unresponsive to conservative 
treatments 

Summary: The role of the vaginal bowel control sys-
tem remains to be established but may be of value in 
the treatment of urge and / or passive faecal inconti-
nence. Grade of Recommendation: D 

1.12. Radiofrequency Energy Treatment 
Temperature controlled radiofrequency energy was 
first used in treatment of gastro-esophageal reflux 
disease. Following initial animal studies, the tech-
nique (SECCA®) was adapted by Takahashi et al 
(343) as a minimally invasive technique to augment 
continence in a cohort of 10 women. CCF-FIS im-
proved in 9 of the 10 (median 13.5 to 5.0, p=0.006 at 
12 months). Follow-up to this cohort showed sus-
tained improvement at 2 years (344) and at 5 years 
in a larger cohort of 19 patients (345).  A larger multi-
center study that enrolled 50 patients found signifi-
cant but less dramatic improvement in CCF-FIS six 
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months following treatment (14.5 to 11.1, 
p<0.001)(346). Smaller European studies found mod-
erate improvement in 11 (347) and 15 patients re-
spectively (348), while Kim et al. found no continence 
improvement and considerable morbidity in 8 patients 
(349). Three-year follow-up in a prospective cohort 
study of 31 patients by Lam et al., found that only 6% 
maintained a 50% reduction in incontinence score 
and concluded that any benefits observed were of a 
temporary nature (350). Similarly, Abbas et al. noted 
that only 6 of 27 patients (22%) had a sustained long 
term response to treatment, and 14 (52%) were 
awaiting additional incontinence treatment at a me-
dian of 40 months follow up (351). A review of all pub-
lished series with 220 patients in total concluded 
SECCA is associated with moderate clinical benefit 
(352). The mechanism of action is unclear but most 
probably relates to a degree of scarring or fibrosis of 
the anal canal that improves the barrier function that 
declines overtime (353), however recent studies in a 
porcine model have shown hyperplasia and hypertro-
phy of smooth muscle fibres in the IAS similar to my-
ocardial remodelling that occurs following radiofre-
quency ablation (354). The results of randomised tri-
als vs. placebo are awaited. LEVEL OF EVIDENCE 
3    

Summary: Temperature controlled radiofrequency 
energy may transiently improve continence in pa-
tients with mild to moderate symptoms, but long-term 
results are disappointing. The results of controlled tri-
als are awaited. Grade of Recommendation: D 

1.13. Stem Cell Therapy and Other Tissue 
Regeneration Techniques  

Despite of the development of various different de-
vices to augment or replace the lost function of the 
anal sphincter apparatus, there is an inherent feeling 
that the most ideal solution would be a biocompatible 
regeneration of tissue and restoration of its function.  

A study by Frudinger et al. has reported successful 
treatment of faecal incontinence using autologous 
myoblasts cultured from a pectoralis muscle biopsy 
and injected into the external anal sphincter defect 
using ultrasound guidance (355). No adverse events 
were reported and the efficacy was sustained at 5 
years (356). This has been followed by another group 
who have also reported a moderate success of autol-
ogous myoblast injection which was harvested from 
vastus lateralis (357). Raghavan et al. have produced 
a ring of smooth muscle from a combination of chi-
tosan scaffold, mature smooth muscle and neuronal 
progenitor cells harvested during surgery to recreate 
an internal anal sphincter. The engineered internal 
anal sphincter had contractile properties and intrinsic 
innervation (358, 359).  

While these approaches are undoubtedly promising, 
issues remain concerning the origin and preparation 
of the donor cells and whether the objective is to bulk 
existing tissues or recreate a substantial volume of 

lost sphincter. In that regard, if mature skeletal mus-
cle cells are used as a source, fully differentiated cells 
are unlikely to further differentiate or integrate with 
native sphincter. Equally, as the internal anal sphinc-
ter is a smooth muscle, it is difficult to find an easy 
and accessible site for harvesting. Stem cell therapy 
may overcome these limitations as it has potential to 
regenerate not only muscles but also other types of 
cells such as nerves and connecting tissues that are 
needed to support the regenerated musculature.  The 
source of cells could be accessible if adipose tissue 
or bone marrow is chosen. This option has been ex-
plored in animal models (360). Some groups are also 
exploring use of allogeneic stem cells which will im-
prove the availability of the stem cells exponentially 
but immunological compatibility will be problematic.  

The success of these techniques may hinge not on 
tissue bulking effects but creation of contractile mus-
cle that aligns with the original tissue, together with 
the restoration of nerves and connecting tissues that 
control and structurally support the de novo muscles. 
The potential risk with this approach, such as abnor-
mal growth patterns (including potential malignancy) 
and distant migration, remains a legitimate concern 
(361). Although the possibilities in this area are excit-
ing, to date, there has been no clinical study that has 
demonstrated regeneration of a fully functional anal 
sphincter.  

Summary: Stem cell therapy remains experimental 
and should only be offered as part of a well-designed 
research trial. Grade of Recommendation: D 

1.14. Colostomy 
A permanent colostomy for severe faecal inconti-
nence is usually formed as a last resort when all other 
interventions have failed. Because colostomy is gen-
erally regarded as a failure of treatment and, there-
fore, not so frequently performed, its effectiveness, 
perioperative complications, and impact on the qual-
ity of life have never been properly evaluated except 
in patients with functional bowel disorders after spinal 
cord injury (362-364). For a specific role of colostomy 
for these patients, please refer to chapter XX. Not 
only for patients with spinal cord injury, but also for 
general patients with severe faecal incontinence, co-
lostomy is a frequently successful management strat-
egy that restores dignity and allows them to regain 
social function.  

No randomised controlled trials or non-randomised 
cohort studies have been reported regarding colos-
tomy for faecal incontinence, and only one systematic 
review (171), one case control study (365) and two 
case series (366, 367) were identified. No new study 
has been reported since the 5th ICI, The American So-
ciety of Colon and Rectal Surgeons’ Clinical Practice 
Guideline for the Treatment of Fecal Incontinence 
published in 2015 state “Creation of a colostomy is an 
excellent surgical option for patients who have failed 
or do not wish to pursue other therapies for fecal in-
continence (strong recommendation, low- or very 
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low-quality evidence)”(10). The American College of 
Gastroenterology clinical guideline for the manage-
ment of benign anorectal disorders published in 2014 
stated “Colostomy is a last resort procedure that can 
markedly improve the quality of life in a patient with 
severe or intractable fecal incontinence (strong rec-
ommendation, low quality of evidence)”(9). LEVEL 
OF EVIDENCE: 4 

Colquhoun et al. (365) conducted a cross-sectional 
postal survey, comparing quality of life between 71 
patients with faecal incontinence and 39 with a colos-
tomy created for rectal cancer, complicated colonic 
diverticular disease or faecal incontinence. Analysis 
of the Short Form 36 General Quality of Life Assess-
ment revealed significantly higher social function 
score in the colostomy group than in the faecal incon-
tinence group (0 vs. -0.6, p=0.022). An age- and gen-
der-adjusted regression analysis of the Fecal Inconti-
nence Quality of Life score revealed significantly 
higher scores in the coping (2.7 vs. 2.0, p=0.005), 
embarrassment (2.7 vs. 2.2, p=0.014), and lifestyle 
scales (3.2 vs. 2.7, p=0.14) in the colostomy group 
compared to the faecal incontinence group. The au-
thors concluded that a colostomy is a viable option for 
patients who suffer from severe faecal incontinence 
and offers a definitive cure with improved quality of 
life.Tan et al (171) performed a systematic review, 
specifically comparing the cost-effectiveness be-
tween end stoma (ES), artificial bowel sphincter 
(ABS) and dynamic graciloplasty (DG). The quality-
adjusted life years (QALYs) and the incremental cost-
effectiveness ratio (ICER) were compared between 
the three procedures, by obtaining the probability es-
timates for patients with faecal incontinence from 
published data, with being supplemented by expert 
opinion. The end stoma was the most cost-effective 
therapy at 5 years, with a QALY gain of 3.45 for 
GB£16,280 and an ICER of GB£4,719/QALY, com-
pared to ABS (4.38 for GB£23,569; GB£5,387 
/QALY) and DG (4.00 for GB£25,035; 
GB£6,257/QALY). After 10 years, ABS became the 
most cost-effective surgical intervention, with a QALY 
gain of 8.384 for GB£32,397 and an ICER of 
GB£3,864/QALY, compared to ES (6.9 for 
GB£27,910; GB£4,046/QALY) and DG (7.678 for 
GB£35,165; GB£4,580/QALY). The results of this 
study, however, must be interpreted with great cau-
tion, because colostomy, unlike DG and ABS, does 
not attempt to restore normal continence.  In addition, 
this report is not an interventional study but a system-
atic review with a rather complicated methodology 
and a variety of possible biases.   

Norton et al (366) examined patients’ view of a colos-
tomy by conducting a questionnaire survey of pa-
tients who had a colostomy created to manage their 
faecal incontinence. Sixty-nine people (58 women) 
responded. When patients were asked to rate their 
ability to live with their stoma now on a scale of 0-10, 
the median score was 8 (range 0 – 10). The majority 
(83%) felt that the stoma, within the past month, re-
stricted their life “a little” or “not at all”. Eighty-four per-

cent answered that they would "probably" or "defi-
nitely" choose to have the stoma again. When they 
were asked the question “compared to when you 
were incontinent, how much change has having a 
stoma made to your overall quality of life?” on the 
scale of -5 (much worse) to +5 (much better), the me-
dian rating was +4.5 (range -5 to +5). The authors 
concluded that health care professionals should dis-
cuss the option of a stoma with incontinent patients 
because of the overwhelming positive outcomes. 

An end sigmoid colostomy without proctectomy is 
usually recommended as a procedure of choice for 
patients who elect colostomy for the management of 
their refractory faecal incontinence. Creating such a 
colostomy, however, does not always solve all the 
problems of patients with faecal incontinence. Catena 
et al (367) reported a retrospective chart review of 44 
patients (35 women) who underwent elective end sig-
moid colostomy for faecal incontinence of various ae-
tiologies. After colostomy formation 19 patients (43%) 
were asymptomatic, while the other 25 experienced 
such problems with their rectal stump as diversion co-
litis and leakage of mucus. Of the 25 patients, 12 
(27% of the total) underwent a secondary proctec-
tomy due to problems with the rectal stump sufficient 
to warrant the operation. Histological examination re-
vealed diversion colitis in 6 patients. The factor asso-
ciated with proctectomy was age, with younger pa-
tients being more likely to require rectal excision. The 
authors concluded that data are insufficient to recom-
mend primary proctectomy in patients with severe 
faecal incontinence warranting permanent end sig-
moid colostomy. 

Colostomy provides restoration of a more normal life-
style and improves quality of life. Colostomy should 
not be regarded as a treatment failure but rather a 
reasonable treatment option for patients whose lives 
are restricted by faecal incontinence that is not ame-
nable to other therapies or not suitable for more com-
plicated surgical procedures. An end sigmoid colos-
tomy alone, without proctectomy, is recommended. 
The minority of patients who develop significant 
symptoms from their retained rectal stump may even-
tually require proctectomy as a secondary procedure. 

Summary: Formation of an end colostomy should be 
considered as a reasonable treatment option for pa-
tients with refractory faecal incontinence who are un-
suitable for or have failed other treatment modalities 
and who able to accept the associated alteration in 
body image. Grade of Recommendation: C 
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 SURGERY FOR PAEDIATRIC 
FAECAL INCONTINENCE 

1.1. Anorectal Malformations 
Anorectal malformations (ARM) occur once in every 
3000- 5000 live births. ARMs range from the minor 
defects that are easily treated and have excellent 
functional outcome, to complex malformations that 
are difficult to manage and invariably associated with 
defecatory problems including incontinence. The sur-
gical approach to repairing these defects changed 
dramatically in 1980 particularly with the advent of 
posterior sagittal anorectoplasty (PSARP) [LEVEL 
OF EVIDENCE: 3]. 

This technique has enabled surgeons to visualize the 
anatomy under direct vision and perform corrective 
surgery more accurately (368, 369). It has become 
the predominant surgical method for anorectal anom-
alies. In brief, a mid-sagittal incision is performed and 
the sphincter mechanism is completely divided in the 
midline. The rectum is separated from the genitouri-
nary tract and moved down to the perineum. The 
most challenging aspect of the operation is the sepa-
ration of the rectum from the vaginal or urinary tract, 
which effectively requires creating two walls out of 
one septum without damaging each structure. This 
approach can also be used for reoperation in anorec-
tal malformations (370) and can be applied for recon-
struction of severe perineal trauma (371). 

For both male and female babies, urethral-perineal 
fistula is the simplest to correct. This requires the so-
called “minimal posterior sagittal approach” which en-
larges the stenotic orifice and relocates the rectal or-
ifice posteriorly within the limits of the sphincter com-
plex. For males with recto-urethral-bulbar fistula or 
recto-urethral-prostatic fistula and females with recto-
vestibular fistula or cloaca with a short (less than 
3cm) common channel, the posterior sagittal ap-
proach is the main operation performed. For males 
with higher fistulae such as a recto-bladder neck fis-
tula and other complex and unusual defects and fe-
males with cloacae with a long (greater than 3cm) 
common channel and complex defects, the posterior 
sagittal approach needs to be coupled with ab-
dominal access. 

The laparoscopically assisted anorectal pull-through 
procedure (LAARP) first described by Georgeson 
(372) in 2000, is becoming increasingly common in 
the management of patients with high/intermediate 
ARM, replacing many traditional open procedures 
(373). In brief, a sharp dissection and cautery is used 
laparoscopically to expose the rectal pouch down to 
the urethral or vaginal fistula, which is clipped distally 
and divided. The pelvic floor musculature and the 
puborectal sling are identified and electrostimulation 
is used externally to define the centre of the anal dim-
ple. A skin incision is made, centred at the strongest 
cephalad contraction. Guided by laparoscopic visual-
ization, a trocar, consisting of a radially expandable 

sheath over a Veress needle, is passed through the 
defined plane in the external sphincter muscle com-
plex and advanced into the pelvis between the two 
limbs of the pubococcygeus muscle, forming a pas-
sage through the centre of the striated muscle com-
plex and levators. The rectal fistula, which has been 
dissected out laparoscopically, is grasped using the 
perineal trocar and exteriorized to the perineum. An-
orectal anastomosis is then performed (372). 

A recent study of long term functional outcome com-
paring PSARP (n=34) to LAARP (n=32) ARM children 
with recto-bladder neck and recto-prostatic fistula 
found that LAARP is a less invasive procedure 
(shorter operative time and post-operative hospital 
stay) and both short term- and long term outcomes 
after LAARP were equivalent if not better than those 
of PSARP in children with high ARM (374) LEVEL OF 
EVIDENCE: 3. 

The most complex malformations are cloaca and clo-
acal exstrophy. In females with cloaca, the rectum, 
vagina and urethra fail to develop separately and in-
stead drain via a common channel that opens into the 
perineum as a single orifice. The repair of cloacal 
malformations is most often performed using a poste-
rior sagittal anorecto-vagino-urethroplasty 
(PSARVUP) or total urogenital mobilization (TUM) 
with or without laparotomy (375). The PSARVUP ex-
tends the anorectoplasty with a meticulous dissection 
of the combined vaginal–urethral walls, followed by 
the reconstruction of distal parts of both structures 
(376). In 1997, total urogenital mobilization (TUM) 
was presented by Peña as a new, faster, surgical ap-
proach for certain cases of cloacal repair with better 
cosmetic results (377). 

This procedure separates the rectum from the vagina 
and both vagina and urethra are then mobilised to-
gether. The advantage of this technique is to avoid 
separating rectum, vagina and urethra completely 
which is not always feasible and risks damaging 
these structures. This technique avoids the risk of 
urethrovaginal fistula and vaginal stricture previously 
reported as complications in 10% of the cloacal repair 
and also gives enough mobilisation to allow more 
than 50% of all cloacal repairs without opening the 
abdomen (376, 377). Functional outcomes depend 
on the severity of the malformations. A review of more 
than 1000 anorectal malformation cases showed 
100% of babies who had perineal fistula repair 
achieved continence. Approximately 55% of patients 
who had been operated for recto-vestibular fistula 
had bowel control. Any malformations more compli-
cated resulted in only up to 30% achieving conti-
nence. All patients who had recto-bladder neck fistula 
repair were incontinent. 

The defects are categorised by the length of the com-
mon channel that can be measured endoscopically. 
The length of the common channel can vary from 1 to 
10 cm. The longer the common channel (>3 cm), the 
higher the chance for poor bowel control, neurogenic 
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bladder, and reproductive abnormalities (378). Over-
all it is estimated that nearly 40% will have voluntary 
bowel movement and no soiling but some of them 
may still lose bowel control in case of severe diar-
rhoea and 25% of all repairs will result in total incon-
tinence (379). 

For the group of patients with persistent incontinence 
following the corrective surgery, the next aim will be 
to keep the colon clean to avoid incontinence and im-
prove quality of life. A good option is implementation 
of a bowel management program whereby the patient 
and family are instructed in the use of daily enema, 
manipulation of diet and medication to remain clean 
(380). This is also a good treatment for constipation, 
which is the most common difficulty after corrective 
surgery (381). 

Although most young children accept their parents 
administering enemata, when they get older they 
want privacy and rectal enemas on daily basis be-
come an unpleasant routine. In such cases, continent 
appendicostomy is a feasible option, whereby a con-
duit for the administration of an antegrade continence 
enema (ACE) is created. First described by Malone 
(382) it has become an important option in paediatric 
surgery for functional bowel disorder. According to 
the initial description by Malone, appendicostomy 
was created by dividing the appendix at its base and 
reimplanting by a reverse manner into the cecum, 
which was then exteriorized through the right lower 
quadrant. Malone later revised it and the reimplanta-
tion of appendix is no longer considered necessary 
(383). Levitt et al. (384) introduced utilising the ap-
pendix in situ and added caecal plication to prevent 
reflux of stool and exteriorizing through umbilicus fold 
rendering it less noticeable. This appears to yield 
good long-term results (385) though other studies 
have shown that caecal fixation and wrap may be un-
necessary for appendicostomy (386).  The construc-
tion of appendicostomy with burial of the appendiceal 
tip appears to help avoid problems of exposed mu-
cosa such as bleeding and mucus discharge. From 
this perspective, a few techniques have been sug-
gested such as V-Y flap (383) and Y-appendicoplasty 
(387).  

For patients without an appendix, a neoappendix 
could be formed from ileum or cecum (388-390). Lap-
aroscopic antegrade continence enema procedure 
has been reported to yield as good result as open pro-
cedure (391-394). This procedure is not a cure to the 
problem but a more acceptable method for many chil-
dren to engage in a bowel management programme 
without the need for rectal enemas. Success rate is 
variable between 61-96% (383, 388, 395-398) with 
older children benefiting more (399). Hoekstra et al. 
reported that almost 85% of patients were satisfied 
with their ACE stoma (400) LEVEL OF EVIDENCE 3. 

As with any operation, there are known complications 
associated with antegrade continence enema. Most 
recent literature reporting on 97 children with ACE 
due to faecal incontinence or constipation resistant to 

medical therapy found that overall 68% patients had 
at least one complication. Twenty-four per cent devel-
oped stomal stenosis, and 28 % of patients had sig-
nificant stomal leakage. Preteen patients (<12 years 
old) experienced more stomal leakage than teenage 
patients (401). These complications cause 10-33% of 
patients to undergo revision of the appendicostomy 
(379, 402). Stoma prolapse, pressure sore, wound in-
fection, anastomotic leak, stomal granulation, caecal-
flap necrosis and caecal volvulus are less common 
complications reported after ACE (403, 404). LEVEL 
OF EVIDENCE: 3 

Summary: Anorectal malformation is amenable to 
surgical reconstruction. Laparoscopically assisted 
anorectal pull-through procedure is the preferred 
technique. Outcomes primarily relate to the height 
and complexity of the abnormality. Evacuation disor-
ders and incontinence often require daily enemas. 
The Malone antegrade continence enema may pro-
vide a more acceptable means of managing conti-
nence. Grade of Recommendation: C 

 SURGERY FOR EVACUATION 
DISORDERS AND INCONTINENCE  

1. RECTAL EVACUATION 
DISORDERS 

Significant rectal retention of faeces results in faecal 
incontinence in children and older people, indeed, 
constipation with or without faecal impaction may be 
the commonest cause of incontinence in these age 
groups (405, 406). Similarly, if the rectum is com-
pletely empty then incontinence (at least of faeces) 
cannot occur. On this basis, health technologies that 
address rectal emptying are often recommended on 
a regular basis or for specific occasions e.g. enemata, 
trans-anal irrigation. There is however increasing 
recognition that a significant proportion of adults pre-
senting for specialist management have occult symp-
toms and radio-physiological evidence of a rectal 
evacuation disorder. Such patients may describe 
classic symptoms of post-defaecatory leakage but as 
commonly have a mixed pattern of incontinence (e.g. 
urge / passive) that may not immediately indicate rec-
tal evacuation disorder, not least because they may 
also have a functional or structurally defective sphinc-
ter concomitant on a shared pelvic pathophysiology 
(407).   

This observation has important implications to spe-
cialist management. First, it supports the use of tai-
lored biofeedback therapy given that this has poten-
tial to improve both sphincter function, sensation of 
rectal filling and coordinated anorectal relaxation 
(408, 409). Secondly, it promotes caution when using 
sphincter augmenting procedures. Worsened or new 
symptoms of obstructed defaecation have been re-
ported in approximately one third of patients after 
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overlapping anterior anal sphincter repair (1) and up 
to 50% patients after gracilis neosphincter (165). 
There are also data suggesting that pre-existent 
evacuation disorder prejudices the outcomes of neu-
rostimulation (201). This raises the question of 
whether proven structural causes of rectal evacuation 
disorder e.g. rectocele and internal prolapse should 
be surgically targeted before other procedures are of-
fered. The latter is supported by some studies of rec-
tocele repair that show significant improvement in 
faecal incontinence after surgery (410) but also be an 
evolving body of literature on use of rectal suspension 
procedures, notably laparoscopic ventral rectopexy 
(LVR) (411, 412). Significant improvements in incon-
tinence symptoms and prospectively studied summa-
tive incontinence scores (413-417) have been docu-
mented for several studies of LVR in patients treated 
primarily for obstructed defaecation syndrome with in-
ternal prolapse. Further, LVR has been specifically 
targeted to patients with faecal incontinence in two 
studies (418, 419). The first of these studies evalu-
ated the faecal incontinence severity index (FISI) in 
72 patients with high-grade internal prolapse [Oxford 
grade III or IV] (420) with incontinence not responding 
to maximal medical treatment and demonstrated a re-
duction in median score from 31 to 15 points, [P 
<0.01]. These authors have gone on to suggest and 
a sequence of care where SNS is reserved for pa-
tients with persistent faecal incontinence after LVR 
(421). Despite concern that nearly all studies support-
ing this line of reasoning have arisen from one insti-
tution (Oxford), it seems reasonable that patients pre-
senting with faecal incontinence should be directly 
questioned regarding symptoms of obstructed defae-
cation and undergo appropriate clinical examination 
and radio-physiological investigations e.g. proctog-
raphy as part of the decision-making process. LEVEL 
OF EVIDENCE 4. Those with high grade internal rec-
tal prolapse should be considered for rectopexy to ad-
dress the internal prolapse before consideration of 
other advanced interventions. This is especially true 
for patients with transanal rectal intussusception [Ox-
ford grade IV or V] where it is clear that the prolapse 
itself will compromise anal closure. A similar ap-
proach, i.e. repair, should be taken to clinically signif-
icant rectoceles in which trapping of contrast can be 
demonstrated post simulated defaecation. LEVEL 
OF EVIDENCE 4. 

Stapled transanal resection of rectum (STARR), a 
technique developed by Antonio Longo from the PPH 
(procedure for prolapse and haemorrhoids, also 
known as stapled haemorrhoidopexy) may also have 
a role in managing patients with rectal intussuscep-
tion and rectocele resulting in obstructed defaecation 
and associated incontinence. A detailed review is be-
yond the remit of this monograph, however the Euro-
pean STARR registry reporting the outcomes in 2838 
patients, found significant improvements in the CCF-
IS at both 6 and 12 months following surgery in addi-
tion to improvements in the symptoms of obstructive 
defaecation (422). This must however be viewed in 
the context of an increase in urgency of defaecation 

in 20% of patients and new onset incontinence in 
1.8%. More recently a survey among colorectal spe-
cialists from European centres with experience of 
STARR reports up to 10% new onset incontinence 
following the procedure. The particular role for 
STARR in managing patients with incontinence asso-
ciated with obstructed defaecation remains to be es-
tablished (423). 

Summary: Obstructed defaecation is common and 
may contribute to incontinence. Comprehensive as-
sessment is required. Rectocele repair or ventral rec-
topexy may improve continence in carefully selected 
patients. Randomized studies are lacking.  Grade of 
Recommendation: C 

 OUTCOME MEASURES IN 
FAECAL INCONTINENCE  

While there is general agreement that patient-based 
outcome measures (PROMs) are most appropriate 
for studies of faecal incontinence, standardisation of 
the optimal instrument or combination of instruments 
remains a challenge in clinical incontinence research. 
While many incontinence-related quality of life 
measures have been proposed and claim to have 
been “validated,”, adequate psychometric validation 
is lacking for many (424). It is unknown if the main 
outcome measure following incontinence treatment 
ought to be incontinence severity, incontinence-re-
lated quality of life, or a combination of these factors. 

Faecal incontinence is a complex symptom relating 
not only to the continence mechanism itself, but also 
to the general bowel function in terms of motility, neu-
rohumoral balance, sensory and/or motor disturb-
ances on spinal and supra-spinal levels. Thus, faecal 
incontinence as a symptom can present itself differ-
ently depending on the underlying disease and life-
style. 

Hallbook and Sjodahl developed a bowel question-
naire for assessment of functional outcome following 
restorative rectal resection that took account of how 
the function affected the individual’s daily life (425). 
Bakx et al (426) developed this concept with a colo-
rectal functional outcome (COREFO) questionnaire 
which they validated in 179 patients. When compared 
with that of Hallbook, more patients found that the 
psychometric questions in the COREFO question-
naire reflected their concerns. ICI has extended the 
focus on psychometric outcomes in the recently de-
veloped (427, 428) and validated (429) ICI-B ques-
tionnaire suitable for use in patients with incontinence 
of varying cause,  however the large number of items 
(forty-two) have thus far limited the application of ICI-
B. A short version of this questionnaire (8 questions) 
has been used in two recent clinical trials (254, 430) 
where it proved highly acceptable to patients. Full val-
idation of this shortened version is now underway. 
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As clinicians, we need to re-evaluate our perception 
of disease-specific symptoms and their impact on 
QoL and use this knowledge when choosing the right 
treatment for the patient. How patients and physi-
cians rank the severity of faecal incontinence how-
ever differs. Clinicians put greatest importance on ac-
tual episodes and frequency of incontinence to solid 
stool, whereas patients are generally more con-
cerned about leakage, hygiene, smell and social em-
barrassment (431). A study examining colorectal spe-
cialists’ perception of symptom severity using the 
LAR score revealed that specialists did not have a 
very thorough understanding of which bowel dysfunc-
tion symptoms truly mattered to the patient after 
sphincter-preserving treatment, nor how these symp-
toms affected the patient's QoL. Although the special-
ists performed better than random, there was consid-
erable discrepancy between the specialist's perspec-
tive and patient experience (432). The same was also 
true for specialists’ perception of symptoms bothering 
patients after restorative proctocolectomy (433). 

Disease specific incontinence scores have been de-
veloped for neurogenic bowel dysfunction (434), Low 
Anterior Resection Syndrome (435) and pouch dys-
function after ileo-anal anastomosis (436). Included 
items were selected from a pool extracted from exist-
ing bowel function assessment instruments and the 
current literature. By applying binomial regression on 
the response to these items obtained from disease 
specific cohorts of Danish patients, those showing the 
highest prevalence and impact on QOL were identi-
fied and included in the score creating a patient-
based outcome score. This has provided a platform 
for a common understanding and evaluation of func-
tional outcomes for these patient categories. How-
ever, as these scores have been developed specifi-
cally in collaboration with these patient categories 
they are not necessarily applicable in othersregard-
less of similar symptoms. Recently, the ICIQ-B ques-
tionnaire has been revised and validated for use in 
patients with inflammatory bowel disease as the 
ICIQ-IBD (437). For other non-specific diseases with 
a faecal incontinence component both the CCF-FIS 
(63) and St Mark’s scales (438) are available. 
Whereas the CCF-FIS does not score the urgency 
component, the St Mark’s scale scores it as ability to 
defer defaecation for more or less than 15 minutes. 
Though both scores include elements of severity, pre-
ventive measures and impact on quality of life, the in-
dividual elements are not weighted in the total score 
according to patient perception. 

Bowel movement diaries are considered to be the 
gold standard measurement, but these are highly in-
fluenced by the patient’s willingness to stray from the 
toilet and the validity of the data has never been eval-
uated. A study on the effect of sacral nerve stimula-
tion for faecal incontinence showed that 46% of the 
patients with more incontinence episodes at follow-up 
than at baseline were satisfied with the treatment re-
sult. These patients explained that they had obtained 
a more active social life after the SNS therapy, an as-
pect of social behaviour that is not addressed in the 

bowel habit diary, and traditional evaluation would 
consider these patients as failures (237). For both the 
bowel movement diaries and the FI scores additional 
validation work is needed to assess the potential ef-
fect of recall bias 

The FIQL is a well-validated quality outcome meas-
ure but it yields separate scores on 4 individual 
scales. It is desirable that a single score outcome be 
developed. Furthermore, quantitative changes in 
FIQL have not been anchored to the corresponding 
impact on patient quality of life and thus remain spec-
ulative.  

In the future, when evaluating surgical interventions 
for faecal incontinence we should focus on patient 
satisfaction and QOL, in combination with bowel 
scores and diaries to obtain a more accurate meas-
ure of therapy efficacy. Striving to develop and imple-
ment a standardized tool our approach should be 
based on appropriateness, reliability, validity, respon-
siveness, precision, interpretability, acceptability and 
feasibility (439). 

Summary: PROMs should be developed and vali-
dated according to the impact of symptoms from a 
patient perspective. It remains to be established if 
PROMs should be general / disease / treatment spe-
cific. Currently available technologies allow real time 
data capture that may be more relevant in assessing 
continence outcomes. Grade of Recommendation: C 

 RESEARCH PRIORITIES IN 
FAECAL INCONTINENCE  

1. BASIC SCIENCE AND 
PATHOPHYSIOLOGY 

In comparison to the evolution of diagnosis and treat-
ment of faecal incontinence, there has been little 
basic science work looking into the pathophysiology 
of faecal incontinence.  

Faecal urgency is as debilitating as physical leakage 
of stool due to its unpredictability. Increased expres-
sion of transient receptor potential vanilloid receptor 
1 (TRPV1), an ion channel in sensory fibres that are 
activated by noxious stimuli such as pain and heat, 
has been shown to be a possible mechanism of fae-
cal urgency (440). Although the development of 
TRPV1 antagonist has been explored and there have 
been reports of preclinical studies, a clinical trial of 
such agent for faecal urgency has not been per-
formed (441). There may be other ion channels or 
neurotransmitters that contribute also to faecal ur-
gency but this has not been studied in depth. 

Sacral nerve stimulation (SNS) was a ground-break-
ing innovation which not only shifted the paradigm of 
faecal incontinence treatment but has also provided 
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an interesting insight into the mechanism of inconti-
nence. In the early phase of the treatment it was be-
lieved SNS exerted its efficacy by augmenting 
sphincter function via stimulation of efferent nerves. 
However, there have been a growing number of stud-
ies supporting a theory that its main efficacy may be 
due to afferent neuromodulation that results in im-
provement of urgency (216, 232, 442).  

Substance P, which is a neuropeptide and plays a 
role in afferent signalling in visceral sensation, has 
been normalised by sacral nerve stimulation (229) 
and some animal studies have shown that SNS aug-
ments anal representation in the sensory cortex (215, 
442). It remains to be seen whether this pathway 
could be explored to develop a non-invasive trial of 
SNS or better monitoring of efficacy. 

Faecal incontinence is an important quality of life is-
sue amongst patients who have survived pelvic can-
cer (443-445). The mechanism of faecal incontinence 
related to pelvic surgery/radiotherapy has not been 
fully understood. Volumetric changes of the neorec-
tum compared to the original rectum or neuronal dam-
age due to surgery/radiation are some of the hypoth-
eses that have been postulated. There have been 
only a limited number of histological or manometric 
studies in this field and more work is needed to eluci-
date the mechanism of faecal incontinence relating to 
pelvic surgery and/or chemoradiotherapy. Any re-
search into mechanism of faecal incontinence that 
may lead to new approach of diagnosis and treatment 
are strongly encouraged. 

2. EVALUATION OF SURGICAL 
TECHNIQUES 

Anterior sphincter repair or sphincteroplasty is an es-
tablished operation to restore structural integrity of 
disrupted external anal sphincter. There have been 
numerous case series reporting the efficacy of both 
end-to-end and overlap repair techniques but there 
has been only one small randomised study compar-
ing the two techniques. And when overlap repair is 
not technically possible, would it be better for the end-
to-end repair to be reinforced with a piece of mesh? 
Furthermore, the definition of ‘defective’ external anal 
sphincter remains unclear. The circumferential size 
nor length of defect is defined in American Society of 
Colon and Rectum Surgeons Society clinical practice 
guideline (10). In contrast, NICE guideline clearly de-
fines the defect size to be full-length that is 90 de-
grees or greater (446). More data from prospective 
comparative or randomised studies are needed to es-
tablish the indication for each technique together with 
consideration to size and time interval between 
sphincter injury and onset of symptoms, durability, 
and feasibility of reinforcement or any modification 
and its place in the treatment algorithm. 

Injectable bulking agents have been proposed as a 
less invasive therapeutic option but the selection of 
patients and the appropriate techniques to be used 

remain unclear. The plane where biomaterial is in-
jected varies: ‘into internal anal sphincter’, ‘submuco-
sal’, and ‘around internal anal sphincter’. A liquid ma-
terial may disperse in the injected plane and there 
have been reports of distant migration. There has 
been only one long-term study to date and critical ap-
praisal of the durability of this treatment is required.  

Colostomy has been regarded as the last resort for 
end-stage faecal incontinence when all other treat-
ment options have been exhausted. Although this 
could offer a significant improvement of quality of life, 
some patients may remain reluctant to commit to this 
procedure with fear of permanent stoma and possible 
irreversibility. The idea of faecal diversion could be 
tested by formation of temporary loop ileostomy ei-
ther laparoscopically or using a trephine incision. This 
has not been looked into in past and may warrant fur-
ther investigation to assess whether this is a useful 
step in the treatment algorithm. In addition, more 
studies are required to investigate quality of life is-
sues associated with faecal incontinence and its al-
teration with ileostomy/colostomy. Influence of diver-
sion colitis and mucus leakage with a formation of end 
colostomy in comparison to pre-stoma status of fae-
cal incontinence also warrants an investigation. 

As the cost of novel therapies increases, it becomes 
more difficult to design a robust study without funding 
from industry. There remains a paucity of random-
ised, controlled trials in the field of surgical treatment 
for faecal incontinence. A study to randomise patients 
with sphincter injury for SNS versus sphincteroplasty, 
which was strongly recommended by the Committee 
during the last review, has collapsed due to a combi-
nation of reduced enthusiasm from industry, lack of 
funding and evolution of a pragmatic treatment algo-
rithm in Europe. This emphasizes a requirement for 
coordinated efforts to collaborate between multiple 
centres with a large institutional or governmental 
funding for a swift delivery of large trials. An estab-
lished treatment such as sacral nerve stimulation will 
also benefit from larger studies, as studies to date 
with regards to predictors and outcome have been 
mostly single-centred and may have been underpow-
ered. 

3. ASSOCIATED OBSTRUCTIVE 
DEFAECATION SYMPTOMS 

Symptoms of obstructive symptoms, as complica-
tions of sphincter repair and concomitant pelvic floor 
disorder associated with faecal incontinence have re-
ceived more attention recently.  Laparoscopic ventral 
rectopexy may improve some elements of faecal in-
continence symptoms such as those related to 
transanal rectal intussuception. At the same time, 
such mechanical phenomenon may be part of global 
weakness of pelvic floor and rectopexy may correct 
only a part of pelvic floor dynamics. As with other new 
surgical approaches in this field,  larger prospective 
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studies by many other centres backed by radiophysi-
ological tests to correlate the change of symptoms 
with mechanical correction is strongly recommended. 
It is also worth revisit the concept of combining the 
surgical intervention with pelvic floor training or bio-
feedback afterwards. 

4. OUTCOME MEASURES 

Various outcome measures and scoring systems ex-
ist to evaluate faecal incontinence but most of them 
have been devised by clinicians. The only scoring 
system which was designed with rigorous qualitative 
interview of patients is International Consultation on 
Incontinence Modular Questionnaire-Bowel Symp-
toms (ICIQ-B)(427). However, it is lengthy and con-
tains items that are not scored. There is an ongoing 
effort to create a short version with rigorous validation 
and the results of such process are eagerly awaited. 
Comparison of outcomes of different surgical inter-
ventions has been hampered by use of different scor-
ing systems and various definitions of ‘successful 
treatment’ and active initiatives are needed to adopt 
the new short version once validated.  
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LAVH  Laparoscopically – assisted Vaginal 
Hysterectomy 

LSH Laparoscopic Subtotal Hysterectomy 

OF Obstetric Fistula 

SB Still Birth 

SCH Supracervical Hysterectomy 

STD Sexually Transmitted Diseases 

TAH Total Abdominal Hysterectomy 

TLH Total Laparoscopic Hysterectomy 

TVH  Total Vaginal Hysterectomy 

VVF Vesicovaginal Fistula 

 GENERAL INTRODUCTION 

In the developing world fistulae are often a conse-
quence of poor peri-natal care. The epidemiology, ae-
tiology, diagnosis, treatment and prevention have 
been described in detail in the past three International 
Consultations on Incontinence.(1-3) A specific Inter-
national Consultation report on obstetric fistula in the 
developing world has been published in 2012.(4) This 
chapter updates the literature and evidence on fistula 
till June 2016.  

The published obstetrical series show impressive 
numbers and demonstrate the level of skill that many 
of the fistula surgeons have obtained while working in 
difficult and isolated situations. 

In contrast to the field of obstetrical fistula where the 
numbers of patients are high, the prevalence of non-
obstetrical fistula is much lower. The published series 
deal with small numbers, are usually retrospective 
and have a low level of evidence.  

Iatrogenic urogenital fistulae are known complica-
tions of pelvic surgery and oncological treatments 

such as radiotherapy.   For example a high quality 
population-based case-control study from Sweden 
found that the risk of urogenital fistula was 25 times 
higher amongst women undergoing hysterectomy 
(n=180,000) compared to an age matched control 
population (n=525,826) without hysterectomy.  The 
risk appeared to be highest for laparoscopic hyster-
ectomy and lowest for sub-total hysterectomy but ab-
solute numbers were small with a number needed to 
harm of 5,700.(5) 

This section is based on electronic searches of Med-
line, EMBASE (from 2012 to june 2016), the 
Cochrane Database of Systematic Reviews, Central 
Register of Controlled Trials (CENTRAL), Database 
of Abstracts of Reviews of Effects (DARE), Database 
of Health Technology Assessments, and Database of 
NHS Economic Evaluations, and the NICE website 
(all accessed june 2016); references included in iden-
tified systematic and non-systematic reviews were 
evaluated separately.  Hand searching of recent (Jan-
June 2016) issues of major American, European and 
British journals in urology, gynaecology and urogy-
naecology was undertaken, to capture recent publi-
cations not yet included in the online databases. Pa-
pers offering any relevant data were considered.  This 
included systematic reviews, randomised and quasi-
randomised trials, non-randomised cohort studies, 
case controlled studies, longitudinal studies and case 
series or reports.  Those papers considered for inclu-
sion were assessed for quality where relevant, in 
terms of sequence generation, allocation conceal-
ment, blinding, and handling of incomplete data, se-
lective reporting and freedom from other biases.  An 
evidence level was then assigned to all included stud-
ies according to the ICUD modified version of the Ox-
ford Centre for Evidence-based Medicine system.(6)  
Where quality was considered to be poor – as in most 
of the studies included in these sections – the evi-
dence level was reduced accordingly.  Recommen-
dations (graded A-D) were made on the basis of con-
sistent or ‘majority evidence’ identified.(6) 
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 EPIDEMIOLOGY  

1. OBSTETRIC FISTULAE 

Epidemiological studies on obstetric fistula (OF)  are 
inadequate. Many of them are based on retrospective 
case series from a single fistula centre ( hospital –
based) or use questionnaire based approaches (com-
munity –based).  A recent systematic review by Adler 
et al. found 19 studies that could be evaluated.(7) The 
studies included data from West Africa, Bangladesh, 
Turkey, Jordan, Ethiopia, Egypt and India. The num-
ber of new fistulae ranged from 0.09 per 1000 re-
cently pregnant women in community-based studies 
to 0.66 per 1000 pregnancies in hospital-based stud-
ies. The WHO has suggested that over two million 
women, mostly from sub-Saharan African and Asian 
countries, have fistulae. Given an estimated popula-
tion of 645 million women of reproductive age in sub-
Saharan Africa and South Asia in 2010 
(http://esa.un.org/wpp/unpp/p2k0data.asp), this 
would suggest that 3 per 1000 women of reproductive 
age have a fistula, which is considerably higher than 
other estimates. They estimated the pooled preva-
lence from population studies at 0.29/1000 pregnan-
cies. For Sub-Saharan Africa this number rises to 
1.6/1000 and for South Asia to 1.2/1000.The inci-
dence was estimated at 0.009/1000 recent pregnan-
cies. Rural areas probably under report the real prev-
alence. (8). Cowgill et al. performed another system-
atic review, also looking at the association of stillbirth 
and fistula.(9) They included 62 studies. Incidence 
estimates ranged from 0 to 4.09 OF cases per 1000 
deliveries, while prevalence estimates were judged 
more prone to bias and ranged from 0 to 81.0 OF 
cases per 1000 women. Reported frequency of still 
birth (SB) associated with OF ranged from 32.3 % to 
100 %, with estimates from the largest studies around 
92 %. The major risk factors appear to be age at first 
marriage, short stature, pregnancy with a male child 
rather than a female child, failure to attend ante-natal 
care, low socio-economic status, low social class, 
lack of employment and illiteracy. Misconceptions on 
the cause of OF persist, mostly in rural areas and 
most in men. Misuse of family planning, intercourse 
during the menstruation, curses by relatives, sexually 
transmitted diseases (STD) and rape or gender-
based violence are still seen as potential causes.(10) 
Education programs should be directed against these 
misconceptions. Health system causes such as poor 
quality obstetrical care, staff unaccountability, late re-
ferral, poor nursing standards are very prevalent in 
sub-Saharan Africa and rural areas of Pakistan and 
other parts of Asia. (11-13) 

The consequences of  OF include divorce (16-92%), 
social isolation, worsening poverty, malnutrition, sex-
ual dysfunction and mental illness (including anxi-
ety/depression), insomnia, general ill health and 
thoughts of worthlessness and suicide. (14, 15)  

There are few detailed reports documenting these 
women’s obstructed labours.  The time of onset of la-
bour is rarely recorded and reports from delivery lo-
cations may disregard the fact that the woman has 
laboured at home for days prior to attending the de-
livery location.  The reason for the woman not receiv-
ing help rarely differentiates between the absence of 
health-seeking behaviour and the lack of services. A 
recent study looked at the pathway these patients fol-
lowed. The mean duration of the fistula was 4 years 
and the entire care process took up to 2.7 years, of 
which 7 months were spent at the repair centre.(16, 
17) 

1.1. Recommendations  
Community-based epidemiological studies using 
standardised and validated collection tools with ac-
ceptable sensitivity and specificity are highly recom-
mended.  

Observational and longitudinal studies are needed, 
utilising advanced epidemiological analyses for risk 
factors (multivariate analysis controlling potential bi-
ases), the impacts and consequences of vesicovagi-
nal fistula (VVF) and for factors determining health-
seeking behaviour. 

2. IATROGENIC FISTULAE  

While in the developing world poor obstetric care is 
usually at the origin of the VVF, gynaecological or pel-
vic surgery are the main causes of VVF in the indus-
trialised world. In some developing countries, as gy-
naecological procedures to treat benign and malig-
nant conditions of the female reproductive tract are 
more commonly performed, the rate of iatrogenic fis-
tulae is increasing (e.g. Pakistan). (18) 

2.1. Post-gynaecological Surgery 
The types of fistulae associated with gynaecological 
procedures may include communication between any 
reproductive organ (uterus, cervix, Fallopian tube, 
vagina), intestinal tract (colon, rectum), genitourinary 
organ (bladder, ureter, urethra), and cutaneous sys-
tem (abdominal wall, perineum).  In general, VVF are 
the most common type.  The most common  causes 
of VVF as a consequence of surgery, in developed 
countries is an injury to the urinary tract during hys-
terectomy for benign conditions (60-75%), followed 
by hysterectomy for malignant conditions (30%), cae-
sarean section (6%), and obstetric injuries (1%). (19) 
(20)  Overall, the risk of pelvic organ fistula following 
hysterectomy has been reported to be between 0.1 
and 4%. (21).  It is important to recognise that most 
urinary tract injuries do not result in a fistula.   

The prevalence of genitourinary injury and fistulae 
vary slightly from centre to centre.  In one US retro-
spective study from the Mayo clinic, gynaecological 
surgery was responsible for 82% of the fistulae, ob-
stetric procedures for 8%, and various forms of irradi-
ation for 6%, and trauma or fulguration for 4%.  The 
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majority of fistulae followed treatment for benign con-
ditions. (22)   The relative proportions of the types of 
urinary fistula have changed with urethral fistulae 
having increased from 6 to 13%, while ureteral, blad-
der and/ or urethral   fistulae having dropped from 20 
to 16 and 11 to 7%. (2)  

Given the various indications for, and types of hyster-
ectomies, it is important to have an understanding of 
the type of hysterectomy since genitourinary or co-
lonic fistula is reported with all of these procedures.  
The overall incidence of hysterectomy complications 
is estimated to be <2%, with bladder injury (1.3%) and 
ureteric injury (<1%) being most commonly reported. 
(23)   Traditionally, the most common route used to 
remove the uterus for benign and malignant gynae-
cological conditions is abdominal (open incision, lap-
arotomy); referred to commonly as total abdominal 
hysterectomy (TAH).  The types of hysterectomies 
also include total vaginal (TVH), laparoscopically-as-
sisted vaginal (LAVH), total laparoscopic (TLH), and 
subtotal or supracervical abdominal (SCH) or laparo-
scopic (LSH).  Laparoscopic procedures may be 
done using traditional laparoscopic techniques, ro-
botic assistance, and more recently, the single-site 
umbilical technique.   

Benign and malignant conditions confined to the 
uterus are usually treated with a simple hysterectomy 
using any of the methods mentioned above.  More 
advanced malignant conditions are usually treated 
with a radical hysterectomy in which parametrial 
and/or vaginal dissection and removal may be in-
volved.  In rarer cases, exenterative procedures to re-
move the bladder or colon may be required if malig-
nant extension to these organs is found.  In some 
centres, robotic radical hysterectomies have been 
more commonly employed to treat gynaecological 
malignancies.  The rate of urogenital fistula associ-
ated with simple abdominal hysterectomy for benign 
disease is often reported  as being of the order of 1 in 
1000.  In a national study from Sweden the rate of 
women undergoing any fistula surgery was reported 
as 0.26% in women having had a hysterectomy com-
pared to 0.0007% in those not exposed to hysterec-
tomy, with the ‘number needed to harm’ being esti-
mated at 5700.(24)   From Finland the rate of VVF 
was reported to be 1 in 1250 after all hysterectomies, 
1 in 455 after laparoscopic, 1 in 1000 after total ab-
dominal, and 1 in 5000 after vaginal hysterec-
tomy.(25)  The publicly available tables from the na-
tional hospital database in England give similar fig-
ures of 1 in 600 after total abdominal hysterectomy, 
and 1 in 5000 after vaginal hysterectomy.(26, 27)  
More detailed longitudinal analysis of patient-level in-
formation from the same dataset suggests a rate of 1 
in 788 for all types of hysterectomy, 1 in 540 for ab-
dominal hysterectomy for benign disease, 1 in 896 
following vaginal hysterectomy for benign disease 
(excluding prolapse), and 1 in 3861 following vaginal 
hysterectomy for prolapse.(28) 

Naturally, caesarean hysterectomy is a recognised 
cause of fistula, (29) and, with the increase in the 

number of caesarean deliveries there have been 
more fistulae related to obstetric surgical trauma. (2)  

The degree of bladder injury appears to be a major 
factor in iatrogenic fistula formation. In one study, 
1,317 benign hysterectomies were reviewed (46% 
abdominal, 48% vaginal, and 6% laparoscopically as-
sisted vaginal) with reference to risk factors for VVF 
following intraoperative injury to the urinary tract. In 
all, 34 cystotomies occurred with 4 (11.7%) develop-
ing a VVF. Patients who developed a VVF were more 
likely to have a large cystotomy and these individuals 
trended toward greater tobacco use, larger uterine 
size, and more operative blood loss. (30)  Another 
study involving 3,076 vaginal hysterectomies with or 
without additional gynaecological procedures, one 
ureteric injury and 54 bladder lacerations were noted 
yielding a total of 4 VVF. The bladder lacerations oc-
curred during the hysterectomy portion of the surgery 
in 61% of cases and during the additional procedures 
in 39%. (31)  Also in developing countries iatrogenic 
fistulae occur. Raassen et al. found 805 iatrogenic fis-
tulae in a series of 5959 (13.5%) patients in 11 coun-
tries. Most fistulae occurred as a consequence of 
caesarean section, intervention or hysterectomy for 
ruptured uterus.(32) 

VVFs associated with hysterectomy may require ure-
teric reimplantation in as many as one-third of the 
cases. (33) Ureteric trauma should be considered in 
any hysterectomy or operative obstetric procedure re-
gardless of the difficulty but certainly in more difficult 
cases.(34)   Iatrogenic ureteric injury may occur after 
less common procedures such as ureteroscopy, lum-
bar sympathectomy, abdominal trauma, and iliac ves-
sel ligation. (35)  

2.2. Oncological Fistula  
The literature relating to fistula of oncological aetiol-
ogy is limited both in quantity and quality.  Seventy-
six papers of possible relevance were identified, of 
which only 52 contained any relevant material.  Only 
one randomised trial was directly identified from the 
literature searches,(36) although one non-systematic 
review of relevance,(37) and two systematic reviews 
were found;(38, 39) each of the latter contained only 
one further randomised trial.  One national cohort 
study, and one non-randomised cohort study, are in-
cluded,(28, 40) but all other identified material com-
prised case series or case reports, and represent 
level 3 or lower evidence.  Two cases of duplicate 
publication (i.e. the same paper in two journals) were 
found. 

In the oncological context, fistulae may occur as a re-
sult of primary or recurrent malignancy, or as a con-
sequence of cancer treatment by surgery, radiother-
apy, chemotherapy, or a combination of therapies.  

In one study, 536 women underwent a radical hyster-
ectomy for invasive cervical cancer.  More advanced 
stage of disease, obesity, diabetes, and postopera-
tive surgical infection were predisposing factors to uri-
nary tract complications.  In this study, ureteric injury 
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occurred in 1.32%, bladder injury in 1.49% with VVF 
forming in 2.61% and ureterovaginal fistula in 2.43% 
of cases, respectively. (41)  In a similar report, 1,092  
women with cervical cancer underwent a radical hys-
terectomy with obligatory pelvic lymphadenectomy.  
A VVF occurred in 0.3% and a ureterovaginal fistula 
occurred in 1.4%. (42) The rate of GU injury likely var-
ies between centres.    For example, in one report of 
479 women undergoing different methods of radical 
hysterectomy for cervical cancer over a 15 year pe-
riod, 52 (10.8 per cent) had urological complications 
(17 bladder and ureter injuries, 35 fistulae and stric-
tures). (43)   In contrast, one institution reported that 
, with modifications and careful dissection, ureteric 
and bladder injury have almost been eliminated.(44)  

In two recently published case series, one of fistulae 
specifically associated with gynaecological can-
cers,(37) and one of urogenital fistula from all 
causes,(27) those relating directly to primary cancer 
were uncommon, (2/20=10%)(37) and (2/348=0.6% - 
2/66=3% of the oncological cases in this series),(27) 
respectively.  Fistulae associated with cancer surgery 
(3/20=15% and 30/348=8.6% - 30/66=45% of the on-
cological cases in this series) or radiotherapy 
(15/20=75% and 34/348=9.8% - 34/66=52% of the 
oncological cases in this series) made up a much 
larger proportion of both series.   

Immune-deficiency may be a further contributory fac-
tor, and enterovesical fistula has previously been re-
ported in association with non-Hodgkin’s lymphoma 
in HIV-AIDS,(45) and  VVF has been seen in associ-
ation with classical Hodgkin’s affecting the vagina in 
a long-term pessary user.(46) 

2.3. Cancer Surgery 
It is likely that all operations carried out in the pelvis 
can be complicated by genital tract fistula in some cir-
cumstances.(27)  Operations carried out with the in-
tention of curing malignant disease will inevitably 
carry a higher risk of subsequent fistula formation, as 
compared to those undertaken with less radical in-
tent. 

Following radical hysterectomy for cervical cancer 
(Wertheim-Meigs procedure) the rate of fistula for-
mation reported from case series is between 0.6% 
and 4.4%.(41, 47-52) It should be noted that these 
data are very heterogeneous, some reporting all 
types of fistula together. Where they are reported 
separately, the rates of vesicovaginal and 
ureterovaginal fistula appear to be of the same mag-
nitude with both being reported in between 0.9% and 
2.5%. of cases (41, 53, 54)  The data from UK cited 
above suggest a urogenital fistula rate of 1 in 95 fol-
lowing radical abdominal hysterectomy in women 
with malignant disease as compared to 1 in 540 for 
TAH for benign disease, and  one in 2041 for TVH for 
all benign disease (including prolapse).(28)  Overall, 
the rate of urogenital fistula appears to be approxi-
mately 9 times higher following radical hysterectomy 
in women with malignant disease as compared to that 

following simple hysterectomy (abdominal or vaginal) 
in women with benign conditions.(28) 

The risk of visceral injury or subsequent fistula for-
mation following radical hysterectomy undertaken in 
pregnancy, or immediately following Caesarean sec-
tion is not obviously increased over those carried out 
electively in non-pregnant individuals; Monk & Montz 
described inadvertent cystotomy followed by vesico-
vaginal fistula in one of 21 women operated on during 
or immediately after pregnancy.(55)  

Several modifications to the conventional Wertheim-
Meig’s procedure of radical hysterectomy have been 
described in an effort to reduce the associated mor-
bidity. None of them seems to offer a benefit regard-
ing fistula formation. (43, 47, 56)   

Given the increased risk associated with radical sur-
gery for malignancy, it is intuitive that the risks would 
increase with the stage of disease and with the extent 
of the surgery undertaken.  There are few published 
reports of fistula following exenterative surgery.  One 
study noted a 16%  VVF rate in 19 women following 
exenteration for vulvar carcinoma;(57) while another 
describes a 15% bowel fistula rate and an 8% urinary 
fistula rate from a series of 75 exenterations for recur-
rent cervical cancer.(58)  In contrast, Ungar et al. de-
scribe only one ureterovaginal fistula and one pouch–
vaginal fistula in 212 women undergoing exenteration 
out of a total of 2540 women treated for cervix cancer 
in one centre over a 13 year period (0.9%).(59) 

Bladder sparing techniques during pelvic exentera-
tion can carry a risk for fistula formation.(60) Also 
when the bladder has been removed and a neo-blad-
der has been constructed, fistulae between the neo-
bladder and the vagina may occur.(61, 62) 

The introduction of laparoscopic surgery within oncol-
ogy is seen to have considerable advantages in terms 
of patient recovery; the risk of operative injury to 
bowel and the urinary tract, and subsequent fistula 
formation may however remain a concern in such 
cases.  Although some studies, both case series and 
non-randomised cohorts, describe similar rates of in-
jury to those described following open radical sur-
gery,(40, 53, 54, 63, 64) others have reported injury 
or fistula rates several times higher following laparo-
scopic radical hysterectomy.(48, 65)   

The risk of urinary tract injury from minor surgical in-
terventions is in general low, although the use of re-
peat procedures may confer a significant increase in 
risk.   VVF  has been reported following repeated use 
of CO2 laser for vaporisation of vaginal condylo-
mata,(66) and following cone biopsy of the cervix.(67)  
In one personal series of 370 urogenital fistulae, 4 
were associated with large loop excision of the trans-
formation zone (LLETZ) of cervix, 3 of which followed 
a second LLETZ procedure (Hilton, personal commu-
nication). 

Rarely, localised malignancies have been associated 
with VVF.  One example is a primary mixed mullerian 
vaginal tumour reported in a 48-year female. (68)  
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The mechanism for fistula formation is likely to be di-
rect invasion into the bladder. 

Genitourinary injuries during colorectal surgery are 
rare. Eswara et al. described 75 GU injuries in 42570 
colorectal surgeries: cystotomy (35%), incomplete 
ureteral transection (29%), ureteral injuries ( 15%). 
Pre-operative external beam radiotherapy or chemo-
therapy and delayed repair were associated with 
worse outcome.(69) 

2.4. Radiation Fistulae 
Pelvic irradiation can be delivered by external beam 
as well as locally (intracavitary/brachytherapy).  Fis-
tula formation appears to be slightly higher for post-
operative external radiation (1.9%) compared to in-
travaginal brachytherapy (0.8%). (70)  It does not ap-
pear that pre-treatment factors accurately predict 
those who will develop fistula related to radiotherapy. 
(71)  

The literature in this area is particularly heterogene-
ous in nature, with wide variation in (and some lack of 

clarity over) the tumour type and stage being treated, 
the form of radiation and the site and dose delivered.  
In a series of urogenital fistulae from the UK, 34/348 
or 9.8% were associated with previous radiotherapy; 
of those related to gynaecological cancer, 34/66 or 
52% had undergone radiotherapy.(27)  In a further 
series of cases specifically related to gynaecological 
malignancy, 15/20 or 75% had undergone previous 
radiotherapy.(37)  In both series most cases followed 
radiation used for the treatment of cervical cancer, alt-
hough, 5/34 or 15% followed treatment of endometrial 
cancer, and 1/34 or 3% followed treatment of a multi-
focal gynaecological cancer in one series.(27)  
Amongst a series of 216 radiation-induced fistulae,  
the time to diagnosis of the fistula was made  between 
3 months and 10 years (mean 21 months) following 
radiation.(72) In other series fistulae have been re-
ported to develop or present up to 30 years after the 
‘causative’ influence.(27, 73) (Figure 1a and 1b) 
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The incidence of any deleterious clinical impact on 
the gastrointestinal and urinary tracts following radia-
tion varies in the literature between 1% and 12%,(39, 
74-80) with fistula rates of 1% to 5%.(37, 81).   In a 
retrospective review of 2096 patients treated for cer-
vical cancer over a 10-year period using unspecified 
regimen/s of radiotherapy, 38 patients (1.8%) were 
found to have developed fistulae, all of whom had 
stage IIIa/b or IV disease at presentation.(77)  Of 
these cases, approximately 3/4 involved the rectum, 

with 1/3 being combined rectovaginal and  VVF; 1/4 
were vesicovaginal only.(77) 

Following a clearly defined regimen of external beam 
radiation plus brachytherapy for the treatment of pri-
mary squamous cell carcinoma of vagina in 91 
women, de Crevoisier et al. reported 10.0% grade 2-
3 urinary tract toxicity (using the Franco-Italian glos-
sary)(82) and 12.1% grade 2-3 gastrointestinal tox-
icity.(75)  Unsurprisingly, they found anterior tumour 

 
Figure 1a. Left: Acute radiation fistula; Right: fistula 20 years after radiotherapy, both for cervixcarcinoma 

 
Fig 1b.Supratrigonal vesico-perineal radiation fistula in a small contracted bladder that occurred 22 years 
after cobalt irradiation for a gynaecological tumour. 
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location to be correlated with increased risk of blad-
der toxicity and decreased rectal toxicity.  Two 
women in this series developed rectovaginal fistulae 
(2%), and one ureterovaginal fistula (1%).(75) 

In a series of 10,709 women treated by telebrachy-
therapy (67.5 Gy) for a range of gynaecological can-
cers in one centre over a 22 year period, 133 (1.2%) 
developed urological complications of which 35 
(0.3%) developed fistulae.(79)  

In a series of 28 women treated by brachytherapy for 
recurrent corpus or cervix cancer, four patients devel-
oped chronic morbidities related to treatment.  Three 
fistulae were reported in two patients (7.1%): one 
combined rectovaginal and VVF and one uretero-
intestinal fistula; a further patient developed a ureteric 
stricture and small bowel obstruction requiring resec-
tion.(80)  

These data tend to suggest a higher rate of fistula for-
mation following the application of radiotherapy in lo-
cally recurrent disease than in primary disease.  From 
a small series of urological complications following ra-
diotherapy for gynaecological cancers, 14 had devel-
oped vesicovaginal fistula; of these 4 (29%) had evi-
dence of tumour recurrence.(78)  In the series re-
ported by Jones at al. 326/1161 (28%) developed 
urological complications over a 20 year period; 46 de-
veloped fistulae (4%), of whom 33 (72%) had evi-
dence of active malignant disease.(50) 

In prostate cancer patients, recto-urethral fistula are 
described after cryotherapy ( 0.1-4%)(83), HIFU 
(0.7%)(84), brachytherapy ( 2%)(85). 

When a fistula occurs after radiotherapy, it is consid-
ered good clinical practice to exclude tumour recur-
rence before attempting a fistula closure. Feddock et 
al. found 27 fistula in 325 patients after post-radiation 
biopsies for cervical cancer.(86) The fistula were tox-
icity related in 51.9%, a consequence of primary dis-
ease in 22.2% and of recurrent disease in 25.9%. The 
residual or recurrent cancer found in the biopsies was 
only 31.5%. Elevated radiotherapy doses to the rec-
tum, advanced tumour stage and post-radiotherapy 
biopsy were considered risk factors for fistula for-
mation.  

2.5. Chemotherapy 
There are few reports of fistula formation in associa-
tion with the use of chemotherapy.  One case report 
described a patient who developed a  VVF having un-
dergone  TAH for atypical endometrial hyperplasia 
whilst taking tamoxifen following a previous modified 
radical mastectomy.  Surgical repair of the fistula was 
initially unsuccessful, although after discontinuing the 
tamoxifen and continued bladder drainage, healing 
occurred.(87)  It was hypothesised that the impaired 
healing was a result of the administration of the hor-
mone therapy. 

2.6. Combination Therapies 
Adjuvant or neoadjuvant therapies are used to in-
crease the efficacy of the primary treatment, com-
pared to its use in isolation.  It might be anticipated 
that this would also increase the range and magni-
tude of adverse effects.  

In a case control study examining the urinary tract 
complications of radical hysterectomy only a single  
VVF was seen in 50 patients  (2%)  – in a patient re-
ceiving preoperative irradiation (45-50 Gy).(88)  A 
small case series found 2/20 or a 20% rate of urinary 
fistulae following preoperative irradiation and radical 
hysterectomy in a heterogeneous group of ‘high risk’ 
cervix cancers.(89)  A further case series described 
the impact of combined external whole pelvic irradia-
tion (50 Gy) and intravaginal cone boost (20-26 Gy) 
following radical hysterectomy in 108 women.  The 
overall rate of fistula formation was 3.7%, 2.2% fol-
lowing ‘prophylactic’ radiation, and 10.5% in ‘salvage’ 
cases where recurrent disease was present.(90)  

Modarress et al. reported a randomised comparison 
of preoperative combined chemoradiation (cisplatin 
plus external beam therapy) and neoadjuvant chem-
otherapy (cisplatin plus vincristine) followed by radi-
cal hysterectomy in stage IB-IIB bulky cervical can-
cer.(36)Four patients developed hydronephrosis (3 in 
the chemoradiation group – 13.3%) and two vesico-
vaginal fistula (both in the chemoradiation group – 
6.7%).(36)  Two further case series reported 2/36 or 
a 5.6% rate of fistulae following preoperative chemo-
radiation (cisplatin plus brachytherapy) followed by 
radical hysterectomy,(91) and 4/46 or 8.7% rate of fis-
tulae following the use of neoadjuvant and postoper-
ative chemotherapy using irinotecan, cisplatin and 
nedaplatin.(92) 

2.7. Rare Causes of VVF 
Foreign bodies such as pessaries, sex toys, herbs, 
cups etc… can be a cause of VVF. (93-96) Often the 
presentation is often delayed (up to 15 months). Also 
ketamine abuse can not only lead to severe changes 
in the bladder wall structure, but also to fistula for-
mation, as was shown in 14.8% of 27 patients under-
going a CT-urography. (97) 

3. UTEROVESICAL FISTULAE 

Uterovesical fistulae are usually a consequence of 
caesarean sections. An increased number of caesar-
ean sections leads to an increase in abnormally inva-
sive placentae. Placenta praevia and percreta can 
lead to dramatic obstetric situations, necessitating an 
emergency caesarean section. The uterovesical fis-
tulae can form afterwards when the bladder and the 
uterus and the bladder are not well separated or su-
tured. (98) 

This clinical entity was first described in the literature 
by Burkland in 1949 and by Nourse in 1953 but is re-
ferred to as Youssef’s syndrome since his publication 
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in 1957(99-101). Menouria and amenorrhea are the 
most common symptoms. In a study by Rao on 14 
patient’s, an emergency caesarean section was at 
the origin of the fistula and in 58% the fistula was 
formed after the second caesarean section.(102) The 
mean duration between the caesarean and the diag-
nosis of the uterovesical fistula was 7 months. These 
findings have also been confirmed by Washington et 
al. looking at 34 patient’s with cervicovesical or 
uterovesical fistulae of whom 29% had caesarean 
section compared to 9% who delivered vagi-
nally.(103) 

Congenital forms of uterovesical fistulae have been 
described as well, but are very rare.(104) 

The diagnosis can be made clinically or by performing 
cystoscopy during the episodes of menouria. Hyster-
ography, ultrasound, CT scan and MRI scan can be 
helpful in establishing the location and the size of the 
fistula. 

The treatment is surgical, although there is one case 
report of a successful conservative treatment as 
well.(105) Classically a trans-peritoneum approach 
will be used, where the plane between bladder and 
uterus will be developed, the fistula closed and even-
tually interposition material will be used. The outcome 
of the surgery is very good. A multidisciplinary ap-
proach is advocated to prevent infertility.(106) 

4. URETERIC FISTULAE 

A large prospective case series from Finland found 
an incidence of ureteric injury associated with hyster-
ectomy for benign pathology of 0.2% (10/5279) with 
the lowest rate associated with vaginal hysterectomy 
previously abbreviated  and no difference between 
open and TLH.(107) The incidence of immediate and 
delayed ureteric injury during radical hysterectomy 
was found to be 1.3% (7/536) and 2.4% (13/536) re-
spectively in a series from Serbia; injuries appeared 
more common after prolonged surgery and in patients 
with diabetes, obesity or wound infection.(108)  A reg-
istry study from the United States found an overall in-
cidence of ureteric injury during radical hysterectomy 
of 0.8%.(109) Case series from referral centres in In-
dia, Pakistan, and Egypt showed that the proportion 
of urinary tract injuries resulting from obstetric or gy-
naecological surgical trauma that primarily affected 
the ureter varied from 1% to 23%.(110-113)   

Ureteric fistulae can occur as a consequence of open 
and laparoscopic colorectal surgery.(114) 

Uretero-arterial fistula are uncommon, but can be life 
threatening due to massive bleeding in the ureter. 
They have a high mortality rate. (115) Predisposing 
factors are radiation therapy, vascular pathology, ure-
teral stenting. Das et al. reviewed the literature and 
found 61 cases. In terms of treatment, endovascular 
stenting has emerged as an appealing initial modality 
and should be considered in stable patients  in whom 

open surgical intervention is less suitable to pre-ex-
isting comorbidities.(116) 

5. FISTULA INVOLVING THE GI 
TRACT 

The literature relating to non-obstetric fistula involving 
the gastro-intestinal tract is sparse and of poor qual-
ity.  Although literature searching identified 78 papers 
of possible relevance, less than half of these con-
tained any useful material; no randomised trials or 
truly systematic reviews were identified.  One case 
controlled study is included, but all other identified 
material comprised case series or single case re-
ports, and is considered to represent level 3- evi-
dence.  

It should be recognised that, whilst in most papers the 
term ‘enterovesical’ is used to describe fistulae be-
tween small bowel and bladder, and ‘colo/recto-vesi-
cal/vaginal’ to describe those between large bowel 
and bladder/vagina, in some reports ‘enterovesical’ 
appears to be employed generically to include all fis-
tulae involving the gastrointestinal tract.  In this chap-
ter, the term ‘intestino-vesical’ will be used in circum-
stances where the generic term is clearly more ap-
propriate. 

Whilst occasionally reported congenitally,(117) the 
most common non-obstetric causes of fistula involv-
ing the gastro-intestinal tract are diverticular disease, 
Crohn’s disease, and malignant disease or its treat-
ment. There are few data on the incidence of fistula 
formation in these conditions, although published es-
timates are in the range 2-6% in Crohn’s dis-
ease,(118-120) and 20% in diverticular disease.(121)  

Intestinal fistulae in Crohn’s disease most typically in-
volve the small bowel, although communication with 
urinary tract and large bowel are also found; involve-
ment of the bladder was reported in 27% and of the 
colon in 14% in one series.(122)  Two large series 
examining the urological complications in association 
with Crohn’s disease reported that whilst a majority of 
patients were female, the most serious complications 
were seen in males; most significantly, 13/14 or 93% 
of the ileo-vesical fistulae described in these series 
were in men.(118, 123) 

Whilst clearly diverticular disease involves the large 
bowel primarily in all cases, diverticular fistulae have 
been reported to communicate with the bladder in 
65% of cases, the vagina or uterus in 28% and small 
bowel in 7%.(121)  Diverticular disease is the most 
common cause of colovesical fistula in most reports, 
accounting for up to 75% of cases,(124-131) with co-
lon cancer, bladder cancer, radiotherapy and Crohn’s 
disease accounting for the remainder. 

Although there are no direct comparisons between 
racial groups, the distribution of these causes may 
vary between populations.  Malignancy and/or previ-
ous radiotherapy account for 53-93% of cases of 
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colovesical fistula reported from China,(132, 133) 
presumably reflecting the previously low prevalence 
of inflammatory bowel disease.(134) 

Previous hysterectomy appears to be a significant 
factor in the incidence of fistula associated with diver-
ticular disease.(135)  In a national case controlled 
study from Sweden, involving a total of 783,245 
women over a 30 year period, the risk of undergoing 
fistula surgery increased four-fold in hysterectomised 

women without diverticulitis (hazard ratio (HR) 4.0 
(95% confidence interval (CI) 3.5 to 4.7)), seven-fold 
in women with diverticulitis without hysterectomy (HR 
7.6 (95% CI 4.8 to 12.1)) and 25-fold in hysterecto-
mised women with diverticulitis (HR 25.2 (95% CI 
15.5 to 41.2)).(136)  Another study described previ-
ous hysterectomy in 50% of colovesical and 83% of 
colovaginal fistulae associated with diverticular dis-
ease.(121) 

 

5.1. Evidence Statements 

The risk of injury to the bowel or urinary tract and of subsequent fistula formation is higher in women 
with malignant disease undergoing radical surgery than in women with benign disease undergoing 
simple surgical procedures       

2 

Several modifications to conventional radical hysterectomy have been described, although they have 
not consistently been shown to mitigate the risk of urinary fistula postoperatively. 

3 

Data on exenterative surgery are inconsistent, although the risk of fistula formation may be higher 
following exenteration for recurrent disease as compared to that following radical hysterectomy for 
the primary treatment of malignancy 

3 

The rate of visceral injury and fistula formation is inconsistently reported following laparoscopically 
assisted radical hysterectomy, but may be somewhat higher than following open surgery 

3 

Local ablative treatments applied in gynaecological oncology, whilst apparently relatively low risk as 
single treatments, may carry considerable risk for fistula formation when repeated. 

3 

The rate of fistula formation following radiotherapy for gynaecological cancer appears to be of the 
same order as that following surgical treatment 

4 

The risk of fistula formation following radiotherapy for locally recurrent malignancy is higher than 
following its use in primary disease 

2 

The use of neoadjuvant or adjuvant therapies is likely to be associated with a greater risk of fistula 
development than the primary treatment alone 

2 

The most common non-obstetric causes of fistula involving the gastro-intestinal tract are diverticular 
disease, Crohn’s disease, malignancy and radiotherapy. 

2 

The causative factors may vary in different populations, with malignancy being more commonly 
reported in association with enterovesical fistula in China than in other countries 

3 

 

 

5.2. Recommendations 

The development of fistula following radiotherapy for primary treatment should trigger a search for 
evidence of tumour recurrence 

D 

 

 CLASSIFICATION OF VVF 

The Consultation believes that fistula audit research 
is considerably hampered by the plethora of VVF 
classification systems, of which we believe there are 
32. The Consultation feels that the fistula system that 
is able to relate its classification to outcome is the 
classification that should be used in the next few 
years.  The Waaldijk and Goh classifications are the 
only ones that hve been used to document sufficient 
numbers of patients from diagnosis to follow-up (Fig 
2). 

Figure 2 shows the Waaldijk Classification assessing 
mainly the extent of the urethral involvement and 
whether the injury to the urethra is circumferential or 
not. Fistulas are classified into types I (distance be-
tween the distal edge of the fistula and the urethral 
meatus > 4cm with no involvement of the urethral clo-
sure mechanism), II (distance between the distal 
edge of the fistula and the urethral meatus 1-4cm 
(type IIA) or 0.5-1cm (type IIB) with involvement of the 
urethral closing mechanism at the bladder neck and 
mid-urethral level) and III. Type III fistulas are those 
fistulae other than vesico-vaginal fistulae and include 
recto-vaginal fistulae and uretero-vaginal fistulae.   
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Fig 2. Classification of obstetric vesicovaginal fistulae according to Waaldijk 

 
Fig 3. Classification of obstetric vesicovaginal fistulae according to Goh 

Similarly, the Goh classification looks at three of the 
four proven variables known to affect the outcome for 
obstetric fistula repair. These are the location of the 
fistula (assessing the extent of urethral involvement), 

the size of the fistula and the amount of scarring (in-
cluding whether or not it is circumferential).(137-139) 
Also bladder capacity or size is known to affect out-
come, but since this is difficult or even impossible to 
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measure pre-operatively, it has not been included in 
the Goh classification. (Fig 3) The predictive value of 
the several items of the Goh classification on persist-
ing incontinence despite successful fistula closure is 
demonstrated in Table 1. 

There has been one comparative study showing that 
the Goh system is superior to the Waaldijk in terms of 
predicting closure.(140) (141) Frajzyngier et al,  in a 
prospective cohort study compared the classification 
systems of Lawson, Tafesse, Goh, Waaldijk and the 
WHO.(142) They included 1274 patients in 11 cen-
tres. The predictive accuracy for fistula closure was 
0.63 for the WHO score, 0.62 for Goh and 0.60 for the 
Tafesse score. The Waaldijk and Lawson systems 

fared worse. They propose a new empirical and sim-
plified scoring system. They also suggested including 
other items in a prognostic scoring systems such as 
HIV status, malnutrition, malaria and genital cutting.  

Classification systems have been developed for an 
obstetric fistula population. For iatrogenic fistula the 
classification is highly variable. Most centres use their 
own classification. Probably the OF classifications 
could be used for iatrogenic fistula as well. At least 
the simple WHO classification should be recom-
mended (Fig. 4). 

 

 

Table 1: the predictive value of the type of fistula, size and scarring for persisting incontinence despite suc-
cessful fistula closure (Goh classification) 

Site  Breakdown of 
repair (n=987) 

Ongoing incontinence 
despite repaired 
fistula. (n=987) 

Type 1 Distal edge of fistula >3.5cm from the external urinary 
meatus 

2% 3% 

Type 2 Distal edge of fistula 2.5-3.5cm from the external urinary 
meatus 

1.6% 20% 

Type 3 Distal edge of fistula 1.5-<2.5cm from the external urinary 
meatus 

3% 32% 

Type 4 Distal edge of fistula <1.5cm from the external urinary 
meatus 

3% 46% 

Size    

a Size <1.5cm in the largest diameter 2% 10% 

b Size 1.5-3cm in the largest diameter 0.5% 22% 

c Size >3cm in the largest diameter 4% 30% 

Scarring    

i None or only mild fibrosis (around fistula and/or vagina) 
and/or vaginal length >6cm, normal capacity 

2% 7% 

ii Moderate or severe fibrosis (around fistula and/or vagina) 
and/or reduced vaginal length and/or normal capacity 

2% 24% 

iii Special consideration, eg. post-radiation, ureteric 
involvement, circumferential fistula, previous repair. 

4% 41% 

Overall 
results 

 2.7% 23.2% 
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Figure 4. Adapted WHO classification of fistula. Although this classification was developed for obstetric fis-
tula initially, it could be relevant for iatrogenic fistula as well. (447) 

1.1. Recommendations 

The use of a classification system is recommended.  A 

Long-term follow up of fistula patients is recommended in order to study the outcome of both 
conservative and surgical management and, in particular, to determine its effect on quality of life. 

A 

When reporting the outcome after fistula repair, authors should make a clear distinction between 
fistula closure rates and post-operative incontinence rates, specifying the time at which follow-up 
was carried out. 

A 

A routine post-operative assessment of obstetric fistula needs to be developed to accurately 
determine the incidence and severity of any ongoing incontinence. 

A 

 

Although the evidence on classification systems is 
level two evidence, the committee has upgraded 
these recommendations to grade A. The committee 
wants to encourage researchers to use and report the 
classification systems, given the major importance 
classification systems have in the scientific research 
in this field.  

 DIAGNOSIS OF FISTULAE 

1. CLINICAL DIAGNOSIS 

Leakage of stool, urine, or possibly both is the hall-
mark sign of a fistula.  The leakage is usually pain-
less, may be intermittent if it is position dependent, or 
may be constant. Unfortunately, intraoperative diag-
nosis of a GU or GI injury is made in only about half 
of the cases that result in fistula. (143)In one study, 
36% of VVF presented within  one week of a laparo-
scopic hysterectomy and 50% in the second week. 
Most of the patients after  TAH had leakage in the 
second week (90%). (144) As discussed above, more 
extensive dissection is a factor when lower urinary 

tract injury results in a fistula.  However, other than a 
frank injury such as ureteric transection, not all inju-
ries result in the formation of a fistula.  With laparo-
scopic or abdominal dissection, ureteric injury may 
occur anywhere along the retroperitoneal ureter usu-
ally below the pelvic brim.  Since the injury may not 
be recognised during surgery, post-operative pain is 
a key symptom.   

The cause of VVF after hysterectomy varies with the 
extent of surgery and the amount of damage that has 
occurred.  In an attempt to determine causative fac-
tors of post-operative fistulae, the records of 12 pa-
tients who had developed a vesicovaginal fistula after 
TAH were compared with 12 consecutive TAH pa-
tients without fistula formation. Most of the patients 
who developed VVF had excessive postoperative ab-
dominal pain, distension or paralytic ileus, or both. 
Haematuria, symptoms of irritability of the bladder, 
prolonged postoperative fever, and increased white 
blood cell count were also noted more often in the fis-
tula group.  In contrast, the postoperative course was 
usually uncomplicated in the non-fistula group.  
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The clinical course observed in many of the patients 
with VVF suggests that the patient has an unrecog-
nised or recognised injury to the bladder resulting in 
urinary extravasation. (145)  It may be possible to 
abort the development of many VVF by early recog-
nition and treatment of an unsuspected bladder in-
jury.  It is suggested that patients with severe ab-
dominal pain, distension, paralytic ileus, haematuria 
or symptoms of severe irritability of the bladder after 
TAH should be investigated early for a possible geni-
tourinary injury. 

Another possible aetiology of VVF in the setting of 
laparoscopic procedures is trocar insertion injury.  To 
prevent this the bladder should be emptied by inter-
mittent or continuous bladder drainage prior to insert-
ing the abdominal and pelvic trocars.  During the lap-
aroscopic procedure, gaseous distention of the uri-
nary drainage bag may become evident indicating a 
hole in the bladder.This intraoperative sign however, 
has not been associated with fistula formation. (146)   

The diagnosis of VVF usually requires clinical as-
sessment often in combination with appropriate imag-
ing or laboratory studies.  Direct visual inspection (of-
fice evaluation or exam under anaesthesia) may con-
firm the presence of a fistula however it may not re-
veal the extent, location, or course of the fistula.  
Some fistulae are not readily visible.  This is particu-
larly true with iatrogenic fistula in which the fistula 
may be high in the vagina and may involve the ureter, 
bladder, or both.  Therefore, most physicians rely on 
adjunctive tools for the diagnosis of VVF.  This may 
include imaging studies in combination with other mo-
dalities such as cystoscopy.  A simple approach in the 
office setting to confirm that a fistula is present is to 
fill the bladder retrograde with a coloured fluid.  This 
could be a milky fluid such as baby formula or water 
or saline with methylene blue, or indigo carmine.  Di-
rect visualisation of dye extravasation or placement 
of a tampon into the vagina to identify staining may 
facilitate the diagnosis of a VVF. (Figure 5)  A double-
dye test to differentiate between an ureterovaginal 
and VVF may be useful in some cases.  The patient 
is given phenazopyridine orally which will stain the 
urine orange while the bladder is filled with blue fluid.  
Blue tinting of the tampon leads to the presumptive 
diagnosis of a VVF while orange staining is suspi-
cious for an ureterovaginal fistula. (147)   A three 
swab test has also been described, lining up three 
swab in the vagina. The swab that is coloured most, 
indicates the presumed location of the fistula (proxi-
mal, mid or distal vagina). (148) 

A number of studies have investigated the role of rou-
tine cystoscopy in avoiding/detecting urinary tract in-
jury at pelvic surgery; Indraratna et al. have recently 
reviewed these.(149)  

Gilmour et al. undertook a systematic review of uri-
nary tract injuries at benign gynaecological surgery 
including all studies of >500 patients reported be-
tween 1966 and 1998. (150)  

The overall rate of ureteric injury from 17 studies 
where cystoscopy was not undertaken (mostly hys-
terectomy) was 168⁄107,068=0.16%.  In 10 studies 
where cystoscopy was undertaken routinely (mainly 
colposuspension or pelvic floor reconstruction), the 
rate of ureteric injury was 20/3235=0.62%.  The cor-
responding rates of bladder injury were 0.26% (with-
out cystoscopy) and 1.04% (with cystoscopy).  Alt-
hough the rates of detected urinary tract injury were 
approximately four-fold higher in those studies where 
cystoscopy was undertaken as a routine, it should be 
noted that none of these studies was randomised, 
and routine cystoscopy was undertaken predomi-
nantly during those procedures with intuitively the 
highest risk of injury.   

Cystourethroscopy may provide direct visualisation of 
the fistula. In several series using cystoscopy (mostly 
with IV indigo-carmine) the sensitivity and specificity 
in detecting ureteric injury intra-operatively were 
>95%.  

Urine may extravasate externally or internally.  Creat-
inine levels in the urine are higher than serum levels.  
Therefore, in the setting of a suspected fisula, testing 
the creatinine level in either the extravasated fluid or 
the accumulated ascites and comparing this value to 
the the serum creatinine levels will confirm urinary 
leakage but not the location of the fistula.  Likewise, 
testing potassium levels will show higher levels com-
pared to serum levels. (151)  

A recent trend to use a flexible scope in the vagina, 
vaginoscopy, can provide magnification, direct visu-
alisation with minimal discomfort to the patient, par-
ticulary in high fistulae. 

2. IMAGING 

Depending upon availability, radiologic studies (cys-
tography, urography, intravenous urography, and CT 
urography) may be useful.  Ultrasonography and col-
our Doppler have been used by some, although their 

 
Figure 5. Methylene blue introduced intravesically, 
demonstrating complex vesico-vagino-vulval fistula 
following pelvic fracture (arrows indicate external 
openings) 
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use in routine practice remains to be established. 
(152) (153)   An unstructured review by Narayanan et 
al. suggested that magnetic resonance imaging, par-
ticular with T2 weighting, provided optimal  diagnostic 
information regarding fistula associated with pelvic 
malignancy, with contrast-enhanced CT with late ex-
cretory phase an acceptable alternative.(154)  These 
newer modalities were considered to be superior to 
other X-ray contrast techniques and ultrasound. 
Ureteroenteric fistula have been diagnosed using 
99mTc-DTPA renal scans.(155) 

3. DIAGNOSIS OF GI FISTULAE  

Pneumaturia, dysuria and/or recurrent UTI’s are 
symptoms of a colovesical fistula but may be due to 

other causes as well.  Accepting the limitations of 
small case series in this regard, a number of studies 
have investigated the value of a range of investigative 
techniques in the detection and evaluation of enter-
ovesical or colovesical fistulae.(126, 128, 129, 133, 
156-160)  No test was shown to have consistent reli-
ability; excluding those investigations for which only a 
single report was identified, CT (53%), cystoscopy 
(48%), and in the case of colovesical fistula, barium 
enema (38%) were perhaps the most useful; intrave-
nous urography and sigmoidoscopy or colonoscopy 
appear to have limited utility in the diagnosis of GI fis-
tula.

3.1. Recommendations  

CT and cystoscopy appear more consistent in the confirmation and location of possible intestino-
vesical fistulae, than other investigations  

C 

Level 3 evidence indicates that the routine use of cystoscopy with dye testing at gynaecological 
surgery has high sensitivity, specificity and negative predictive value in the detection of ureteric in-
jury, although false positive tests do occur.  The clinical and cost-effectiveness of routine cystoscopy 
remains to be established  

C 

 

 MANAGEMENT OF 
VESICOVAGINAL FISTULAE  

The literature relating to surgical fistula is extensive, 
but of limited quality. In the previous version of this 
chapter 356 papers of possible relevance were iden-
tified, of which only 173 contained any relevant mate-
rial.  In this edition 141 articles have been added.  

1. CONSERVATIVE MANAGEMENT 

1.1. Immediate Management by 
Catheterisation or Defunctioning 

Before epithelialisation is complete an abnormal com-
munication between viscera will tend to close sponta-
neously, provided that the natural outflow is unob-
structed.  Normal continence mechanisms, however, 
involve the physiological contraction and intermittent 
relaxation of urethral and anal sphincters.  As a result, 
although completely spontaneous closure of genital 
tract fistulae does occur, it is the exception rather than 
the rule.  Bypassing the sphincter mechanisms, or di-
verting flow around the fistula, for example by urinary 
catheterisation, percutaneous nephrostomy or de-
functioning colostomy, may however encourage clo-
sure.   

Bazi reported a non-systematic review of papers in-
cluding information on the spontaneous fistula clo-
sure of VVF; whilst quality of the data  was poor, he 
identified 30 studies from which 12 could be included; 

these included cases that were almost exclusively of 
surgical aetiology; it should be noted that in 9 of these 
12 studies the sample size was less than 5 pa-
tients.(161)  Few studies described catheter drainage 
in large fistulae, although it seemed that those of less 
than 1cm diameter were most likely to heal spontane-
ously.  The time between the insult and institution of 
drainage in cases of non-surgical closure varied 
widely, although in most cases this was less than 3 
weeks.  Similarly, the duration of catheterisation prior 
to the initiation of conservative treatment was 
deemed to have been unsuccessful varied consider-
ably, making true estimates of the effectiveness of 
this approach impossible; generally this varied be-
tween 10 days and 3 months.(161)  Reported suc-
cess rates varied between 0% and 100% (although 5 
series had a sample size of 1!), although in several 
series it was difficult to determine how many women 
had attempted conservative management.(161)   

In large series of obstetric fistulae where a consistent 
approach to conservative management has been ap-
plied, spontaneous healing has been reported in up 
to 28% of cases.(162-164)  In one series of urogenital 
fistulae of varying aetiologies, spontaneous closure 
was seen in 19/238 or 8.0% of surgical cases, 4/38 or 
10.5% of obstetric cases, 1/36 or 2.8% of miscellane-
ous (largely traumatic cases) and 0/34 or 0.0% of ra-
diotherapy related cases.(27)  Oakley et al. studied 
226 patients, of whom 116 underwent immediate sur-
gery and 60 were treated with catheterisation for 12 
weeks. Of the conservative treatment group only 11.7 
resolved spontaneously. The remainder had surgery. 
It is possible that in this, and many other reported se-
ries, data are an underestimate of the value of this 
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approach to management,(27) nevertheless, combin-
ing available data  (see table 2) gives an overall spon-
taneous closure rate from 348 surgical fistulae 
treated by initial catheterisation of 13% ± 23%.(19, 
27, 31, 165-174).  Patients with ongoing, continuous 
vaginal leakage despite a functioning indwelling cath-
eter are unlikely to have resolution of the VVF without 
additional measures such as surgery.   Such patients 
should be spared prolonged catheter drainage and 

proceed with more definitive repair as soon as medi-
cally appropriate. Small epithelialized fistulae may 
benefit from minimally invasive cystoscopic electro-
coagulation of the fistula tract, followed by prolonged 
catheter drainage.  In patients with fistulae less than 
3.5mm in diameter, 11/15 had successful fistula tract 
ablation with cauterization and catheter drainage in a 
study by Stovsky et al. (175) In general, conservative 
measures are successful in small fistulae only, usu-
ally less than 2-3mm in diameter. 

Table 2: Data from studies including rates of spontaneous closure of surgical vesico-vaginal fistulae. 

Authors  Date N Spontaneous 
closure 

% 

Latzko 1942 39 9 23% 

Falk&Orkin 1957 10 0 0% 

Frang et al. 1983 15 3 20% 

Gorrea 1985 1 1 100% 

Davits & Miranda 1991 4 4 100% 

Tancer  1992 3 3 100% 

Chittacharoen é 
Theppissai  

1993 4 3 75% 

Soong & Lim  1997 1 0 0% 

Dogra & Nabi 2001 1 0 0% 

Milicic et al. ZOO1 21 0 0% 

Mathevet et al 2001 4 2 50% 

Lentz 2005 7 1 14% 

Hilton  2011 238 19 8% 

Oakley  2014 60 7 11,7% 

Singh  2010 42 3 7% 

TOTAL   450 55 12.2% 

n.b. table includes studies considered by Bazi,(161) but only those of known surgical aetiology. 

1.2. Pharmacotherapies to Assist Fistula 
Closure 

Several case reports describe successful fistula clo-
sure following the induction of amenorrhoea by oes-
trogen, oestrogen/progesterone combinations, or lu-
teinising hormone releasing hormone ana-
logues,(176) in the management of vesicovagi-
nal,(177) and more frequently, uretero- or vesico-
uterine fistula following caesarean section.(178-182)  
The overall closure rate in these studies is 88%±16%. 
Spontaneous closure of vesico-uterine fistula has 
also been reported on a number of occasions,(179, 
183) with a rate of 41/786 or 5% calculated in one 
review.(179)  Whilst comparison across studies is ob-
viously highly problematic (especially where many 

are single case reports, with success rates of 0% or 
100%), it seems highly likely that the rate of closure 
following hormone treatment (14/16) is significantly 
higher than that of spontaneous closure (41/786) 
(p<0.0005 – Fisher’s exact test).   

In quasi-randomised controlled study (alternate allo-
cation) in patients with continuing urinary leakage fol-
lowing ureteric or pelvi-calyceal surgery, the use of 
intranasal desmopressin was shown to significantly 
reduce the duration of leakage compared to ‘watchful 
waiting’.(184)   The use of such treatment should be 
avoided in patients with complicating factors such as 
infection. 
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It should be recognised that some fistulae may be as-
sociated with minimal symptoms, and even if persis-
tent these may not require surgical treatment.  Small 
distal urethro-vaginal fistulae, utero-vesical fistulae 
with menouria, colo-vesical fistulae associated with 
diverticular disease, and some low recto-vaginal fis-
tulae may fall into this category. 

1.3. Palliation and Skin Care 
During the waiting period between diagnosis and re-
pair, incontinence pads should be provided in gener-
ous quantities so that patients can continue to func-
tion socially to some extent as well as avoid skin com-
plications related to chronic urinary leakage.    Urinary 
fistula patients usually leak considerably larger  quan-
tities of urine than those with urethral incontinence 
from whatever cause, and this needs to be recog-
nised in their provision of supplies. 

The vulvar skin may be at considerable risk from uri-
nary or faecal dermatitis,(185, 186) particularly if 
there is additional radiation change in the skin;(187, 
188) liberal use of silicone barrier cream should be 
encouraged.  Steroid therapy has been advocated in 
the past as a means of reducing tissue oedema and 
fibrosis, although these benefits are refuted and there 
may be a risk of compromise to subsequent healing.  
Some authors have recommended local oestrogen, 
and whilst empirically one might expect benefit in 
post-menopausal women,(189, 190) or those obstet-
ric fistula patients with prolonged amenorrhoea,(191, 
192) the evidence for this is limited.  

1.4. Nutrition 
To maximise the prospects for postoperative healing 
it is essential, that the general health of the patient 
should be optimised.  This is most relevant to obstet-
ric fistula patients, where social ostracism and the ef-
fects of prolonged sepsis, may commonly result in 
malnutrition and anaemia.(193-198) Where there is 
severe inflammatory bowel disease the question of 
an elemental diet or even total parenteral nutrition 
may need to be considered.(132, 135, 199-202)  Nu-
tritional support may also be important in patients with 
malignant or radiotherapy induced fistulae,(203) or in 
those with complications following diversion sur-
gery.(202, 204, 205) 

1.5. Physiotherapy 
Obstetric fistulae are commonly associated with 
lower limb weakness, foot drop and limb contracture.  
In a group of 479 patients studied prospectively 27% 
had signs of peroneal nerve weakness at presenta-
tion and a further 38%, whilst having no current signs, 
gave a history of relevant symptoms.(206)  Early in-
volvement of the physiotherapist in preoperative 
management and rehabilitation of such patients is es-
sential.(207)  Although nerve injury is rarely seen in 
association with fistulae of other (non-obstetric) aeti-
ologies, the value of physiotherapist support in the 

preoperative management and rehabilitation of pa-
tients with complex fistulae or with intercurrent pathol-
ogies should not be under-emphasised.(202) 

1.6. Antimicrobial Therapy 
Active infection in the genital or urinary tracts should 
be treated prior to attempted surgical repair.  In tropi-
cal countries the treatment of systemic infections 
such as malaria, typhoid, tuberculosis and parasitic 
infections are not uncommon and should be rigor-
ously pursued and treatment undertaken before elec-
tive surgery.  One randomised trial reported no differ-
ence in outcome between single dose IV gentamycin 
and continued postoperative use of amoxicillin, chlo-
ramphenicol or cotrimoxazole in obstetric fistula pa-
tients (although re-analysis suggests that a difference 
favouring peri-operative gentamycin may be pre-
sent).(208)  A further placebo controlled trial of ampi-
cillin found no evidence of benefit from prophylactic 
antibiotics in terms of fistula closure or residual incon-
tinence following repair, although the use of postop-
erative antibiotics was reduced.(209)   

A recent review of obstetric fistula practices has 
called for further trials in this aspect of fistula man-
agement.(210)  Opinions differ on the desirability of 
prophylactic antibiotic coverage for surgery in the de-
veloped world, some avoiding their use other than in 
the treatment of specific infection, and some advocat-
ing broad-spectrum treatment in all cases.  A system-
atic review found only weak evidence that antibiotic 
prophylaxis (compared to giving antibiotics when clin-
ically indicated) reduced the rate of bacteriuria, pyuria 
and symptomatic urinary tract infection in female pa-
tients undergoing abdominal surgery who had a ure-
thral catheter for at least 24 hours; this limited evi-
dence related to women receiving antibiotics during 
the first three postoperative days or from postopera-
tive day two until catheter removal.(211) 

1.7. Bowel Preparation 
Although many surgeons continue to employ me-
chanical or stimulant laxative bowel preparation prior 
to recto-vaginal fistula repair,(212) and may even 
suggest alternative approaches to surgery where this 
has not been possible,(130) a recent systematic re-
view that included 18 trials (5805 participants), found 
no evidence that patients benefit from mechanical 
bowel preparation, nor the use of rectal enemas, and 
concluded that bowel cleansing can be safely omitted 
prior to colonic surgery, without increasing the risk of 
perioperative complications.(213) 

1.8. Counselling  
Surgical (non-obstetric) fistula patients are usually 
previously healthy individuals, who entered hospital 
for what was expected to be a routine procedure, and 
they end up with symptoms infinitely worse than their 
initial complaint.   In contrast, obstetric fistula patients 
in the developing world are often social outcasts.  In 
both situations therefore these women are invariably 
devastated by their situation; significant impact on 
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their mental health has been objectively con-
firmed.(214, 215)  It is vital that they understand the 
nature of the problem, why it has arisen, and the plan 
for management at all stages.  In the setting of an iat-
rogenic fistula, there may be considerable medico-le-
gal consequences.   Confident but realistic counsel-
ling by the surgeon is essential and the involvement 
of nursing staff or counsellors with experience of fis-
tula patients is also highly desirable.  The support 
given by previously treated sufferers can also be of 
immense value in maintaining patient morale, espe-
cially where a delay prior to definitive treatment is re-
quired.(216) 

2. SURGICAL MANAGEMENT 

Fistula surgery is not easy. One of the most important 
aspects of the unmet needs in fistula surgery training 
has been the lack of standardization A global compe-
tency-based fistula surgical training manual has been 
created by the International Federation for Gynaecol-
ogy and Obstetrics (FIGO) with International Society 
of Fistula Surgeons ( ISOFS). The purpose of this 
manual is to enable health care providers to acquire 
the required knowledge, skill and professionalism to 
prevent fistula and provide holistic care to fistula pa-

tients that includes medical, psychosocial and surgi-
cal care. A multi-disciplinary team-based approach is 
encouraged in the training of each doctor and his/her 
team nurses, physiotherapists and other health pro-
fessionals. The course is structured at three levels: 
standard, advanced and expert levels of fistula train-
ing.(217) 

In the developed world, fistula incidence is much 
lower. Most results of fistula repair in literature are ex-
tremely positive. Since there is no systematic report-
ing on fistulae and the complications or outcome of 
the repairs, underreporting, selection bias can be 
possible confounding factors leading to these positive 
reports.  

If catheter drainage fails, then fistula repair will be 
necessary. There are certain surgical principles to ob-
serve during fistula repair: 

• Necrotic tissue must be removed prior to fistula 
repair. 

• Fistula repair must only be undertaken by a 
properly trained surgeon. 

• Adequate post-operative care is essential. 

• Proper follow-up should be arranged. 

 

Table 3: Data from studies examining outcome from vesicovaginal fistula repair using an ‘early’ approach to 
management; where comparative data from alternative timings are available these are included. 

 
 

2.1. Timing of Surgery 
The most appropriate timing for repair of vesico-vag-
inal fistulae remains one of the more contentious is-
sues in this area.  The debate continues between the 
advocates of early intervention, in order to minimise 

the distress to the patient from continuing urinary 
leakage, vs. those in favour of  delaying intervention 
until local inflammatory change has resolved, necrotic 
tissues have sloughed, and the patient’s recovery 
from the causative event completed, so as to optimise 
results.  



 

 
2162  COMMITTEE 18. FISTULA 
 

There is no consensus in the literature as to the defi-
nition of ‘early’ in this context, with different studies 
either failing to specify at all, or giving a broad range 
of definition.  Although some studies have used the 
terms ‘immediate’,(218) ‘less than two weeks’,(219) 
or ‘less than 30 days’,(174) most reports have con-
sidered either less than 6 weeks,(220-222) or less 
than 3 months,(219, 223-225) as their definition of 
early intervention.  Although relatively few studies 
have reported their outcomes for both early and late 
approaches to management, overall the results do 
not appear to be significantly different (see table 3).  
The overall results for early management are esti-
mated at 91%±6% and for later management (where 
provided) 90%±27% (p=1.00; Fisher’s Exact test). 

2.2. Outcomes from Treatment and Follow-
up 

Comparing the outcomes of treatment between differ-
ent reports and different methods is made difficult by 
the inconsistent and relatively inefficient outcome 
measures used.  These have ranged from the appar-
ent achievement of a water-tight repair based on dye-
testing in the operating theatre, to patient reported 
symptoms at the time of discharge from hospital.  Fol-
low-up in obstetric fistula patients is inevitably difficult 
in many developing world centres, but even amongst 
surgical or radiotherapy cases in the developed 
world, relatively few reports describe examination 
findings or symptoms at later postoperative review.  
Long-term outcomes and quality of life measures 
have only rarely been reported.(226, 227) 

2.3. Surgical Approaches 
Despite the fact that there is no universally agreed 
upon classification of iatrogenic fistula, it is probable 
that there is a relationship between the complexity of 
the fistula and the outcome of the fistula repair. The 
WHO published a classification of obstetric fistula in 
2006 that divided fistula in simple or complex fistula. 
We adapted that classification by adding the radiation 
fistula to the complex fistula group. (Figure 4)  

2.3.1 Vaginal Procedures 
There are two main types of closure technique ap-
plied to the repair of urinary fistulae, the classical sau-
cerisation technique described by Sims,(228) and 
subsequently modified as a partial colpocleisis by 
Latzko,(171) and the more commonly used dissection 
and repair in layers or ‘flap-splitting’ technique (vari-
ously attributed to Hayward, Collis & Lawson 
Tait).(229)  Individual surgeons inevitably employ 
these techniques somewhat variably, and in different 
situations, and there are no data comparing their out-
comes.  

The conventional dissection and repair in layers is en-
tirely appropriate for the majority of post-surgical fis-
tulae, although modifications may be necessary in 
specific circumstances.  In juxta-cervical fistulae in 
the anterior fornix, vaginal repair may be feasible if 

the cervix can be drawn down to provide access.  Dis-
section should include mobilisation of the bladder 
from the cervix, and the repair should usually be un-
dertaken in such a manner (usually transversely) to 
reconstruct the underlying trigone and prevent distor-
tion of the ureteric orifices.   

Vault fistulae, particularly those following hysterec-
tomy, can again usually be managed vaginally.  The 
vault is incised transversely and mobilisation of the 
fistula is often aided by deliberate opening of the 
Pouch of Douglas.(230)  The peritoneal opening does 
not require to be closed separately, but is incorpo-
rated into the vaginal closure. 

Where there is substantial urethral loss, reconstruc-
tion may be undertaken using the method described 
by Chassar Moir(231)  or Hamlin & Nicholson.(232)  
A strip of anterior vaginal wall is constructed into a 
tube over a catheter.  Plication behind the bladder 
neck is probably important if any prospect for conti-
nence is to be achieved.  The interposition of a labial 
fat or muscle graft not only fills up the potential dead 
space, but may also provide additional bladder neck 
support and improve continence by reducing scarring 
between bladder neck and vagina.  These are indeed 
technically demanding procedures and outcomes of 
such complex repairs using robust measures as re-
gards continence or sexual function are lacking.   

With very large fistulae extending from bladder neck 
to vault, the extensive dissection required may pro-
duce considerable bleeding.  The main surgical diffi-
culty is to avoid injuring the ureters.  They are usually 
situated close to the supero-lateral angles of the fis-
tula, and if they can be identified endoscopically, they 
should be catheterised.  Straight ureteric catheters 
passed transurethrally, or double pigtail catheters 
may both be useful in directing the intramural portion 
of the ureters internally; nevertheless great care must 
be taken during dissection.  In such cases where the 
ureters cannot be visualised cystoscopically, inter-
ventional radiological techniques may be utilised to 
place antegrade ureteral stents from a percutaneous 
nephrostomy access tract.   

2.3.2 Abdominal Procedures 
Repair by the abdominal route is indicated when high 
fistulae are fixed in the vault and are inaccessible 
through the vagina; most typically this might be fol-
lowing hysterectomy in nulliparous women, in endo-
metriosis, or in those who have not delivered vagi-
nally.  Other indications for transabdominal repair are 
the need for simultaneous augmentation cystoplasty, 
or in the setting of a ureteric injury requiring reimplan-
tation or simultaneous VVF and ureterovaginal fistula.    

A transvesical repair has the advantage of being en-
tirely extraperitoneal.  It is often helpful to elevate the 
fistula site by a vaginal pack.   The ureters should be 
catheterised under direct vision either endoscopically 
prior to skin incision, or following opening of the blad-
der.  The technique of closure is similar to that of the 
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transvaginal flap-splitting repair except that for pur-
poses of haemostasis the bladder mucosa is usually 
closed with a continuous suture. 

A simple transperitoneal repair is relatively uncom-
monly employed (although this technique does seem 
to be favoured by some using the laparoscopic ap-
proach – see below), although a combined transperi-
toneal and transvesical procedure is favoured by 
many urologists and is particularly useful for fistula 
repair following Caesarean section.  A midline inci-
sion is made in the vault of the bladder; this is ex-
tended downwards in a racquet shape around the fis-
tula.  The fistulous track is excised and the vaginal or 
cervical defect closed in a single layer.  The bladder 
is then closed in two layers. 

There are no randomised studies comparing ab-
dominal and vaginal approaches; given that those 
surgeons undertaking both routes for repair would 
usually see specific indications for the two such a 
comparison is most unlikely ever to be seen as feasi-
ble, ethical or appropriate.  Nine non-randomised co-
hort studies reporting results from both abdominal 
and vaginal procedures were identified in the current 

review.(20, 27, 222, 233-238)  In all, these series in-
cluded 388 vaginal repairs and 345 abdominal repairs 
with overall closure rates at first operation of 89% and 
87% respectively (p=0.367; Fisher’s exact test).  The 
same reports included 255 transvesical repairs with a 
93% cure rate, and 399 transperitoneal repairs with 
an 89% success rate (p=0.130; Fisher’s exact test).   

With respect to attempted repair of a previously failed 
VVF surgery, the law of diminishing returns appears 
to be as evident in these types of procedures as in 
many other forms of surgery.   Although repeat oper-
ations are certainly justified, the success rate de-
creases progressively with increasing numbers of 
previously unsuccessful procedures.   In a series of 
2484 largely obstetric fistulae, the success rate fell 
from 81% for first procedures to 65% for those requir-
ing  two  or more procedures.(239)  Series of surgical 
cases are rarely large enough for this effect to be ev-
ident, although the recent series published by Hilton 
found successful fistula closure was significantly 
more likely in the women who had not had attempts 
at closure before referral (98.2%) than in those who 
had one or more previous unsuccessful procedures 
(88.2%) (p=0.003; Fisher’s exact test).(27)  

 
There is only a single randomised trial comparing as-
pects of surgical technique; Shaker et al. report an 
RCT comparing trimming of the fistula edge with no 
trimming.(240)  Although there was no statistical dif-
ference in success rates between the two groups, in 

those cases where repair was unsuccessful and trim-
ming had been undertaken,  the fistula tended to be-
come larger, whereas those where there was no trim-
ming were more likely to be smaller upon recurrence 
(see figure 6).(240) 

Figure 6: Forest plots relating trimming of edges at fistula surgery 

(i) Forest plot of comparison: 1 Trimming vs. no trimming of fistula edge, outcome: 1.1 Failure of fistula 
closure 

 
(ii) Forest plot of comparison: 1 Trimming vs. no trimming of fistula edge, outcome: 1.2 Recurrence smaller 
than original 

 
(iii) Forest plot of comparison: 1 Trimming vs. no trimming of fistula edge, outcome: 1.3 Recurrence larger 
than original 
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2.3.3 Laparoscopic 
Laparoscopic repair of a VVF was first reported by 
Nezat et al., in 1994.(241)  Fifteen series were identi-
fied in the current review,(218, 241-254) (plus an ad-
ditional series in which 2 laparoscopic procedures 
were undertaken amongst a small series of vaginal 
and open abdominal operations).(238) All reported 
series are quite small (1-25 cases, median 6 cases), 
and in total only 119 patients were included, with an 
overall cure rate of 92% (confidence interval 4%) 
(See table 4).  It is not clear from these series whether 
they include all fistula repairs undertaken in the re-
porting centres, or whether they were selected in 
some way; if the latter, it is not clear what selection 
criteria were used.  It is possible that there may be 
both selection and reporting biases that make it diffi-
cult to fully evaluate laparoscopic procedures against 
alternative surgical approaches. 

A combined vesicoscopic, laparoscopic and vaginal 
approach has been used successfully by some 
groups, but the experience remains limited.(255, 256)  

2.3.4 Robotic 
The first report of a robotically-assisted repair of 
vesico-vaginal fistula was from Melamud et al. in 
2005.(257)  Since that time four additional reports 
have been identified,(258-261) including a total of 17 
cases (see table 4).  The reported cure rate is 100% 
in all series, although the same comments as above, 
in relation to possible selection and reporting biases, 
apply equally here.  At this stage, whilst one could 
state that fistula repair with robotic-assistance ap-
pears to be feasible, it is not possible to indicate what 
its place or potential advantages are over alternative 
approaches. 

Some of advantages to the robotic technique include 
three-dimensional visualisation, increased dexterity 
with wristed instrumentation improving on the severe 
angulation required for laparoscopic or open VVF 
repair, and easier intracorporeal knot tying. The ret-
rovesical approach through the vagina can reduce 
the time for bladder healing significantly and allow the 
procedure to be done as a single day procedure. 
Currently, there are no direct comparisons between 
the classical transabdominal VVF repair, transvaginal 
VVF repair, and the minimally invasive 
robotic/laparoscopic techniques 

Miklos JR et al. performed a systematic review on lap-
aroscopic and robotic fistula repairs. They included 

44 studies: 9 articles of robotic-assisted approach, 3 
laparoscopic single-site surgeries, and 32 conven-
tional laparoscopic approaches. A literature review 
revealed a balanced number of reports for both trans-
vesical and extravesical approaches. The overall suc-
cess rate of laparoscopic VVF repair was 80% to 
100% with a follow-up period of 1 to 74 months.The 
success rate of transvesical and extravesical tech-
niques were 95.89% and 98.04% (relative risk, .98; 
95% confidence interval, .94-1.02). There was no sta-
tistical difference in success rates of VVF repair with 
different number of layers in the fistula closure or with 
use of interposition flaps, but there was a small in-
crease in success in the cases that documented in-
traoperative bladder filling to test the integrity of the 
bladder closure. In conclusion, transperitoneal extra-
vesical VVF repair has cure rates similar to the tradi-
tional transvesical approach. Laparoscopic extraves-
ical VVF repair is a safe, effective, minimally invasive 
technique with excellent cure rates similar to those of 
the conventional transvesical approach in experi-
enced surgeons' hands.(262) 

Gellhaus PP et al. published a series of robotic repair 
either concomitantly with gynaecological surgery or 
as a salvage procedure after an previous attempted 
repair, showing good results for both approaches. 
(263) 

2.3.5 Fibrin Glue 
The use of fibrin glue in urological indications was re-
viewed by Shekarriz and Stoller;(264) they identified 
nine reports (eight in human subjects) of the use of 
fibrin glue in fistula repair, including a total of 16 pa-
tients.(265-272)  A further six more recent reports 
were identified in the current review, where fibrin glue 
was used either by endoscopic injection or direct ap-
plication, making a total of now 53 patients with fistu-
lae of various aetiologies.(267, 273-278)  Several of 
these publications were individual case reports, alt-
hough there was also one randomised trial comparing 
fibrin glue (20 patients) with a Martius graft (20 pa-
tients) in obstetric fistula patients.(277)  All of the case 
reports described successful repair (1/1=100% cure); 
the RCT reported 13/20=65% cure; the overall suc-
cess rate therefore for the 53 reported patients was 
77.4% (confidence interval 7.3%) (See table 5).  In 
one case successful closure of a radiation induced 
fistula was reported from the combined use of bovine 
collagen and fibrin glue.(267)   Overall, the indications 
for, and optimal patient selection for this approach are 
not defined. 
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Table 4: Results from series reporting conventional and robotically-assisted laparoscopic fistula repairs. 

  Laparoscopic Robotic 

 Authors Date N Cure rate N Cure rate 

Nezhat et al 1994 1 100%   

Phipps 1996 6 100%   

Miklos et al 1999 1 100%   

Chibber et al 2005 8 100%   

Sotelo et al 2005 15 93%   

Wong et al 2006 2 100%   

Das Mahapatra et al 2007 12 92%   

Otsuka et al 2008 7 86%   

Gazen et al 2009 3 100%   

Porpiglia et al 2009 4 100%   

Shah  2009 25 72%   

Lee et al 2010 5 100%   

Rizvi et al 2010 8 100%   

Abdel-Karim et al 2011 15 100%   

Abdel-Karim et al 2011 5 100%   

Melamud et al 2005   1 100% 

Sundaram et al 2006   5 100% 

Schimpf et al 2007   1 100% 

Hemal et al 2008   7 100% 

Kurz et al  2012   3 100% 

Bragayrac LA  2014   4 100% 

Oderda M 2014   1 100% 

Agrawal V 2015   10 100% 

Gellhaus et al 2015   10 100% 

Jairath A et al 2016   8 100% 

Martini A et al 2016   1 100% 

Price DT et al 2016   1 100% 

TOTAL   117 96% 52 100% 
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Table 5: Studies using fibrin glue in the management of urogenital fistula. 

 

2.3.6 Endoscopic Repair 
Mackay described a technique for transurethral endo-
scopic suture repair of vesico-vaginal fistula in 
1997.(279); there have been three further papers us-
ing a similar technique on between one and four pa-
tients (total 10 cases).(234, 279-281)  Although in 
three of these series the reported cure rate was 
100%, overall, fistula closure was found in 80% (con-
fidence interval 24%).  

2.3.7 Adjuvant Techniques in the Repair of 
VVF: Tissue Interposition 

Tissue flaps are often added as an additional layer of 
repair during VVF surgery. (282-286) Most com-
monly, such flaps are utilised in the setting of recur-
rence after a prior attempt at repair, for VVF related 
to  previous radiotherapy (described later), ischemic 
or obstetrical fistula, large fistula, and finally those as-
sociated with a difficult or tenuous closure due to poor 
tissue quality. However, there is no high level evi-
dence for the use of such flaps in any of these situa-
tions.  Furthermore, there is no high level evidence 
that the use of such flaps improves outcomes in the 
setting of an uncomplicated VVF. 

For those VVF repaired transvaginally, a labial fat pad 
(Martius flap) or a peritoneal flap can easily be mobi-
lised. From a transabdominal approach, greater 
omentum can be used as an interposition flap. 

A variety of other flaps including gracilis muscle flaps, 
labial myocutaneous flaps, seromuscular intestinal 

flaps, and rectus abdominis flaps as well as free 
grafts of bladder mucosa have been utilized as ad-
junctive measures in the repair of complex VVF.(287-
294) 

There is no evidence that a Martius or any other in-
terposition graft improves the outcome in primary fis-
tula repair. 

3. POST-OPERATIVE MANAGEMENT  

3.1. Catheter Type 
No studies were identified comparing different cathe-
ter types or duration of drainage following fistula re-
pair.  Most reports do not describe their catheterisa-
tion practices in any detail; in those that do, the ma-
jority have employed urethral catheterisation, with a 
small number preferring suprapubic drainage or a 
combination of both.  The reason for catheterisation 
is to ensure free urine drainage until such time as the 
repair is soundly healed; for this reason some have 
advocated both suprapubic and urethral drainage, ar-
guing that whilst one catheter might easily become 
blocked, two are unlikely to do so simultaneously.(27) 

3.2. Duration 
There appears to be no obvious consensus over the 
duration of catheterisation recommended following 
fistula repair of various types and aetiologies.  In a 
retrospective study of obstetric fistula patients in Ethi-
opia, approximately equal numbers of patients were 
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catheterised for 10, 12 or 14 days.  Patients were not 
randomised, and there were differences between the 
groups in terms of the extent of urethral involvement, 
fistula size, and degree of vaginal scarring, with the 
more extensively damaged patients being catheter-
ised for longer.  Despite this, there was no significant 
difference in outcome in terms of the rate of repair 
breakdown, and the authors therefore suggested that 
postoperative catheterisation for 10 days may be suf-
ficient in the management of less complicated obstet-
ric VVF.(295)  

In a recent review of practices amongst obstetric fis-
tula surgeons, Arrowsmith reported a considerable 
range of practice.  For ‘simple’ fistulae, the average 

duration of bladder drainage used was 12 days 
(range 5-21 days); for ‘large’ fistula the average was 
17 days (range 0-30 days); and for ‘difficult’ fistulae, 
the average was 21 days (range 14-42 days).(210) 

Studies of non-obstetric fistula management are no 
more consistent in their description of duration of 
catheterisation.  Most report periods of between 
seven and 21 days drainage; most typically 10-14 
days for surgical fistulae and 14-21 days for radiother-
apy-associated fistulae.  There is no more than level 
3/4 evidence to support any particular practice in 
these aspects of fistula management.  

The summary of the surgical management of VVF 
can be found in Figure 7-9. 

Figure 7. Treatment recommendations for vesicovaginal fistula 
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Figure 8. Treatment recommendations for radiation fistula and fistula involving the gastro-intestinal tract. 
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FIGURE 9. ALGORITHM FOR MANAGEMENT OF VESICOVAGINAL FISTULA 
 

 

 

HISTORY 

CLINICAL 
ASSESSMENT 

MANAGEMENT* 

PRESUMED 
DIAGNOSIS 

Leakage of urine from vagina / perineum 

• Clinical examination 
• Urethro-cystoscopy 
• Imaging (X-ray/CT/MRI, US) 
• Evaluate upper urinary tract 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

Recent VVF 

Primary simple 

Consider Catheter, evaluate weekly 

Established VVF 

Primary complex 

Healed Persistant leakage 

Recurrence Post-irradiation 

Vaginal repair 
Consider timing 

Surgical repair 
Consider timing 

Consider interposition 
material 

If small, consider 
catheter, evaluate weekly 

Surgical repair 
6-12 months 

Consider interposition 
material 

Surgical repair 
Consider timing 

Consider interposition 
material 

Assess fistula closure & assess continence status 



 

 
2170  COMMITTEE 18. FISTULA 
 

 

4. MANAGEMENT OF THE 
COMPLICATIONS OF VVF 

The complications of  VVF repair are many and can 
include: 

• Persistence or recurrence of urinary inconti-
nence 

• Persistence of lower urinary tract symptoms  or 
occurrence of new lower urinary tract symptoms, 
including overactive bladder and stress urinary 
incontinence  

• Infections: wound, urinary tract infections (UTI) 
and pyelonephritis and urosepsis  

• Ureteric obstruction (ligation – fibrosis – injury)  

• Outlet obstruction (meatal stenosis, urethral 
stricture, bladder neck obstruction)  

• Bladder contracture 

• Vaginal stenosis (overcorrection – fibrosis) 

• Sexual dysfunction (vaginismus – dysparunia) 

• Rare complications (granulomas – diverticulum 
formation) 

• Neurological complications (foot drop – neuro-
genic bladder) 

• Complex neuropathic bladder dysfunction and 
urethral sphincter incompetency often result, 
even if the fistula can be repaired successfully  

• Psychological trauma (social isolation – divorce 
– mental illness)  

• Infertility 

The literature on the treatment and management of 
complications of fistula repairs is extremely scarce 
and is mostly experience-based. It is impossible to 
give any specific evidence-based guidance. There is 
need for centralisation of these cases.  

Recommendations: 

A care programme for failed repairs with persisting incontinence after a successful repair, needs to be 
in place.  

A 

It is recommended that surgical treatment of post-operative stress incontinence should only be 
considered six months after fistula repair. 

C 

Autologous material should be used when a graft or sling is required and there is no place for synthetic 
sling material. 

C 

In order to prevent new fistulaefistulae in women who become pregnant after a fistula repair, waiting 
homes should be provided to ensure that each woman is able to have an elective caesarean section 
when she goes into labour. 

C 

Patients complaining of persistent leakage due to urgency incontinence may try antimuscarinics, 
botulinum toxin injection or even augmentation cystoplasty in small contracted or poorly compliant 
bladders.  

C 

Those with a shortened or disrupted urethra, before or after repair, must be treated with urethral 
reconstruction, autologous slings or injection of bulking agents, delivered trans or peri –urethrally. 

C 

In cases with unilateral or bilateral ureteric ligation or injury, the early diagnosis is lifesaving. Patients 
must be promptly treated by endoscopic ureteric stenting, PCN or ureteric reimplantation.  

B 

Patients complaining of contracted vagina and dyspareunia with sexual dysfunction may use local 
oestrogen, vaginal dilatation or may require the surgical creation of vaginal flaps to augment the 
vagina.  

C 

Patients who develop dropped foot may respond to physiotherapy or require tibialis tendon transfer.   C 

Psychological trauma, social isolation and depression is best treated by counselling and psychological 
rehabilitation.  

C 

 

General recommendations: 

The comprehensive use of an indwelling catheter with free urinary drainage should be instituted for all 
patients who have undergone either an emergency caesarean section or a traumatic vaginal delivery 
after prolonged (>24hours) obstructed labour. 

B 

When fistula surgery is necessary the woman must be assured of the surgeon’s competence to carry 
out her procedure. 

A 
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Spontaneous closure of surgical fistulae does occur, although it is not possible to establish the rate with 
any certainty; if a vesicovaginal fistula is diagnosed within six weeks of surgery, indwelling 
catheterisation can be considered for a period of up to  9 weeks (i.e. up to 12 weeks after the causative 
event)    

C 

Attention should be given as appropriate to skin care, nutrition, rehabilitation, counselling and support 
prior to and following fistula repair    

D 

Perioperative antibiotic prophylaxis should follow local policies    D 

There is no benefit from mechanical or laxative bowel preparation prior to colonic surgery; it is 
reasonable that this recommendation be extrapolated to apply to fistula surgery  

B 

There is no proven benefit to delayed repair of vesicovaginal fistula; the timing of repair should be 
tailored to the individual patient and surgeon requirements, but can be undertaken as soon as any 
oedema, inflammation, tissue necrosis, infection are resolved  

B 

There are no high quality data to indicate greater cure rates for any one technique as compared to 
others ; level 3 evidence indicates similar success rates for vaginal and abdominal, and for transvesical 
and transperitoneal approaches  

C 

Surgeons involved in fistula surgery should have appropriate training, skills, and experience to select an 
appropriate procedure for each patient  

D 

The majority of vesico-vaginal and all urethro-vaginal fistulae can be repaired vaginally, regardless of 
aetiology      

C 

Where concurrent ureteric re-implantation or augmentation cystoplasty are required, the abdominal 
approach is necessary.   

D 
 

A variety of interpositional grafts can be used in either abdominal or vaginal procedures, although there 
is little evidence to support their use in any specific setting 

C 

Conventional and robotically-assisted laparoscopic approaches have both been shown to be feasible in 
selected cases; the indications for, or optimal patient for  these techniques is not yet clear 

C 

A period of continuous bladder drainage is crucial to successful fistula repair; there are no high level 
data to support any particular type, route, or duration of catheterisation; current practice suggests: 10-
14 days for simple and/or post-surgical fistulae; 14-21 days for complex and/or post-radiation fistulae  

D 

 

 MANAGEMENT OF 
RADIATION FISTULA 

The literature relating to the management of radio-
therapy-associated fistula is again limited in quantity 
and quality.  Forty-nine papers of possible relevance 
were identified, of which only 35 contained any rele-
vant material.  Seven systematic reviews were identi-
fied, although none contained information of direct 
relevance. No randomised trials and only four non-
randomised cohort studies of relevance were identi-
fied.  All other identified material comprised case se-
ries or individual case reports or procedure descrip-
tions, and represent level 3 or 4- evidence.  

Injury to the gastrointestinal or urinary tracts may 
arise following therapeutic radiation, with the inci-
dence of complications increasing when the dose ex-
ceeds 50 Gy.  The obliterative endarteritis associated 
with ionizing radiation in therapeutic dosages may 
proceed over many years and may result in fistula for-
mation long after the primary malignancy has been 
treated.(27, 73)  The associated devascularisation in 
the adjacent tissues means that conventional surgical 
repair has a high likelihood of failure, and may also 
result in re-presentation with several fistulae over a 

period of many years.  In those cases where ab-
dominal repair surgery or urinary diversions are un-
dertaken,  a high risk of GI anastomotic leak and pro-
gressive sepsis has been reported perhaps related 
either to inadequate resection of irradiated bowel or 
to damage to other organs at operation.(74)  All these 
factors often make the management of post-radiation 
fistulae more challenging than that of post-surgical or 
even obstetric fistulae.  Modified surgical techniques 
are often required, and indeed, where the same tech-
niques have been applied to both surgical and post-
radiation fistulae, the results from the latter have been 
consistently poorer.(236, 296, 297)  Spontaneous 
healing seems rarely if ever to occur,(27, 51) and only 
one case report was identified, of a radiation fistula 
presenting 22 years after initial treatment, in which 
healing occurred following cauterisation (for biopsy) 
and prolonged catheter drainage.(298) 

1. DIVERSION PROCEDURES 

Because of the wide field abnormality surrounding 
many radiotherapy-associated fistulae, several au-
thors have suggested that urinary and/or faecal diver-
sion should be seen as the treatment of choice in 
such cases.(50, 77, 78, 236)  Others have employed 
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a routine policy of preliminary urinary and faecal di-
version, with later undiversion in selected cases.(299)  
In a non-randomised cohort of recto-urethral fistula 
repairs, Vanni et al. reported 100% closure at first op-
eration in 35 non-irradiated cases, compared to 84% 
in 39 irradiated cases.(299)  Additionally, 97% of the 
non-irradiated cases subsequently underwent ‘undi-
version’, whereas 31% of the irradiated cases re-
quired permanent faecal diversion due to a non-com-
pliant rectum or severe sphincter dysfunction.(299) 

Some authors have emphasised the place of repair in 
carefully selected cases of radiotherapy-associated 
fistulae.(27)  Of 36 radiation/malignant fistulae in the 
series reported by Hilton, although 11 declined sur-
gery or died before treatment, and 6 underwent pri-
mary diversion, of the 19 (53%) who underwent re-
pair, 18 (95%) were closed at first operation.(27)  Fi-
nally, some seem to take the view that diversion has 
little or no place in the management of radiation-in-
duced vesicovaginal fistula in particular.(72)  Of 216 
radiation-induced fistula managed over a 47 year pe-
riod by Pushkar et al., 210 underwent a vaginal and 6 
an abdominal repair procedure (although it should be 
noted that this is a retrospective case series, and 
whilst not stated in the paper, it is possible that other 
patients not included in this review actually under-
went diversion).(72) It should be noted, however, that 
with this almost exclusive use of the vaginal repair 
procedure, whilst a cumulative closure rate of 80% 
was eventually achieved after  four or more opera-
tions, only 48% were closed after first repair, 40% 
were closed following a second operation, 52% fol-
lowing a third operation, and 35% following a fourth 
operation.  

 In view of the anastomotic problems associated with 
radiation-induced fistula, the transverse colon has of-
ten been favoured over ileum as a conduit in this con-
text, to avoid the risk of employing irradiated bowel 
and distal ureter.(300-302)  Whilst these benefits 
seem clear, it should be noted that high perioperative 
morbidity (37%) and re-operation rates (20%) have 
been reported from this procedure.(301) 

As an alternative to the latter operation, where both 
urinary and faecal diversion are proposed, Hampson 
et al. described the technique of left colic urinary di-
version with distal transverse end colostomy.(303)  
This technique allows a shorter operation time, and 
avoids the necessity for an intestinal anastomosis.  In 
patients wishing to remain sexually active following 
such procedures, the residual bladder or rectal wall 
may be used to augment the vagina.(304) Where 
vesicovaginal fistula co-exists with significant bladder 
contracture following surgery or radiation, an ab-
dominal (transperitoneal) repair might be considered, 
along with simultaneous ileocystoplasty,(305, 306) or 
colocystoplasty.(307)  Fistula repair concurrently with 
vaginal reconstruction using sigmoidovaginoplasty 
has also been described by Verbaeys et al.(308)  
Whilst one might anticipate a very high operative and 
postoperative morbidity from such complex multiple 

procedures, the outcome in the very small numbers 
reported appears to have been good. 

2. REPAIR TECHNIQUES 

Several different techniques for the vaginal repair of 
fistulae have been reported, although the methods of 
‘flap-splitting’ or dissection and repair in layers (vari-
ously attributed to Hayward, Collis & Lawson 
Tait),(229) and partial colpocleisis,(171) have been 
the most widely advocated in radiation-associated fis-
tulae.  Where patients do not wish to maintain sexual 
function, complete colpocleisis may be used to good 
effect.(309)  In a non-randomised cohort study, Hilton 
reported anatomical closure by colpocleisis in 94.7% 
of radiation-associated cases, compared to 96.1% 
from a range of repair procedures in fistulae of surgi-
cal aetiology.(27) 

The technique of sigmoid exclusion or isolation has 
been described for the management of radiation-as-
sociated colo- or entero-vesical and colo- or entero-
vaginal fistulae.(310, 311)  Although the results have 
generally been good, with the avoidance of a perma-
nent urinary or faecal stoma, Levenback et al. re-
ported poorer results than following resection of the 
affected bowel, largely related to bleeding from the 
isolated segment, and bacterial infection.(311)  

3. INTERPOSITION GRAFTS 

Several techniques have been described to reinforce 
fistula repair in different sites depending on the type 
of repair undertaken.  These include the Martius 
bulbocavernosus muscle and labial fat graft, a gracilis 
muscle or myocutaneous graft, omental pedicle 
grafts, and peritoneal flaps.  Whilst there is no high 
level evidence to support the use of these techniques, 
the interposed tissue has been presumed to help by 
creating an additional layer in the repair, to fill in ‘dead 
space’ and reduce the risk of haematoma formation 
beneath the repair, to bring in a new blood supply into 
the area, and to reduce scarring.  For each of these 
hypotheses, interposition grafts might be considered 
to have their greatest benefit in the repair of radiation-
associated fistulae. 

At abdominal repair of vesicovaginal or rectovaginal 
fistulae, the use of a pedicled omental graft has been 
widely advocated.(284, 312)  The omentum is dis-
sected from the greater curve of the stomach and ro-
tated down into the pelvis on either the right or left 
gastro-epiploic arteries; this may be used at any 
transperitoneal procedure, but has its greatest poten-
tial advantage in radiation-associated fistulae. 

The role of interposition flaps in trans-abdominal re-
pair procedures was reviewed by Evans et al.(286)  
They reported 37 patients with fistulae of largely sur-
gical aetiology, of whom 12 of 12 treated employing 
an omental or peritoneal interposition flap were 
cured, compared to 16 of 25 managed without inter-
position (64%); this finding was consistent for fistulae 



 

 
MANAGEMENT OF RADIATION FISTULA  2173 

 

of both benign and malignant aetiology.  Although 
their cases were not randomised, and the authors 
acknowledge that their overall cure rate (75%) was 
rather lower than many series, nevertheless, they 
concluded that an interposition flap should be recom-
mended, when a trans-abdominal repair is under-
taken, particularly when the repair is performed by a 
less experienced surgeon. 

Although widely employed in the context of obstetric 
fistula repair in the past, there is no high level evi-
dence to support the use of the Martius graft in this 
context and there seems to be a general move away 
from it amongst obstetric fistula surgeons. (Fig. 10) 
One small non-randomised cohort study reported 
benefit in patients with multiple or recurrent fistulae, 
based on a univariate analysis,(282) another reported 
no advantage to the experienced obstetric fistula sur-
geon.(313)  In the series of fistulae of all aetiologies 
from UK reported by Hilton, the fistula closure rate 
was not significantly different between those proce-
dures where an interposition graft (omental or labial) 
was (92.0%) or was not (96.1%) used in the repair 
(p=0.264;  Fisher ’ s Exact test).(27) 

 
Figure 10. Martius labial fat graft passed subcutane-
ously to overlie fistula repair (combined with com-
plete colpocleisis) 

In the situation of vaginal repair of radiation-associ-
ated fistula Pushkar et al. strongly advocate the use 
of the labial fat graft interposed at fistula repair;(72) 

Hilton advocates its use to fill ‘dead space’ in the 
lower vagina at complete colpocleisis.(27, 309) With 
the former technique closure at first operation was 
48%,(72) with the latter 95% closure at first operation 
is described.(27)  

Labial skin grafts have also been employed in the re-
pair of radiation-associated fistulae, either as an in-
terposition, or replacement for sloughed or indurated 
vaginal skin.  Labia minora flaps, with the outer sur-
face de-epithelialised,(314) and labia majora 
flaps,(315, 316) have both been described in this con-
text. 

Muscle and myocutaneous grafts have also been em-
ployed as interposition in fistula repair.  These tend to 
be very bulky grafts, and are perhaps best used 
therefore in circumstances of extreme tissue loss.  
The technique of rectus abdominis flap interposition 
was described in one series of 10 patients, although 
none of their cases were radiotherapy related.(317)  
Viennas et al. reported one case of a radiation-in-
duced vesicovaginal fistula repair by this tech-
nique.(291)  Gracilis muscle along with selective use 
of a buccal mucosal overlay graft has been used in 
recto-urethral fistulae, with 84% cure in radiation-as-
sociated cases.(299) 

4. OTHER MANAGEMENT 
APPROACHES 

In patients with intractable urinary incontinence from 
radiation-associated fistula, percutaneous nephros-
tomy or ureterostomy might be considered.(78)  This 
may in some cases extend life perhaps inappropri-
ately, and where life expectancy is deemed to be very 
short, ureteric occlusion might be more appropriate.  
Several methods have been described, including the 
insertion of coils,(318) coils with gelatin sponge,(319, 
320) clips,(321) nylon plugs with injection of polido-
canol,(322) Isobutyl-2-cyanoacrylate,(323) and bal-
loons.(323-326)  These were reviewed by Avritscher 
et al. with success rates ranging from 50% to 100% 
for the different methods, and with an overall success 
of 77% in 150 cases from nine papers reviewed.(327) 

5. RECOMMENDATIONS 

Whilst diversion is used more widely in radiation-associated fistulae of all types as compared to non-radiated 
fistulae, there is low level evidence that repair procedures can achieve successful fistula closure and 
continence in appropriately selected cases 

C 

Where urinary and/or faecal diversions are required, attempts should be made to avoid using irradiated tissues 
wherever possible, and to minimise the potential for anastomotic complications  

C 

There is low level evidence to support the use of interposition grafts when repair of radiation-associated fistula 
is undertaken 

C 

In patients with intractable urinary incontinence from radiation-associated fistula, where life expectancy is very 
short, ureteric occlusion might be considered; there is insufficient evidence to recommend any particular 
technique  

D 



 

 
2174  COMMITTEE 18. FISTULA 
 

 MANAGEMENT OF GI 
FISTULA  

1. LITERATURE REVIEW 

The literature relating to the management of urinary 
fistula involving the gastro-intestinal tract is limited in 
quantity and quality.  Forty-six papers of possible rel-
evance were identified, of which 39 contained any rel-
evant material.  One systematic review was identified, 
albeit of only indirect relevance, and with no mention 
of fistula.(213)  A single non-systematic review of the 
management of internal fistulae in Crohn’s disease 
was identified;(328) this included only a single ran-
domised trial,(329) although this did not include pa-
tients with urinary fistulae.  No further randomised tri-
als or cohort studies of relevance were identified, ei-
ther from within the review, or independently.  One 
decision analysis model,(330) 26 case series and 10 
individual case reports or procedure descriptions 
were found, including a total of 852 patients.  

2. NON-SURGICAL MANAGEMENT 

In the context of colo-vesical fistulae associated with 
diverticular disease, a surgical approach is most com-
monly advocated.  One non-randomised cohort of 30 
patients included six who did not undergo surgery, 
four of whom remained well for periods of up to 14 
years; of the 24 who underwent surgical treatment, 
five (21%) died in the postoperative period.(331) 

Ileo-vesical fistula in Crohn’s disease may be man-
aged with antibiotics, nutritional support, often includ-
ing total parenteral nutrition, and various combina-
tions of immunomodulatory agents; in a non-system-
atic review of the management of internal fistulae in 
Crohn’s disease, Levy & Tremaine describe the drugs 
that have been reported to close internal fistulae par-
tially or completely including azathioprine, 6-mercap-
topurine, mycophenolate mofetil, cyclosporine A, tac-
rolimus, and infliximab.(328)  

One case series of 500 patients with Crohn’s disease 
included 17 with entero-vesical fistulae; all received 
sulfasalazine, and most were treated with corticoster-
oids and antibiotics intermittently, and eight in addi-
tion received 6-mercaptopurine.  Although it is not 
clear that their fistulae closed completely, six contin-
ued on medical treatment alone for several 
years.(120) 

Present et al. reported a placebo controlled random-
ised trial of the tumour necrosis factor α (TNFα) neu-
tralising agent infliximab, a murine/human chimeric 
monoclonal antibody that binds both the soluble sub-
unit and the membrane-bound precursor of TNFα, in 
patients with externally draining fistulae associated 
with Crohn’s disease.(329)  Adverse events were 
very common, but complete resolution of all fistulae 

was achieved in 55%, and 50% reduction in fistulous 
drainage was achieved in 68% of patients on 5mg in-
fliximab.  This latter study did not include intestino-
vesical fistulae, although a case of successful use of 
infliximab in an ileo-vesical fistula has been re-
ported.(199)  

3. SURGICAL MANAGEMENT 

The most frequently advocated surgical approach to 
colo-vesical fistula in diverticular disease has been 
sigmoid resection with primary colorectal anastomo-
sis, and closure of the bladder.  Dissection of the fis-
tula track followed by closure of the bladder and 
bowel, with interposition of omentum, but without re-
section was described in three patients by Lewis & 
Abercrombie.(332)  This approach should perhaps be 
reserved for cases with minimal diverticular disease 
in otherwise healthy bowel, where, were it not for the 
presence of the fistula, there would be no indication 
for colonic surgery.   

One series of 74 patients described a technique in 
which only visible or palpable full-thickness defects in 
the bladder were repaired; otherwise the bladder was 
not repaired, but simply drained by indwelling cathe-
ter for one week following sigmoid colectomy (in di-
verticular disease) or small bowel resection (in 
Crohn’s disease).(127)  At median 6 month follow-up 
there was a single recurrence of a colo-cutane-
ous/vesico-cutaneous fistula, but no recurrence of the 
colovesical fistulae.  Other authors have similarly ad-
vocated leaving the bladder unrepaired in patients 
with Crohn’s ileo-vesical fistulae, to heal by second-
ary intention with catheter drainage alone.(123, 333)  

The main contention in the management of intestino-
vesical fistulae has been over the feasibility and role 
of a one-stage management with resection of the af-
fected bowel segment, primary anastomosis, and clo-
sure of the bladder, as compared to a two- or three-
stage approach.   

The authors of many case series have advocated a 
one-stage approach in the majority of cases, but have 
indicated that this should be limited to those patients 
whose nutritional state is good, and where there is no 
evidence of severe inflammation, radiation injury, ad-
vanced malignancy, intestinal obstruction, major 
medical problem, or advanced age.(126, 129, 130, 
132, 334, 335)  More recent series have tended to 
imply a greater advocacy of the one-stage approach; 
Garcea et al. in a series of 90 patients with colo-ves-
ical fistula reported primary anastomosis in 
61/65=94% of cases where left colon resection was 
undertaken.(128)  Balaguera et al. argue against di-
verting colostomy or Hartmann’s procedure as being 
unnecessary, and possibly bringing additional mor-
bidity.(336)  Several reports have described a laparo-
scopic approach to one-stage treatment of colo-vesi-
cal fistulae, including a total of 30 patients.(131, 201, 
337, 338) The overall conversion rate was seen to be 
higher for fistulae involving the duodenum, vagina 
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and sigmoid colon, than those involving the bladder 
(10%), although a low threshold for conversion to 
open surgery was advocated in one series.(131) 

In addition to the above criteria, it is intuitive that the 
more complex a fistula track, the more relevant a 
phased approach to treatment becomes.  Shackley et 
al. described a series of 10 patients with highly com-
plex fistulae involving between 3 and 6 separate or-
gans/surfaces.(202)  They advocate a three-stage 
multidisciplinary management package, involving: (1) 
an acute stage involving proximal defunctioning and 

distal drainage of both the gastrointestinal and urinary 
tracts to isolate the fistula, together with the eradica-
tion of sepsis; (2) a recovery stage consisting of total 
parenteral nutrition, organ support, radiological plan-
ning of surgical reconstruction and intensive nursing; 
(3) joint urological and gastrointestinal reconstructive 
surgery, when the patient was stable, nutritionally re-
plenished, and sepsis was controlled.  Whilst the 
mean time to reconstruction was 5 (1-20) months, the 
fistulae were treated successfully in all patients, with 
functional restoration in four, and/or diversion of the 
gastrointestinal and urological tracts in six.(202) 

4. RECOMMENDATIONS 

There is limited evidence to support a non-surgical or conservative surgical approach in 
colo-vesical fistulae where there are minimal symptoms or evidence of limited bowel involve-
ment 

C 

There is only limited low level evidence to support a non-surgical approach in colo-vesical 
fistula associated with diverticular disease; nevertheless, in the frail elderly, or in patients 
who have limited symptoms of urinary infection or urinary diarrhoea it is reasonable to con-
sider a trial of conservative management 

D 

There is evidence that infliximab is efficacious in the treatment of external fistulae, but only 
very limited low level evidence of efficacy in urinary fistulae in association with Crohn’s dis-
ease  

B/D 

A one-stage approach to surgery for intestino-vesical fistulae is appropriate in many cases, 
but should be limited to those patients whose nutritional state is good, and where there is 
no evidence of additional intra-abdominal pathology (e.g. severe inflammation, radiation in-
jury, advanced malignancy, intestinal obstruction) or major co-morbidity 

B 

A laparoscopic approach to one-stage management has been shown to be feasible, alt-
hough there is no high level evidence to allow comparison of outcomes with open surgery 

D 

 MANAGEMENT OF URETERIC 
FISTULA 

1.1. General Principles 
The relevant clinical principles are related to preven-
tion, diagnosis, management, and after care. (339)  
Patients at higher risk of ureteric injury such as those 
undergoing complicated childbirth, radical or re-
peated pelvic surgery, or surgery following pelvic ra-
diotherapy require experienced surgeons who can 
identify and protect the ureter and its blood supply to 
prevent injury and also recognise injury promptly 
when it occurs.  Immediate repair of any intraopera-
tive injury should be performed observing the princi-
ples of debridement, adequate blood supply and ten-
sion free anastomosis with internal drainage using 
stents.(340) Delayed presentation of upper tract in-
jury should be suspected in patients whose recovery 
after relevant abdominal or pelvic surgery is slower 
than expected, if there is any fluid leak, and if there is 

any unexpected dilatation of the pelvi-calyceal sys-
tem.  Fluid should be sent for creatinine determination 
to differentiate serous from urinary leak.  Repair of 
such cases should be undertaken by an experienced 
team and may consist of conservative management 
with internal or external drainage, endoluminal man-
agement using nephrostomy and stenting where 
available, and early (< 3 months) or delayed (> 6 
months) surgical repair when required.(341)  Surgery 
should again adhere to the standard principles of tis-
sue repair and safe anastomosis.  Functional and an-
atomical imaging should be used to follow up patients 
after repair to guard against late deterioration in func-
tion of the affected renal unit.  These general aspects 
of care of patients with trauma to the upper tract and 
subsequent fistula formation are covered in standard 
textbooks of urology and guideline documents.(340, 
341)  This review will concentrate on developments 
in the past six years. 

1.2. Evidence Quality 
A total of 127 abstracts were screened which were 
categorised as being not relevant (26), cases reports 
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without useful information (63) and for possible inclu-
sion (38).  After review of full text, 27 were selected 
for the review and 11 rejected due to duplicate infor-
mation (n=7) and no relevance (n=4).  Four further 
possible papers were identified from the reference 
lists of included articles of which two were included in 
the review.  The selected papers (29) included one 
poor quality randomised trial (342), one poor quality 
quasi-randomised trial (343), one high-quality popu-
lation case control study(5), one registry study(109), 
one systematic review(344), one cost analysis(345), 
14 cases series, 8 case reports, and one unstructured 
review. 

1.2.1 Urinary Leak after Renal Preservation 
Surgery 

A large case series identified urinary fistula, defined 
as urinary drainage from a drain site more than 14 
days post-operatively, in 4% (45/1118) of patients un-
dergoing partial nephrectomy.(346) This was associ-
ated with larger tumours, higher blood loss, and 
longer ischemia time, but not the mode of surgery 
(laparoscopic versus open).  The majority resolved 
without intervention but 30% required ureteric stent 
insertion or percutaneous drainage.  Another large 
series 752 patients showed that 21 (2.8%) experi-
enced urinary leakage.(347)  four of the 21 patients 
with urinary leakage had spontaneous resolution, one 
patient underwent nephrectomy, and 16 patients 
were treated by retrograde ureteral stents insertion 
On univariate analysis, hilar renal masses (p < 0.04) 
and higher preoperative creatinine levels (p < 0.01) 
were found to be associated with higher rates of uri-
nary leakage. None of these variables was significant 
on a multivariate analysis. Review of the urinary leak-
age rate over time revealed it has been constantly de-
creasing over time, from 4% in early cases to 1.3% 
among the most recent ones, suggesting that the de-
crease in incidence is related to the improved surgical 
skills, rather than to differences in tumours’ or pa-
tients' characteristics. A poor quality quasi-random-
ised study involving 16 patients with persistent leak-
age after pelvi-calyceal surgery despite stenting 
found that use of intranasal desmopressin 40 µg daily 
resulted in a shorter time to resolution of leak com-
pared to control.(343) 

1.2.2 Urinary Leak After Renal Transplanta-
tion 

A case series from Brazil observed a fistula rate of 
2.9% (31/1046)presenting at a mean of 28 (1-131) 
days following transplantation predominantly due to 
distal ureteric necrosis and with most cases requiring 
open repair.(348)  Fistula occurred more commonly 
in patients with diabetes and was associated with 
lower graft survival and two deaths from sepsis.  A 
case series from China observed fistula development 
in 3.5% (43/1223) of patients presenting at a mean 
(range) of 6 (3-20) days following transplantation 
again primarily due to necrosis of the distal trans-
planted ureter.(349)  Open intervention with re-im-

plantation of the ureter into the bladder or native ure-
ter was required in 34 patients, with one other patient 
requiring transplant nephrectomy.  The occurrence of 
a fistula did not appear to prejudice graft or patient 
survival.  Initial implantation of the transplant ureter 
into the native ureter appeared to result in a lower rate 
of fistula.  A further case series form Serbia found a 
fistula rate following renal transplantation of 2.2% 
(5/224) and all required open repair.(350) 

1.2.3 Uro-enteral Fistula Following Percuta-
neous Renal Surgery 

Case reports of ureterocolic fistulae occurring after 
renal cryotherapy, and gunshot trauma all resolved 
with insertion of ureteric stent.(351, 352)  This is in 
line with previous accounts of this complication fol-
lowing percutaneous nephrolithotomy.(353) 

1.2.4 Uretero-arterial Fistula 
A systematic literature review found reports of 139 
cases of uretero-arterial fistula published between 
1899 and 2008.(344)  All patients presented with hae-
maturia with 25% also having other urinary symptoms 
or back pain. Virtually all cases had a relevant past 
surgical history particularly pelvic cancer surgery 
(54%) and arterial surgery with graft insertion (31%), 
and 61% had a ureteric stent in situ.  The great ma-
jority affected the iliac segment and pre-operative im-
aging was not always diagnostic.  A total of 18 (13%) 
patients died as a result of the fistula.  Many vascular 
and urologic interventions were used either alone or 
in combination.  Later cases suggested that endovas-
cular repair of the arterial defect gave the best results 
with lower mortality.  Another, more recent case se-
ries of 20 patients also showed a high mortality of 10 
– 20% but did not find any difference in outcome be-
tween open or endovascular graft insertion tech-
niques.(354) 

1.2.5 Ureterovaginal Fistula 
Ureterovaginal fistula occurring in the early post-op-
erative phase predominantly after hysterectomy is the 
most frequent presentation to urologists of upper uri-
nary tract fistula.  A recent retrospective cohort study 
by Kiran et al. studied  377 073 women who under-
went hysterectomy between 2001-2010, of whom 
1792 (0.5%) experienced a ureteric injury.(355) In 
both benign and malignant groups the rate of injury 
was higher in 2006-2010 than 2001-2005. The pro-
portion of women having a ureteric injury was similar 
for ovarian and cervical cancer (1.9-4.0% depending 
on type of procedure). For benign conditions, the rate 
of injury tended to be lower, typically <1%. Women 
with endometriosis had the highest risk among this 
group (1.7% following total abdominal hysterectomy; 
95% CI 1.4-2.0%). A randomised study involving 
3,141 women undergoing open or laparoscopic gy-
naecological surgery lasting > 30 min found that the 
incidence of ureteric injury after prophylactic insertion 
of ureteric stents (1.2 % (19/1583)) was similar to 
control (1.1% (17/1558)).(342)  A previous cost anal-
ysis from the United States perspective suggested 
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stenting was only worthwhile if the risk of injury was > 
3.2%.(345)  If injury does occur, many cases, even 

those with bilateral injury, can be managed by endo-
scopic techniques. (356) (Figure 11)  

 
Figure 11. Conservative management of bilateral lower ureteric injury. Retrograde ureterogram showing suc-
cessful cannulation of left ureter by guide wire and successful placement of right ureteric stent.

The use of ureteric stenting in patients with uretero-
vaginal fistulae was reported in 11 studies, including 
126 patients in total;(357-367) this resulted in closure 
in 63 cases altogether.  Success rates were between 
6% and 100%, although the overall closure rate 
across all series is calculated at 50% ± 18% (see ta-
ble 6). 

Where retrograde stenting proves impossible, percu-
taneous nephrostomy and antegrade stenting might 
be considered if there is some degree of pelvicalyceal 
dilatation.  Ureteroscopy may also be helpful,(362, 
366) and a technique for combined antegrade and 
retrograde ureteroscopic cannulation has been re-
ported.(359)  In one report all cases of uretero-vagi-
nal fistula were managed by temporary diversion us-
ing a percutaneous nephrostomy followed by delayed 
repair 4-6 weeks later,(186) and a similar approach 

was taken in the management of one uretero-uterine 
fistula.(368)  

If endoluminal techniques fail or result in secondary 
stricture, the abdominal approach to repair is stand-
ard and may require end-to-end anastomosis, re-im-
plantation into the bladder using psoas hitch or Boari 
flap, or replacement with bowel segments with or 
without reconfiguration.  Recent case series suggest 
that this standard surgery can be performed safely 
and with reasonable operative times using laparo-
scopic or robotic techniques if the relevant skills and 
facilities are available.(369-371)  A recent case report 
has suggested that open repair through the vagina is 
possible if abdominal access is problematic.(372)   
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Table 6: Data from studies including rates of closure of uretero-vaginal fistulae with ureteric stenting. 

 

 

1.2.6 Ureteric Fistula Associated the Terminal 
Phase of Pelvic Malignancy 

Urinary leakage is very distressing for people dying of 
advanced pelvic malignancy but palliation by open di-
version may be associated with a high rate of compli-
cations.  Recent case series have described the tech-
nique of occlusion of the distal ureter with coils or 
other devices using an antegrade approach com-
bined with chronic urinary diversion using nephros-
tomy tubes.(373-375)  Natarajan et al  reported suc-
cessful management of five patients with two requir-
ing repeat embolization but all achieving good pallia-
tion until death without adverse effects.(373)  Shindel 
et al  reported on 29 patients with bothersome urinary 
fistula despite chronic nephrostomy drainage, and 

poor performance status.(374)  In all cases palliation 
of the urinary leakage was achieved.  The majority of 
patients (23/29) died of their underlying cancer at a 
mean of eight months after the procedure.  Three pa-
tients with benign disease subsequently underwent 
definitive surgical diversion with the remaining two  
lost to follow up. Coil migration was seen in one pa-
tient without serious consequence and there were no 
other complications specific to the embolisation.  Kim 
et al  used the technique to temporally palliate five 
women with ureterovaginal fistula prior to delayed de-
finitive repair.(375) 

The algorithm for uretero-vaginal fistula can be found 
in figure 12. 

 

1.3. Evidence Table 

Prophylactic ureteric stent insertion does not reduce risk of ureteric injury during gynaecological sur-
gery  

2 

The use of desmopressin may hasten resolution of urinary leak after pelvi-calyceal surgery 3 

Uretero-arterial fistula is associated with a high mortality rate   3 

Antegrade endoluminal distal ureteric occlusion combined with nephrostomy tube diversion often pal-
liates urinary leakage due to malignant fistula in the terminal phase 

4 
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1.4. Recommendations 

Surgeons undertaking complex pelvic surgery should be competent at identifying, preserving and 
repairing the ureter  

 

D 

 

Ureteric stents are not required as prophylaxis against injury during routine gynaecological surgery, 
while their role in more extensive surgery remains to be established. 

B 

Ureteric injury or fistula may be suspected in patients following pelvic surgery if a fluid leak or pelvi-
calyceal dilatation occurs  postoperatively 

D 

Uretero-arterial fistula may be suspected in patients presenting with haematuria with a history of 
relevant pelvic surgery and indwelling ureteric stent. 

D 

Elevated levels of creatinine in drainage fluid following pelvic surgery are suggestive of a urinary tract 
injury.    

D 

Most upper urinary tract fistula should be initially managed by conservative or endoluminal techniques 
where such expertise and facilities exist  

B 

Persistent ureterovaginal fistula should be repaired by an abdominal approach using open, laparo-
scopic or robotic techniques according to availability and competence 

D 

For patients with ureteric fistula associated with advanced pelvic cancer and poor performance sta-
tus, palliation by nephrostomy tude diversion and endoluminal distal ureteric occlusion is an option. 

C 
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FIGURE 12. ALGORITHM FOR MANAGEMENT OF IATROGENIC URETERIC FISTULAE 
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 MANAGEMENT OF URETHRO-
VAGINAL FISTULA    

1. INTRODUCTION 

Urethrovaginal fistulae are a rather rare complication 
of some surgical and medical conditions or treat-

ments. Most of the literature consists of small retro-
spective series or case reports. There are no random-
ised prospective trials.  

2. AETIOLOGY 

Excluding obstetric aetiologies,In the developing 
world, urethrovaginal fistula may occur as a result of 
obstructed labor with or without associated VVF.   In 
industrialized countries urethrovaginal fistula in adults 
mostly have an iatrogenic aetiology. (See table 7) 

Traumatic Iatrogenic Medical  
Direct trauma Bulking agents Beçhet’s disease 
Foreign body Sling surgery  
 Urethral diverticula repair  
 Catheterisation   
 Irradiation   

Table 7: Etiology of Urethrovaginal Fistula 

In feminising genital reconstructions in children with 
ambiguous genitalia and surgical repairs of cloacal 
malformations, urethrovaginal fistula can occur as 
early or late complications. (376) (377, 378) (379, 
380) Also in transsexual adults undergoing female to 
male reconstruction, urethrovaginal fistulae have 
been reported. (381)  

In the surgical treatment of stress incontinence in 
women with bulking agents (382, 383)or synthetic 
slings several cases of urethrovaginal fistula have 
been reported.(384-387) (388-391) (see Figure 13) 

 
Figure 13. Urethro-vaginal fistula following mid-ure-
thral tape procedure for SUI 

Even conservative treatment of prolapse with pessa-
ries can lead to the formation of fistula, if these pes-
saries are neglected for an extended period of time, 
although fistula formation after only 2 weeks of pes-
sary use has been described.(28, 392) (see Figure. 
14) 

Urethrovaginal fistula have also been described in 
some Behçet patients with vasculitis and local necro-
sis of the urethrovaginal septum. (403, 404) 

 
Figure 14. Fistula in anterior vaginal fornix following 
use of shelf pessary for utero-vaginal prolapse 

Irradiation complications can also result in the for-
mation of urethrovaginal fistula.(405) 

3. DIAGNOSIS 

Clinical vaginal examination is often sufficient to diag-
nose the presence of an urethrovaginal fistula. Ure-
throscopy and cystoscopy can be performed to as-
sess the extent and location of the fistula. In cases of 
difficult diagnosis, voiding cystourethrography 
(VCUG) or ultrasound can be useful. (406) Double 
balloon urethrography is the classic examination to 
show urethral diverticulum and urethrovaginal fistula, 
but 3D MRI or CT scan is becoming utilized more 
widely. (407-409) 
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4. SURGICAL REPAIR 

Several techniques for urethrovaginal fistula closure 
have been described. A vaginal approach is mostly 
used. Surgical correction intends to create a conti-
nent urethra that permits volitional, painless, and un-
obstructed passage of urine. Depending on the size, 
localisation and aetiology of the fistula and the 
amount of tissue loss urethral reconstruction tech-
niques may be necessary to restore the urethra and 
to achieve post-operative continence. (393) 

4.1. Vaginal Approach 
Goodwin described in his series that a vaginal ap-
proach yielded a success rate of 70% at first attempt 
and 92% at second attempt, but that an abdominal 
approach only leads to a successful closure in 58% 
of cases. A vaginal approach required less operating 
time, had less blood loss and a shorter hospitalisation 
time.(410) 

Most authors describe surgical principles that are 
identical to those of vesicovaginal fistula repair: iden-
tifying the fistula, creation of a dissection plane be-
tween vaginal wall and urethra, watertight closure of 
urethral wall, eventual interposition of tissue, and clo-
sure of the vaginal wall.   Primary closure rates of 
53%-95.4% have been described (see table 8). Push-
kar et al. described a series of 71 women, treated for 
urethrovaginal fistula. 90.1% of fistula were closed at 
the first vaginal intervention. Additionally 7.4% were 
closed during a second vaginal intervention. Despite 
successful closure, stress incontinence developed in 
52%. The stress incontinent patients were treated 
with synthetic or autologous slings and nearly 60% 
became dry and an additional 32% improved. Ure-
thral obstruction occurred in 5.6% and was managed 
by urethral dilation or urethrotomy.(411)  

Advancement flaps of vaginal wall can be used to 
cover the urethral suture line. In some cases more 
advanced methods are used to close or to protect the 
urethral closure.  

In cases of difficult dissection and visualisation, ure-
thral sectioning has been advocated. (412) This tech-
nique is also being used in the repair of complex ure-
thral diverticula.(413) Fistulae that are located in the 
distal third of the urethra may also be marsupialized 
without compromising the continence mecha-
nism.(414)   Distal urethrovaginal fistula may be en-
tirely asymptomatic in which case repair is unneces-
sary.  

Blaivas advocates that vaginal flaps are usually the 
best option in dealing with urethral reconstruction, 
next to the possibility of offering anterior or posterior 
bladder flaps. Options for vaginal repair of fistula in-
clude primary closure, peninsula flaps, bilateral labial 
pedicle flaps, and labial island flaps. Outcomes are 
optimised by using exacting surgical principles during 
repair and careful postoperative management by an 
experienced reconstructive surgeon. (393) Patients 

with urethrovaginal fistulae due to synthetic slings, 
should be counselled that de novo or persisting stress 
incontinence can occur and that additional conserva-
tive or surgical treatment may be necessary.(389, 
390, 415) 

4.2. Labial and Vaginal Flaps and 
Neourethra 

The simplest flap is a vaginal advancement flap. (416)  

Labial tissue can be harvested as a pedicled skin flap. 
This labial skin can be used as a patch to cover the 
urethral defect, but can also be used to create a tub-
ular neo-urethra. (417, 418) The construction of a 
neo-urethra has mostly been described in traumatic 
aetiologies. In some cases a transpubic approach 
has been used. (419) The numbers of patients re-
ported are small and there are no data on the long-
term outcome of fistula closure and continence rates. 
The underlying bulbocavernosus tissue can be incor-
porated in the pedicled flap and probably offers a bet-
ter vascularisation and more bulking to the repair. 
This could allow a safer placement of a sling after-
wards, in those cases where bothersome stress in-
continence would occur postoperatively. (420, 421)  

4.3. Martius Flap 
While in obstetrical fistula repair, it was not found to 
have any benefit in a large retrospective study in 440 
women, the labial bulbocavernosus muscle / fat flap 
by Martius is still considered by some to be an im-
portant adjunctive measure in the treatment of geni-
tourinary fistula where additional bulking with well 
vascularised tissue is needed. (422)  Rangnekar et 
al. report on 12 patients with urethrovaginal fistula, of 
whom eight were treated with a Martius flap and 4 
with a conventional repair.  Only one out of the  eight 
had a fistula recurrence, while  three  out of  four of 
the conventional repairs broke down; it should be 
noted however that these cases were not randomised 
between surgical techniques.(423) Punekar et al. de-
scribed 15 patients with complex and recurrent fis-
tula, using the skin island flap modification with excel-
lent results.(424) Radopoulus published a small se-
ries of five  recurrent and complex urethrovaginal fis-
tulae that all healed using a Martius flap. (425)The 
series of non-obstetrical aetiology are small and all of 
them are retrospective. There are no prospective 
data, nor randomised studies.(426, 427)  The indica-
tions for Martius flap in the repair of all types of fistula 
remain unclear.  

4.4. Rectus Muscle Flap 
Rectus abdominis muscle flaps have been described 
by some authors. (428, 429)Transvaginal urethrovag-
inal fistula closure was performed followed by a ped-
icled rectus abdominis muscle flap interposed be-
tween the fistula closure and vaginal suture line. The 
muscle flap was based on the inferior epigastric ves-
sels, and provided additional support to the urethra, 
bladder neck and bladder base. Urethrovaginal fistula 
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repair with the rectus abdominis muscle flap was suc-
cessful in all cases without recurrence.. Of the pa-
tients five (83%) were continent and able to void to 
completion at a mean follow-up of 23 months (range  
two to 66). 

4.5. Other Interposition Material 
A range of non-traditional interposition flaps and 
grafts have been reported by several authors. All of 
the publications only report on small patient numbers 
without long term outcomes or continence data.    

Golomb et al. reported the use of a fascial patch, 
while adding a rectus fascia sling to a urethrovaginal 
fistula repair.(430) Omentum is extensively used in 
abdominal approaches to VVF, but Janez et al. used 
it during a vaginal approach in  three patients with 
good results.(431)  

The gracilis muscle can be used as well, although the 
experience is limited. The graciloplasty was de-
scribed by Ingelman-Sundberg in 1947 and has been 
adapted by other surgeons in the treatment of fistula. 
The number of patients reported is low as is the qual-
ity of the evidence. (432-434) 

Non-autologous material has been used as well. Low-
man et al. described the use of porcine dermis inter-
position and a synthetic sling in an irradiated patient. 
Other biodegradable materials have been used, alt-
hough the quality of available data is low and is insuf-
ficient to advocate their use. (435) (436)   Non-vascu-
larized tissue grafts should be used with caution in 
such cases as the aetiology of the initial tissue dam-
age resulting in fistula is often ischemic.   

5. POSTERIOR APPROACH 

In cases of high fistula with difficult vaginal access, a 
perineal pararectal approach has been described. 
Some variations exist in the incisions and dissection 
planes. The anterior sagittal transrectal approach 
(ASTRA technique) and the posterior sagittal 
pararectal approach only have been reported in small 
observational series. (437, 438) (439-441)  

6. ABDOMINAL APPROACH 

Female urethral injuries may cause serious morbidity 
with loss of the entire urethra in some cases. Ahmed 
et al.  reported the results of construction of a ne-
ourethra by the flipped anterior bladder-tube tech-
nique in five girls aged 3-18 years (mean  eight 
years). All had pelvic fractures. Three patients came 
with a suprapubic cystostomy, one was totally incon-
tinent, and another had an urethrovaginal fistula. 
Three had an associated vaginal injury. All five pa-
tients underwent construction of a neourethra using a 
flipped anterior bladder-wall tube (FABWT) and have 
been followed for 18-80 months (mean 44 months). 
All patients were continent in the daytime and three 
were voiding spontaneously without the need for 

catheterisation.   Two were managed by clean inter-
mittent catheterisation (CIC), one per urethram and 
other via a continent abdominal stoma (Mitrofanoff). 
(442) 

A retropubic retrourethral technique has been de-
scribed by Koriatim (443) This approach allows a ure-
throvesical flap tube to be fashioned to form a conti-
nent neourethra. Urodynamic studies showed that the 
proximal vesical and distal urethral components of 
the neourethra contribute to sphincteric function. For 
larger fistula an enwrapping technique has been de-
scribed as well. (444) 

7. COMPLICATIONS 

Little information can be found on complications after 
urethrovaginal fistula repair. A short report on four 
cases by Tehan et al. describes a disappointing ex-
perience in the transvaginal repair of these fistulae. 
These authors advocate a suprapubic bladder flap or 
bladder tube technique to achieve a functioning ure-
thra.  Complications following surgical repair have 
been fistula recurrence, urethral shortening and re-
traction, persistent reflux, bladder calculi, and bladder 
cancer (445) 

8. FOLLOW UP  

In most series of urogenital fistula repair, follow-up is 
of very short duration.  Dolan et al. investigated uri-
nary and sexual symptoms and quality of life in a 
group of 31 women 50 months (median) after suc-
cessful repair of urogenital fistula using the Bristol Fe-
male Lower Urinary Tract Symptom question-
naire.(446) All women had undergone urodynamic in-
vestigation prior to their repair surgery, and only 36% 
had normal findings. Almost all women reported one 
or 

more symptoms, and for 65%, these caused at least 
‘a bit of a problem’, although 87% said that their uri-
nary symptoms had little or no impact on their quality 
of life. Symptoms were similar in urethrovaginal and 
vesicovaginal fistulae and were not significantly asso-
ciated with prior functional abnormality. 
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9. RECOMMENDATIONS 

Urethrovaginal fistula are preferably treated by a vaginal approach  C 

A variety of autologous tissue interposition techniques have been described, but their value remains uncertain  C 

Urethrovaginal fistula repair may be complicated by stress incontinence, urethral stricture and urethral 
shortening necessitating long-term follow-up 

C 

 GENERAL CONCLUSION  
Fistulae can have a devastating impact on the quality 
of life of women. In developing countries the number 
of obstetric fistula is still unacceptably high, due to 
poor peri-natal care in many countries. The experi-
ence and skill of several fistula surgeons should be-
come available and transferable to many other sur-
geons, interested in this field. But more importantly 
major efforts are necessary to prevent fistula in those 
circumstances.  

In the developed world, fistulae are less common and 
the outcome of fistula repairs seems to be reasona-
ble. More prospective research is needed in this field. 
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 INTRODUCTION 

1. EVIDENCE ACQUISITION 

The unrestricted, fully exploded Medical Subject 
Heading (MeSH) “interstitial cystitis” (including all re-
lated terms as “painful bladder syndrome”, bladder 
pain syndrome”, or different terms such as “chronic 
interstitial cystitis”, etc.) were used to thoroughly 
search the PubMed database 
(http://www.ncbi.nim.nih.gov/pubmed) of the United 
States National Library of Medicine of the National In-
stitutes of Health fro the years 2013-2016.  Six hun-
dred seventeen publications in English or with Eng-
lish abstracts were reviewed. 

Focus was on clinical trials, randomized controlled tri-
als, meta-analyses, scientific guidelines, and core 
clnical journals.  The literature update this achieved 

was added to the previously existing database re-
flected in the 2013 publication that was established 
according to a similar protocol.  (1) 

Rating of the level of evidence and grade of recom-
mendation was performed according to the Oxford 
Scale.  The committee believes that the Oxford sys-
tem for categorizing levels of evidence is primarily rel-
evant only for the sections on treatment which follow.  
While the committee’s opinions will be expressed, 
where applicable, regarding evidence and conclu-
sions for other areas, including diagnoses, aetiology, 
and pathophysiology, use of the Oxford system in this 
context is more open to interpretation.   

2. DEFINITION 

Bladder Pain Syndrome (BPS) is a clinical diagnosis 
that relies on symptoms of pain in the bladder and or 
pelvis and other urinary symptoms like urgency and 
frequency. Based on the evolving consensus that 
BPS probably is strongly related to other pain syn-
dromes like Irritable Bowel Syndrome, Fibromyalgia 
and Chronic Fatigue Syndrome, the European Soci-
ety for the Study of Bladder Pain Syndrome (ESSIC) 
published a comprehensive paper on definition and 
diagnosis of BPS.(2) 

BPS was defined as chronic (>6 months) pelvic pain, 
pressure, or discomfort perceived to be related to the 
urinary bladder accompanied by at least one other 
urinary symptom such as persistent urge to void or 
frequency. Confusable diseases as the cause of the 
symptoms must be excluded. Further documentation 
and classification of BPS might be performed accord-
ing to findings at cystoscopy with hydrodistension and 
morphological findings in bladder biopsies. (table 2) 
The presence of other organ symptoms as well as 
cognitive, behavioural, emotional, and sexual symp-
toms should be addressed. 

This definition has been broadly accepted although 
actual wording differs somewhat (3).  Because omit-
ting the name “Interstitial Cystitis” might cause seri-
ous problems in different health systems by affecting 
reimbursement and disability determinations, the 
name Bladder Pain Syndrome/ Interstitial Cystitis 
(BPS/IC) could be used in parallel with BPS for the 
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time being.  In this chapter, as in the 2008 Consulta-
tion, the term Bladder Pain Syndrome largely re-
places the older Interstitial Cystitis term, but the two 
are essentially interchangeable as there is no ac-
cepted definition that clearly delineates the interstitial 
cystitis syndrome from bladder pain syndrome.  The 
Consultation believes the latter term more appropri-
ately describes the disorder.  An argument to move 

the Hunner lesion phenotype out of the BPS frame-
work and regard it as a separate disorder is made in 
section 2. 

Historically, definitions of IC have moved from a se-
vere inflammatory bladder disease to a condition de-
scribed primarily by symptoms (table 1). (3) 

Table 1 Historical definitions of interstitial cystitis  

1887 Skene {Skene 1887}: An inflammation that has destroyed the mucous membrane partly or wholly and 
extended to the muscular parietes. 

1915 Hunner: {Hunner 1915}: A peculiar form of bladder ulceration whose diagnosis depends ultimately on its 
resistance to all ordinary forms of treatment in patients with frequency and bladder symptoms (spasms).  

1951 Bourque {Bourque 1951} : Patients who suffer chronically from their bladder; and we mean the ones who are 
distressed, not only periodically but constantly, having to urinate at all moments of the dav and of the night 
suffering pains every time they void. 

1978 Messing and Stamey {Messing 1978} : Nonspecific and highly subjective symptoms of around-the-clock 
frequency, urgency, and pain somewhat relieved by voiding when associated with glomerulations upon bladder 
distention under anesthesia.  

1990 Revised NIDDK Criteria: Pain associated with the bladder or urinary urgency, and, glomerulations or 
Hunner's ulcer on cystoscopy under anesthesia in patients with 9 months or more of symptoms, at least 8 voids 
per day, 1 void per night, and cystometric bladder capacity less than 350cc. {Gillenwater 1988} {Hanno 1990a} 

1997 NIDDK Interstitial Cystitis Database Entry Criteria {Simon 1997a}: Unexplained urgency or frequency (7 or 
more voids per day), OR pelvic pain of at least 6 months duration in the absence of other definable aetiologies. 

2008 European Society for the Study of Bladder Pain Syndrome (ESSIC) {VanDeMerwe 2008a}: Chronic (>6 
months) pelvic pain, pressure, or discomfort perceived to be related to the urinary bladder accompanied by at 
least one other urinary symptom such as persistent urge to void or frequency.  Confusable diseases as the cause 
of the symptoms must be excluded. 

2014 Multidisciplinary Approach to the Study of Chronic Pelvic Pain (MAPP) {Landis 2014}, National Institutes of 
Health: Chronic unpleasant sensation (pain, pressure, discomfort) perceived to be related to the urinary bladder, 
associated with lower urinary tract symptoms, in the absence of infection or other identifiable causes. 

2009/2016 East Asian Guideline {Homma 2009} {Homma 2016}: A disease of the urinary bladder diagnosed by 3 
conditions: lower urinary tract symptoms, Hunner lesion or mucosal bleeding after distention, and exclusion of 
confusable diseases.  The characteristic symptom complex (hypersensitive bladder syndrome) includes bladder 
hypersensitivity, usually associated with urinary frequency, with or without bladder pain.  

2011/2015 American Urological Association {Hanno 2011} {Hanno 2015}: An unpleasant sensation (pain, 
pressure, discomfort) perceived to be related to the urinary bladder, associated with lower urinary tract symptoms 
of more than 6 weeks duration, in the absence of infection or other identifiable causes. 

2015 Spanish Urological Association: {Esteban 2015} The unpleasant sensation (pain, pressure, discomfort) 
perceived in relation to the filling of the bladder and accompanied by at least another symptom of the lower urinary 
tract, either daytime or nightime, such as increased urinary frequency and in the absence of infection or another 
identifiable cause. 

 

The International Continence Society   (4) (ICS) used 
the term Painful Bladder Syndrome (PBS) defined as 
“ the complaint of suprapubic pain related to bladder 
filling, accompanied by other symptoms such as in-
creased daytime and night-time frequency, in the ab-
sence of proven urinary infection or other obvious pa-
thology”. ICS reserved the diagnosis Interstitial Cysti-
tis (IC) to patients with “typical cystoscopic and histo-
logical features”, without further specifying these. It 
has however been shown, that only a fraction of pa-
tients believed by experts to have BPS fulfil this defi-
nition  (5). 

In the remainder of this chapter the condition will be 
referred to as bladder pain syndrome (BPS).  Some 
of the older literature may be discussed using the 
original terminology in the interests of clarity.  Logi-
cally “interstitial cystitis” should include some form of 
demonstrable inflammation in the bladder wall, while 
“bladder pain syndrome” should include pain in the 
region of the bladder (6). The diagnosis of BPS is 
based on exclusion of other diseases in the bladder, 
urethra, and other pelvic organs including the muscu-
loskeletal system. As with other diseases without 
clear objective diagnostic criteria or pathophysiologi-
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cal explanation, countless theories have been put for-
ward without adding much to the delineation or un-
derstanding of the disease.  

In practice, patients with symptoms of BPS are 
screened to exclude other relevant diagnoses or con-
fusable diseases  (2), and a focused evaluation is per-
formed at the discretion of the physician or centre. 
This evaluation might include cystoscopy under local 
or general anaesthesia, bladder distension with reg-
istration of bladder capacity and/or the presence of 
glomerulations and Hunner’s lesion. Bladder wall bi-
opsies might be obtained and evaluated for inflamma-
tion, ulcer, fibrosis, mast cells etc. The evaluation 
might also include urodynamics with registration of 

bladder capacity, compliance and bladder stability  
(7). One view of the relationship of BPS with OAB is 
graphically depicted in figure 1 (8). The 14% inci-
dence of urodynamic detrusor overactivity in the BPS  
(9)  patients is probably close to what one might ex-
pect in the general population if studied urodynami-
cally   (10).  

In the end, these investigations might prove to be nor-
mal and the patients are identified as having BPS as 
a diagnosis of exclusion. The relevance of urody-
namic, cystoscopic and histological findings is limited 
by a lack of consistency in technique, and it is there-
fore recommended to use the standardisations de-
scribed by ESSIC.(11) 

 HISTORY / NOMENCLATURE / 
TAXONOMY 

1. HISTORICAL NOTES 

Recent historical reviews confirm that interstitial cys-
titis was recognized as a pathologic entity during the 
19th century.  (12,13)   In his textbook Practical Ob-

servations on Strangulated Hernia and Some Dis-
eases of the Urinary Organs, Joseph Parrish, a Phil-
adelphia surgeon, described 3 problematic cases of 
recurrent, severe lower urinary tract symptoms in 
which he made repeated attempts to locate a bladder 
stone, which was the most common source for these 
symptoms in early 19th century America.  (14)  As 
Teichman et al have convincingly argued, these pa-
tients displayed all of the clinical hallmarks of IC in-
cluding chronic frequency, urgency, dysuria and pel-
vic pain in the absence of demonstrable pathology.  

 
Figure 1: Overactive Bladder (OAB) and its relationship to Bladder Pain Syndrome (BPS) Abrams, P., Hanno, 
P., and Wein, A.: Neurourol Urodyn, 24: 149, 2005. 
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(15) Although he used the term repeatedly in his man-
uscript, Parrish did not elaborate upon the clinical def-
inition of “tic doloureux,” likely because contempora-
neous physicians would have been familiar with the 
concept. However, Parrish attributed the term Tic 
doloreux to his mentor, Dr. Phillip Syng Physick, who 
had applied it to patients with severe lower urinary 
tract symptoms with no discernible etiology, with the 
most common etiology during the 19th century being 
bladder stones.  

A review of archival material from the Philadelphia 
College of Physicians indicates that by 1808 Physick 
had developed a concept of bladder inflammation, a 
“bladder ulcer,” that produced lower urinary tract 
symptoms in the absence of bladder stone.  (13)  Tic 
doloureux at its time represented a neurological irrita-
tion, most often associated with the trigeminal nerve 
but applicable to other sensory distributions as well, 
which produced pain and discomfort in the absence 
of injury or other specific physical findings. In applying 
the concept of tic doloureux to bladder sensation Par-
rish was ascribing the paroxysmal lower urinary tract 
symptoms occurring in patients to an idiopathic pro-
cess affecting the nerves of the bladder. This sophis-
ticated concept continues to be a prominent compo-
nent of modern theories of BPS pathogenesis. Fur-
thermore, Tic doloureux allowed him to formulate a 
diagnosis for those patients who chronically mani-
fested the symptoms caused by a stone (severe fre-
quency, urgency, dysuria and pelvic pain) but had no 
stone that could be detected. That is, he considered 
a neuropathic etiology in the absence of any other 
tangible causes of bladder pain. Clearly, this experi-
ence strongly resonates with the contemporary diag-
nosis of BPS.  

50 years after Parrish’s first publication on the condi-
tion, Skene used the term interstitial cystitis to de-
scribe an inflammation that has “destroyed the mu-
cous membrane partly or wholly and extended to the 
muscular parietes”.  (16)  Early in the 20th century, at 
a New England Section meeting of the American Uro-
logical Association, Guy Hunner reported on 8 
women with a history of suprapubic pain, frequency, 
nocturia, and urgency lasting an average of 17 years  
(17,18).  He drew attention to the disease, and the 
red, bleeding areas he described on the bladder wall 
came to have the pseudonym “Hunner’s ulcer”. As 
Walsh observed, this has proven to be unfortunate  
(19).  In the early part of the 20th century, the very 
best cystoscopes available gave a poorly defined and 
ill-lit view of the fundus of the bladder. It is not surpris-
ing that when Hunner saw red and bleeding areas 
high on the bladder wall, he thought they were ulcers. 
For the next 60 years, urologists would look for ulcers 
and fail to make the diagnosis in their absence. The 
disease was thought to be a focal, rather than a pan-
cystitis. 

Hand authored the first comprehensive review about 
the disease, reporting 223 cases  (20).  Many of his 
epidemiologic findings have held up to this day. His 
description of the clinical findings bears repeating. “I 

have frequently observed that what appeared to be a 
normal mucosa before and during the first bladder 
distention showed typical interstitial cystitis on subse-
quent distension”. He notes, “small, discrete, submu-
cosal haemorrhages, showing variations in 
form…dot-like bleeding points…little or no restriction 
to bladder capacity.” He portrays three grades of dis-
ease, with grade 3 matching the small-capacity, 
scarred bladder described by Hunner. Sixty-nine per-
cent of patients were grade 1 and only 13% were 
grade 3. Walsh later coined the term “glomerulations” 
to describe the petechial haemorrhages that Hand 
had described  (19).  But it was not until Messing and 
Stamey discussed the “early diagnosis” of IC that at-
tention turned from looking for an ulcer to make the 
diagnosis to the concepts that 1) symptoms and glo-
merulations at the time of bladder distention under 
anesthesia were the disease hallmarks, and 2) the di-
agnosis was primarily one of exclusion  (19,21) .  
However, this description was not suitable for defin-
ing this disease in a manner that would help physi-
cians make the diagnosis and set up research proto-
cols. 

The National Institute of Diabetes, Digestive, and Kid-
ney Disorders (NIDDK) held a major meeting in 1987 
with researchers and clinicians from around the world  
(22). This ultimately resulted in the 1990 Revised 
NIDDK Criteria: Pain associated with the bladder or 
urinary urgency, and, glomerulations or Hunner’s ul-
cer on cystoscopy under anesthesia in patients with 
9 months or more of symptoms, at least 8 voids per 
day, 1 void per night, and cystometric bladder capac-
ity less than 350cc.  (23) 

In order to validate the criteria, which were designed 
not for clinical diagnosis, but rather to ensure that pa-
tients enrolled in research trials could be agreed upon 
to have the disease, a database with broad entry cri-
teria was created.  The 1997 NIDDK Interstitial Cysti-
tis Database Entry Criteria: Unexplained urgency or 
frequency (7 or more voids per day), OR pelvic pain 
of at least 6 months duration in the absence of other 
definable etiologies  (24)  Urgency was not defined in 
the protocol.  Participants were given a 10 point scale, 
and those who scored 2 or higher on self report sat-
isfied the urgency criteria.  The protocol was written 
in 1992, a time when the definition of “urgency” was 
not a particularly controversial topic.  When a com-
parison of the NIDDK revised criteria with the data-
base entry criteria was performed, it was apparent 
that up to 60% of patients clinically believed to have 
interstitial cystitis by experienced clinicians were be-
ing missed when the NIDDK research criteria were 
used as a definition of the disease.  (25)  With the 
demise of the NIDDK criteria as an appropriate clini-
cal definition of the disorder, the next decade became 
an active one from an international standpoint in 
terms of wrestling with the issues of nomenclature, 
taxonomy and diagnosis.  (26) 
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A very complete and easily readable summary of the 
history of bladder pain syndrome was recently pub-
lished and the interested reader is referred to Jane 
Meijlink’s superb review of the topic.  (27) 

2. NOMENCLATURE AND 
TAXONOMY 

The literature over the last 170 years has seen nu-
merous changes in description and nomenclature of 
the disease. The syndrome has variously been re-
ferred to as tic doloureux of the bladder, interstitial 
cystitis, cystitis parenchymatosa, Hunner’s ulcer, 
panmural ulcerative cystitis, urethral syndrome, and 
painful bladder syndrome.  (12,15,16,18,28-30).  The 
term ‘‘interstitial cystitis,’’ which Skene is credited with 
coining and Hunner for bringing it in to common us-
age, is a misnomer; in many cases not only is there 
no interstitial inflammation, but also, histopathologi-
cally, there may be no inflammation at all.  (31-34) By 
literally focusing exclusively on the urinary bladder, 
the term interstitial cystitis furthermore does not do 
justice to the condition from both the physician’s and 
the patient’s perspective.   The textual exclusiveness 

ignores the high co-morbidity with various pelvic, ex-

tra-pelvic and non-urological symptoms (35) that fre-
quently precede the onset of the bladder condition.  
(36) 

With the formal definition of the term ‘‘painful bladder 
syndrome’’ by the ICS in 2002, the terminology dis-
cussion became an intense international focal point.  
(4) 

• In Kyoto at the ICICJ in March 2003, it was 
agreed that the term ‘‘interstitial cystitis’’ should 
be expanded to ‘‘interstitial cystitis/chronic pelvic 
pain syndrome’’ when pelvic pain is at least of 3 
months duration and associated with no obvious 
treatable condition/pathology. (37) 

• The European Society for the Study of Interstitial 
Cystitis (ESSIC) held its first meeting in Copen-
hagen soon after Kyoto. Nomenclature was dis-
cussed, but no decision was reached, as the 
meeting concentrated on how to evaluate pa-
tients for diagnosis.  (38) 

• At the 2003 meeting of the NIDDK titled, ‘‘Re-
search Insights into Interstitial Cystitis,’’ it was 
concluded that ‘‘interstitial cystitis’’ will inexorably 
be replaced as a sole name for this syndrome. It 

will be a gradual process over several years. At 

Table 2: Classification of Bladder Pain Syndrome: Criteria of International Association for the Study of Blad-
der Pain Syndrome (ESSIC) 

 
van de Merwe, J. P., Nordling, J., Bouchelouche, P., Bouchelouche, K., Cervigni, M., Daha, L. K. et al.: Diag-
nostic criteria, classification, and nomenclature for painful bladder syndrome/interstitial cystitis: an ESSIC 
proposal. Eur Urol, 53: 60, 2008 
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the meeting it was referred to as ‘‘interstitial cys-
titis/painful bladder syndrome’’ in keeping with 
International Continence Society nomencla-
ture.[40] 

• At the 2004 inaugural meeting of the Multina-
tional Interstitial Cystitis Association in Rome, it 
was concluded that the syndrome should be re-
ferred to as ‘‘painful bladder syndrome/interstitial 
cystitis’’ or ‘‘PBS/IC’’ to indicate an intellectual 
and taxonomical hierarchy within the acronym.  
(39) 

• The International Consultation on Incontinence 
in 2004, cosponsored by the ICS and Societe In-
ternationale d’Urologie in association with the 
World Health Organization, included the syn-
drome as a part of its consultation. The chapter 
in the report was titled, ‘‘painful bladder syn-
drome (including interstitial cystitis),’’ suggesting 
that the IC formed an identifiable subset within 
the broader syndrome. Because such a distinc-
tion is difficult to define, within the body of the 
chapter, co-authored by nine committee mem-
bers and five consultants from four continents, it 
was referred to as PBS/ IC (one inclusive entity).  
(40) 

• In June 2006 Abrams and colleagues published 
an editorial focusing on the nomenclature prob-
lem.  (41) They noted that: “It is an advantage if 
the medical term has clear diagnostic features 
that translate to a known pathophysiologic pro-
cess so that effective treatment may be given. 
Unfortunately, the latter is not the case for many 
of the pain syndromes suffered by patients seen 
at most pain, gynecological, and urological clin-
ics. For the most part these ‘‘diagnoses’’ de-
scribe syndromes that do not have recognized 
standard definitions, yet imply knowledge of a 
pathophysiologic cause for the symptoms. Unfor-
tunately the terminology used to describe the 
condition may promote erroneous thinking about 
treatment on the part of physicians, surgeons 
and patients. These organ based diagnoses are 
mysterious, misleading and unhelpful, and can 
lead to therapies that are misguided or even dan-
gerous.” The editorial went on to note that a sin-
gle pathologic descriptive term (interstitial cysti-
tis) for a spectrum of symptom combinations ill 
serves patients. The umbrella term ‘‘painful blad-
der syndrome’’ was proposed, with a goal to de-
fine and investigate subsets of patients who 
could be clearly identified within the spectrum of 
PBS. It would fall within the rubric of chronic pel-
vic pain syndrome. Sufferers would be identified 
according to the primary organ that appears to 
be affected on clinical grounds. Pain not associ-
ated with an individual organ would be described 
in terms of the symptoms. 

One can see in this the beginnings of a new paradigm 
that might be expected to change the emphasis of 

both clinical and basic science research, and that re-
moves the automatic presumption that the end-organ 
in the name of the disease should necessarily be the 
sole or primary target of such research. 

• At the major biannual IC research conference in 
the fall of 2006, held by the National Institute of 
Diabetes, Digestive, and Kidney Disorder s 
(Frontiers in Painful Bladder Syndrome/Intersti-
tial Cystitis), the ESSIC group was given a block 
of time in which to present their thoughts and 

conclusions. Because PBS did not fit into the tax-
onomy of other pelvic pain syndromes such as 
urethral or vulvar pain syndromes, and because 
IC is open to different interpretations, ESSIC 
suggested that Painful Bladder Syndrome be re-
designated as Bladder Pain Syndrome (BPS), 
followed by a type designation. BPS is indicated 
by two symbols, the first of which corresponds to 
cystoscopy with hydrodistention findings (1, 2, or 
3, indicating increasing grade of severity) and the 
second to biopsy (A, B, and C, indicating increas-
ing grade of severity of biopsy findings) (Table 
2). Although neither cystoscopy with hydrodis-
tention nor bladder biopsy was prescribed as an 
essential part of the evaluation, by categorizing 
patients as to whether either procedure was 
done, and if so, the results, it is possible to follow 
patients with similar findings and study each 
identified cohort to compare natural history, 
prognosis, and response to therapy.  (2As Bar-
anowski et.al. conceived it in early 2008  (42), 
BPS is thus defined as a pain syndrome with a 
collection of symptoms, the most important of 
which is pain perceived to be in the bladder.   IC 
is distinguished as an end-organ, visceral-neural 
pain syndrome, whereas BPS can be considered 
a pain syndrome that involves the end-organ 
(bladder) and neuro-visceral (myopathic) mech-
anisms. In IC, one expects end-organ primary 
pathology. This is not necessarily the case in the 
broader BPS. 

 
Figure 2: Current Conception of Bladder Pain Syn-
drome in Pain Spectrum 
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A didactically very demonstrative way to conceptual-
ize the dawning shift in conception of the condition is 
with the drawing of a target (Fig 2). There may be 
many causes of chronic pelvic pain. When an aetiol-
ogy cannot be determined, it is characterized as pel-
vic pain syndrome. To the extent that it can be distin-
guished as urologic, gynecologic, dermatologic, and 
the like, it is further categorized by organ system. A 
urologic pain syndrome can sometimes be further dif-
ferentiated on the site of perceived pain. Bladder, 
prostate, testicular, and epididymal pain syndromes 
follow. Finally, types of BPS can be further defined as 
IC, or simply categorized by ESSIC criteria. Patient 
groups have expressed their concerns with regard to 
any nomenclature change that potentially drops the 
term ‘‘interstitial cystitis’’ because the U.S. Social Se-
curity Administration and private insurances recog-
nize IC but not the term BPS, and benefits potentially 
could be adversely affected. Whether the term “inter-
stitial cystitis”, as difficult as it is to define and as po-
tentially misleading as it is with regard to aetiology 
and end-organ involvement, should be maintained in 
the context of bladder pain syndrome, is a subject of 
ongoing controversy. 

Taxonomy and nomenclature in Japan, Korea, and 
Taiwan use the umbrella term of “frequency/urgency 
syndrome” characterized by frequency (frequent 
voiding) and urgency (strong desire to void).  It is an 
inclusive term incorporating overactive bladder syn-
drome (OAB), hypersensitive bladder syndrome 
(HSB), and other conditions that are associated with 
frequency and urgency.  Urgency in OAB is charac-
terized by sudden onset and/or fear of leakage, while 
urgency in HSB is of a persistent nature and is asso-
ciated with the fear of pain. OAB-wet is a subgroup of 
OAB.  Painful bladder syndrome (PBS) is a subgroup 

of HSB with pain.  Interstitial cystitis is one of the dis-
eases manifest by frequency/urgency and overlaps 
with HSB and PBS.[11,44,45]   (figure 3) 

The American Urological Association refers to the 
syndrome under consideration as “interstitial cysti-
tis/bladder pain syndrome” (IC/BPS) and considers 
the terms synonymous.  (44) 

The International Association for the Study of Pain 
(IASP) has dropped the terms interstitial cystitis, pain-
ful bladder syndrome, and PBS/IC or BPS/IC and now 
recognizes the term “bladder pain syndrome” as the 
occurrence of persistent or recurrent pain perceived 
in the urinary bladder region accompanied by at least 
one other symptom, such as pain worsening with 
bladder filling and day-time and/or night-time urinary 
frequency.www.iasp-pain.org The reader is referred 
to the IASP website for an in depth discussion of pain 
taxonomy.  This work was spearheaded by Dr. An-
drew Baranowski and the Pain of Urogenital Origin 
(PUGO) group that is associated with IASP and con-
tributed to advancement of nomenclature and taxon-
omy over the last 5 years.  (41) 

At the joint meeting of the 3’rd International Consulta-
tion on Interstitial Cystitis, Japan and the ESSIC held 
in 2013 in Kyoto, it was agreed to limit the use of the 
term “interstitial cystitis” to patients with bladder pain 
syndrome and a Hunner lesion.  (45)  This is sup-
ported by findings that suggest that Hunner lesions or 
what was classically referred to as “interstitial cystitis” 
denote a truly different disorder than “bladder pain 
syndrome” and can either be considered a distinct 
phenotype lying within the BPS framework or a sepa-
rate disease entirely.  (46)  The finding of petechial 
bleeding in the bladder mucosa on distention (glo-
merulations) has not proven to be of any significance 
up to now and does not seem to guide either diagno-
sis or therapeutic decisions, and the absence of glo-
merulations likewise does not seem to impart any 
useful information in treating the symptomatic patient.  
(47)  

The large number of therapies available and the rela-
tive lack of predictable success with any one treat-
ment are largely a result of our inability at this time to 
properly phenotype patients who suffer from this 

 
Figure 3: East Asian View of Taxonomy adapted from 
Homma  (43) (see text for explanation) Homma Y. 
Lower urinary tract symptomatology: Its definition 
and confusion. Int J Urol 2008, Jan;15(1):35-43. 

 
Figure 4: International Consultation Conception of 
bladder pain syndrome and interstitial cystitis 
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symptom complex.  (48)  Development of biomarkers 
and better clinical phenotyping will be the next frontier 
in improving therapies and secondarily improving the 
taxonomy and nomenclature.  (49,50)   Major placebo 
effects in clinical trials have hampered our ability to 
determine useful phenotypes that might improve 
treatment responses.   (51,52)  

The Consultation believes that based on the pathol-
ogy and endoscopic findings characteristic of the 
Hunner lesion, the epidemiologic pattern that distin-
guishes it from bladder pain syndrome, the clinical re-
sponse to local treatment of the lesion by resection, 
fulguration, or steroid injection, the response to cyclo-
sporine,  and the absence of reports in the literature 
that non-Hunner patients go on to develop Hunner le-
sions (ie, the finding of Hunner lesion does not repre-
sent a continuum in the natural history of bladder pain 
syndrome), the presence of a Hunner lesion should 

be considered a distinct disease.  It therefore should 
drop out of the bladder pain syndrome construct, 
much like we do not consider other painful conditions 
like radiation cystitis, ketamine cystitis, or urinary tract 
infection a part of bladder pain syndrome.  Figure 4 

The Consultation concludes that it would be reason-
able to designate the Hunner lesion in symptomatic 
patients with the term “interstitial cystitis”, thus indi-
cating a true interstitial inflammation.  It would be de-
fined much as Hunner defined it 100 years ago, and 
harmonize to a great extent the Asian, European, and 
North American concepts of interstitial cystitis.  At the 
present time, Consultation will continue to refer to the 
symptom complex as “bladder pain syndrome”.  Hun-
ner lesion will be considered a distinct phenotype, but 
in the future may be classified as a separate disorder 
entirely, albeit with local symptoms that are difficult to 

Figure 5: BPS Prevalence Varies by Methodology 
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differentiate from bladder pain syndrome in the ab-
sence of endoscopy.  In other words, we may be com-
ing full circle in the historical perspective.  

 EPIDEMIOLOGY 

Since the clinical diagnosis of BPS remains contro-
versial, epidemiology studies of BPS have been prob-
lematic   (53).  The lack of an accepted definition, the 
absence of a validated diagnostic marker, and ques-
tions regarding etiology and pathophysiology make 
much of the literature difficult to interpret.  Overlap-
ping patterns of bladder pain, lower urinary tract 
symptoms and pelvic pain are common and present 
challenges for clinical practice and research   (54).  
The other major difficulty in evaluating various preva-
lence trials is that some are based on unverified self 
report, others by physician diagnoses (with or without 
some type of verification) or by identification of BPS 
symptoms (with or without exclusion of other confus-
able conditions). This confusion becomes apparent 
when one looks at the variation in prevalence reports 
in the United States and around the world.  These 
range from 3.5 per 100,000 population in Japan (55), 
to a questionnaire based study that suggests a figure 
in 20,000 per 100,000 in US women (56).   Studies, 
however, have consistently shown that bladder pain 
symptoms are more common than suggested by 
coded physician diagnoses (57).   Therefore, it is im-
portant to realize when examining epidemiological 
data in BPS, that the prevalence of this enigmatic 
condition can be estimated from patient self-reports, 
physician diagnoses and/or symptom based surveys, 
all of which will give a different figure.  A Conceptual 
diagram of the various manifestations of pelvic pain 
illustrates the problems in determining prevalence 
data. (figure 5)  

1. EARLY EPIDEMIOLOGICAL 
STUDIES 

One of the first population-based studies (58) in-
cluded “almost all the patients with interstitial cystitis 
in the city of Helsinki”.  This superb, brief report from 
Finland surveyed all diagnosed cases in a population 
approaching 1 million.  The prevalence of the disease 
in women was 18.1 per 100,000.  The joint preva-
lence in both sexes was 10.6 cases per 100,000.  Ten 
per cent of cases were in men.   

Another early population study, this in the United 
States, first demonstrated the potential extent of what 
had been considered a very rare disease (59).  The 
following population groups were surveyed: 1) ran-
dom survey of 127 board-certified urologists 2) 64 IC 
patients selected by the surveyed urologists and di-
vided among the last patient with IC seen, and the 
last patient with IC diagnosed 3) 904 female patients 
belonging to the Interstitial Cystitis Association and  
4) random phone survey of 119 persons from the US 
population.  This 1987 study reached the following 

conclusions (interestingly, most of these conclusions 
have stood the test of time and many further epidemi-
ological studies described later in this section):: 

1. 43,500 to 90,000 diagnosed cases of IC in the 
USA (twice the Finnish prevalence) 

2. Up to a five-fold increase in  IC prevalence if all 
patients with painful bladder and sterile urine had 
been given the diagnosis, yielding up to half mil-
lion possible cases in the USA 

3. Median age of onset 40 years 

4. Late deterioration in symptoms unusual 

5. 50% temporary spontaneous remission rate, 
mean duration 8 months 

6. 10 times higher incidence of childhood bladder 
problems in IC patients vs controls 

7. 2 times the incidence of a history of urinary tract 
infection vs. controls 

8. Lower quality of life than dialysis patients 

9. Costs including lost economic production in 1987 
of $427 million 

2. PATIENT SELF REPORT SURVEYS 

As mentioned earlier, the prevalence of BPS can be 
estimated from patient self-reports, physician diagno-
ses and/or symptom based surveys.  Jones and 
Nyberg (60) obtained their data from unverified self-
report of a previous diagnosis of IC in the 1989 Na-
tional Household Interview Survey.  The survey esti-
mated an overall prevalence of 500 per 100,00 popu-
lations (0.5% of the population), or >1,000,000 people 
in the United States with a self-reported diagnosis of 
IC. For women this prevalence figure was 865 per 
100,000.   As part of the third National Health and Nu-
trition Examination Survey (NHANES III), patients 
who answered yes to two questions (pain in the blad-
der/frequent urination and a diagnosis of IC or PBS) 
resulted in a remarkably similar estimated prevalence 
of 470 per 100,000 (850 per 100,000 women)  (61).  
These numbers must be viewed with caution because 
of inaccurate patient recall or confusion with other 
pain or bladder related conditions.  However these 
patient-reported diagnoses figures certainly suggest 
that BPS is a common occurrence. 

3. PHYSICIAN DIAGNOSES STUDIES 

Estimations of prevalence based on physicians’ diag-
noses may be thought to produce more accurate es-
timates, and while they do provide different figures, 
these are in part based on the local or geographic di-
agnostic criteria employed.  Bade et al (62)  used a 
physician questionnaire-based survey in the Nether-
lands yielding an overall prevalence of 8-16 per 
100,000 females, with diagnosis heavily dependent 
on pathology and presence of mast cells.  The Nurses 
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Health Study I and II  (63) showed a prevalence of IC 
between 52 and 67 per 100,000 in the USA.  This re-
port was based on self-reports with validation using 
data from medical records.  The prevalence of a phy-
sician based diagnosis of BPS in men and women in 
a managed care population in the US Northwest (61)  
was 197 per 100,00 women and 41 per 100,000 men.  
However, these rates decreased to 99 per 100,000 
women and 19 per 100,000 men if the definition of the 
condition was limited to individuals who had under-
gone cystoscopy.  Nickel, et al (64)  performed a pro-
spective practice audit in outpatient urology practice 
populations of 65 urologists and noted that the prev-
alence of IC and IC diagnosis in urology outpatient 
practice, confirmed by both investigation and symp-
tom scoring, was determined to be 2.8%.  This of 
course does not represent in any way the burden of 
this condition in the general population, but rather re-
flects the national referral and practice traditions.  
There are other limitations using physician diagnoses 
to determine prevalence.  Studies that utilize physi-
cian diagnoses to define the presence of BPS will 
likely underestimate the true prevalence, primarily be-
cause they do not identify patients with undiagnosed 
disease or they may not assign a diagnosis when the 
symptoms are present (reluctance to label a patient 
with the condition or alternatively are not familiar with 
diagnosing it).    

4. SYMPTOM BASED SURVEYS 

Another and possibly more sensitive method to ex-
amine prevalence and incidence of BPS is to assess 
the presence of symptoms that suggest BPS.  A fol-
low-up study utilizing the Nurses’ Health Study (NHS) 
cohort)  (65)  used a mailed questionnaire followed by 
a detailed supplementary questionnaire if the partici-
pant responded “yes” to a bladder or pelvic pain ques-
tion.  They observed that the prevalence of PBS 
symptoms was 1.7% in women younger than 65 
years and increased progressively to 4.0% in women 
aged 80 years or older.  This study suggested that the 
prevalence of BPS increases with age. Warren, et al  
(66)  combined a mail-in survey with randomly se-
lected telephone surveys to determine the prevalence 
of BPS amongst first degree relatives in comparison 
to that of the general population.  They concluded that 
adult female first degree relatives of patients with 
BPS may have a prevalence of BPS 17 times that 
found in the general population. This suggests but 
does not prove a genetic susceptibility to BPS.  The 
Boston Area Community Health (BACH) Survey (57), 
a population based cross-sectional survey of individ-
uals in the Boston area which included an in person 
interview, determined the prevalence of painful blad-
der symptoms to be 0.83% to 2.71% in women and 
0.25% to 1.22% in men depending of the definition 
used.   

The O’Leary Sant (OLS) and the Pelvic Pain and Ur-
gency/Frequency (PUF) questionnaires were com-
pared by Rosenberg and Hazard  (67) in the same 
general practice population of 1218 patients. The 

prevalence of BPS with the OLS was determined to 
be 0.57%, with the PUF the prevalence was deter-
mined to be 12.6%.     Leppilahti and colleagues 
(68,69)  estimated the prevalence of BPS in the gen-
eral Population of Finland using a rather robust defi-
nition based on the OLS to be 0.68%.  However, 
when a sample of those women was examined by 
one of the urologists, the more accurate prevalence 
was 0.3%.   

Clements et al employed (61)  3 different definitions 
of BPS related symptoms.  The first included only self 
reported pelvic pain with voiding symptoms.  The sec-
ond included increasing pain with bladder filling and 
relief with urination.  The third included a score of 12 
or more on the OLS, including 2 episodes of nocturia 
and a pain score of 2 or greater.  The prevalence es-
timates based on these definitions were 11,200 per 
100,00 women and 6,200 per 100,000 men for defini-
tion 1; 3,300 per 100,00 women and 1,400 per 100,00 
men for definition 2; and 6,200 per 100,000 women 
and 2,300 per 100,00 men for definition 3.  Using a 
similar methodology,  (70) it was concluded that the 
prevalence of BPS-like symptoms in South Korean 
women appear to be lower than in Europe  (71) and 
the United States, similar to Japan and higher than in 
China  (72). It is conceivable that the acknowledge-
ment by individual patients of these specific IC/BPS 
symptoms may be influenced by cultural differences. 

The most comprehensive and probably most accu-
rate estimation of the prevalence of BPS symptoms 
involved population based symptom prevalence esti-
mate using 2 validated case definitions to identify 
bladder pain syndrome/interstitial cystitis in 131,691 
adult females  (73). Based on a high sensitivity defi-
nition, 6.5% (6,500 per 100,000) of women met the 
symptoms criteria, while 2.7% (2,700 per 100,000) of 
women met the criteria for a high specificity definition.  
These percentages translated into 3.3 to 7.9 million 
US women over 18 years of age with symptoms of 
bladder pain and/or interstitial cystitis. But only 9.7% 
of these identified women reported being assigned a 
bladder pain syndrome or interstitial cystitis diagno-
sis.  A further study compared 3,397 women identified 
in this RAND Interstitial Cystitis Epidemiology (RICE) 
survey  (53) with urinary symptoms consistent with a 
diagnosis of IC/BPS to 277 women with an actual 
BPS diagnosis recruited from specialist practices in 
the USA (74).  The two cohorts showed remarkably 
similar demographics, symptoms and quality of life 
measures, confirming that BPS is a very prevalent 
condition that is very likely under diagnosed and un-
dertreated in the USA.  

4.1. Conclusion 
Based on these studies, it is impossible to determine 
an accurate estimation of the prevalence of BPS, but 
a review of studies done in the US shows that this is 
a very prevalent medical condition (Figure 4). It is 
clear that the most inaccurate prevalence figures are 
derived from patients self-reported recollection, while 
the prevalence of BPS symptom complexes are more 
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common than those based on physician diagnoses.   
It is apparent that there has been no standardized 
method of determining the prevalence of BPS, with 
wide variation of estimates in the same study employ-
ing different definitions or criteria for identifying the 
condition.  Many factors including bias, cultural differ-
ences, methodology, geographic variations in diag-
nostic criteria and/or possibly real differences in dif-
ferent populations lead to further variations between 
countries.   

4.2. Recommendation 
A reasonable prevalence estimation for patients diag-
nosed with BPS would be about 100-200 per 100,000 
women with a male prevalence of 10% to 20% of the 
female estimate.  The prevalence of women and men 
with symptoms suggestive of BPS could be as much 
as 10 to even a 100 times more. (figure 4) 

Level of Evidence: 1 Grade of Recommendation: 
A 

5. INCIDENCE 

Only a few estimates of Incidence have been re-
ported. The annual incidence of new female cases in 
Oravisto et al, 1975 study (58) was 1.2 per 100,000.  
The overall age- and sex-adjusted incidence rate of 
physician assigned diagnoses of BPS in Olmstead 
county (75)  was 1.1 per 100,00 per year (1.6 per 
100,00 per year for women and 0.6 per 100,000 for 
men.  Another review of physicians’ diagnoses iden-
tified a much higher yearly incidence of 21 per 
100,000 women and 4 per 100,000 men   (61). A phy-
sician-coded diagnosis supplemented with chart re-
view of the Kaiser Permanente database (76)  sug-
gested a BPS incidence rate of 15 per 100,000 
women per year.  The mean average age of patients 
was 51 years.  With such a wide variation between 
two similar studies in the same country, it is evident 
that we really do not have an accurate estimation of 
BPS incidence. 

5.1. Recommendation 
The available data suggests that the incidence of 
BPS diagnoses is somewhere between 1 and 15 per 
100,000 per year.  This does not include the women 
who have developed symptoms but have not been di-
agnosed with the condition. Level of Evidence: 1 
Grade of Recommendation: A 

6. OTHER CONSIDERATIONS 

6.1. Children 
Geist and Antolak]  (77) reviewed and added to re-
ports of disease occurring in childhood.  A childhood 
presentation of BPS is extremely rare and must be 
differentiated from the much more common and be-
nign-behaving condition variously called the urinary 
frequency syndrome of childhood or dysfunctional 

elimination syndrome, a self-limited condition of un-
known etiology.  Nevertheless, there is a small cohort 
of children with chronic symptoms of bladder pain, uri-
nary frequency, and sensory urgency in the absence 
of infection who have been evaluated with urodynam-
ics, cystoscopy, and bladder distention and have find-
ings consistent with the diagnosis of BPS.  In Close 
and colleagues’ review  (78) of 20 such children, the 
median age of onset was younger than 5 years, and 
the vast majority of patients had long-term remissions 
with bladder distention.  Rakow et al  (79) assessed 
28 women aged 13 to 25 with chronic pelvic pain syn-
drome and confirmed that 39% had a diagnosis of IC 
while a further 25% had both IC and endometriosis.  
The relationship between dysfunctional voiding and 
bowel symptoms in early life was suggested in a mail 
based questionnaire study in 215 BPS patients and 
823 controls  (80). Another study examining early 
childhood events  (79) showed that early childhood 
trauma, in particular sexual trauma was more com-
mon in IC/BPS patients than asymptomatic control 
subjects.   While not proven in these studies, it may 
be possible to link early childhood events to the even-
tual development of BPS symptoms.   

6.1.1 Recommendation 
IC/BPS should be evaluated in young women with 
complaining of chronic pelvic pain. Level of Evi-
dence: 1  Grade of Recommendation: A 

6.2. Men 
Most studies show a female to male preponderance 
of 5:1 or greater (40,61,81).   In the absence of a val-
idated marker, it is often difficult to distinguish BPS 
from the chronic pelvic pain syndrome (nonbacterial 
prostatitis, prostatodynia) that affects males (82,83), 
and the percentage of men with BPS may actually be 
higher  (84,85).   Men tend to be diagnosed at an 
older age and have a higher percentage of Hunner’s 
lesion in the case series reported.  In the Rand NIH 
epidemiology prevalence study the male to female ra-
tio approached one to one.  (86)  

6.2.1 Recommendation 
The Male to Female ratio of BPS cases is 1:5. Level 
of Evidence: 1  Grade of Recommendation: A 

6.3. Overlapping Non Bladder Syndromes 
While the obvious clinical pain site associated with 
the diagnosis of IC/BPS is the bladder (pelvic pain 
only), it has become quite evident that most women 
with BPS have multiple pain sites outside the bladder 
and pelvis area, with over 75% of women with a clin-
ical diagnosis of IC/BPS reporting pain outside the 
pelvis (pelvic pain and beyond).  (87) 

Multiple observations have shown that BPS patients 
are more likely than controls to have pain related syn-
dromes manifesting symptoms beyond the bladder 
and even the pelvis.  In 1997, Clauw, et al (35)  re-
ported on the symptom overlap between two cohorts 
of patients, one with fibromyalgia and one with BPS. 
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In the same year an analysis of a survey by Alagiri, et 
al  (88) of over 6,700 persons who had a physician 
diagnosis of Interstitial Cystitis reported that individu-
als with IC were 100 times more likely to have inflam-
matory bowel disease, and that allergies, irritable 
bowel syndrome, sensitive skin, and fibromyalgia 
also have an increased association with IC. The pres-
ence of non-bladder syndromes (NBSs) and BPS has 
further complicated the interpretation of epidemiolog-
ical studies. Investigators have subsequently com-
pared BPS patients to controls on multiple NBSs.   
Wu et al.  (36) compared 749 cases with BPS them 
to 1498 randomly selected and matched controls.  
Significantly more cases had FM, IBS, chronic pelvic 
pain (CPP), endometriosis, depression, anxiety and 
vulvodynia.  Clemens et al.  (89)  compared 239 
women with ICD-coded BPS to 717 matched controls 
and showed that cases significantly exceeded con-
trols in myalgias, gastrointestinal symptoms, gyneco-
logic pain, headache, back disorders, depression, 
and anxiety.  Warren et al.  (90)  demonstrated that 
significantly more BPS cases than matched controls 
had 11 antecedent syndromes:  FM, CFS, IBS, sicca 
syndrome, Chronic pelvic pain, migraine, allergies, 
asthma, depression, panic disorder, and vulvodynia.  
Nickel et al.  (91) found significantly higher preva-
lence of self-reported FM, CFS, IBS, migraine and 
tension headaches, vulvodynia, temporomandibular 
disorder and low back pain in 207 female BPS cases 
than in 117 controls as well as significantly more with 
depression and anxiety  (92) in a study in several urol-
ogy practices in 3 continents.   A review confirmed 
that fibromyalgia (FM), chronic fatigue syndrome 
(CFS), and irritable bowel syndrome (IBS) were as-
sociated with IC/BPS (93).  The etiological and epide-
miological questions that remain unanswered is how 
are these NBSs associated with BPS, do these NBSs 
precede or follow IC/BPS and do multiple NBSs in-
crease the risk of BPS.  Warren and colleagues  (94)  
have introduced a number of hypotheses, however 
the studies to validate these have not yet been done.  
Relatives of BPS patients appear to have an in-
creased risk of associated conditions including myal-
gia and fibromyalgia as well as constipation, suggest-
ing shared underlying genetic factors.  (95) 

One other NBS that is sometime neglected or forgot-
ten in these epidemiological associations is the asso-
ciation of BPS with sexual dysfunction.  Multiple stud-
ies have shown that women with BPS diagnoses or 
symptoms experience very high levels of sexual dys-
function  (96-99).  This is likely related to deep 
dyspareunia associated with anterior vaginal wall 
pain from a hypersensitive bladder but  can also be 
related to vulvodynia  (100), a common NBS seen in 
female IC/BPS patients. 

6.3.1 Recommendation 
Overlapping Non-bladder syndromes are common in 
patients with a diagnosis of BPS.Level of Evidence: 
1  Grade of Recommendation: A 

6.4. Progression  
The disease onset is generally described as subacute 
rather than insidious, and full development of the 
classic symptom complex occurs over a relatively 
short time.  It appears that BPS does  progress con-
tinuously, but usually reaches its final stage rapidly 
(within 5 years)  (101)  and then continues without 
significant change in symptomatology.  Subsequent 
major deterioration is unusual  (58).  The duration of 
symptoms before diagnosis was 3-5 years in the 
Finnish study  (58)  while a very early American study 
quoted 7-12 years (20).   The Interstitial Cystitis Da-
tabase Cohort (ICDB) of patients has been carefully 
studied, and the findings seem to bear out those of 
other epidemiologic surveys  (102).  Patterns of 
change in symptoms with time suggest regression to 
the mean and an intervention effect associated with 
the increased follow-up and care of cohort partici-
pants.  Although all symptoms fluctuated, there was 
no evidence of significant long-term change in overall 
disease severity.  The data suggest that BPS is a 
chronic disease and no current treatments have a sig-
nificant impact on symptoms over time in the majority 
of patients.  There is some data  (91) to suggest that 
some patients undergo a phenotypic progression 
over time from a purely organ specific (eg. bladder) 
condition to a regional pain syndrome (eg. IBS, vul-
vodynia) to a more generalized pain syndrome (eg. 
FM, CFS).  Long term longitudinal studies examining 
progression issues in BPS are lacking. 

6.4.1 Recommendation 
Epidemiological data required to describe progres-
sion patterns of BPS is lacking. Level of Evidence: 
1  Grade of Recommendation: A 

 ETIOLOGY 

The etiology of BPS remains an enigma.  Quite often 
hypotheses abound with sparse evidence to support 
them and some quickly are found to be untrue. For 
example, disturbed nitric oxide metabolism has been 
proposed to contribute to BPS, but later controlled 
studies using L-arginine therapy did not show thera-
peutic effect and failed to support the hypothesis. It is 
highly possible that BPS is induced by a variety of 
causes. Symptoms of urinary frequency and bladder 
pain are likely the final common presentation of blad-
der injury resulting from single or a combination of eti-
ologies.   And quite often it is hard to know whether 
the observed findings in clinical and animal research 
studies are results or causes of the bladder injury in 
BPS. 

1. IMMUNE CELL ACTIVATION 

Activation of immune cells, such as mast cells, is 
thought to have a role in the etiology and/or patho-
genesis of BPS. Mast cells are multifunctional im-
mune cells that contain highly potent inflammatory 



 

 
2218  COMMITTEE 19. BLADDER PAIN SYNDROME 
 

mediators such as histamine, leukotrienes, seroto-
nins, and cytokines.  (103)  These cells are the repos-
itories of many potent inflammatory factors.  Many of 
the symptoms and findings in BPS with Hunner le-
sion, such as pain, frequency, oedema, fibrosis, and 
the production of new vessels in the lamina propria, 
could possibly be ascribed to the release of mast cell-
derived factors.  Hence, the mast cell-IgE system and 
its interaction with other inflammatory cells and the 
nervous system (104) seems to be of importance 
when it comes to pathogenesis. There is a significant 
increase in mast cell count in subepithelial region 
from BPS patients with Hunner lesions as compared 
to non-Hunner lesion BPS patients or patients with 
overactive bladder syndrome.  (103,105,106)  

Activation of another type of immune cell, the plasma 
cell, could also be a factor in BPS. Akiyama el al 
found a characteristic infiltration of CXCR3-positive 
plasma cells in ulcer-type, but not in non-ulcer type, 
BPS. The CXCR3 pathway involves in chemotaxis of 
immune cells toward inflammatory sites and is im-
portant for inflammatory reaction.  (107) 

Level of Evidence: 1  Grade of Recommendation: 
A 

2. INCREASED PERMEABILITY OF 
THE UROTHELIUM DUE TO 

UROTHELIAL DYSFUNCTION/GAG-
LAYER DEFECTS 

The bladder urothelium plays a key barrier to keep 
low and high molecular weight solutes in the urine 
from leaking into bladder interstitium. The barrier in-
cludes a dense layer of glycosaminoglycans on the 
luminal surface and intercellular junctions. Intracellu-
lar junctions consist of tight junction, adherence junc-
tion, demosome and gap junction in the order of loca-
tion from the luminal layer to the basal layer. Studies 
have shown impaired function of intercellular junc-
tions of bladder urothelium of BPS patients. Zhang et 
al demonstrated significantly increased paracellular 
permeability, decreased expression of the tight junc-
tion proteins ZO-1 and occludin, and increased ex-
pression of the adhesion protein E-cadherin from pa-
tients with BPS.  (108)  Shie et al further showed that 
in the urothelium of the BPS bladder a reduced E-
cadherin expression was associated with a higher 
level of apoptosis.  (109) 

Dysregulation of microRNA expression might contrib-
ute to impaired cellular junction in BPS. Monas-
tyrskaya el al identified a microRNA miR-199a-5p as 
an important regulator of intercellular junctions. In 
BPS patients, miR-199a-5p was overexpressed in 
urothelial cells, resulting in an incorrect tight junction 
formation with increased urothelial permeability.  
(110,111)  

 A defect in the glycosaminoglycan (GAG) layer has 
been proposed by Parsons and co-workers (112) and 

later by Hauser et al (113)  With such a defect the 
sub-mucosal nerve filaments might become accessi-
ble to noxious substances in the urine and this might 
explain bladder pain and urinary frequency.  In Hun-
ner lesion BPS there is granulation tissue indicating a 
reparative process following repeated disruption of 
the mucosa.  (114) Widened tight junctions and in-
creased permeability have been demonstrated by 
scanning electron microscopy and other techniques.  
(115) 

Level of Evidence: 2  Grade of Recommendation: 
B 

3. INHIBITION OF BLADDER 
UROTHELIAL CELL PROLIFERATION 

One explanation of the bladder epithelial dysfunction 
might be that the cells produce an inhibitor of heparin-
binding epidermal growth factor-like growth factor in 
BPS.  (116)  It was shown that explanted urothelial 
cells from BPS patients differ from controls not only 
as to production of epithelial growth factors but also 
in the rate of proliferation and the production of an 
antiproliferative factor (APF).   Keay and co-workers 
(117) studied gene expression patterns in normal 
bladder urothelial cells treated with APF and with 
mock APF as compared to patterns expressed by 
BPS urothelial cells.  The results indicate that the 
mechanism of APF inhibition of urothelial cells may 
involve both down-regulation of genes that stimulate 
cell proliferation along with up-regulation of genes 
that inhibit cell growth.  The same group of research-
ers has indicated that APF seems to be specifically 
elevated in the urine of patients with BPS but not in 
normals or patients with confusable diseases.  These 
findings might open up avenues for identification of 
urine markers and treatment for BPS.  (118,119) 
There has not yet been confirmation of the im-
portance of antiproliferative factor by other laborato-
ries. 

Level of Evidence:2   Grade of Recommendation: 
B 

4. AUTOIMMUNE MECHANISMS 

There are numerous reports on autoantibodies in pa-
tients with BPS.  (120-123)  The precise identity of 
these of autoantibodies has yet to be determined.  
Some of the common clinical and histopathological 
characteristics present in BPS patients show certain 
similarities with other known autoimmune disturb-
ances.  Studies on autoantibodies in BPS have 
shown that these mainly consist of antinuclear anti-
bodies (122) and these findings are in turn similar to 
the autoantibody profiles in some systemic diseases 
like Sjögren syndrome, which is known to be of auto-
immune origin.  (124-126)   Only a portion of BPS pa-
tients have auto-antibodies.  It has been proposed 
that the presence of auto-antibodies in these patients 
could be a reflection of disease severity.  (127)  
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Vascular immunopathology with immune deposits in 
the bladder wall was found by Mattila.  (128)  Further 
studies also suggest activation of complement.  (129)  
By means of immunophenotyping and flow cytometric 
analyses of the bladder mucosa and peripheral blood, 
differences between ulcerative and non-ulcer BPS 
patients have been demonstrated.  In the former 
group intense T-cell infiltrates and B-cell nodules 
were seen, compared to far less T-cell infiltrates in 
non-ulcer BPS.  (130)  Involvement of the immune 
system is one feature found in some individuals with 
BPS, but findings are conflicting and have not been 
helpful in explaining the etiology.  The lack of thor-
ough descriptions of patients in many published stud-
ies has made classification and comparison between 
series impossible. 

Level of Evidence: 2 Grade of Recommendation: 
C 

5. INFECTION 

No microorganism has ever been proven to cause 
BPS. Lynnes and coworkers did not find any evi-
dence of recent or remote Gram negative or Gram 
positive infections in patients with BPS, nor did they 
find increased urinary IgA and IgG elevation.  
(131)(125)  Warren et al (132) in a case control study 
of women with recent onset of BPS symptoms, re-
ported that documented evidence of UTI at symptom 
onset was found in only a minority of patients.  How-
ever, Zhang et al showed that a high prevalence (11 
in 27 patients) of nanobacteria (NB) was observed in 
female BPS patients, and anti-NB treatment effec-
tively improved the symptoms, suggesting that some 
BPS might be caused by nanobacteria.  (133) Fur-
thermore, using 16S ribosomal DNA(rDNA) se-
quence data Siddiqui et al demonstrated alterations 
of microbiota in urine from women with interstitial cys-
titis.  (134)  Using culture independent method to 
compare the microbiota of the lower urinary tract in 
standard culture negative (for bacteria) female patient 
with BPS, Nickel et al showed that among women 
with BPS the prevalence of fungi (Candida and Sac-
charomyces sp.) was significantly greater in those 
who reported a flare compared to those who did not.  
(135) Nevertheless, the possibility of a microbial con-
tribution to the etiology of BPS remains an open ques-
tion. 

Level of Evidence: 1  Grade of Recommendation: 
A 

6. NEUROBIOLOGY/PELVIC CROSS-
TALK 

Several authors have described autonomic nerve 
changes[130-132], but the findings are far from uni-
form.  An increase of sympathetic innervation and ac-
tivation of purinergic neurotransmission has been re-
ported.  The S-100 family of proteins appear in 
Schwann cells of the peripheral nervous system.  

(136,137)  Decreased levels of S-100 protein in the 
non-ulcer group as compared to controls has been 
found (138), which is consistent with a decreased 
nerve content in patients with non-ulcer BPS, a find-
ing conflicting with the results of Hohenfellner (139)  
and Regauer (140) who used PGP9.5 antibody and 
found the nerve content increased in BPS patients 
with or without Hunner lesions as compared to OAB 
patients and controls.   A distinctive ultrastructural ap-
pearance of specimens from patients with non-Hun-
ner BPS prompted Elbadawi and Light to propose 
neurogenic inflammation as a trigger to a cascade of 
events taking place in this disease.  (141)  In this con-
text it should be noted that afferent nerves release 
transmitters like substance P which could activate im-
mune cells, or vasoactive intestinal polypeptide.  
These events may constitute a link to the immune cell 
system and promote a decrease of lymphocyte prolif-
eration. 

A prominent increase of tyrosine hydroxylase immu-
noreactivity in bladder tissue of BPS patients, as com-
pared to controls, has been described.  (142)  This 
can presumably be interpreted as a sign of generally 
increased sympathetic outflow.  This lends support to 
the notion of a neurogenic aetiology and or pathogen-
esis.  

Malykhina and others (143-147) have demonstrated  
in innovative animal studies that there is a bidirec-
tional neural cross-sensitization of the colon and 
lower urinary tract.  Acute colitis sensitized lumbosa-
cral spinal neurons receiving input from the urinary 
bladder result in spinal neuronal hyperexcitabiity that 
may be involved in central cross-organ sensitization 
of visceral nociception between the colon and urinary 
bladder.  This provides information which not only 
supports a neurogenic etiology but also may account 
for the substantial overlap of BPS with other chronic 
pelvic pain disorders, especially the inflammatory 
bowel disorders.  (84) 

Using contrast enhanced magnetic resonance imag-
ing, Towner et showed that in rats intravesical prota-
mine sulfate not only increased permeability of blad-
der urothelium, the permeability of colon was also in-
creased, further proving a cross-talk between bladder 
and colon.  (148)  

The brain might also play a role in the neurobiological 
component of BPS. Kairys et al found that females 
with BPS had a significant increase in gray matter vol-
ume in several regions of the brain, including the right 
primary somatosensory cortex, which was associated 
with greater pain, anxiety and urological symptoms.  
(149) 

Level of Evidence: 2  Grade of Recommendation: 
B 
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7. URINARY TOXIC AGENTS 

There are some publications suggesting that toxic 
substances in the urine may cause injury to the blad-
der resulting in symptoms consistent with BPS.  One 
published hypothesis is that the increased cationic 
urine components in BPS patients may impair GAG 
layer function and exert a cytotoxic effect on urothelial 
cells.  (150)  Tamm-Horsfall protein, which is synthe-
sized in the kidney and excreted into the urine, can 
neutralize cationic substance with its highly anionic 
property. A study has shown an abnormal glycosyla-
tion of Tamm-Horsfall protein occurs in patients with 
interstitial cystitis, resulting in a reduction in neutraliz-
ing  capability, and may have a role in causing BPS.  
(151)  Another group of investigators has suggested 
that defective constituent cytokine production may 
decrease mucosal defense to toxic agents.  (152)  

Level of Evidence: 3  Grade of Recommendation: 
D 

8. HYPOXIA 

Decreased microvascular density has been reported 
to be a feature of bladders from some individuals with 
BPS.  (153)  One group of investigators has reported 
that bladder perfusion decreased with bladder disten-
sion in some BPS patients compared to the opposite 
effect in control subjects.  (154)  The hypoxic hypoth-
esis is further supported a report by Lee et al, who 
found an increased expression of hypoxia-inducible 
factor-1(HIF-1) alpha in bladder tissue obtained from 
BPS patients.  (155)   However, it is still unknown why 
the BPS bladders would become hypoxic. Level of 
Evidence: 4  Grade of Recommendation: D 

9. THE ROLE OF GENETICS IN BPS 

Warren et al (156) report findings from a small cohort 
of twins which demonstrated a greater concordance 

of BPS among monozygotic that among dizygotic 
twins.  A later study by the same research group (66) 
suggested that adult female first-degree relatives of 
patients with BPS may have a prevalence of IC 17 
times that found in the general population.  This cou-
pled with the previously reported twin data suggests, 
but does not prove, a genetic component adds to the 
susceptibility for BPS. Another study on more than 
25,000 twins, Altman et al found that in female twins 
genetic factors contributed less than one-third of the 
total variation in susceptibility to BPS, suggesting that 
there could be a genetic susceptibility to BPS, alt-
hough environmental factors might also be substan-
tial in the development of BPS.  (157)  

The report by Weissman et al (158) of the increased 
frequency of BPS in patients and their first degree rel-
atives with panic disorder and other seemingly dis-
parate disorders, has suggested that there is a famil-
ial syndrome consisting of BPS and other disorders 
of possible autonomic or neuromuscular dysfunction.  
More recent studies by the same group (159) from a 
case control study, suggested that this syndrome 
might include other anxiety disorders as well, and that 
families with and without this collection of symptoms 
were genetically distinguishable on chromosome 13.  

Level of Evidence: 1 Grade of Recommendation: 
B 

10. CONCLUSIONS 

 It is now believed that the etiology of BPS is more 
complex than has been previously envisioned.  
(35,84,88,160-162)    The consideration of BPS as a 
part of a generalized somatic disorder should open 
new pathways to the study of BPS.  Investigators 
should continue to explore central neurological mech-
anisms of pathogenesis, as well as genetic/familial, 
immunological and infectious etiologies of this puz-
zling, complex disorder.  

An algorithm that attempts to illustrate an etiologic 
schema is presented (figure 6) 
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Figure 6: Theory of Etiology 
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 PATHOLOGY 
One can have pathology consistent with the diag-
nosis of BPS, but there is no histology pathogno-
monic of this syndrome. 

The role of histopathology in the diagnosis of BPS is 
primarily one of excluding other possible diagnoses.  
One must rule out carcinoma and carcinoma-in-situ, 
eosinophilic cystitis, tuberculous cystitis, as well as 
any other entities with a specific tissue diagnosis 
(114,163,164).Level of Evidence: 1  Grade of Rec-
ommendation: A 

The pathologic findings in BPS are not consistent.  
(165,166)  There has been a great variation in the re-
ported histologic appearance of biopsies from BPS 
patients, and even variation among biopsies taken 
from the same patients over time.  (22) 

Lepinard and colleagues (167) reported a pancystitis 
affecting the 3 layers of bladder wall.  In nonulcerative 
disease the vesical wall was never normal, epithelium 
being thinned and muscle being affected.  Johansson 
and Fall (114)  looked at 64 patients with ulcerative 
disease and 44 with nonulcerative IC.  The former 
group had mucosal ulceration and hemorrhage, gran-
ulation tissue, intense inflammatory infiltrate, ele-
vated mast cell counts and perineural infiltrates.  The 
nonulcer group, despite the same severe symptoms, 
had a relatively unaltered mucosa with a sparse in-
flammatory response, the main feature being multi-
ple, small, mucosal ruptures and suburothelial hem-
orrhages that were noted in a high proportion of pa-
tients.  As these specimens were almost all taken im-
mediately after hydrodistention, how much of the ad-
mittedly minimal findings in the nonulcer group were 
purely iatrogenic is a matter of speculation.   

One can see completely normal biopsies in the non-
ulcerative BPS group (168).  Transition from non-
ulcerative to ulcerative BPS is a rare event (169), and 
pathologically the two types of IC may be completely 
separate entities.  While mast cells are more com-
monly seen in the detrusor in ulcerative BPS (170), 
they are also common in patients with idiopathic blad-
der instability (171). Mastocytosis in BPS is best doc-
umented by tryptase immunocytochemical staining 
(172).  Larsen and colleagues recommend taking bi-
opsies from the detrusor of patients with suspected 
BPS and examining them with tryptase-stained 3 mi-
cron thick sections, with every seventh section used 
for quantification.  They consider 27 mast cells/mm2 
indicative of mastocytosis.  (173)  Despite attempts to 
develop a diagnostic algorithm based on the detrusor 
to mucosa mast cell ratio and nerve fiber proliferation 
(104), mast  cell counts per se have no place in the 
differential diagnosis of this clinical syndrome.   

Mast cells could be valuable in clinical phenotyping, 
but as yet that is unproven.  Mast cells trigger inflam-
mation that is associated with local pain, but the 
mechanisms mediating pain are unclear.  In a murine 
model of neurogenic cystitis, Rudick and colleagues 

(174) demonstrated that mast cells promote cystitis 
pain and bladder pathophysiology through the sepa-
rable actions of histamine and tumor necrosis factor 
respectively.  Therefore, pain is independent of pa-
thology and inflammation, and histamine receptors 
may represent direct therapeutic targets for the pain 
of BPS and other chronic pain conditions. 

Lynes and coworkers (33) concluded that biopsy 
specimens are often not helpful in confirming the di-
agnosis.  Although BPS patients in his study had a 
higher incidence and degree of denuded epithelium, 
ulceration, and submucosal inflammation, none of 
these findings was pathognomonic.  In addition, these 
"typical" findings occurred only in BPS patients with 
pyuria or small bladder capacity.  Epithelial and base-
ment membrane thickness, submucosal edema, vas-
cular ectasia, fibrosis, and detrusor muscle inflamma-
tion and fibrosis were not significantly different in the 
BPS and control patients. 

Attempts to definitively diagnose BPS by electron mi-
croscopy have also been unsuccessful.  Collan’s 
group (175), in the first such study, wrote that the sim-
ilarity of the ultrastructure of epithelial cells in controls 
and IC patients makes it improbable that the disease 
process originates in the epithelium.  Other investiga-
tors found no differences in the morphologic appear-
ances of the glycocalyx and of urothelial cells in pa-
tients with IC when compared with controls (176).  An-
derstrom and colleagues (115) saw no surface char-
acteristics specific for IC, but believed that the mucin 
layer covering the urothelial cells seemed reduced in 
IC compared with controls, a fact disputed by Nickel 
in a very elegant paper (177).  Elbadawi and Light 
(141) observed ultrastructural changes sufficiently 
distinctive to be diagnostic in specimens submitted 
for pathologic confirmation of nonulcerative interstitial 
cystitis.  Marked edema of various tissue elements 
and cells appeared to be a common denominator of 
many observed changes.  The wide-ranging discus-
sion of the etiology of IC in his paper is fascinating, 
but the pathological findings are potentially marred by 
the methodology, in that specimens were obtained af-
ter diagnostic hydrodistention.  (178) 

So what is the place of pathologic examination of tis-
sue in BPS?  Attempts to classify the painful bladder 
by the pathoanatomical criteria described by Holm-
Bentzen (179) are of questionable value.  There is a 
group of patients with what she describes as "nonob-
structive detrusor myopathy".  (180) In her series, 
these patients with degenerative changes in the de-
trusor muscle often had residual urine, a history of 
urinary retention, and an absence of sensory urgency 
on cystometry with bladder capacities over 400cc. 
Most would not be clinically confused with BPS.  A 
similar English series (181), however, included pa-
tients who met NIDDK research criteria and associ-
ated detrusor myopathy with diminished detrusor 
compliance and ultimate bladder contracture.  

The Interstitial Cystitis Database (ICDB) study 
worked backwards from symptoms to pathology, and 
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concluded that certain symptoms are predictive of 
specific pathologic findings (31,182).  Denson et. al.  
(34) analyzed forceps biopsies from 65 females and 
4 males with BPS.  Ten per cent of specimens 
showed vasodilatation or submucosal edema.  In-
flammation was absent in 30% of patients, and mild 
in another 41%.  Cystoscopic changes did not corre-
late with degree of inflammation.  Hanus and col-
leagues (183) studied 84 biopsies from 112 BPS pa-
tients and reported a linear relationship between the 
mean bladder capacity under anesthesia and severity 
of glomerulations.  They did not find a correlation be-
tween severity of symptoms and histopathological 
changes observed by light or electron microscopy. 

Richter and the Danish group showed studied 349 
consecutive BPS patients and concluded that noctu-
ria, detrusor mastocytosis, and detrusor intrafasicular 
fibrosis are associated with multiple treatments and 
presumed failure of standard urological therapy while 
bladder capacity and glomerulations are not (184).  In 
a Belgian study, cystoscopic parameters (glomerula-
tions, bleeding, mucosal tears, bladder capacity) 
showed no correlations with the histological features 
of bladder biopsies.  No correlations were found be-
tween inflammatory infiltrate and detrusor mastocyto-
sis.  In fact, detrusor mastocytosis was more elevated 
in biopsies with normal urinary epithelium than in 
those with damaged epithelium.  The study concludes 
that the clinical significance of pathological findings 
awaits future research findings.  (185)  

Rosamilia reviewed the pathology literature pertain-
ing to BPS in 2 publications and presented her own 
data (32,40).  She compared forceps biopsies from 
35 control and 34 PBS/IC patients, 6 with bladder ca-
pacities less than 400cc under anesthesia.  Epithelial 
denudation, submucosal edema, congestion and ec-
tasia and inflammatory infiltrate were increased in the 
BPS group.  Submucosal hemorrhage did not differ-
entiate the groups, but denuded epithelium was 
unique to the BPS group and more common in those 
with severe disease.  The most remarkable finding in 
her study was that histological parameters were nor-
mal and indistinguishable from control subjects in 
55% of BPS subjects.  Method of biopsy can be im-
portant in interpreting findings, as transurethral resec-
tion biopsies tend to show mucosal ruptures, submu-
cosal hemorrhage and mild inflammation (114), while 
histology is normal approximately half the time with 
cold-cup forceps biopsies (32,33,186). 

Histopathology plays a supportive diagnostic role at 
best (187).  Major reconstructive procedures appear 
to have better outcomes in patients with pathology 
consistent with Hunner’s lesions.  (188)   Inflamma-
tory features can be seen in 24% to 76% of patients 
without a visible Hunner’s lesion.  (189)  While studies 
suggest that a severely abnormal pathology may be 
associated with poor prognosis (190, 191)this is not 
necessarily the case (192).   

At this point in time, excluding other diseases that are 
pathologically identifiable is the primary utility of blad-
der biopsy in this group of patients.  (193,194)  
Whether or not increased bladder permeability is pre-
sent in an individual patient (195), cannot be deter-
mined by histopathologic techniques at the present 
time.  Findings typical of Hunner lesion pathology can 
be ascertained on biopsy of these lesions and rule 
outs malignancy or other confusable disorders. 

 DIAGNOSIS 

Much work has been put into the attempt to define 
objective diagnostic criteria based on, among other 
factors, cystoscopy under local or general anesthe-
sia, bladder distention with registration of bladder ca-
pacity and/or possible presence of glomerulations 
and Hunner lesion, bladder wall biopsies evaluated 
for inflammation, ulcer, fibrosis, mast cells, etc. and 
urodynamics with registration of bladder capacity, 
compliance and bladder stability.  Results have, how-
ever, been frustrating.  It is more fruitful to establish a 
broad clinical diagnosis, mainly on the basis of symp-
toms and exclusion of other diseases, and then strat-
ify patients by urodynamic, cystoscopic, histological, 
and other tests on the basis of the significance of 
these findings for results of treatment and prognosis 
of disease.  Current efforts to phenotype the disorder 
by the presence or absence of associated syndromes 
and diseases may also prove useful in the same way.  

What follows is based solely on expert opinion.  

Level of Evidence:4  Grade of Recommendation: 
C 

It is hoped that future Consultations will have the data 
to base such suggestions on a firmer foundation. 

1. HISTORY 

A general thorough medical history should be taken. 
Special emphasis should be given to: 

• Previous pelvic operations 

• Previous UTI 

• Bladder history/urological diseases 

• Location of pelvic pain (referred pain) and rela-
tion to bladder filling/emptying. 

• Characteristics of pain: onset, correlation with 
other events, description of pain 

• Previous pelvic radiation treatment 

• Autoimmune diseases 
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2. PHYSICAL EXAMINATION 

A common physical examination should be per-
formed including palpation of the lower abdomen for 
bladder fullness and tenderness: 

• Standing: kyphosis, scars, hernia 

• Supine: abduction/adduction of the hips, hyper-
aesthetic areas 

In females physical examination should include a 
vaginal examination with pain mapping of the vulvar 
region and vaginal palpation for tenderness of the 
bladder, urethra, levator and adductor muscles of the 
pelvic floor. Tenderness might be graded as mild, 
moderate or severe. 

Pain mapping 

Inspection: 

• Vulva 

o exclusion of vulvar/vestibular diseases (vul-
vitis, dermatosis etc.) 

o evaluation of introital area (endometriosis) 

o tenderness of vestibular glands or vulvar 
skin (Touch Test: use wet cotton stick or fin-
ger tip) 

• Vagina 

o tenderness during insertion and opening of 
speculum 

o cervical pathology 

o vaginal fornices (endometriosis) 

• Bimanual physical examination 

o tenderness of urethra, trigone and bladder 

o superficial/deep vaginal tenderness 

o tenderness of pelvic floor muscles (levator, 
adductor) 

o tenderness in adnexal areas 

In males digital rectal examination (DRE) should be 
performed with pain mapping of the scrotal–anal re-
gion and palpation of tenderness of the bladder, pros-
tate, levator and adductor muscles of the pelvic floor 
and the scrotal content. 

3. LABORATORY TESTING 

• Urine dipstick (ABS, pH, leucocytes, nitrate), 
urine culture in all. If sterile pyuria culture for tu-
berculosis. 

• Urine cytology in risk groups. 

• Investigations for vaginal Ureaplasma and Chla-
mydia in females and prostatitis in men are op-
tional. 

4. SYMPTOM EVALUATION 

• Voiding diary with volume intake and output for 3 
days at initial evaluation. Patient sensation at 
voiding might be recorded (see chapter outcome 
assessment, Hanno). 

• At follow-up only number of voidings during day 
and night time is necessary. Morning volume 
might be recorded as a help to monitor highest 
functional capacity. 

• The O’Leary–Sant Symptom Score supple-
mented should be used as basic symptom score 
supplemented with the Quality of Life Score from 
the International Prostate Symptom Score (see 
chapter symptom scales, Hanno3). 

Pain should be recorded using a Visual Analogue 
Scale (VAS) for pain during the last 24 hours (to fit 
with the voiding diary). Separate scores for the aver-
age, mildest and worst pain should be obtained (see 
symptom scales) 

5. URODYNAMICS 

The NIDDK criteria excluded patients with detrusor 
overactivity at filling cystometry in order not to con-
fuse the picture in clinical trials (22).  This does not 
however mean that detrusor overactivity can not co-
exist with bladder pain syndrome.  In the interstitial 
cystitis database approximately 14% of BPS patients 
had overactive bladders. (9)  Whether these patients 
respond better to antimuscarinics than BPS patients 
with stable bladders has never been systematically 
investigated.  If so, a rationale for routinely employing 
urodynamics as a part of the evaluation would follow.  
In males, infravesical obstruction might be a differen-
tial diagnosis (196), and it is recommended to do flow-
metry in all males and pressure-flow studies in men 
with a peak flow rate below 20ml/seconds.   

There are no data to support the following recommen-
dations: 

In females, flowmetry, post-void residual urine vol-
ume and pressure- flow study are optional. In males, 
a flowmetry should be done in all, and if maximum 
flow rate <20 ml/s a pressure-flow study and measure 
of residual urine volume should be done.  It is recom-
mended to perform filling cystometry with a filling rate 
of 50 ml/s (to comply with the revised Potassium Test 
- see below) to look for overactivity, volume at first 
desire to void and cystometric capacity. 

Level of Evidence:4  Grade of Recommendation:C 
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6. POTASSIUM TESTING 

Parsons has championed an intravesical potassium 
chloride challenge, comparing the sensory nerve pro-
vocative ability of sodium versus potassium using a 
0.4 M potassium chloride solution.  The test has 
proved controversial (39).  Pain and provocation of 
symptoms constitutes a positive test.  Whether the re-
sults indicate abnormal epithelial permeability in the 
subgroup of positive patients, or hypersensitivity of 
the sensory nerves is unclear.  Normal bladder epi-
thelium can never be absolutely tight, and there is al-
ways some leak, however small (197).  The concen-
tration of potassium used is 400meq per liter, far ex-
ceeding the physiologic urinary concentrations of 20-
80meq/liter depending upon dietary intake (198).  
Healthy controls can distinguish KCl from sodium 
chloride, though they don’t experience severe pain 
(199).  The hope is that this test may stratify patients 
into those who will respond to certain treatments (per-
haps those designed to fortify the glycosaminoglycan 
layer)  (200). 

Used as a diagnostic test for bladder pain syndrome, 
the potassium chloride test is not valid (201).  The 
gold standard in defining BPS for research purposes 
has been the NIDDK criteria.  These criteria are rec-
ognized to constitute a set of patients that virtually all 
researchers can agree have BPS, though they are far 
too restrictive to be used in clinical practice (25).  
Thus, this group of patients should virtually all be pos-
itive if the KCl test is to have the sensitivity needed to 
aid in diagnosis.  Up to 25% of patients meeting the 
NIDDK criteria will have a negative KCl test (202).  In 
the group it should perform the best in, it is lacking in 
sensitivity.  When we look at the specificity side of the 
equation, in the universe of asymptomatic persons, it 
performs relatively well and is rarely positive, alt-
hough a recent study reported a 36% false positive 
rate in asymptomatic men (203).  It is in the patient 
population with confounding conditions for which we 
would want help in sorting out BPS from other disor-
ders.  Sixty percent of patients with overactive blad-
der test positive (204) and virtually all patients with 
irritative symptoms from radiation cystitis and urinary 
tract infection test positive (202,205).  The results with 
chronic prostatitis / chronic pelvic pain syndrome in 
men are variable, but 50-84% of men have been re-
ported to test positive (203,206,207).  In women with 
pelvic pain results are similar (208), and based on 
these findings, Parsons has expressed the view that 
BPS may affect over 20% of the female population of 
the United States[201]!  Others have reported preva-
lence in unselected female textile workers in Turkey 
using similar methods at 32.8% (209).  Another way 
to interpret the findings would be that the KCl test is 
very nonspecific, missing a significant number of BPS 
patients and over-diagnosing much of the population.   

Prospective and retrospective studies looking at the 
KCl test for diagnosis in patients presenting with 
symptoms of BPS have found no benefit of the test in 
comparison with standard techniques of diagnosis 

(201,210,211).  A later modification of the test using 
0.3 molar potassium chloride for potential differentia-
tion between patients with IC and detrusor overactiv-
ity (DO) showed that the 0.3 M KCl reduces maximum 
cystometric capacity in BPS and DO, the effect being 
more pronounced in DO. Urothelial hyperpermeability 
was not specific to IC. Comparative cystometry using 
NS and 0.3 M KCl does not help to differentiate BPS 
from DO (212,213).  

The development of a painless modification of the po-
tassium chloride test (214)  using cystometric capac-
ity and a 0.2M solution may improve acceptability 
among patients. The so-called revised or Compara-
tive Potassium Test has shown prognostic value in 
bladder irrigation studies (215)  but is considered op-
tional by ESSIC. If performed it should be performed 
according to Daha et al.  (214):  A Foley balloon cath-
eter (14F) is inserted and the bladder drained. Instill 
into the bladder 500 ml saline (0.9%) at a rate of 50 
ml/min via an infusion set until the maximum capacity 
is reached. Drain the bladder and measure the saline 
filling volume. Repeat the instillation and measure-
ment with 500 ml 0.2 M potassium chloride at a rate 
of 50 ml/min (taking care that filling lines are emptied 
of all saline before KCl instillation), and calculate the 
filling volume difference. A difference in bladder ca-
pacity > 30% is considered positive. Besides reduc-
tion of bladder capacity with 0.2 M KCl there is a 
stronger feeling of urgency in IC patients compared 
to the saline filling, which is also clinically relevant. 

Level of Evidence:1  Grade of Recommendation: 
-A (not recommended) 

7. CYSTOSCOPY 

The classic cystoscopic picture of BPS as an “elusive” 
bladder ulcer with a corresponding cystoscopic ap-
pearance of patches of red mucosa exhibiting small 
vessels radiating to a central pale scar was described 
by Hunner in 1915 (17). (figures 7, 8 & 9 ) courtesy of 
Jorgen Nordling) 

Level of Evidence:2 Grade of Recommendation:B 
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After 1978, glomerulations, described as punctuate 
petechial hemorrhages and observed after hydrodis-
tention, became the primary cystoscopic feature of 
BPS (21).  (Figures 10 and 11, courtesy of Tomohiro 
Ueda) 

But not all patients with symptoms of BPS have glo-
merulations (25,34,184,216), and not all patients with 
glomerulations have symptoms of BPS (204,217-
219).  Neither presence nor severity of glomerulations 
correlate with any of the primary symptoms of BPS 
(31), although the presence of a Hunner’s lesion is 
significantly associated with bodily pain and urinary 
urgency (218). A recent review on glomerulations af-
ter bladder distension found no diagnostic or prog-
nostic value of this finding (47). The finding of a Hun-
ner’s lesion or glomerulations has been somewhat 
subjective.  Some researchers find a Hunner’s lesion 
in 50% of their BPS patients (220), while others rarely 
see one (221).   

No study comparing individual perceptions and varia-
tions in reporting or classifying glomerulations has 
ever been reported.  Bladder capacity during hydro-
distention has not drawn much attention, although it 
is strongly associated with increased urgency (222).  

Because considerable variation in the duration of dis-
tension, repetition of distension, the pressure used for 
distension, and the measurement of bladder capacity 
have been described (223), the ESSIC has sug-
gested a standardized procedure for cystoscopy and 
hydrodistension (38) 

 
Figure 10: Glomerulations at 80cm water pressure 

 
Figure 11: Typical waterfall after release of water 
pressure 

 
Figure 7: Hunner lesion prior to bladder distention 

 
Figure 8: Hunner lesion at 80cm water pressure 

 
Figure 9: Hunner lesion after distention and release 
of fluid 
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A rigid cystoscope is preferred to facilitate taking of 
adequate biopsies. Glycine or corresponding filling 
fluid should be used to allow for coagulation after bi-
opsies. Infusion height should be approximately 80 
cm above the Symphysis Pubis. A dripping chamber 
is used and the bladder is filled until fluid dribbling 
stops. If necessary, a digital block is applied around 
the urethra to prevent leakage. Pre-distension in-
spection includes observation for radiating vessels, 
coagulum or fibrine deposits, white spots, hyperae-
mia, oedema, cracks, scars or any other mucosal 
changes. Continuous inspection while filling the blad-
der is advised. When maximum capacity is reached, 
the distension is maintained for 3 minutes. The blad-
der is emptied and the colour of the fluid checked for 
the degree of bleeding. The total volume drained is 
the measured maximum bladder capacity. During a 
second filling, the bladder is filled to approximately 
1/3rd to 2/3rd of the bladder capacity to achieve opti-
mal vision for inspection and biopsies. The bladder 
should not be filled to maximum capacity or distended 
again to avoid further provocation of changes with 
doubtful reproducibility. 

7.1. Inspection 
Describe lesions in anterior wall, posterior wall, lateral 
quadrants and fundus. At the fundus one should be 
alert for possible artefacts if there is blind introduction 
of the scope. Bladder mapping by drawing is manda-
tory. Photographs are recommended but optional. 

7.2. Classification 
Grade 0 = normal mucosa 

Grade I = petechiae in at least two quadrants 

Grade II = large submucosal bleeding (ecchymosis) 

Grade III = diffuse global mucosal bleeding Grade IV 
= mucosal disruption, with or without bleeding/oe-
dema 

The importance of the finding of the finding of glomer-
ulations after hydrodistension is however as men-
tioned been questioned since 45% of asymptomatic 
females, 20% of males with LUTS suggestive of BOO 
and 85% of females with OAB and no bladder pain 
demonstrates typical glomerulations after hydro-
distension (204,219,224)  and 10-34% of patients 
with BPS do not (184,216)  

How useful is hydrodistention?   

Hydrodistension results fail to identify any statistically 
significant differences in post-distention objective 
findings (anesthetic capacity, glomerulations) or ther-
apeutic benefits when patients are categorized ac-
cording to presenting symptoms (225).  Cystoscopy 
with hydrodistention may provide little useful infor-
mation above and beyond the history and physical 
examination findings. In one study, 56% of 84 pa-
tients reported symptom improvement, but the dura-
tion was short lived with a mean of 2 months (226). It 
is necessary to distinguish between short term hydro-
distension (2-10 min.) for classification of BPS and 

long term hydrodistension (20-30 min.) for treatment 
(227). Many reports on the therapeutic effect of hy-
drodistension are from Asia and from a patient mate-
rial with IC based on the Asian definition (228), where 
up to 2/3 of the patients have frequency-urgency and 
no pain. 

Lamale and colleagues examined the relationships 
between symptoms and cystoscopic findings in 12 
women newly diagnosed with BPS who had not pre-
viously received treatment. Pain symptoms had con-
sistent positive correlations with the cystoscopic find-
ings. An increase in pain with bladder filling was as-
sociated with inflammation (P = 0.011), ulceration, 
and smaller bladder capacity. Pain relief after voiding 
correlated with smaller bladder capacity (P = 0.019), 
hematuria, and total cystoscopic score. Pain intensity 
in the urethra was related to ulceration and hematu-
ria, and pain in the lower abdomen was related to a 
smaller bladder capacity (P = 0.047), glomerulations, 
and a larger total cystoscopic score. Daytime fre-
quency correlated negatively with most cystoscopic 
findings, and nocturnal frequency had a positive rela-
tionship with most cystoscopic findings and was sig-
nificantly associated with a smaller bladder capacity 
(P = 0.010). Urgency showed no strong associations 
with any cystoscopic findings. The results of this 
study contradict those of previous studies that found 
no relationship between symptom reports and cysto-
scopic findings suggesting possible effects of treat-
ment on pain perception and therapeutic influence on 
cystoscopic findings (229). 

It is important to keep in mind that the cystoscopic 
appearance of the bladder wall after hydrodistention 
may not be constant over time, and the absence of 
initial findings of glomerulations or terminal hematuria 
does not preclude further development of these find-
ings of the disease on subsequent evaluation (230).  
Rare cases of hydrodistension induced bladder ne-
crosis have been described (231). 

8. MORPHOLOGY 

Pathological changes in light microscopic and elec-
tron microscopic features in patients with BPS have 
been described including infiltration with inflammatory 
cells in all or specific parts of the bladder wall.  Alt-
hough these findings are important in our attempt to 
understand the disease and perhaps as an aid to 
stratification of patients, there are at this time no path-
ognomonic findings on biopsy in terms of diagnosis 
(31).  Expert opinion as per the ESSIC suggests the 
following procedures when biopsy is planned for BPS 
evaluation (38):  

8.1. Biopsies 
During cystoscopy the bladder is distended to full ca-
pacity. After draining the bladder, bladder biopsies 
are taken at roughly half full bladder capacity: Biopsy 
procedures should be performed by using large for-
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ceps and include detrusor muscle; alternatively dou-
ble punch biopsies or resections of lesions can be 
used. 

8.2. Number of Biopsies 
At least 3 biopsies from the two lateral walls and blad-
der dome should be taken in addition to biopsies from 
visually abnormal areas. The biopsies are to be im-
mediately fixed in neutral buffered 4% formalin. 

8.3. Biopsy Handling 
Biopsies are treated conventionally. Six adjacent 3 
mm sections are cut and placed with 3 specimens on 
each of two specimen slides. The first slide is stained 
with H&E, the next with a connective tissue stain suit-
able for the individual institute. Twenty-four 10 mm 
sections are then cut and every third section is 
mounted on a specimen slide for mast cell counting. 
The specimens are stained by Lederstain (naphtoles-
terase) according to routine procedures. Finally, a 
3mm section is obtained to ensure the presence of 
detrusor muscle in the specimens. 

8.4. Mast Cell Counting 
The use of a measuring grid (e.g. Leitz periplan 6F 
10_N ocular containing a standardized grid) is neces-
sary. Only mast cells containing nucleus are included. 
When counting the cells those covering or touching 
the bottom should be excluded whereas those cover-
ing the upper and left line are included. At least 3 bi-
opsies must be the subject of mast cell counting and 
if possible one including a lesional area.  Biopsies for 
mast cell counting should contain detrusor muscle.  

8.5. The Pathology Report 

• Epithelium 

o Not present 

o Present 

o Dysplasia with grading 

o Abnormal but no dysplasia: description is 
mandatory. 

• Propria 

o Normal 

o Inflammation: description with a grading 

o Other findings are described 

• Detrusor muscle. Abnormal muscle cells: de-
scribe 

• Intrafascicular fibrosis 

o Not present 

o Present 

• Mast cell count: At least three biopsies should be 
included in the counting. Only the biopsy with the 

highest number of mast cells per mm2 should be 
reported 

The enzymatic (naphtolesterase) staining is, for the 
time being, recommended since standardized values 
are available: 

• less than20mast cells/mm2:no detrusor masto-
cytosis; 

• between 20 and 28 grey zone! 

• more than 28 mast cells/mm2: detrusor mastocy-
tosis. 

Larsen recommends examining the detrusor biopsies 
with tryptase-stained 3 micron thick sections, with 
every seventh section used for quantification; 27 
mast cells/mm2 is considered indicative of mastocy-
tosis (173). 

These guidelines have been reported to be easy to 
follow. A statistically significant correlation was found 
between the cystoscopic aspect and inflammatory in-
filtration, mast cell count in the detrusor muscle and 
stromal edema. Maximum bladder capacity was neg-
atively correlated with inflammation, detrusor mast 
cell count, hemorrhages and the overall cystoscopic 
aspect (232). Correlations have also been demon-
strated between urothelial damage and inflammatory 
infiltrates and between normal epithelium and detru-
sor mastocytosis suggesting either 2 different types 
of BPS or different stadiums in the pathophysiological 
process of BPS (185).  Also in a large retrospective 
study of 349 patients with BPS, it was found that treat-
ment intensity ranging from hydrodistension only to 
major surgery correlated positively to detrusor mast 
cell count, detrusor fibrosis and nocturia, but not to 
maximum bladder capacity or glomerulations after 
hydrodistension (233). 

9. BIOMARKERS 

The lack of universally accepted clinical diagnostic 
criteria for BPS affects all aspects of making progress 
in understanding this disease.  Insights into risk fac-
tors, pathogenesis, trials for effective therapy, prog-
nosis, and outcome criteria for treatment are all af-
fected by this lack of diagnostic criteria.  A major fac-
tor affecting the controversy over accepted clinical di-
agnostic criteria is that the current criteria are pre-
dominantly symptom specific.  An objective bi-
omarker would advance the establishment of repro-
ducible diagnostic criteria for BPS and also aid in 
monitoring effects of treatment.   

A biomarker for any disease needs to demonstrate 
high sensitivity and high specificity.  In addition, the 
marker assay needs to be reproducible in many la-
boratories and should be suitable for use in a clinical 
diagnostic laboratory.   

Many of the published studies on biomarkers for BPS 
have been on biomarkers isolated from urine.  Erick-
son et.al has published excellent reviews of urine 
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markers for BPS (234,235). The most thoroughly in-
vestigated marker is antiproliferative factor (APF).  
This factor has been identified and characterized by 
Dr. Susan Keay and her colleagues at the University 
of Maryland (236,237).  Control subjects for this study 
included asymptomatic individuals, patients with bac-
terial cystitis, and patients with vulvovaginitis.  APF is 
found in urine from the bladder and not from the renal 
pelvis (238-240).  Treatment of symptomatic BPS by 
either hydrodistention or neurostimulation normalized 
the APF levels concurrent with symptom relief (241).  
It is not known if other forms of treatment will affect 
APF levels.  Preliminary studies in 58 women with 
documented BPS demonstrated a sensitivity value of 
91.4% and a specificity of 90.6% (242).  A later study 
with 219 symptomatic BPS patients and 325 controls 
with and without other urological disorders docu-
mented the sensitivity as 94% and the specificity at 
95% (243).  APF has been isolated from urine and 
found to be a frizzled 8 protein-related sialoglycopep-
tide which interacts with the epithelial cell receptor 
CKAP4/p63 (244,245).    Keay et al have suggested 
that APF might inhibit cell proliferation by the down-
regulation of genes that stimulate cell proliferation 
along with the upregulation of genes that inhibit cell 
growth (117).  Cell growth inhibition of human urothe-
lial cells appears to be mediated by p53 (246).  APF 
treatment caused significant increases in the paracel-
lular permeability of normal bladder epithelial cell 
monolayers and the attenuation of tight junctions 
compared to mock APF, similar to changes seen in 
IC cells. APF treatment also decreased expression of 
the tight junction proteins zonula occludens-1 and oc-
cluding (245)  

APF seems an ideal candidate for a biomarker for 
symptomatic BPS.  There need to be additional stud-
ies to determine if it can serve as a BPS marker for 
patients in remission or for those who have not yet 
become symptomatic.  As of 2016, the findings on 
symptomatic patients have yet to be replicated by la-
boratories around the world, and the biologic assay 
has not proven suitable for commercial development 
as it currently exists. 

GP-51 is a glycoprotein present in both the transi-
tional epithelium and urine of humans and other 
mammals.  Moskowitz et. al have shown that bladder 
biopsies of BPS patients had decreased staining for 
GP-51 (247)  The same laboratory also demonstrated 
that although GP-51 demonstrates a high specificity 
for BPS, it is not as sensitive as APF (248).   

There have also been many published studies on 
heparin-binding epidermal growth factor-like growth 
factor (HB-EGF)  (117,239,240,249,250).  HB-EGF is 
a growth factor found in normal urine.  It has been 
shown that APF inhibits the production of HB-EGF.  
There have been no large population studies focusing 
solely on HB-EGF as a biomarker for BPS. 

Recent results from the MAPP studies indicate some 
urinary metabolites capable of discriminating female 
BPS patients from controls. Ethiocholan-3α-ol-17one 

sulfate (Etio-S) did so with a specificity and sensitivity 
>90%.  Among BPS patients Etio-S levels are corre-
lated with elevated symptom scores and could re-
solve high- from low- symptom BPS.  (251).  Clinically 
useful biomarkers may be a possibility in the future. 

10. CONFUSABLE DISEASES 

Criteria for a diagnosis are needed only if the target 
disease may be confused with other diseases (con-
fusable diseases) because of overlapping features 
(252). For a diagnosis, the target disease has to be 
recognized in a pool of confusable diseases in one of 
two ways: by recognition of the specific combination 
of features of the target disease or by exclusion of 
confusable diseases. For the diagnosis of BPS both 
methods might be used because: 

• Confusable diseases are more common than 
BPS, so recognition is mandatory because many 
can be treated. 

• Failure to diagnose a confusable disease would 
automatically incorrectly yield a diagnosis of 
BPS. 

• Patients may have a confusable disease plus 
BPS. 

The diagnosis of BPS can thus made on the basis of 
exclusion of confusable diseases and confirmation by 
the recognition of the presence of the specific combi-
nation of symptoms and signs of BPS. If the main uri-
nary symptoms are not explained by a single diagno-
sis (confusable disease or BPS), the presence of a 
second diagnosis is possible. Symptoms and signs 
for use in diagnostic criteria do not need to be specific 
for the target disease. On the contrary, if a specific 
symptom or sign existed for the target disease, a di-
agnosis would only require the presence of the spe-
cific feature and diagnostic criteria would not be nec-
essary. 

In evidence-based medicine, diagnoses are based on 
medical history, physical examination, and appropri-
ate clinical investigations to eliminate diseases from 
a list of differential diagnoses (confusable diseases) 
and to confirm the final diagnosis. BPS may occur to-
gether with confusable diseases such as chronic or 
remitting urinary infections or endometriosis. Cystos-
copy with hydrodistention and biopsies might in this 
situation document positive signs of BPS thereby 
making a double diagnosis more probable. For thera-
peutic studies it makes sense to exclude patients who 
also have a confusable disease because symptoms 
and signs may be caused by BPS, the confusable dis-
ease, or by both. For prevalence studies of BPS, on 
the other hand, all cases with BPS should be in-
cluded, also those with a confusable disease. This 
approach eliminates the need for separate diagnostic 
criteria for clinical practice and scientific studies. Ta-
ble 3 summarizes confusable diseases related to 
BPS and their mode of exclusion based upon the 
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aforementioned diagnostic proposals and procedures 
(38,2).  

 

Table 3: Differential Diagnosis of Bladder Pain Syndrome 

 
Van de Merwe J, Nordling J, Bouchelouche P, Bouchelouche K, Cervigni M, Daha LK et al. Diagnostic criteria, 
classification, and nomenclature for Painful Bladder Syndrome/Interstitial Cystitis: An ESSIC proposal. Eur. 
Urol. 2008;53:60. 

 

 BPS & GYNECOLOGICAL 
ASSOCIATED / CONFUSABLE 

DISORDERS 

1. INTRODUCTION  

In female population affected by BPS/IC  the gyneco-
logical diseases may be present in about 20% of pats. 
and  there is also an overlapping of musculoskeletal 
pathologies in 12% of cases.  (253)  

Here below the following most frequent gynecological 
disorders in BPS/IC population: 

2. PELVIC FLOOR DYSFUNCTION  

Pelvic floor dysfunction affects the anterior, apical or 
posterior vaginal compartment. There are  two types 
of dysfunction: hypotonic or LPFD and HPFD (see 

Table 1).  Many patients with BPS/IC have concomi-
tant HPFD, with muscle tenderness and spasms, and  
voiding dysfunction, both manifestations of pelvic 
floor hypertonicity. (254) 

It has been estimated that  the prevalence of HPFD 
in patients with BPS/IC ranges from 50% to 87%.  
(255)  

Pelvic floor  dysfunction exacerbates BPS/IC symp-
toms, and has been reported to appear in response 
to  events such as bladder inflammation, gait disturb-
ance, and trauma.  (256) 

Other pain disorders, such as irritable bowel syn-
drome, inflammatory bowel disease,  fibromyalgia, 
and vulvodynia are all found to have a high preva-
lence in HPFD and myofascial  pain.  (88)  

All these disorders are frequently associated with 
BPS/IC.  
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Table 4 Types of pelvic floor dysfunctions 

HYPOTONIC DISORDERS HYPERTONIC DISORDERS 

Stress Urinary Incontinence Overactive Bladder 

Pelvic Organ Prolapse BPS/IC  

Fecal Incontinence Vulvodynia 

 Chronic Pelvic Pain 

 Overactive bowel 

 Sexual Dysfunction 

3. PATHOPHYSIOLOGY  

In a normal bladder, the peripheral way of transmis-
sion is mediated by A∂-fibers that transfer tension, 
pain and cold.  Instead, the C-fibers transfer burning, 
heat, pain and itching;  they are normally silent, only 
becoming active in response to bladder inflammation 
or irritation. An inflammatory disorder of the pelvic vis-
cera, a trauma or exceptional behavior might elicit 
noxious stimuli to the sacral cord that sets up a pelvic 
floor  muscle dysfunction with sacral nerve hypersen-
sitivity and a sacral cord wind-up.  (257)  

The guarding reflex is a viscero-muscular reflex acti-
vated  with the aim of increasing the tone of the pelvic 
floor during  routine daytime activity. In BPS/IC pa-
tients, there is an afferent  autonomic bombardment 
that can enhance and maintain a  guarding reflex that 
manifests itself as a hypertonicity of the pelvic  floor. 

4. PHYSICAL EXAMINATION  

Patients with HPFD are unable to produce more con-
tractile strength and therefore cannot produce an ef-
fective squeeze. A  single finger can be introduced in 
the vagina to assess pelvic  floor awareness, and the 
ability to squeeze and relax the levator  ani. Often pa-
tients with HPFD will have a “V” configuration of  the 
introitus and, as a finger is advanced, it will drop off 
the  shelf caused by the contracted levator muscles. 
Active “trigger points” are often identified by an ex-
quisitely tender area palpable at the level of the pelvic 
side wall within a taut band that  reproduces the pa-
tient’s pain, as well as the referral pattern of  her pain.   

5. DIAGNOSTIC STUDIES  

Muscle activity can be measured using a perineome-
ter or an electromyography probe.  (258)  Urodynam-
ics include fluctuating or  interrupted flow, abnormal 
voiding studies, elevated urethral  pressure and ure-
thral instability. Schmidt and Vapnek observed  pain 
episodes in such patients coinciding with behavioral  
increase in the sphincter tone, more than in the blad-
der.  (147) 

When  symptoms involve obstructed defecation and 
rectal pain,  defecography should be used to identify 
the presence of a  non-relaxing pelvic floor or even 
parodoxic activity of the  pelvic floor during defeca-
tion.   

6. TREATMENT  

The pelvic floor therapy should be considered as a 
first-line  treatment in the case of HPFD. The goal of 
these stretching  exercises is to lengthen the con-
tracted muscles by decreasing tension, releasing trig-
ger points in the levator muscles, 56 re-educating the 
muscles to a normal range of motion and  improving 
patient awareness. The therapy also includes: behav- 
ior modification, muscle relaxants, Thiele’s massage, 
sacral and tibial neuromodulation, trigger point injec-
tions, and botulinum toxin.   

7. ENDOMETRIOSIS   

Endometriosis is the presence of endometrial glands 
or stroma  outside of the endometrial cavity and af-
fects 1–7% of the  general population.  (259)  

Up to 70% of women with endometriosis  have some 
type of pain symptoms, most commonly  dysmenor-
rhea, cyclic pelvic pain or deep dyspareunia.  (260)  

In women who undergo a laparoscopy to evaluate 
CPP, the prevalence of endometriosis is 30–90%.  
(261)  

Endometriosis pain is usually a visceral pain, and en-
dometriotic lesions produce inflammatory mediators, 
particularly prostaglandins F2alfa and E2.  (262) 

There is a high prevalence and association of IC and 
endometriosis. A study by Chung et al. of 178 women 
with CPP found that 65% of CPP patients suffered 
from both active  endometriosis and IC.  (263)  

In a prospective study carried out of 162 patients with 
CPP,  Paulson and Delgado found that 66% of the 
sample was diagnosed with both endometriosis and 
IC.  (264)  
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A recent systematic review estimated the prevalence 
of BPS/ IC, and the coexistence of BPS/IC and endo-
metriosis in women  with CPP. Nine studies including 
1016 patients with CPP showed the mean prevalence 
of BPS was 61%, of endometriosis 70%, and coexist-
ing BPS and endometriosis 48% (range 84 16–78%, 
CI 44–51%).   

These data suggest the importance of considering 
the bladder as the source of pain even where endo-
metriosis is confirmed, and in the case of unresolved 
endometriosis and persistent  pelvic pain, patients 
must be evaluated to rule out the presence  of 
BPS/IC.  (265) 

8. VULVODYNIA AND 
VESTIBULODINIA   

Vulvodynia, also known as vulvar vestibulitis or vulvar 
dysesthesia syndrome, literally means pain, or an un-
pleasant altered sensation, in the vulva. Pain can be 
unprovoked, varying  from constant to intermittent, or 
occurring only on provocation,  such in sexual inter-
course.   

The International Society for the Study of Vulvovagi-
nal  Disease defines vulvodynia as “vulvar discomfort, 
most often 98 described as burning pain, occurring in 
the absence of relevant  visible findings or a specific, 
clinically identifiable, neurologic  disorder”. This 
“burning pain” is suggestive of a neuropathic  pain re-
sponse.   

Classification of the vulvar pain might include local-
ized or  generalized pain, or both, provoked or non-
provoked and primary or secondary.  (266)  

Sometimes an area of redness might be  visible, but 
more often the vagina and the vulva show no abnor-
malities on gynecological or dermatological evalua-
tion. This  pain can affect women’s sexual life, which 
makes sex painful  and, in some cases, impossible. 
Women with vestibulodynia are likely to have at least 
two additional pain conditions, such as  fibromyalgia, 
irritable bowel syndrome, BPS/IC or chronic  fatigue 
syndrome.  (267) 

Peters et al. reported that vestibulodynia affects 25% 
of women with BPS/IC.  (268) 

The etiology of vulvodynia is presumed to involve 
many factors: infections and altered vaginal acid-
base balance, and the upregulation of pro-inflamma-
tory immune responses. (269) 

Furthermore, a large community-based study found 
that vulvodynia was strongly associated with child-
hood physical or sexual abuse.  (270) 

Because both the vestibule of the vulva and the blad-
der are derived from the urogenital sinus, it could be 
hypothesized that the coexistence of vulvodynia and 
BPS/IC in some patients represents a generalized 
disorder of urogenital sinus-derived epithelium.  (271) 

 From a histological point of view, various noxious 
stimula could cause changes in the vulvar epithelium: 
contraction in the pelvic floor, and mast cells activa-
tion with subsequent degranulation and release of 
histamine. This causes chronic pain and inflammation 
through the stimulation of peripheral neurons of the 
autonomic nervous system, an upregulation of the 
pain system, and a possible shift from nociceptive to 
neuropathic pain.  (272)  

 The standard clinical test for vulvodynia is the cotton 
swab (Q-tip) test, measuring vulvar pain ratings on a 
visual analog scale.  (273)  

9. THERAPY  

Several studies have shown that gabapentin as tricy-
clic yields significant results reducing pain perception,  
(274)  with more than 80% of patients reporting im-
provement.  (275)  More recently, botulinum toxin has 
been proposed for the treatment of vulvodynia. It was 
found that the visual analog scale score was reduced 
from 8.1 to 2.5 (P < 0.001), and eight (72.7%) out of 
11 patients were satisfied.  (276)   

10. PUDENDAL NEUROPATHY  

Pudendal neuropathy is a common feature of syn-
dromes such as dysfunctional voiding, non-obstruc-
tive urinary retention, chronic pelvic pain syndromes, 
and urinary and fecal incontinence. It could be ruled 
out as a confusable disease in BPS/IC patients.  

Pudendal neuralgia is a functional entrapment of the 
pudendal nerve, and pain occurs during compression 
or stretch maneuvers, such as repetitive micro-
trauma, orthopedic fracture, straining with constipa-
tion and childbirth, falls onto the buttocks, and suture 
entrapment during pelvic surgery. The main symptom 
is pain aggravated by sitting/driving/exercise, re-
duced by recumbence or standing and relieved by sit-
ting on a toilet.  

The quality of neuropathic pain varies and can be de-
scribed as burning, stabbing, ache, or pressure, and 
can be induced by voiding, defecating, vaginal pene-
tration or orgasm. It can occur anywhere in the pu-
dendal territory, but primarily includes the perineum 
and urethra, and extends to suprapubic, inguinal re-
gions and to the upper medial thighs.  

Urinary symptoms and rectal dysfunction might oc-
cur. Foreign body sensation in the rectum, vagina, 
urethra or perineum is frequent. Sexual dysfunction 
could be present. Females might suffer reduced clit-
oral sensation, pain at vaginal penetration, reduced 
lubrication and anorgasmia.  

Pinprick sensation is tested bilaterally at the level of 
the clitoris posterior labia and posterior perianal skin. 
Hyperalgesia is more common than hypoalgesia. 
Pressure is placed at the level of the Alcock canal at-
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tempting to reproduce pain, bladder or rectal symp-
toms (the Valleix phenomenon). The parasacral area 
is also examined for a back mouse (episacroiliac li-
poma). Several tests can measure pudendal neurop-
athy including: biothesiometry, sacral latency test, 
sensory-evoked potentials, motor-evoked potentials 
and motor latency tests.  

11. MANAGEMENT  

11.1. Pharmacotherapy  
Tricyclic antidepressants are the first medication cat-
egory effective in placebo-controlled trials. Other 
drugs, such as gabapentin, pregabalin, oxcarbaze-
pine, tramadol and duloxetine, significantly reduce 
pain and improve sleep, mood, and quality of life.  

11.2. Mininvasive Approach  

11.2.1 Transgluteal Pudendal Nerve Blocks  
Two injections are given at the ischial spine at 1-
month intervals. A third is given into the Alcock canal 
using computed tomography guidance.  

11.3. Surgical Therapy  

11.3.1 Transperineal and Transgluteal Ap-
proach  

The pudendal nerve decompression by the perineal 
route is a blind procedure carried out under local or 
regional anesthesia. To suppress the blind character 
of the procedure, a transgluteal approach has been 
proposed and the reported surgical success rates 
range from 60% to 70%. Pain-free status might take 
some years. Bladder, bowel and sexual dysfunctions 
show variable improvement.  (277)  More recently, a 
transvaginal approach has also been proposed.  
(278)  

Until now, the results on pain are the same as those 
obtained by the Shafik’s approach,  (279) but with the 
concurrent sections of one or two ligaments of the 
pelvis (sacro-spinal and/or sacro-tuberous liga-
ments). However, the long-term effects of these sec-
tions on the stability of the pelvic region are as yet 
unknown. Up to now, no data are available about a 
potential effect of the transgluteal or transvaginal pro-
cedures on urinary or anal incontinence.  

12. CONCLUSIONS  

Women affected by BPS/IC can present in more than 
20% times gynecological associated disorders. Fac-
ing with such group of patients is mandatory to ob-
serve not only the bladder, but also outside, consid-
ering the pelvis as a whole.  

Therefore, it is of utmost importance to evaluate con-
comitant pathologies, such as vulvodynia, endometri-
osis and pelvic floor dysfunctions, ruling out confusa-
ble disease, such as pudendal neuropathy.  

An optimal approach is a combined treatment ori-
ented not only to treat the bladder, but also the other 
components responsible for the pain disorder. Pa-
tients with bladder tenderness alone responded bet-
ter than patients with multiple tender trigger points, 
possibly because in these patients the bladder is the 
only target organ and the patients are less severely 
affected than patients with multiple trigger points. 
Multimodal therapy remains the gold standard in the 
management of female BPS/IC patients.  

 CLASSIFICATION 

Interstitial cystitis was originally described as bladder 
disease with severe inflammation of the bladder wall 
described by Hunner as an ulcer (17). The lesion is 
however not an ulcer but an inflammatory infiltrate 
that can crack upon distention, and the name of the 
bladder lesion has consequently been changed to 
“Hunner lesion” (2). The finding of a Hunner lesion 
could therefore originally be regarded as a diagnostic 
criterion for IC. Messing and Stamey introduced glo-
merulations as another typical finding for IC and this 
was included in the NIDDK criteria (280). Magnus Fall 
proposed, that patients with Hunner lesion (classic 
IC) and patients with glomerulations (non-ulcer type) 
represented two different subtypes (169)  with differ-
ent clinical pictures, different outcomes, and different 
responses to treatment (220)  meaning that patients 
fulfilling the NIDDK criteria represents at least two dif-
ferent patient populations. Moreover up to 60% of pa-
tients clinically believed to have BPS by experienced 
clinicians do not fulfil the NIDDK criteria (25) and 
whether or not these patients are comparable to the 
patients fulfilling the NIDDK criteria is unknown. Fi-
nally Japanese urologists consider that “interstitial 
cystitis” should be preserved as a disease name for 
patients with urinary symptoms and cystoscopic find-
ings of glomerulations or Hunner’s lesion as outlined 
in the NIDDK criteria (228). 

In an attempt to unite these different philosophies into 
a coherent schema, ESSIC proposed a classification 
of BPS based on findings during cystoscopy with hy-
drodistension and morphological findings in bladder 
biopsies (2) (Table 2) . The classification includes 
groups not having had cystoscopy with hydrodisten-
sion (groups 1,2,3) as well as groups not having had 
morphological investigation of bladder biopsies 
(groups A,B,C). By using this classification glomeru-
lations after hydrodistension are today regarded more 
or less as a nonspecific finding, while BPS patients 
with Hunner Lesion has been suggested to be a spe-
cific, confusable disease (classic IC). Further pheno-
typing of BPS patients by clinical, morphological or 
other criteria, therefore seems to be fruitful way 
ahead, if such classification can be demonstrated to 
have significant importance for disease prognosis 
and/or treatment outcome. 
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 CONSERVATIVE TREATMENT 

Complementary therapies for bladder pain syndrome 
have been shown to be beneficial, though larger, 
more rigorous placebo-controlled trials are sorely 
needed. A recent systematic review highlights dietary 
manipulation and physical therapy as useful modali-
ties and suggests that acupuncture and relaxation 
therapies might also have a role, but the data for the 
latter two is somewhat lacking. (281) Many patients 
seem to respond to a variety of complementary and 
alternative medical options and they form a basic pil-
lar of treatment and serve to empower patients.  
(282,283) 

1. BEHAVIORAL MODIFICATION 

Behavioral therapy for BPS includes education, timed 
voiding (scheduled voiding time and interval), con-
trolled fluid intake, pelvic floor muscle training and 
bladder training (gradually extending voiding inter-
val).   

Chaiken et al  (284) reported that when they con-
ducted behavioral therapy consisting of frequency-
volume chart, timed voiding, controlled fluid intake 
and pelvic floor muscle training for the treatment of 24 
female patients, 50% of the patients showed improve-
ment in the number of urinations and bladder capac-
ity. At the same time, they considered that as the data 
was collected from 12 weeks’ intensive therapy con-
ducted by skilled therapists for selected patients 
whose main symptom was urinary frequency, it 
should not be generalized.  Parsons and Koprowski 
(285) reported that when 21 patients with the main 
symptom of urinary frequency underwent bladder 
training using a frequency-volume chart, 15 patients 
showed improvement.  In 15 patients, the mean 
voided volume after one month increased by 65cc, 
whereas a persistent sensation of bladder fullness re-
mained unchanged.    

Participants in both arms of a large NIH funded ran-
domized placebo controlled trial evaluating amitripty-
line in BPS (286) received a standardized education 
and behavioral modification program (EBMP).  Ad-
herence to the EBMP at 6 weeks was assessed in 4 
categories of 1) symptom management, 2) fluid man-
agement, 3) diet modification and 4) bladder training. 
For each of these EBMP categories adherence was 
defined as the overall percentage of participants who 
reported adhering to each component of the EBMP at 
each telephone contact or clinic visit. For the 241 sub-
jects evaluable for EBMP adherence, the rate at 6 
weeks was 75% (181 of 241) for symptom manage-
ment, 83% (201 of 241) for fluid management, 82% 
(196 of 240) for diet modification and 71% (172 of 
241) for bladder training. The overall GRA response 
rate was approximately 57% for adherers in any of 
the 4 EBMP categories, whereas it was lower for non-
adherers. This rate neared statistical significance for 

diet modification, which demonstrated only a 41% re-
sponse rate among nonadherers (p = 0.051). 

1.1. Recommendation 
Behavioral therapy should be a cornerstone of treat-
ment for patients with BPS. Level of evidence: 2 
Grade of recommendation: B 

2. PHYSICAL THERAPY 

Women with BPS may have associated pelvic floor 
dysfunction (287).  Physical therapy for the pelvic 
floor is said to be effective for genitourinary and ano-
rectal disorders (288).  Biofeedback and soft tissue 
massage may stimulate the relaxation of the pelvic 
floor muscles (289,290).  Lukban et al (291) con-
ducted a direct myofascial release treatment on 16 
BPS patients with high-tone pelvic floor dysfunction 
and sacroiliac dysfunction. The treatment was effec-
tive for urinary frequency and suprapubic pain. Fif-
teen patients (94%) showed improvement in the 
O’Leary & Sant symptom score. Coital pain relief was 
observed in 15 of 16 patients, with 9 patients becom-
ing able to resume sexual intercourse (292).  Trans-
vaginal Theile massage was also reported to be ef-
fective for 9 of 10 patients of the same group (293).   
Mendelowitz et al (290) showed a 69% success rate 
when treating 16 patients using electromyographic bi-
ofeedback.  However, it was suggested that a pla-
cebo effect may have occurred because the effect did 
not correlate with the improvement in patient’s aware-
ness of the pelvic floor muscle movement and posi-
tion before and after the therapy. Weiss (294) re-
ported that 70% of 10 patients with IC showed symp-
tomatic improvement, rating from “effective” to “re-
markably effective”. 

An NIH study (295) to determine the feasibility of con-
ducting a randomized clinical trial was undertaken to 
compare 2 methods of manual therapy (myofascial 
physical therapy and global therapeutic massage) in 
patients with urological chronic pelvic pain syn-
dromes.  The global response assessment response 
rate was 57% in the myofascial physical therapy 
group compared to 21% in the global therapeutic 
massage treatment group.  This statistically signifi-
cant difference (P=0.03) was primarily driven by the 
response seen in women (24 women) compared to 
the men (24 men) enrolled in this small pilot study. A 
follow-up randomized trial comparing similar 
treaments (296) but only in women with BPS and de-
monstrable pelvic floor pathology showed a clear 
benefit of directed myofascial physical therapy.  In the 
Myofascial physical therapy group, 59% of BPS 
women had a positive Global Response compared to 
26% of BPS women who were randomized to the 
global therapeutic massage group (p=0.0012) 

Pelvic floor physical therapy with myofascial trigger 
point release and Thiele massage can be successful 
in both men and women with chronic pelvic pain, and 
can be self-administered after a period of training.  
(297) 
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2.1. Recommendation 
Physical therapy of selected and motivated patients 
with BPS, particularly those with demonstrable pelvic 
floor dysfunction, is indicated Level of evidence: 1  
Grade of recommendation: A 

3. STRESS REDUCTION 

It is long been observed that mental stress is one of 
the factors which aggravate the symptoms of BPS.  
Koziol et al (101)  reported, in a survey of 374 pa-
tients, that more than half of the patients experienced 
intensified pain due to stress. Rothrock et al (298) re-
ported that when comparing patients with BPS and 
healthy people, increased pain and urgency caused 
by stress were observed only in patients with BPS.  
Case-cohort studies have confirmed that patients di-
agnosed with IC/BPS experience considerably more 
stress than patients without the condition (91).  Stress 
was shown to correlate with both the severity of 
symptoms and quality of life.  In another study of pa-
tients with BPS identified in urology tertiary care clinic 
populations (299), mental health disorders were iden-
tified in 23 % of IC/BPS female cases compared to 
3% of female control subjects. Medications for anxi-
ety, depression or stress were taken by 37% of pa-
tients with IC/BPS compared to 13% of female con-
trols. 

It is believed that exercise and bathing favorably in-
fluence the quality of life by reducing stress (300)   
however, the effect of such nonspecific therapies are 
difficult to assess and have not been proven in clinical 
trials.  It would seem reasonable to suggest, when 
possible, to shorten working hours, choose a job with 
less stress or create a less stressful home environ-
ment. Involvement in patient education programs and 
patient support groups are considered by most prac-
titioners to be beneficial (300,301). Mindfulness-
based stress reduction has been shown to be effec-
tive in a small randomized controlled trial.  (302)   
World-wide patient support groups, including the In-
terstitial Cystitis Association (ICA)  (303), 
http://www.ichelp.org/ , the International Painful Blad-
der Foundation, http://www.painful-bladder.org/, and 
the Interstitial Cystitis Network, www.ic-net-
work.com/, are important sources of information for 
patients with BPS. Patients with BPS frequently suffer 
depression, which may negatively impact upon the 
quality of life (91) and perhaps symptoms. Effective 
self-care strategies taught by psychiatric nurses are 
considered to be useful (304,305).  

3.1. Recommendation 
Stress and depression are related to poorer quality of 
life and increase in severity of symptoms. Level of 
evidence: 1 Grade of recommendation: A 

Reduction of stress and depression may contribute to 
an overall improvement in quality of life and perhaps 
even symptoms. Level of evidence: 4 Grade of rec-
ommendation: C 

4. DIETARY MANIPULATION 

Acidic beverages, coffee, spicy food, and alcohol may 
aggravate the symptoms of most patients with BPS 
(101,300,306,307). The symptoms of the majority of 
BPS patients are generally believed to be improved 
by dietary manipulation (300,306,308,309). However 
this has proven difficult to prove and Nguan et al (310) 
reported that there was no statistically significant dif-
ference in pain and other symptoms, when they eval-
uated the influence of the changes in urinary pH on 
the symptoms of 26 patients with BPS by instilling 
pH5.0 and pH7.5 saline solutions into the bladder.  
One of the best studies designed to determine the ef-
fect of particular foods, beverages and/or supple-
ments (comestibles) on IC/BPS symptoms was un-
dertaken by Shorter et al (311).  One hundred and 
four patients with IC/BPS were asked to indicate on a 
validated questionnaire whether each of 175 individ-
ual items worsened, improved or had no effect on 
symptoms.  Of the patients surveyed, 90% indicated 
that the consumption of certain foods or beverages 
caused symptom exacerbation.  The comestible 
items that had the most effect were caffeinated, car-
bonated and alcoholic beverages, certain fruits, artifi-
cial sweeteners and spicy foods. 

Dietary manipulation was ranked in the top five fre-
quently used treatments in a cohort study of the Inter-
stitial Cystitis Data Base (ICDB).  (312). As the influ-
ence of diet is variable with regard to food, beverage, 
and patient, there is no reason for patients to be uni-
formly on a strict diet. It is advised that each patient 
experiment to find out the foods that tend to aggra-
vate their symptoms and avoid them.  The ICA home 
page, (http://www.ichelp.org/) introduces the foods 
often avoided by patients with BPS.  The use of an 
elimination diet (eliminate all foods on the list) and 
then gradually reintroducing them one by one, will fa-
cilitate the development of an patient directed individ-
ualized diet strategy.  In some cases when diet ap-
pears to play a major role in symptoms, a registered 
dietician nutritionist can become a critical part of the 
treatment team.  Gordon et.al’s comprehensive re-
view of dietary issues is worth reading and provides 
a helpful handout for patients.  (313) 

4.1. Recommendation 
Personalized dietary manipulation should be part of 
the therapeutic strategy for patients with IC/BPS. 
Level of evidence:2  Grade of recommendation :B 
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Table 5  conservative therapies graded by Oxford Criteria 

INTERVENTION GRADE RECOMMENDATION LEVEL OF EVIDENCE 

M B 2 

Physical Therapy A 1 

Stress Reduction C 4 

Diet B 2 
 

 ORAL THERAPY 

Several categories of medication have been used in 
the management of patients with bladder pain syn-
drome including analgesics, antidepressants, antihis-
tamines, Immunosuppressants, and glycosaminogly-
cans.  Many of these drugs are used empirically. Only 
a few of them have been studied in randomized con-
trolled trials and none have a grade A recommenda-
tion.  

1. Analgesics  

The long-term, appropriate use of pain medications is 
indispensable in the treatment of bladder pain syn-
drome.  Many nonopioid analgesics including aceta-
minophen and the nonsteroidal anti-inflammatory 
drugs (NSAIDs) and even antispasmodic agents  
(314)  have a place in pain therapy.  Patients with 
more severe symptoms can often be helped with 
medical pain management using medications com-
monly used for chronic neuropathic pain syndromes 
including antidepressants, anticonvulsants, and opi-
oids. 

Gabapentin, introduced as an anticonvulsant, has 
found efficacy in neuropathic pain disorders including 
diabetic neuropathy (315)  and postherpetic neuralgia 
(316).  It demonstrates synergism with morphine in 
neuropathic pain (317). Two patients with IC showed 
improved functional capacity and received adequate 
pain control when gabapentin was added to their reg-
imen (318).  Sasaki et al reported that 10 of 21 male 
and female patients with refractory genitourinary pain 
had subjective improvement of their pain following 
treatment with gabapentin (319). Recently gabapen-
tin was one compound of a triple mix including ami-
triptyline and etodolac, a NSAID. The interpretation of 
the observed efficacy in 74 patients is hampered by 
an uncontrolled open label study protocol that addi-
tionally allowed up-titration of gabapentin and amitrip-
tyline. The impact and contribution of amitriptyline, 
whose exclusive efficacy for BPS has been proven 
better than for any other oral drug, on the reported 
amelioration was not discussed (320).  

Pregabalin has similar structure as gabapentin and 
also has been shown to reduce the pain of diabetic 
neuropathy (321).  Prebabalin was proved effective 
for treating pain associated with fibromyalgia  (322).  

Pregabalin might be worthwhile to try for bladder pain 
syndrome, particularly for those with concurrent fi-
bromyalgia, though studies are lacking. 

Opioids are seldom the first choice of analgesics in 
chronic pain states, but they should not be withheld if 
less powerful analgesics have failed (323).    Chronic 
opioid therapy can be considered as a last resort in 
selected patients, who have disabling pain and often 
receive inadequate doses of short-acting pain medi-
cations, which put them on cycles of short-term relief, 
anxiety, and pain.  

The major impediment to the proper use of opioids 
when they are prescribed for long-term nonmalignant 
pain is the fear of addiction.  Some studies suggest 
the risk is low (324), but not zero.  (325)   Using opi-
ates is a difficult decision that requires much thought 
and discussion between patient and urologist, and a 
pain specialist. They are best administered in a pain 
clinic setting, requiring frequent reassessment by 
both patient and physician (326). 

In addition to narcotics, concurrent usage of non-
steroidal anti-inflammatory drugs, cyclooxygenase in-
hibitors, acetaminophen, and tricyclic antidepres-
sants may provide better pain control (327). The com-
mon side effects of opioids include sedation, nausea, 
mild confusion, and pruritis.  These are generally tran-
sient and easily managed.  Respiratory depression is 
extremely rare if they are used as prescribed.  Con-
stipation is common and a mild laxative is generally 
necessary.  The long-acting narcotic formulations that 
result in steady levels of drug over many hours are 
preferable.  

Level of Evidence: 4 Grade of Recommendation: 
C 

2. Anti-depressants  

2.1. Amitriptyline 
Amitriptyline is a tricyclic antidepressant with the 
property of blocking H1-histaminergic receptors 
(328).  It stabilizes mast cells and inhibits mediator 
stimulated vascular leakage.  It inhibits synaptic 
reuptake of serotonin and norepinephrine, thus inhib-
iting painful nociception from the bladder at the level 
of the central nervous system. Its nighttime sedation 
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can be therapeutic in the BPS population and its pur-
ported beta-adrenergic receptor stimulation in the 
bladder may facilitate urine storage.  (329).  

Using a dose titration of up to 75mg taken before bed, 
Hanno and Wein reported success in about half of 20 
patients who could tolerate the medication. Twenty 
percent of the initial 25 patients dropped out because 
of fatigue, weight-gain, or dry mouth. In a follow-up 
report  (330), 18 of 28 patients who could tolerate the 
drug had major relief of symptoms within 3 to 6 weeks 
of onset of therapy with a mean follow-up of 14.4 
months.     However, about one-third of patients ini-
tially placed on the drug could not continue on it be-
cause of side effects. Kirkemo et. al  (331) treated 30 
patients and 90% had subjective improvement in 8 
weeks. Pranikoff and Constantino (332) reported im-
provement in 16 of 22 patients with urinary frequency 
and pain who did not have a diagnosis of interstitial 
cystitis, noting that 5 of the 22 could not tolerate the 
drug.  

van Ophoven et al performed the first prospective, 
double-blind, placebo-controlled study of amitripty-
line. Fifty patients were randomized to placebo or a 
titrated dose of amitriptyline up to 100mg daily. Forty-
two percent of amitriptyline patients had greater than 
30% decrease in O’Leary/Sant symptom and problem 
scores at 4 months compared to 13% in the placebo 
group (333). They subsequently reported a long-term 
follow-up of amitriptyline for patients who can tolerate 
the side effects and continued the medication.  With 
a mean follow-up of 19 months, 64% of 94 patients 
had response (334). 

Foster and Hanno reported a second multicenter, 
randomized, double-blind, placebo controlled clinical 
trial of amitriptyline in subjects with interstitial cysti-
tis/painful bladder syndrome who were naïve to ther-
apy. Study participants in both treatment arms re-
ceived a standardized education and behavioral mod-
ification program. Only of the subgroup of 207 sub-
jects who achieved a drug dose of at least 50 mg, a 
significantly higher response rate was observed in the 
amitriptyline group (66%) compared to placebo (47%) 
(p = 0.01). When all randomized subjects were con-
sidered, amitriptyline plus an education and behav-
ioral modification program did not significantly im-
prove symptoms in treatment naïve patients with in-
terstitial cystitis/painful bladder syndrome versus ed-
ucation and behavioral modification alone. However, 
amitriptyline may be beneficial in persons who can 
achieve a daily dose of 50 mg or greater  (286,335) . 
Whether some of the benefits of amitriptyline were 
masked by the beneficial effects of conservative ther-
apy in the patients (all treatment naïve) tested in this 
trial is an open question.  Cystoscopic findings do not 
predict the treatment effect.  (336) 

Level of Evidence: 2 Grade of Recommendation: 
B  

2.2. Doxepin, Desipramine, Duloxetine  
Other tricyclic antidepressants that have been used 
for bladder pain syndrome are doxepin and desipra-
mine.  Wammack et al used the combination of dox-
epin and piroxicam, a cox-2 inhibitor. Twenty-six of 32 
patients (81%) experienced remission of symptoms 
(337).   One study reported satisfactory outcome with 
desipramine.  (338)   Duloxetine, a serotonin-norepi-
nephrine reuptake inhibitor has also been tried but 
without therapeutic effects (339)  

3. ANTIHISTAMINES  

Simmons first proposed use of antihistamines in 1955  
(340). His findings of mast cells in the wall of a normal 
bladder and the edema and increased vascularity 
seen in the IC bladder suggested that histamine may 
be responsible for the development of interstitial cys-
titis. He reported on 6 patients who had some im-
provement with pyribenzamine for limited periods 
(341).  

Level of Evidence: 1 Grade of Recommendation: 
D 

4. HYDROXYZINE 

Hydroxyzine is the most widely used antihistamine for 
bladder pain syndrome. Its ability as an H-1 receptor 
antagonist, to inhibit bladder mast cell activation, 
along with its anticholinergic and anxiolytic properties 
and good safety profile, have made it a reasonable 
candidate for use as a therapeutic agent for bladder 
pain syndrome.  (342)  In 1993, Theoharides first re-
ported significant benefits of hydroxyzine in reducing 
pain and urinary symptoms.  (343)  His two subse-
quent reports of uncontrolled series further suggested 
the therapeutic effects of hydroxyzine.  (344,345)  
However, in an NIDDK randomized controlled trial, 
the global response rate for hydroxyzine was only 
31% compared to a 20% response to those not 
treated with hydroxyzine. When looked at by itself the 
response was 23% vs. 13% on placebo. None of the 
results in this under-powered trial reached statistical 
significance (346). 

5. CIMETIDINE 

Cimetidine, a H2 histamine receptor antagonist, has 
been explored for treatment of bladder pain syn-
drome. In a pilot study (347), 9 patients were treated 
with a dose of 300mg orally twice daily for one month. 
At follow-up 26 to 42 months later, 4 patients had 
complete relief of urinary symptoms and suprapubic 
pain. Lewi (348) reported 31 patients given 200mg 
three times daily with mean follow up of 6.6 months. 
Seventy-one per cent experienced varying degrees of 
symptomatic relief, 45% were pain free, and 26% 
went into remission of all symptoms. In a later report 
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(349) of 69 patients treated over a 4 year period, 67% 
of patients had complete relief of all symptoms. 

A small, prospective, placebo-controlled RCT studied 
36 patients who either received oral cimetidine or pla-
cebo  (350). Median suprapubic pain and frequency 
scores improved significantly, but the publication 
does not state exactly how many patients in each 
group improved. 

Level of Evidence: 3 Grade of Recommendation: 
C 

6. IMMUNOSUPPRESSANT 

6.1. Cyclosporine 
Cyclosporine, a widely used immunosuppressive 
drug in organ transplantation, was the subject of a 
novel bladder pain syndrome trial.  (351)  Eleven pa-
tients received cyclosporine for 3-6 months at an ini-
tial dose of 2.5-5 mg/kg daily and a maintenance dose 
of 1.5 to 3mg/kg daily.  Micturition frequency de-
creased, and mean and maximum voided volumes in-
creased significantly.  Bladder pain decreased or dis-
appeared in 10 patients. After cessation of treatment, 
symptoms recurred in the majority of patients.  

In a longer-term follow-up study, 20 of 23 refractory 
IC patients on cyclosporine therapy followed for a 
mean of 60.8 months became free of bladder pain. 
Bladder capacity more than doubled. Eleven patients 
subsequently stopped therapy, and in 9, symptoms 
recurred within months, but responded to reinitiating 
cyclosporine (352). Sairanen et al further found that 
cyclosporine A was far superior to sodium pento-
sanpolysulfate in all clinical outcome parameters 
measured at 6 months.  (353)  Patients who re-
sponded to cyclosporine A had a significant reduction 
of urinary levels of epidermal growth factor (EGF) 
(354). 

Forrest et al. retrospectively summarized results from 
Cyclosporine off-lable use in 44 patients BPS pa-
tients. In 34 patients presenting with Hunners lesion 
upon cystoscopy the success rate was higher com-
pared to those patients without lesions (68% vs 30%). 
However, side effects were common and demand a 
close monitoring of patients including blood pressure 
and renal failure.  (355) 

Level of Evidence: 3 Grade of Recommendation: 
C 

6.2. Suplatast Tosilate  
Suplatast Tosilate (IPD-1151T) is an immune-regula-
tor that selectively suppresses IgE production and eo-
sinophilia via suppression of helper T cells that pro-
duce IL-4 and 5. It is used in Japan to treat allergic 
disorders including asthma, atopic dermatitis, and rhi-
nitis. Ueda et al reported a small study in 14 women 
with interstitial cystitis.  (356)   Treatment for one year 
resulted in a significantly increased bladder capacity 
and decreased urinary urgency, frequency, and lower 

abdominal pain in 10 women. Concomitant changes 
occurred in blood and urine markers suggesting an 
immune system response.  Larger, multicenter, ran-
domized controlled trials in the United States and Ja-
pan have been completed and results did not justify 
further development for this indication. Further stud-
ies with this drug for bladder pain syndrome are not 
planned and approval for this indication is not ex-
pected. 

Level of Evidence: 1 Grade of Recommendation: 
D 

6.3. Azathioprine and Chloroquine 
Derivatives  

In a single report in 1976, Oravisto et al used azathi-
oprine or chloroquine derivatives for BPS patients not 
responding to other treatments.  (357)   About 50% 
patients responded. 

Level of Evidence: 4 Grade of Recommendation: 
D 

6.4. Corticosteroids 
Reports on outcome with corticosteroid therapy have 
been both promising (358,359)  and discouraging 
(360). Soucy et al.  (361)  have suggested a trial of 
prednisone (25 mg daily for 1–2 months, afterwards 
reduced to the minimum required for symptom relief) 
in patients with severe ulcerative IC, which is other-
wise unresponsive to conventional treatment. The 
side effects of steroids can be very serious, making it 
difficult to justify their use (358,360,361) 

Level of Evidence: 4 Grade of Recommendation: 
D 

7. SODIUM 
PENTOSANPOLYSULFATE  

Sodium pentosan¬polysulfate (PPS), a synthetic sul-
fated polysaccharide, is available in an oral formula-
tion, 3-6% of which is excreted into the urine and the-
oretically may replenished the damaged glycosa-
minoglycan (GAG) layer overlying transitional epithe-
lium of the urinary bladder of BPS patients.  An intact 
urothelial GAG layer has been proposed to be essen-
tial to keep the urothelium impermeable to urinary 
components. A defective bladder GAG layer is hy-
pothesized to be one important cause for BPS.  (362)    

PPS’s mechanism of action has been attributed not 
only to correction of a putative defect in the GAG 
layer, but also its ability to inhibit histamine release 
from mast cells,  (363)  and a possible effect mediated 
by nonspecific binding of the molecule with the inflam-
matory stimulants of urothelial activation, an action 
that would occur in the urine rather than at the muco-
sal membrane.  (364)  

PPS is the most intensively studied treatment ever 
proposed for BPS. It is the only medication approved 
by the Food and Drug Administration for the pain of 
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interstitial cystitis. Parsons initially administered the 
drug at a dosage of 50mg 4 times daily or 150mg 
twice daily in an open trial involving 24 patients.  (365)   
Twenty-two of 24 patients experienced a good or ex-
cellent response within 8 weeks. In a subsequent ran-
domized, placebo-controlled trial using a dose of 
100mg three times daily in 62 patients, pain and ur-
gency improved in 44% vs. a placebo response of 
15%. Urgency improved by 38% vs. 18% on placebo.  
The average number of daily voids was unchanged.  
(366)  

Five randomized controlled trials for pentosan poly-
sulfate have yieled conflicting results of efficacy.  
Holm-bentzen et. al (367)  reported the first multicen-
ter double-blind placebo controlled trial in 1987 look-
ing at 115 patients with bladder pain syndrome. Pa-
tients were randomized to a dose of 200mg twice 
daily vs. placebo for 4 months. The results showed no 
difference between pre and post-trial values with re-
gard to symptoms, urodynamic parameters, cysto-
scopic appearance, or mast cell counts in the two 
groups. The study concluded that the drug had no 
clinically significant effect. 

The first of two pivotal studies for the FDA was per-
formed in the United States in 1990.  (368)   A total of 
110 patients in 5 medical centers were studied for 3 
months on a dosage of 100mg three times daily.  
Twenty-eight per cent of patients on PPS reported 
“more than slight improvement” versus 13% of those 
on placebo. Pain and pressure to urinate were the 
main parameters to show benefit with PPS.  

The FDA asked for a second study which was re-
ported 3 years later.  (369)  In a multi¬center, pla-
cebo-controlled RCT 148 patients were randomized 
to 100mg three times daily of pentosan-polysulfate 
vs. placebo. In the primary endpoint of patient self-
evaluation of global improvement, 32% of those on 
PPS reported 50% or more overall improvement vs. 
16% on placebo at 3 months. Pain, urgency, and 
pressure showed significant improvement with drug. 
Frequency, nocturia, and volume voided showed no 
significant changes between study groups.  

The NIDDK performed their own 2 X 2 factorial study 
to evaluate PPS and hydroxyzine.  (346)   Each drug 
was used alone and in combination and compared to 
a placebo group. Patients were treated for 6 months. 
There were 121 participants in 7 centers. No statisti-
cally significant response to these medications was 
documented. A non-significant trend was seen in the 
PPS treatment groups (34%) compared to non-PPS 
groups (18%). Of the 29 patients on PPS alone, 28% 
had global response (primary endpoint) of moderately 
or markedly improved vs. 13% on placebo, very sim-
ilar in this 6-month study to improvement rates in the 
3-month pivotal studies, though not reaching statisti-
cal significance in the longer study. 

The latest report from a dose ranging study per-
formed to satisfy a post-marketing commitment made 
to the FDA upon approval of PPS revealed no treat-

ment effect of PPS compared with placebo at the cur-
rently established dose of 300mg/d or at 100mg/d. 
The primary end point, i.e. achieving a 30% or greater 
reduction from the baseline ICSI total score was 
reached by 40.7% (48 out of 118 patients) in the pla-
cebo group compared with 39.8 % (51 out of 128 
pats.) in the 100mg once daily and 42,6% (52 out of 
122 pats) 100mg 3 times daily group.  (370) There 
appears to be no dose response with daily doses up 
to 3 times higher than recommended.  (371) 

In summary, of 6 RCTs 3 had unfavorable and 3 had 
favorable results for PPS. Most recent non random-
ized studies showed a complex heterogeneity in effi-
cacy as well.  (372-374)   Such conflicting results 
might suggest that a small minority of patients may 
have some response to PPS, but currently there is no 
reliable method to identify such patients.  

Long-term, open-label studies with PPS have been 
reported. Populations of patients receiving extended 
treatment for up to 90 months or more in the compas-
sionate use program showed no further improvement 
in symptoms after 1-2 years, though there seemed to 
be little tachyphylaxis.  (346,375)  A total of 2809 pa-
tients had begun treatment with a 3 month supply of 
PPS and 21% continued with treatment beyond this 
point and reordered medication. This seems to corre-
late with the 28-32% improvement rate previously re-
ported. The dropout rate in the first 6 months was ex-
traordinarily high with only 178 active patients out of 
1742 who initially ordered the drug. There was an 
overall improvement in symptoms in 62% of the pa-
tients who did remain in treatment for 6-35 months.   
On a long term basis, it appears only 6.2%-18.7% of 
patients with BPS derive a benefit from pentosanpol-
ysulphate.  (376). 

PPS appears to be a very well-tolerated medication 
(375)  with no common central nervous system side 
effects.   At most, it appears to be beneficial with re-
gard to improving the pain associated with interstitial 
cystitis in up to one-third of patients, a standard often 
expected with a placebo. A 3-6 month course may be 
required to see a treatment effect. Claims suggesting 
greater efficacy and claims urging its use in patients 
who do not meet the standard definition of bladder 
pain syndrome should be regarded with caution. 

Level of Evidence: 1 Grade of Recommendation: 
D 

8. Other Oral Medications That Have 
Been Used for BPS 

8.1. L-Arginine  
Foster and Weiss were the original proponents of L-
arginine in the therapy of interstitial cystitis.  (377)  
Eight patients with BPS were given 500mg of L-argi-
nine 3 times daily.  After one month, urinary nitric ox-
ide synthase activity increased 8-fold and 7 of the 8 
patients noticed improvement in IC symptoms. An 
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open-label study of 11 patients showed improvement 
in all 10 of the patients who remained on L-arginine 
for 6 months.  (378)  

An open-label study of 9 women in Sweden failed to 
find any change in symptom scores or in nitric oxide 
production in the bladder.  (379)  A placebo-controlled 
randomized controlled trial of 53 IC patients could find 
no difference on an intention to treat analysis be-
tween drug and placebo-treated patients.  (380)  A 
smaller randomized placebo-controlled crossover 
trial of 16 BPS patients found no clinically significant 
improvement with L-arginine and concluded that it 
could not be recommended for BPS treatment.   (381)  

Data does not support the use of L-arginine for the 
relief of symptoms of interstitial cystitis.  

Level of Evidence: 1 Grade of Recommendation: 
Not Recommended 

8.2. Quercetin  
Quercetin, a bioflavenoid available in many over the-
counter products, may have the anti-inflammatory ef-
fects of other members of this class of compounds 
found in fruits, vegetables, and some spices. Katske 
et. al  (382) administered 500mg twice daily to 22 
BPS patients for 4 weeks. All but one patient had 
some improvement in the O’Leary/Sant symptom and 
problem scores as well as in a global assessment 
score. Further studies are necessary to determine ef-
ficacy.  

Level of Evidence: 4 Grade of Recommendation: 
D 

8.3. Antibiotics  
Warren et. al  (383)  randomized 50 patients to re-
ceive 18 weeks of placebo or antibiotics including ri-
fampin plus a sequence of doxycycline, erythromycin, 
metronidazole, clindamycin, amoxicillin and ciproflox-
acin for 3 weeks each. Intent to treat analysis demon-
strated that 12 of 25 patients in the antibiotic and 6 of 
25 patients in the placebo group reported overall im-
provement while 10 and 5 respectively noticed im-
provement in pain and urgency. The study was com-
plicated by the fact that 16 of the patients in the anti-
biotic group underwent new BPS therapy during the 
study as did 13 of the placebo patients. There was no 
statistical significance reached. What was statistically 
significant were adverse events in 80% of participants 
who received antibiotic compared to 40% in the pla-
cebo group. Nausea and/or vomiting and diarrhea 
were the predominant side effects.  Most patients on 
antibiotics correctly guessed what treatment arm they 
were in, and those that guessed correctly were signif-
icantly more likely to note improvement after the 
study. No duration in improvement after completion of 
the trial of antibiotics was reported.  

Burkhard et.al  (384) reported a 71% success in 103 
women presenting with a history of urinary urgency 
and frequency and chronic urethral and/or pelvic pain 
often associated with dyspareunia and/or a history of 

recurrent urinary tract infection. This was a large, in-
clusive group and one that is probably broader than 
the bladder pain syndrome we are focusing on. Nev-
ertheless, he recommended empiric doxycycline in 
this group. The overwhelming majority of BPS pa-
tients have been treated with empiric antibiotics prior 
to diagnosis. The role of tetracyclines to eradicate 
nanobacteria in urine of BPS patients has recently 
been addressed in a small Chinese open label study, 
leaving the significance of  nanobacterias as a rea-
sonable pathogen or trigger of the condition open.  
(133) 

At this time there is no evidence to suggest that anti-
biotics have a place in the therapy of BPS in the ab-
sence of a culture-documented infection.  (385) 

Level of Evidence: 4 Grade of Recommendation: 
D 

8.4. Methotrexate  
Low dose oral methotrexate significantly improved 
bladder pain in 4 of 9 women with BPS, but did not 
change urinary frequency, maximum voided volume, 
or mean voided volume.  (386)  No placebo-con-
trolled, RCT has been done with this agent. Level of 
Evidence: 4 Grade of Recommendation: D 

8.5. Montelukast  
Mast cell triggering releases 2 types of proinflamma-
tory mediators, including granule stored pre-formed 
types such as heparin and histamine, and newly syn-
thesized prostaglandins, and leukotriene B4 and C4. 
Classic antagonists, such as montelukast, zafirlukast 
and pranlukast, block cysteinyl leukotriene 1 recep-
tors. In a pilot study, 10 women with IC and detrusor 
mastocytosis received 10mg of montelukast daily for 
3 months. Frequency, nocturia, and pain improved 
dramatically in 8 of the patients. Further study would 
seem to be warranted, especially in patients with de-
trusor mastocytosis, defined as >28 per mm2.  (387) 

Level of Evidence: 4 Grade of Recommendation: 
D 

8.6. Nifedipine  
The calcium channel antagonist nifedipine inhibits 
smooth muscle contraction and cell-mediated immun-
ity. In a pilot study,  (388) 30mg of an extended re-
lease preparation was administered to 10 female pa-
tients and titrated to 60mg daily in 4 of the patients 
who did not get symptom relief. Within 4 months five 
patients showed at least a 50% decrease in symptom 
scores, and 3 of the 5 were asymptomatic. No further 
studies have been reported. Level of Evidence: 4 
Grade of Recommendation: D 

8.7. Misoprostol 
The oral prostaglandin analogue misoprostol was 
studied in 25 patients at a dose of 600 micrograms 
daily.  (389)   At 3 months 14 patients were signifi-
cantly improved, and at 6 months 12 patients still had 
a response. A cytoprotective action in the urinary 
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bladder was postulated. Level of Evidence: 4 Grade 
of Recommendation: D 

 

8.8. Tanezumab 
In Development 

An initial randomized, double-blind, placebo con-
trolled phase two study investigated tanezumab, a 
humanized monoclonal antibody that specifically in-
hibits nerve growth factor as a treatment for BPS pain 
in 64 patients.  (390)   At week 6 tanezumab produced 
a significant reduction from baseline in average daily 
pain score vs placebo . A significantly higher propor-
tion of patients on tanezumab responded as im-
proved in the global response assessment and tane-
zumab also significantly reduced urgency episode 
frequency vs placebo.  

Nickel et al. performed pooled analyses from three 
small, clinical trials of tanezumab in patients with uro-
logical chronic pelvic pain, including CP/CPPS and 
BPS/IC, to identify patient subpopulations more likely 
to benefit from tanezumab treatment.  (87) They re-
ported that least-squares mean change (standard er-
ror) from baseline in 24 h pain intensity versus pla-
cebo was −0.60 (0.24, 90% confidence interval −0.99 
to −0.20) overall and −0.99 (0.32, p = 0.002) and 
−0.17 (0.36, p = 0.650) for females and males, re-
spectively. It was suggested that tanezumab per-
formed better in pain relief in women with BPS/IC and 
in patients whose symptoms suggested concomitant 
presence of somatic syndromes (nonurological) in-
stead of patients only with pelvic pain symptoms. 
Clinical efficacy of tanezumab in BPS/IC indicates 
that the role of NGF in the pathophysiology of BPS/IC 
may not be uniform for all patients. If NGF is not the 
primary driver of pain, then tanezumab may have lim-
ited capacity to improve pain, irrespective of the clin-
ical presentations. 

Pain studies with this drug had been suspended by 
the developing company upon FDA request because 
of the occurrence of osteonecrosis and between 2012 
until March 2015 due to CNS side effects. The FDA 
has now lifted the hold on studies of tanezumab for 
chronic pain due to non-clinical data characterizing 
the sympathetic nervous system response to the 
drug. 

8.9. Adalimumab 
Tumor necrosis factor-α (TNF-α), a pro-inflammatory 
cytokine released by immune cells, is suggested to 
play a key role in the inflammatory process in BPS/IC.  
(391)  TNF-α is highly expressed in the urothelium of 
patients with ulcerative BPS/ IC, which led to the sug-
gestion that drugs inhibiting TNF-α (adalimumab) 
might decrease IC/BPS bladder inflammation and re-
duce symptoms. Bosch evaluated the efficacy of ada-
limumab (80 mg subcutaneous followed by 40 mg 
every two weeks or subcutaneous placebo for 12 
weeks) for the treatment of BPS/IC.  (392)   21 pa-
tients received adalimumab. There was a statistically 

significant improvement demonstrated in the 
O’Leary–Sant IC Symptom and Problem Indexes, 
Pelvic Pain, Urgency, Frequency Symptom Scale, 
and GRA at 12 weeks compared to baseline. How-
ever, there was no statistically significant improve-
ment in any outcome measure in patients receiving 
adalimumab compared to placebo. There were no 
significant AEs. Adalimumab failed to demonstrate 
positive proof of efficacy compared to placebo due to 
a significant placebo effect. 

Level of Evidence: 1 Grade of Recommendation: 
Not Recommended 

8.10. PD-0299685, a Ca2+ Channel ɑ2δ 
Ligand 

The alpha2delta subunit of ligand gated calcium ion 
channels mediates afferent pain fibers and is promis-
ing in chronic pain. Nickel et al. investigated PD-
0299685 30 mg daily (N = 54), 60 mg daily (N = 55), 
or placebo (N = 52) for patients with IC/BPS for 12 
weeks. At week 12, the 60 mg dose produced a clini-
cally significant reduction in daily worst pain severity 
score from baseline compared to placebo (treatment 
difference [90% CI] −0.82 [−1.72, 0.08]). A greater 
proportion of patients on 60 mg daily dose of PD-
0299685 demonstrated an improvement in the GRA. 
PD-0299685 failed to show clinically significant effect 
on the IC Symptom Index score or urinary end points. 
More patients discontinued due to treatment-related 
AEs (dizziness, somnolence, and nausea) with 30 or 
60 mg PD-0299685 daily than with the placebo. The 
authors concluded that PD-0299685 appeared to 
have an unfavorable benefit-tolerability profile in the 
IC/BPS population (393) 

Level of Evidence: 1 Previously in Development: 
failed clinical trial 

8.11. AQX-1125, a Novel SHIP1 Activating 
Compound 

SH2-containing inositol-5′-phosphatase 1 (SHIP1) 
is an intracellular protein whose expression is primar-
ily restricted to cells of the hematopoietic lineage. 
SHIP1 is an endogenous inhibitor of the phospho-
inositide-3-kinase pathway that is involved in the ac-
tivation and chemotaxis of inflammatory cells. SHIP1-
deficient mice exhibited progressive inflammation. 
Drugs activating SHIP1 pathway (AQX-1125) can 
have a novel anti-inflammatory mode of action. The 
characteristic of AQX-1125 on the inhibition of mast 
cells activation and anti-inflammation provided the ra-
tionale for a clinical study on BPS/IC. 

This 6-week, randomized, double-blind, placebo-con-
trolled, multi-center trial randomized 37 women with 
BPS and mean pain of ≥5 (11-pt scale) despite previ-
ous treatment to 200mg AQX-1125 or placebo (32 
patients), orally once daily for 6 weeks.  (394)   At 6 
weeks average daily pain (e-diary) decreased by 2.4 
points (AQX-1125) versus 1.4 (placebo) (p=0.061); 
average pain (clinic) by 2.6 vs 1.1 (p=0.008); maxi-
mum daily pain (e-diary) by 2.6 vs 1.4 (p=0.030) and 
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maximum pain (clinic) by 2.8 vs 1.1 (p=0.028). AQX-
1125 reduced ICSI by 3.8 points vs 1.4 (placebo) 
(p=0.005), ICPI by 3.6 vs 1.6 (p=0.014) and BPIC-SS 
by 8.8 points vs 4.0 (p=0.011). Urinary frequency de-
creased on AQX-1125 by 3.6 voids/24 hours vs 0.8 
(placebo) (p=0.040). Adverse event rates were simi-
lar between AQX-1125 (51.4%) and placebo (78.1%). 
No SAE were reported. Only a single dose was stud-
ied, thus it remains unclear if a higher dose of AQX-
1125 would have been more effective. However, non-
clinical data suggested maximum pharmacological 
effect at plasma levels equivalent to 100-150 ng/ml; 
therefore, higher doses would unlikely confer addi-
tional benefit. 

Level of Evidence: 1 Grade of Recommendation: 
In Development phase 3 trials 

8.12. SILDENAFIL 
The contraction of smooth muscle caused by elevat-
ing potassium or adrenergic activity can be relaxed 
by phosphodiesterase type 5 inhibitors (PDE5I). 
PDE5I are a class of drugs approved to treat erectile 
dysfunction. Potential influence of the drug on detru-
sor activity and secondly on pain served as the ra-
tionale for a randomized clinic trial. 

48 women with a clinical diagnosis of BPS were ran-
domly assigned to treatment with daily low-dose 
sildenafil (25 mg, n= 24) or placebo (n = 24) for 3 
months.  (395) The O’Leary-Sant IC symptom and 

problem indices, visual analog scale scores, and a 
micturition diary with the interval of micturition, the fre-
quency of nocturia, and urgency episodes were rec-
orded before treatment, and every 2 weeks after the 
treatment until 3 months. Patient Overall Rating of Im-
provement in Symptoms was assessed and regarded 
as effective when the value was above 50%. The IC 
symptom and problem indices scores and urody-
namic index were significantly improved in sildenafil 
treatment group as compared with placebo group and 
baselines at week 4, 6, 8, 10, and 12, as well as 3 
months after treatment (p <0.05). Urodynamic index 
including first desire to void, strong desire to void, and 
maximum cystometric capacity was significantly im-
proved in sildenafil treatment group at week 12 and 
at 3 months after treatment (P <.05). The efficiency of 
treatment reached 62.5%. However, no significant 
change of the visual analog scale values was ob-
served between 2 groups except at week 12 in the 
sildenafil treatment group (P <.05). All adverse events 
were mild to moderate and transient. 

Although a high PDE5 expression in human bladder 
detrusor muscle has been reported the mode of ac-
tion of sildenafil in BPS remains unclear. Further large 
scale studies on dosage and duration of medication 
are necessary to confirm the results of this innovative 
study. 

Level of Evidence: 1 Grade of Recommendation: 
D 

Table 6 ORAL THERAPY ACCORDING TO THE OXFORD SYSTEM 

MEDICATION GRADE RECOMMENDATION LEVEL EVIDENCE 

Analgesics C 4 

Amitriptyline B 2 

Antihistamine D 1 

Cimetidine C 3 

Cyclosporine C 3 

Suplatast Tosilate D 1 

Aziothioprine D 4 

Chloroquine  derivatives D 4 

Corticosteroids D 4 

Pentosan Polysulfate D 1 

L Arginine Not recommended 1 

Quercetin D 4 

Antibiotics D 4 

Methotrexate D 4 

Montelukast D 4 

Nifedicpine D 4 



 

 
INTRAVESICAL / INTRAMURAL THERAPY  2243 

 

MEDICATION GRADE RECOMMENDATION LEVEL EVIDENCE 

Misoprostol D 4 

Adalimumab Not recommended 1 

Sildenafil D 1 
 

 INTRAVESICAL / 
INTRAMURAL THERAPY 

Intravesical therapies form one of the staples of BPS 
therapy, though regulatory approvals and availability 
throughout the world differ from nation to nation. The 
data on use of intravesical therapy has been gener-
ally poor due to the limited number of controlled ac-
cessible studies on intravesical therapies for BPS/IC 
and non-standardised response criteria. (396,397) 
This situation is thankfully improving. 

What follows are treatments that have been reported 
in the recent literature, some of which are commonly 
used.  Older therapies that are rarely used now in-
clude silver nitrate (81,398-401) and chlorpactin 
WCS90.  (21,402-406) These have not been included 
in this current edition of the Consultation, but have 
level 3 evidence to support a grade C recommenda-
tion based on original reports. 

1. DMSO (DIMETHYL SULFOXIDE)  

Grade of Recommendation: B Level of evidence 2 

A small number of significant side effects. 

DMSO is believed to reduce inflammation, relax mus-
cles, eliminate pain, dissolve collagen, and degranu-
late mast cells. It has long been used as a therapeutic 
agent for BPS. Its mechanism of action, however, has 
not been clarified.  Peeker et al reported that in a ran-
domized study, frequency and pain were improved in 
ulcer-type IC patients, although no improvement was 
observed in maximum bladder capacity.  (407)  Pe-
rez-Marrero et al reported that in a non-randomized 
controlled study, 53% of the patients showed remark-
able improvement in subjective evaluation (placebo 
18%), and 93% in objective evaluation (placebo 
35%). (408) Around an 80% improvement rate has 
been reported in case series and retrospective stud-
ies.  (409-416)  

With regard to side effects after instillation of DMSO, 
most patients recognize a garlic-like odor, which dis-
appears within a day, and about 10% of patients re-
port bladder irritative symptoms which resolve with or 
without symptomatic treatment.  (417)  It is hypothe-
sized that these transient exacerbations occur as the 
result of mast cell degranulation. The number of sig-
nificant side effects is considered to be small (416).  
Cataracts have been reported in animal studies, 
though not in humans.  (418,419) Negative effects on 
bladder compliance have been noted in rat detrusor.  

(420)  DMSO may accelerate the absorption of other 
drugs instilled simultaneously, which could be a 
source of side effects. 

The instillation method has not been standardized. 
Generally, 50cc of a solution of medical grade 50% 
DMSO is instilled into the bladder. If pain occurs im-
mediately following instillation, local anesthesia (e.g. 
20ml of 2% lidocaine solution) may be instilled. Aver-
age retention time is considered to be 10 to 20 
minutes.  (417)  The instillation is performed weekly 
for 6-8 weeks. After an initial course, treatment is sus-
pended until symptoms recur.  If a good result was 
obtained, another 6 week course (often followed by 
monthly maintenance) can be initiated.  The long-
term effect is unknown, although there is no upper 
limit for the duration of the treatment. It is often ad-
ministered as a cocktail combined with other medica-
tions sometimes including a steroid, heparin, sodium 
bicarbonate, and/or lidocaine.  (421,422)  The combi-
nation of triamcinolone and DMSO has been shown 
to increase bladder capacity and increase voiding in-
tervals in a large, uncontrolled series of newly diag-
nosed patients.  (423)   DMSO is the only intravesical 
agent approved for the treatment of interstitial cystitis 
by the Food and Drug Administration.  

2. HEPARIN  

Grade of Recommendation: C Level of Evidence: 
3   

Side effects primarily related to effects of  intravesical 
catheterization and slight chance of bladder hemor-
rhage 

The glycosaminoglycan (GAG) layer on the bladder 
urothelium is a kind of muco-polysaccharide, working 
as a non-specific defense mechanism. It is believed 
that a deficiency or abnormality of GAG secondarily 
causes inflammation of the bladder by increasing the 
permeability of the bladder mucosa, leading to the 
pathologic cascade of BPS.  Heparin has similarities 
to the GAG layer of the bladder. When instilled into 
the bladder, theoretically it might replace the dam-
aged GAG layer as originally shown by Hanno.  
(424,425)   Kuo reported that the International 
Prostate Symptom Score, as well as bladder capacity 
at initial desire to void and maximum bladder 
capacity, improved significantly.  (426) According to 
the report by Parsons et al symptoms were reduced 
in 56% of patients treated 3 times weekly for 12 
weeks.  (427) These reports suggest the efficacy of 
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heparin, however, there is no randomized compara-
tive study to give conclusive evidence.  One study in-
dicated that intravesical heparin instillations may pro-
long the response to dimethyl sulfoxide treatment.  
(428) In another report, significant symptomatic ben-
efits accrued from the addition of heparin to intraves-
ical lidocaine solution treatments.  (429) 

No significant side effects have been reported, as it 
does not affect systemic coagulation parameters. In 
the case of patients with hematuria, however, it may 
exacerbate local hemorrhage. 

The instillation method has not been standardized. 
Generally, 10,000-40,000 units of heparin are in-
stilled.  It is unusual to have pain or irritation as a re-
sult of instillation, and retention times can be 30 
minutes or more. Instillation frequency can be up to 
every other day and it is often administered at home 
by the patient. Parsons et al recently reported that 
when 40,000 units of heparin combined with 1 to 2% 
lidocaine was instilled 3 times a week for 2 weeks, 
about 80% efficacy was obtained.  (430) There is no 
upper limit for the duration of the treatment, but a 
long-term effect is unknown. A bleeding tendency 
may occur. Heparin for intravesical use is not ap-
proved by drug regulatory authorities.  

3. HYALURONIC ACID 

Grade of Recommendation: C Level of Evidence: 
1 

No significant side effects. 

Hyaluronic acid, like heparin, is a muco-polysaccha-
ride, that could theoretically repair a damaged GAG 
layer of the bladder mucosa. Several reports have in-
dicated efficacy.  (215,431-437)   In the summer of 
2003 Bioniche Life Science Inc http://www.medical-
newstoday.com/articles/112053.php and in the 
spring of 2004 Seikagaku Corporation reported dou-
ble-blind, placebo-controlled, multicenter clinical 
studies of their hyaluronic acid preparations (40mg or 
200mg per cc respectively) and neither showed sig-
nificant efficacy of sodium hyaluronate compared to 
placebo in large phase 3 trials. These negative stud-
ies have not been published in peer reviewed litera-
ture.  Neither preparation has been approved for use 
for BPS in the United States.  At the same time, no 
significant side effects were observed. 

A non-placebo-controlled  study has demonstrated a  
favorable effect of hyaluronic acid on pain reduction. 
(200) Forty-eight patients with typical symptoms and 
a positive potassium (0.4 M) sensitivity test were 
treated with weekly instillations of 40 mg hyaluronic 
acid for 10 weeks. Visual analogue scale scores 
showed symptom relief due to hyaluronic acid ther-
apy, irrespective of bladder capacity. The improve-
ment was particularly evident in patients with a reduc-
tion in Cmax < 30% compared to patients with a re-
duction of < 30% with 0.2 M KCl solution (P = 0.003). 
Long-term effects were investigated in a study of 70 

patients previously treated with hyaluronan.  (438) Of 
the initial 70, 48 improved. Of these, 50% reported 
complete remission with no further therapy. Another 
41.7% of patients with symptom recurrence improved 
after retreatment.  

In a Korean study, intravesical instillation of 40mg of 
HA in 50ml of saline once a week, for 4 weeks, signif-
icantly improved VAS score, PUF, ICSI and ICPI in 
refractory IC/BPS. Previous treatment modalities did 
not affect the efficacy of the instillation and the pres-
ence of Hunner lesion was unreleated to outcomes.  
(439)  

It has been suggested that HA and lidocaine be com-
bined for instillation. In a non-randomized controlled 
open-label trial, 48women with refractory IC/BPS  
were enrolled and divided in three groups: the trial 
group received HA, alkalinized lidocaine (AL) and so-
dium bicarbonate once a week for 8 weeks and then 
monthly for 4 months with a subsequent follow-up of 
24 weeks, while the two control groups received HA, 
and AL plus sodium bicarbonate respectively follow-
ing the same procedure. The HA+LA and the LA 
groups showed a rapid improvement of symptoms at 
week 2, while the HA treatment was ineffective until 
week 4. In the later stage of the treatment, symptoms 
in AL group recurred, probably because AL relieves 
symptoms through its anesthetic activity, but it cannot 
repair the defect of the bladder mucosa.  Once the 
instillation was stopped or the frequency was re-
duced, the effect disappears gradually.  (440)  

In a randomized prospective study, IC/BPS patients 
were randomized in two groups: group A received HA 
directly with a catheter and group B received HA with 
electromotive drug administration (EMDA). The VAS 
score and the micturition frequency were significantly 
lower in group B at 6 and 12 months. The difference 
between the two groups was not significant at 24 
months, demonstrating that a lack of long-term effi-
cacy is a major ptoblem with this glycosaminoglycan 
substitution therapy.  (441)   

A study from China suggested a prolonged effect of 
bladder distension when combined with instillation of 
hyaluronic acid.  (442)  

4. CHONDROITIN SULFATE 

Grade of Recommendation: C Level of Evidence: 
1 

No significant side effects. 

Chondroitin sulfate is the only sulfatated glycosa-
minoglycan located on the urothelial luminal surface 
and contributes to the urothelial barrier function.  
(443) Its efficacy was suggested for the first time 2002 
when used alone (444) and in another trial when used 
in combination with hyaluronic acid. (445)  Intravesi-
cal chondroitin sulphate demonstrated beneficial ef-
fects in patients with a positive potassium stimulation 
test in two non-randomised, uncontrolled, open-label 
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pilot studies. Steinhoff (444) treated 18 patients with 
40 mL instilled intravesically once weekly for 4 weeks 
and then once monthly for 12 months. Thirteen of 18 
patients were followed for the entire 13-month study. 
Twelve of these patients responded to treatment 
within 3–12 weeks. A total of 6/13 (46.2%) showed a 
good response, 2/13 (15.4%) had a fair response, 
4/13 (30.8%) had a partial response, and 1/13 (7.7%) 
showed no response. In a second trial 24 refractory 
patients with BPS/IC were treated with high-dose 
(2.0%) chondroitin sulphate instillations twice weekly 
for 2 weeks, then weekly with 0.2% solution for 4 
weeks, and monthly thereafter for 1 year.  (446) The 
average symptom improvement reported in 20 pa-
tients completing the trial was 73.1% (range: 50–
95%). The time to optimum response was 4–6 
months. A more concentrated 2.0% solution was 
needed in eight patients to maintain results. Chon-
droitin sulphate instillation was effective and well tol-
erated in the therapy of various  chronic forms of cys-
titis associated with a possible GAG layer deficit in-
cluding BPS in a large multicenter but open srudy.  
(447)  

Two large randomized placebo controlled trials of 
chondroitin sulfate as monotherapy for BPS were car-
ried out in North America by Watson.   Sixty-five pa-
tients with IC/BPS were treated in a prospective, ran-
domized, double-blind, inactive vehicle-controlled, 
12-week study (6 weeks treatment, followed by 6 
weeks follow-up) . At the primary endpoint analysis 
(week 7), 22.6% of the vehicle control group were re-
sponders compared with 39.4% of the active therapy 
group, however, the difference was not significant.  
(92)  A follow up randomized placebo-controlled trial 
with 98 female patients showed only minor improve-
ments in IC/BPS symptoms and pain and failed to 
demonstrate a statistically significant drug effect vs. 
placebo  .  (448)  The authors concluded that the 
study did not support the use of intravesical chon-
droitin sulfate as a monotherapy for this condition.  

 In 2013 an individual participant data (IPD) meta-
analysis was conducted to define the efficacy of in-
travesical 2% chondoitin sulfate in IC/BPS patients.  
(449)  The main purpose of this IPS meta-analysis 
was to increase statistical power for primary out-
comes from the data of 3 clinical trials to determine 
whether larger and long-term studies should be con-
templated.  (92,448,450) In total. 213 patients were 
included in this analysis. At the end of the treatment 
di overall global response assessment (GRA) rates 
were 43.2% in the chondroitin group and 27.4% in the 
control group and the chance of having becoming a 
responder with chondroitin sulfate was 55% signifi-
cantly higher than with placebo. The small decrease 
in total ICSI score and urine frequency between the 
two groups was less impressive and not statistically 
significant. 

5. CHONDROITIN SULFATE AND 
HYALURONIC ACID COMBINATION 

THERAPY 

Grade of Recommendation: C Level of Evidence: 
2 

The combination of hyaluronic acid and chondroitin 
sulfate forms a more viscous agent, and was pro-
posed several years ago for treatment of BPS by Cer-
vigni and colleagues.  (445,451,452)  Studies are on-
going. The preparation has been approved in parts of 
Europe for use as an intravesical therapy.  It has been 
shown in a pilot study to relieve some symptoms of 
radiation cystitis. (453) 

In 2016 a randomized, open-label, multicenter study 
involving 110 women were randomized to receive 13 
weekly instillations (3 months) of HA (1.6% - 800mg) 
and CS (2.0% - 1g) (Ialuril®; IBSA) or 50% DMSO 
solution (RIMSO®; Bioniche), with a 2:1 allocation ra-
tio (HA/CS:DMSO). This study showed that treatment 
with HA/CS appears to be as effective as DMSO with 
a potentially more favorable safety profile. Both treat-
ments increased health-related quality of life, while 
HA/CS showed a more acceptable cost-effectiveness 
profile.  (454) 

6. PENTOSAN POLYSUFATE  

Grade of Recommendation: D Level of evidence: 
4 

No significant side effects are considered to be pre-
sent. 

Pentosan polysufate (PPS) is a mucopolysaccharide 
similar to heparin, with a similar postulated mode of 
action when used locally.  Like other muco-polysac-
charides, it has not been well-studied clinically. Bade 
et al in a randomized controlled trial found benefit in 
4 patients out of 10 on PPS versus 2 of 10 on pla-
cebo.  (455)   A  placebo-controlled study of 41 pa-
tients found the addition of a 6 week course of in-
travesical PPS to a regimen of oral PPS significantly 
improved results.  (456)  

7. VANILLOIDS (CAPSAICIN, 
RESINIFERATOXIN)  

Grade of Recommendation: -A (ineffective) Level 
of Evidence: 1 

Significant side effects: local irritation possible 

It would seem reasonable that capsaicin, a C-fiber af-
ferent neurotoxin, could alleviate the pain of BPS by 
desensitizing bladder afferents. Resiniferatoxin 
(RTX) is considered to have a stronger action than 
capsaicin, by desensitizing C-fibers more quickly, and 
causing less initial irritation. Efficacy was indicated in 



 

 
2246  COMMITTEE 19. BLADDER PAIN SYNDROME 
 

five relatively small clinical trials.  (457-461)   No se-
vere side effects were reported.   A randomized multi-
center placebo-controlled clinical trial of RTX failed to 
demonstrate benefit over placebo.  (462) 

8. BACILLUS CALMETTE-GUERIN 
(BCG) 

Grade of Recommendation: -A (ineffective) Level 
of Evidence: 1 

Potential serious complications 

Seven articles reported on a BCG instillation therapy. 
Zeidman et al first reported that 5 patients who did not 
respond to other therapies showed symptomatic im-
provement.  (463)  Peters et al conducted a random-
ized double blind study showing a 60% improvement 
compared to 27%  placebo response with good long-
term results at 27 months.  (464,465)    Sixty-five per-
cent of the patients experienced burning sensation, 
41% irritation of the bladder, and 35% pelvic pain. 
One patient was reported to have dropped out due to 
joint pain. 

Peeker et al conducted a randomized double blind 
study comparing intravesical BCG and DMSO and 
failed to find any efficacy with BCG.  (407)    A very 
large, multicenter randomized placebo controlled trial 
conducted by the National Institute of Diabetes, Di-
gestive, and Kidney Disorders failed to identify benefit 
from BCG, although the side-effect profile was sur-
prisingly similar to that of placebo.  (466) 

 

9. OXYBUTYNIN  

Grade of Recommendation ： D Level of Evi-
dence: 4 

Side effect profile is unknown 

Barbalias et al observed significant improvement 
when combining intravesical instillation of oxybutynin 

with bladder training.  (467)   Randomized trials are 
lacking. 

10. LIDOCAINE 

Grade of Recommendation: C Level of Evidence: 
3 

No significant side effects. 

Lidocaine is a local anesthetic that relieves pain by 
blocking sensory nerves in the bladder. It can be ad-
ministered by electromotive drug administration 
(EDMA).  (468-471)  Using EMDA, ionized lidocaine 
is actively introduced into the bladder using an elec-
trical current. Three articles reported that lidocaine 
and dexamethasone were instilled following hydrodis-
tention.  According to the report by Rosamilia et al, 

85% of the patients had a good result, with the effect 
persisting for 6 months in 25%. (471)  Other positive 
results are noted in case reports.  (472,473)    A report 
on a pharmacokinetic effect, demonstrated safe lev-
els of lidocaine absorption into the bladder.  (474)  In 
a large, placebo controlled randomized trial, 102 adult 
patients (99 women) with a clinical diagnosis of BPS 
were randomised from 19 centres in the USA and 
Canada to receive a daily intravesical instillation of al-
kalinised lidocaine or placebo (double-blind), for 5 
consecutive days.  (475) Treated patients had signif-
icant sustained symptom relief for up to 1 month.  The 
response rate in the active group was 30% vs 9.6% 
with placebo.  However, further randomized, placebo-
controlled trials are needed to ascertain efficacy, op-
timal treatment parameters, and length of response 
to intravesical lidocaine preparations.  (476)   Ad-
vantages seem to be immediate response, low-cost 
of generic medication, and ability of patients to self-
administer at home.   

In a comprehensive review of lidocaine and bladder 
pain syndrome, Henry et.al. conclude that only weak 
evidence exists for supporting its clinical use at this 
time.  It appears to be a promising candidate drug to 
interrupt the self-perpetuating neuroinflammatory cy-
cle found in BPS.  In the absence of more definitive 
clinical trials with various lidocaine preparations, it is 
reasonable to try daily instillations of 10-20ml of a 2% 
lidocaine solution with or without alkalinization for 7 
days to see if a clinical response justifies ongoing 
treatment.  (477) 

  



 

 
BOTULINUM TOXIN (INTRAMURAL) / NEUROMODULATION  2247 

 

Table 7 Intravesical Therapies Oxford Criteria 

INTERVENTION GRADE RECOMMENDATION LEVEL OF EVIDENCE 

DMSO B 2 

HEPARIN C 3 

HYALURONIC ACID (HA) C 1 

CHONDROITIN SULFATE (CS) C 1 

HA + CS C 2 

PENTOSAN POLYSULFATE D 4 

VANILLOIDS NOT RECOMMENDED 1 

BCG NOT RECOMMENDED 1 

OXYBUTININ D 4 

LIDOCAINE C 1 

 BOTULINUM TOXIN 
(INTRAMURAL) / 

NEUROMODULATION 

1. BOTULINUM TOXIN 

Grade of Recommendation: B Level of Evidence: 
2 

Side effects include dysuria, incomplete emptying 

Botulinum toxin type A (BTX-A) hinders neuromedia-
tor release, both centrally and peripherally and also 
impedes intracellular transient receptor potential 
vanilloid type 1 (TRPV1) receptor to the cellular mem-
brane, in bladder afferent nerve fibers, thus enabling 
both symptomatic and urodynamic improvements.  
(478)  

Thirteen BPS patients were injected with 100–200 IU 
of BTX-A (abobotulinumtoxin A or onabotulinumtoxin 
A) into 20–30 sites submucosally in the trigone and 
floor of the bladder. Overall, nine (69%) patients 
noted subjective improvement, and ICSI scores im-
proved by 70% (P< 0.05). There were significant de-
creases in daytime frequency, nocturia and pain, and 
a significant increase in first desire to void and maxi-
mal cystometric capacity. However .dysuria occurred 
in a majority of patients and persisted in a minority for 
several months after initial injection. Three patients 
required clean intermittent catheterization for 2-3 
months following therapy.  (479) 

To ascertain effect of repeat injections a total of 13 
patients were followed up for 2 years, while 58 injec-
tions were administered with a mean of 4.8 ± 0.8 in-
jections per patient. The mean interval between two 
consecutive injections was 5.25 ± 0.75 months. At 1 
and 4 months follow-up, 10 patients reported a sub-

jective improvement. Mean VAS scores, mean day-
time and night-time urinary frequency decreased sig-
nificantly. The three non-responders to the first in-
travesical treatment session underwent further treat-
ment 3 months later with satisfactory results. At 1 and 
2 years follow-up, the beneficial effects persisted in 
all patients  (480) 

These results are in contrast with those in another 
study from Kuo of BTX-A (onabotulinumtoxin A) in 10 
patients with BPS. One hundred units were injected 
suburothelially into 20 sites in five patients, while 100 
U were injected into the trigone in the remaining five. 
None of the patients became symptom-free; two 
showed only limited improvement in bladder capacity 
and pain score.  (481) 

However in an RCT, Kuo and Chancellor analysed 
the difference between hydrodistension and hydro-
distension plus intravesical, sub mucosal BTX-A 
(onabotulinumtoxin A).  (482) Of the 67 patients, 44 
were divided in two groups: one received 200 U and 
the other 100 U, and cystoscopic hydrodistension 
was performed after 2 weeks. The remaining 23 pa-
tients received hydrodistension only. There was 
symptomatic improvement in all groups. However, in 
the hydrodistension group, 70% had returned to their 
previous symptoms after the first month, while in the 
BTX-A-treated groups, there was improvement of 
VAS, functional bladder capacity and cystometric 
bladder capacity at 3 months. At 12 and 24 months, 
the results in the active group were 55 and 30% ver-
sus 26 and 17% in the hydrodistension group  

In a multicenter, randomized, doubleblind, placebo-
controlled patients were randomized to hydrodisten-
tion plus suburothelial injections of BTX-A 100U  or 
the equivalent amount of normal saline. Pain was as-
sessed using a visual analog scale (VAS) at week 8 
after treatment. Secondary endpoints included void-
ing diary and urodynamic variables. A total of 60 pa-
tients  including 40 in the Botox and 20 in the N/S 
groups were enrolled. At week 8, a significantly 
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greater reduction of pain was observed in the BTX-A 
group compared to the N/S group (2.6 vs. 0.9, 
p=0.021). The other variables did not differ signifi-
cantly between groups except for cystometric bladder 
capacity, which was increased significantly in the Bo-
tox group. The overall success rates were 63% 
(26/40) in the Botox group and 15% (3/20) in the N/S 
group (p=0.028). Adverse events did not differ be-
tween the groups.  (483)   

In order to ascertain effect of isolated BTX-A treat-
ment only, Akiyama et al underwent a single-center, 
prospective, open labeled, randomized comparative 
study. Patients with refractory interstitial cystitis were 
randomly divided into two groups: immediate injection 
or 1 month delayed injection of botulinum toxin type 
A after allocation. The rate of treatment response and 
changes in symptom scores and frequency volume 
chart variables were compared between groups 1 
month after allocation. Using subjects of both groups 
as a single cohort, predictive factors for treatment re-
sponse at 1 month post-injection and the duration of 
response were explored. In a total of 34 patients the 
response rate was significantly higher in the immedi-
ate injection group (72.2% vs 25.0%, p = 0.01). All 
symptom measures showed significant improvement. 
When both groups were combined as a single cohort, 
the response rate was 73.5% at 1 month, 58.8% at 3 
months, 38.2% at 6 months and 20.6% at 12 months. 
The mean duration of response was 5.4 months. The 
authors also found BTX-A to be more effective in pa-
tients with relapse after previous hidrodistension, 
thus enhancing its value in refractory cases.  (484)  

Trigonal-only injection seems effective and long-last-
ing since 87% of patients (n = 23) reported improve-
ment after a 3-month follow-up period in a study by 
Pinto et al.  (485)  Over 50% referred continuity of the 
beneficial effect 9 months after the first treatment. 
When retreatment was needed, similar results were 
obtained. No cases of urinary retention were re-
ported. The authors concluded that this treatment is 
safe, effective and can be repeated  

Despite Kuo et al’s finding of BTX-A ineffectiveness 
in disease with Hunner’s lesions  (482,484,486), both 
Akiyama and Pinto et al reported similar results for 
patients with or without  Hunner’s lesions present at 
treatment, indicating pain is targeted by BTX-A, re-
gardless of cystoscopic phenotype.    

Lee and Kuo in a prospective study, treated patients 
with refractory IC/BPS, with 100 U of BTX-A injection 
plus hydrodistention followed by repeated injections 
every six months for up to two years or until the pa-
tient wished to discontinue. Of the 104 participants, 
56.7% completed four BoNT-A injections and 34% 
voluntarily received the fifth injection due to exacer-
bated IC symptoms. With a follow-up period of up to 
79 months, O'Leary-Sant symptom and problem in-
dexes (ICSI, ICPI, OSS), pain visual analogue scale 
(VAS) functional bladder capacity, frequency epi-
sodes, and global response assessment (GRA) all 
showed significant improvement (p < 0.0001). Those 

who received repeated injections had a better suc-
cess rate during the long-term follow-up period. The 
incidence of adverse events did not rise with the in-
creasing number of BoNT-A injections.  (487)  

Although RCTs have been published establishing ef-
ficacy of single and repeated injections with few and 
mild side effects, studies are still scant and small. Fur-
ther studies will be needed to obtain conclusive evi-
dence for its efficacy, duration of effect, and side-ef-
fect profile. 

2. NEUROMODULATION 

Grade of Recommendation: B Level of Evidence: 
1 

Sacral nerve stimulation (SNS) involves implanting 
permanent electrode(s) to stimulate S3 or S4 roots. 
As early as 1989, Tanago et al showed that stimula-
tion of S3 may modulate detrusor and urethral sphinc-
ter function (488). FDA approved the usage of sacral 
neuromodulation for treating refractory detrusor over-
activity in 1997 and for urinary urgency and frequency 
in 1999. Although the effectiveness of SNS for detru-
sor overactivity is largely confirmed by a good num-
ber of studies, only a relatively few papers report the 
effect of SNS in treating BPS.  

Zerman et. al reported significant improvement in a 
60-year-old woman treated for severe BPS pain using 
sacral nerve stimulation implant. Pain and accompa-
nying bladder dysfunction were improved by tempo-
rary and permanent sacral nerve stimulation for up to 
six months (489).  Maher et al (490) showed that tem-
porary stimulation was effective in 73% of 15 women 
with refractory BPS. Mean voided volume during 
treatment increased and mean daytime frequency, 
nocturia and pain decreased significantly. As indi-
cated by the Short Urinary Distress Inventory and SF-
36 Health Survey, the quality of life parameters of so-
cial functioning, bodily pain and general health signif-
icantly improved during the stimulation period.  

Chai et. al (239) found that percutaneous S3 nerve 
root stimulation improves symptoms and normalizes 
urinary HB-EGF levels and antiproliferative activity in 
patients with BPS. Treatment response may coincide 
with a decrease in urine levels of chemokines, espe-
cially monocyte chemoattractant protein-1.  (491)  In 
their report in 2003, Comiter et al (492) prospectively 
investigated the effect of SNS on a series of 17 pa-
tients with refractory BPS. At an average of 14 
months follow-up mean daytime frequency, nocturia 
and mean voided volume improved significantly.  The 
average pain decreased from 5.8 to 1.6 points on a 
scale of 0 to 10 and Interstitial Cystitis Symptom and 
Problem Index scores (ICSI and ICPI) decreased 
from16.5 to 6.8 and 14.5 to 5.4, respectively. Of the 
17 patients 16 (94%) with a permanent stimulator 
demonstrated sustained improvement in all parame-
ters at the last postoperative visit.  Whitmore el al 
(493)   applied percutaneous sacral nerve root stimu-
lation on 33 patients with refractory interstitial cystitis. 
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Statistically significant improvements were seen in 
pain and urinary symptoms. Significant improve-
ments were also seen in ICSI and ICPI scores.  

Peters et al (494) reported a reduction of narcotic us-
age in 18 BPS patients following SNS for a mean of 
15.4 months, although the dose reduction was mod-
est (36%) and only 4 of 18 discontinued the narcotics. 
However, Elhilali and colleagues (495) found that 
both of two patients with interstitial cystitis reported 
no improvement following sacral neuromodulation. 
Zabihi et al (496) more extensively stimulate S2-S4 
by implanting electrodes into epidural space through 
sacral hiatus. 23 of 30 (77%) patients had successful 
trial stimulation and were permanently implanted. 
Among these patients, the symptom score was im-
proved by 35% (p=0.005). The pain score improved 
by 40% (p=0.04). Patients reported an average of 
42% improvement in their symptoms.  

In the first prospective, single-blind, crossover trial of 
sacral nerve stimulation (SNS) versus pudendal 
nerve stimulation (PNS) for patients with BPS (n = 
22), PNS gave an overall 59% improvement in symp-
toms, whereas SNS gave an overall 44% improve-
ment (P = 0.05). Most patients who tested both a sa-
cral and pudendal electrode chose PNS as the better 
site. Follow-up showed marked improvements in 
voiding variables and validated BPS symptom ques-
tionnaires. Over 90% of patients treated with neuro-
modulation stated that they would undergo implanta-
tion again (497)  

Long-term results were verified in a retrospective 
study of 78 patients treated from 1994 to 2008. Per-
manent sacral neuromodulation implantation was 
performed in patients who showed at least 50% im-
provement in their symptoms with a temporary pe-
ripheral nerve evaluation test. Median follow-up was 
61.5 ± 27.7 months. Good long-term success of sa-
cral neuromodulation was seen in 72% of the pa-
tients. The explantation rate was 28%. The most fre-
quent reason for explantation was poor outcome 
(54% of the failed patients). The revision rate was 
50%  (498)  In another observational, retrospective, 
case-controlled review (January 2002–March 2004), 
34 female patients underwent permanent device im-
plants . Mean pre-/postoperative pelvic pain and ur-
gency/frequency scores were 21.61 ± 8.6/9.22 ± 6.6 
(P < 0.01), and mean pre-/postoperative visual ana-
logue pain scale (VAPS) scores were 6.5 ± 2.9/2.4 ± 
1.1 (P < 0.01). Mean follow-up was 86 ± 9.8 months. 
Sacral neuromodulation showed adequate improve-
ment for the symptoms of refractory BPS. Reopera-
tion rate was 25% (499). 

Sacral nerve modulation is still considered an investi-
gational procedure for BPS by the Consultation. Pu-
dendal nerve stimulation has shown better results. 
Therapeutic benefits of both appear to be significant 
in selected cases. Strict patient selection and detailed 
discussion with patients prior to surgery is mandatory. 
Long-term results should be collected and reported, 

and trial results discussed with patients before em-
ploying this treatment modality.  

Percutaneous tibial nerve stimulation has been used 
to treat BPS, although there is little data on its efficacy 
at this time.  (500,501)  

 PAIN EVALUATION AND 
TREATMENT 

1. EVALUATION OF PAIN 

The first premise that all physicians treating patients 
diagnosed with BPS is that they deserve to have their 
chronic pain assessed and treated.  It is now recog-
nized that successful management of BPS is only 
possible using a multidisciplinary and multimodal 
treatment approach which must include management 
of the associated chronic pain.  This includes evalua-
tion of the whole patient, not just the urology related 
symptoms.  As described in previous sections, this 
will involve assessment of clinical symptoms, physi-
cal signs and history to best define the underlying di-
agnosis and overlapping conditions, while not ignor-
ing the problems of mood, sleep and sexual prob-
lems.  The patient’s self-report should be the primary 
source of assessment. Clinicians should assess pain 
with easily administered rating scales (see below for 
examples) and should document the efficacy of pain 
relief at regular intervals after starting or changing 
treatment. Systematic evaluation of the pain involves 
the following: 

• Evaluation of severity 

• Detailed history of the pain including assessment 
of pain intensity over time as well as character 

• Evaluation of the psychological state of the pa-
tient, including assessment of mood and coping 
responses 

• Physical examination emphasizing the neuro-
logic examination 

• Diagnostic workup to determine the cause of the 
pain 

• Regular re-evaluation of therapeutic strategy and 
response. 

The initial evaluation of pain should include a descrip-
tion of the pain; PQRST has been described for this 
purpose: 

P: Palliative or Provocative factors, ‘what makes it 
less intense?’ 

Q: Quality, ‘what is it like?’ 

R: Radiation, ‘does it spread anywhere else?’ 

S: Severity, ‘how severe is it?’ 
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T: Temporal factors, ‘is it there all the time, or does it 
come and go?’ 

1.1. Pain measurement 
A number of different rating scales have been de-
vised to attempt to methodically measure pain and to 
allow patient follow-up. These have been used in re-
search, audit and in clinical practice. They all rely on 
a subjective assessment of the pain and therefore 
make inter-individual comparisons difficult. Addition-
ally, pain is a multidimensional complex phenomenon 
and is not adequately described by one-dimensional 
scales, however there is value in making some sort of 
an assessment to aid clinical practice to follow indi-
vidual patients. 

• Categorical scales e.g., verbal rating scales: 
mild, moderate, severe pain 

• Visual analogue, Likert or Numerical Rating 
scale (VAS) 

• Complex pain assessment compendiums e.g., 
Brief Pain Inventory (BPI), McGill Pain Question-
naire  (502-504) 

The BPI consists of several visual analogue scales 
grouped together assessing pain at rest, on move-
ment, and other aspects of the pain including interfer-
ence with function and effect on work.  The McGill 
Pain Questionnaire measures pain quality by asking 
patients to rate the intensity of 15 verbal descriptors 
of pain on a 0 to 3 rating scale. The pain rating index 
is composed of 2 scores, including a sensory pain 
score and an affective pain score.  Some versions 
also use a standard pain intensity VAS. 

1.2. Pharmacologic Management of Chronic 
Pelvic Pain  

Physicians using pharmacologic measures to control 
BPS pain must be committed to the following princi-
ples (524): 

1. Drugs are prescribed and monitored with 
knowledge of the patient’s history and risks, 

2. Patients understand potential benefits and 
harms and participate in reducing harms 

3. Clinicians assess outcomes for both effective-
ness and harms. 

1.3. Acetaminophen 
Acetaminophen (paracetamol) is the main repre-
sentative of this group. It has antipyretic activity and 
is a simple analgesic. There is very little evidence 
about its role in chronic pelvic pain  (506,507). Acet-
aminophen should be considered for only mild pain.  
Acetaminophen is a common cause of hepatotoxicity  
(508-510) and risk increases with alcohol use. 

1.4. Non-steroidal Anti-inflammatory Drugs 
The classical non-steroidal anti-inflammatory drugs 
(NSAIDs) fall into this group and include salicylic acid. 

They are known to act on the cyclooxygenase (COX) 
enzyme. The early NSAIDs tended to have little se-
lectivity for COX2 over COX1, and are therefore said 
to be associated with more side effects than the 
newer COX2 selective inhibitors  (511). The COX1 
enzyme is mainly involved in normal ‘housekeeping’ 
functions, such as mediating gastric mucosal integ-
rity, and renal and platelet function. Blocking the 
COX1 enzyme is the cause of the platelet, gastric and 
renal complications that can occur with NSAIDs. It 
has been suggested that the COX2 enzyme is induc-
ible as a result of tissue damage, and that it is the 
main enzyme involved in inflammation and peripheral 
sensitization of nociceptors  (512). As a result, the an-
algesic efficacy of COX2 selective drugs should be as 
good as that of the nonselective drugs, however the 
benefit is primarily seen in acute inflammatory type 
pain The selective COX2 agents should not be pre-
scribed in patients with increased risk of cardiovascu-
lar disease including congestive cardiac failure  (513).  
There is very little evidence for a role of NSAIDs in 
the management of chronic pelvic pain and even less 
evidence for a role for the COX2 selective drugs. 
Most of the analgesic studies have investigated dys-
menorrhoea in which NSAIDs have been found to be 
superior to placebo and possibly paracetamol  
(512,514). 

For practical purposes the NSAIDs may be divided 
into: 

1. Non-selective, low potency (e.g. salicylic acid, 
ibuprofen). 

2. Non-selective, high potency (e.g. ketoprofen, di-
clofenac, ketorolac). 

3. COX2 selective drugs (e.g. celecoxib). 

Non-selective, low potency NSAIDs can be used as 
first-line analgesics.  (515) They are most likely to be 
of help if there is an inflammatory component to the 
pain. More potent NSAIDs should be reserved for 
those conditions in which the low potency drugs have 
been tried and failed to produce significant benefit. 
COX2 selective drugs should be used with caution as 
an alternative to the non-selective drugs where there 
is an increased risk of gastric complications. They 
should be avoided in patients with known cardiovas-
cular disease. NSAIDs should be taken with food and 
consideration must be given to the use of gastric pro-
tective agents. The benefits of the NSAIDs must be 
demonstrated to outweigh the risks. All NSAIDs are 
contraindicated in active gastrointestinal ulcera-
tion/bleeding and renal disease. They may seriously 
exacerbate asthma and produce fluid retention. Even 
if stronger analgesics such as opioids are added, the 
NSAIDs can be continued as they are likely to have a 
synergistic action improving pain control above and 
beyond that obtained with opioids alone  (516)  
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1.5. Neuromodulators (Neuropathic 
Analgesics) 

Tricyclic antidepressants. Tricyclics have a definite 
analgesic effect on neuropathic pain compared with 
placebo (517): 30% of patients should obtain more 
than 50% pain relief; 30% will have minor adverse ef-
fects; and 4% will have to stop treatment because of 
side effects. Tricyclics are said to work in doses that 
are too low to affect mood. They may work by increas-
ing levels of norepinephrine and/or serotonin. They 
also have actions at sodium channels. They have a 
long history when used for pelvic pain (518,519) and 
good evidence exists to justify their usage  (333,334).  
A recent randomized placebo controlled study spon-
sored by the US National Institutes of Health (286)  
evaluated increasing doses of amitriptyline with or 
without standardized education and behavioural 
modification in treatment naïve patients with IC/PBS.  
While this study did not reach statistical significance 
when comparing amitriptyline plus education and be-
havior modification to education and behavioral 
changes alone, it did show that amitriptyline may be 
beneficial in persons who can achieve a daily dose of 
50 mg or greater.  (335) 

Serotonin reuptake inhibitors.  Selective serotonin 
reuptake inhibitors appear to be less effective for the 
management of pelvic pain  (520).  Fluoxetine can in-
crease plasma levels of amitriptyline and induce tox-
icity, and therefore care must be exercised if the 
drugs are combined. 

Anticonvulsants:  There is evidence that gabapentin 
and pregabalin are effective in chronic neuropathic 
pain  (521,522).  Whereas there is little evidence to 
support the use of anticonvulsants in the manage-
ment of genitourinary pain, they should be considered 
if there is a suggestion of neuropathic pain or central 
sensitization  (320,523,319,505). 

N-methyl-D-aspartate (NMDA) antagonists. Keta-
mine is thought to act primarily at the NMDA receptor, 
though it may also have actions at sodium channels, 
as well as opioid (kappa and mu) receptors  (525).  
Ketamine has been shown in both human  (526) and 
animal models  (527) of neuropathic pain to reduce 
central sensitization and wind-up.  Ketamine has 
been found to be useful in a number of chronic pain 
states including: peripheral neuropathies with allo-
dynia, stump and phantom pain, central pain, as well 
as fibromyalgia  (528-532).   However, it has become 
evident that ketamine should only be used with cau-
tion (or not at all) by an experienced practitioner 
trained in its use. Ketamine is a street drug of addic-
tion and has recently been associated with disastrous 
bladder consequences, the so-called ketamine blad-
der.  (533)  

1.6. Opioids 
There is now a general acceptance that opioids have 
a role in the management of chronic non-malignant 
pain  (534).  Strategies that may improve safety and 
efficacy include appropriate patient selection through 

identification of risk factors, and access to prescrip-
tion monitoring programs.  Low initial dose, prescrip-
tion of alternative non-opioid analgesics, and devel-
opment of written care agreements to individualize 
and guide therapy improve patient outcomes.  
(535,536)  While the use of opioids in urogenital pain 
is poorly defined, they should be considered for pa-
tients with BPS in whom all other treatments to re-
duce pain have failed. Opioid use does present very 
real risks and potential harms  (327) and include over-
dose, addiction, and opioid diversion and prescribers 
have an obligation to assess risks and minimize 
harms. Unfortunately, not enough is known about the 
long-term benefits, risks, and side effects of opioid 
therapy, not only in IC/PS, but other chronic non-can-
cer pain conditions. More research is needed in this 
area.  The following guidelines for the use of opioids 
in chronic/non-acute urogenital pain are suggested 
by the European Association of Urology  (537).  

1. All other reasonable treatments must have been 
tried and failed. 

2. The decision to instigate long-term opioid ther-
apy should be made by an appropriately trained 
specialist in consultation with another physician 
(preferably the patient’s family doctor). 

3. Where there is a history or suspicion of drug 
abuse, a psychiatrist or psychologist with an in-
terest in pain management and drug addiction 
should be involved. 

4. The patient should undergo a trial of opioids.  

5. The dose required needs to be calculated by 
careful titration. 

6. The patient should be made aware (and possibly 
give written consent): 

I. that opioids are strong drugs and associated 
with addiction and dependency 

II. the opioids will normally only be prescribed 
from one source  

III. the drugs will be prescribed for fixed periods 
of time and a new prescription will not be 
available until the end of that period 

IV. the patient will be subjected to spot urine 
and possibly blood checks to ensure that the 
drug is being taken as prescribed and that 
non-prescribed drugs are not being taken 

V. inappropriate aggressive behaviour associ-
ated with demanding the drug will not be ac-
cepted 

VI. hospital specialist review will normally occur 
at least once a year 

VII. the patient may be requested to attend a 
psychiatric/psychology review 
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VIII. failure to comply with the above may result 
in the patient being referred to a drug de-
pendency agency and the use of therapeu-
tic, analgesic opioids being stopped. 

Morphine. There is no compelling evidence that one 
opiate is better than another. Morphine has, however, 
become the traditional gold standard. Morphine is the 
first-line drug, unless there are contraindications to 
morphine or special indications for another drug. The 
drug should be prescribed in a slow release/modified 
release form. Short-acting preparations are undesira-
ble and should be avoided where possible. Parenteral 
dosing is undesirable and should be avoided where 
possible.   In an acute situation, the daily morphine 
requirement may be calculated by titration of the drug 
with progressively increasing doses of 4-hourly rapid-
release morphine. However, in most cases, starting 
with a low dose of slow-release morphine and confin-
ing the increments to occur at intervals of no less than 
3 days to 1 week is adequate.  Chronic non-cancer 
pain can be managed effectively in most patients with 
dosages at or below 200 mg/day of morphine or 
equivalent. 

A fentanyl patch can be used when oral absorption is 
restricted or when the patient suffers from nausea 
and vomiting. Patches are generally changed every 
72 hours. The problem with the currently available 
patches is that the dosing increments between 
patches are large. Care needs to be exercised when 
increments in dose are undertaken.  Fentanyl has 
contributed to numerous overdose deaths  (538,539). 

Methadone is a strong analgesic which has a long 
track record  (540).  While it may have a useful role in 
the management of urogenital pain, there is very little 
science to support this. Methadone has the tendency 
to accumulate with repeated dosing and cause de-
layed respiratory arrest. Therefore, whereas it may be 
a very useful drug, it should only be prescribed by a 
practitioner familiar with its use as an analgesic. 
Methadone as an analgesic is usually prescribed 6 
hourly as its analgesic action is relatively short-lived 
compared with the longer benefits seen from using 
the drug in drug addiction. 

Meperidine (Demerol) 300 mg intramuscular (i.m.) is 
about as effective as morphine 30 mg i.m.(conversion 
factor 0.1). Its oral bioavailability is, however, poor. 
Meperidine has a short duration of action, can accu-
mulate with multiple dosing and is therefore not rec-
ommended for use in chronic, non-acute pain  (541). 

Oxycodone, hydromorphone and hydrocodone are 
available as slow/modified-release preparations. 
They may be useful for opiate rotation if side effects 
or tolerance is a problem. They are powerful opioids 
and should be used with the same caution as mor-
phine. 20 mg of oxycodone and 6 mg hydro-
morphnone is equivalent to 30 mg of Morphine (1.5 
and 5 X conversion factor).  Oxycodone, hydromor-
phone and hydrocodone may have a higher abuse li-
ability than morphine (542).  

Codeine is a less potent opioid than morphine and the 
other opioids discussed and could be useful in mild to 
moderate pain. Tramadol  produces analgesia by two 
mechanisms: an opioid effect; and an enhancement 
of serotoninergic and adrenergic pathways  
(543,544). It has fewer of the typical opioid side ef-
fects (notably, less respiratory depression, less con-
stipation and less addiction potential)  (545). Mor-
phine dose equivalences with tramadol has not been 
reliably established.  Codeine and tramadol may have 
a lower abuse risk than more potent opioids 
(542,546). 

Opioid Recommendation:  Opioids have been shown 
in randomized controlled trials to be highly effective 
in the treatment of chronic non-malignant pain.  Long-
term follow-up studies suggest that this effectiveness 
can be maintained.  However, effectiveness has been 
limited in many clinical trials by failure to take into ac-
count high variability in dose requirements, failure to 
adequately treat depression, and frequency of side 
effects due to high inter-individual variability in side 
effect profiles aggravated by overly rapid dose titra-
tion.  (547) The tremendous potential benefits bal-
anced by the deadly risk of overdose would indicate 
the need for consultation with an expert in chronic 
pain management when the use of opiates is consid-
ered for more than the short-term management of a 
symptom flare. A stepped approach to opioid selec-
tion should be based on a patient’s clinical profile and 
individual characteristics and should proceed in a 
stepwise fashion.  First line therapy for mild to mod-
erate pain would include codeine or tramadol while 
second line therapy for mild to moderate pain could 
include morphine, oxycodone or hydromorphone.  
First line therapy for severe pain would include these 
same agents, morphine, oxycodone or hydromor-
phone while second and third line therapy for severe 
pain could include fentanyl and methadone respec-
tively.  It is important to determine the optimal dose, 
i.e., a dose that will improve function or reduce pain 
intensity by at least 30% without causing major ad-
verse effects or complications. It is recommended to 
start the opioid trial with a low dose and increase the 
dose in small quantities over several days or weeks 
carefully monitoring for effectiveness (or plateauing of 
response) and adverse effects or complications. Opi-
oids produce a graded analgesic response: the pa-
tient experiences the greatest benefits at lower doses 
and a plateauing of analgesic response and adverse 
effects at higher doses.   

1.7. Recommendation:  
BPS patients deserve to have their chronic pain 
treated.  There are few well controlled long term pain 
therapy studies in this area, therefore most of our rec-
ommendations must come from studies in other non-
cancer pain conditions.  As discussed in the previous 
sections, management of symptoms of BPS, includ-
ing the chronic pain must start with conservative ther-
apies along with BPS condition-specific treatments. 
For those whose chronic pain is refractory to these 
therapies including standard analgesics, therapy for 
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the chronic pain should normally start with a tricyclic 
and/or gabapentinoid (gabapentin or pregabalin), fol-
lowed by addition of an opioid such as codeine, tra-
madol, morphine or oxycodone as a last resort. 

Level of Evidence: 4 Recommendation: C 

SURGICAL THERAPY 

Bladder Pain Syndrome (BPS) is a chronic and debil-
itating disease. Major surgical options should be con-
sidered only when all conservative treatment has 
failed. 

The patient should be informed of all aspects of sur-
gery and understand consequences and potential 
side effects of surgical intervention. An experienced 
surgeon familiar with the particular surgical technique 
should perform the procedure. 

1. HYDRODISTENTION 

Bladder distension has been used for many years 
(548)  not only as a diagnostic/ classification tool but 
also for treatment of BPS. In 1957 Franksson re-
ported on a retrospective series of 33 patients, with 
symptom improvement in all, and lasting up to 1 year 
in 7 patients (549).  Reports from the seventies were 
contradictory. Using the Helmstein method (550)  
Dunn reported complete absence of symptoms in 16 
of 25 patients (551), while Badenoch found no im-
provement in 44 of 56 patients (358). More recent lit-
erature reports poor results with only a minority of pa-
tients reporting a small improvement in symptoms for 
a relatively short period of time (225,226,241,552). 
Most studies are retrospective and uncontrolled. 
Level of evidence 3; recommendation C 

2. TRANSURETHRAL RESECTION 

In his first papers Hunner described open resection of 
the bladder ulcer in the treatment of patients with IC 
(17). He later abandoned this treatment due to oper-
ative morbidity and recurrence of symptoms. With 
better cystoscopes transurethral fulgeration became 
more popular (553). Results of transurethral resection 
were originally reported by Greenberg et al.  (554)  
and Fall (555). The retrospective results of this treat-
ment in 116 patients with Hunner’s lesion from Fall’s 
Swedish clinic was later reported by Peeker et al.  
(556). Hunner’s lesion was first recognized by blad-
der distension under general anaesthesia. All lesions 
were then resected including at least half of the un-
derlying muscular coat. Large areas of the bladder 
might be treated to resect all diseased tissue. Ninety-
two of the 116 patients experienced amelioration of 
their symptoms. Average duration of symptom allevi-
ation was 23 months ranging from 0-180 months. Up 
to 16 re-resections were performed if symptoms re-
curred.  This is the only center having reported a large 
clinical series of patients with BPS treated in this 

manner. Shanberg and Malloy reported in 1987 on la-
ser fulgeration of 39 patients with BPS (557).  Nine-
teen of 39 had Hunner’s lesion. Of the 19 patients 
with Hunner’s lesion 17 reported good pain relief last-
ing between 6 and 18 months. In the 20 patients with-
out Hunner’s lesion, reddened areas in the bladder 
were photocoagulated with the Neodynium:Yag laser. 
Thirteen felt marked improvement of symptoms but 
time to symptom recurrence was not reported. Small 
bowel perforation in 2 patients was the most im-
portant complication in this series. This series was ex-
tended to 76 patients (558)  where 21 of 27 patients 
with Hunner’s lesion (BPS ESSIC type 3X) experi-
enced symptom improvement; 12 had relapse within 
18 months. Of patients with BPS ESSIC type 1 or 2, 
20 of 49 improved but 10 required further therapy 
within 1 year. Rofeim et al.  (559)  reported on 
Nd:YAG laser ablation of Hunner’s lesion in 24 pa-
tients with BPS type 3X. All had symptom improve-
ment within days without complications. Pain, ur-
gency, nocturia, and frequency were improved after 
23 months, but relapse in 11 patients required up to 
four additional treatments.  

Payne et al. reported on 14 patients with Hunners le-
sion treated by cystoscopiv ablation. Eight became 
symptom free and 4 improved symptomatically more 
than 50%. Four had symptomatic recurrence with im-
provement after repeat ablation (560). Intravesical, 
submucosal injection of triamcinolone has in uncon-
trolled studies been reported to have as good symp-
tomatic effect  as resection/fulgeration. 

Transurethral resection, fulguration, or laser ablation 
of Hunner’s lesions is a recommended treatment for 
patients with BPS type 3X. 

Level of Evidence: 3  Grade of Recommendation: 
B 

3. CYSTOLYSIS – PERIPHERAL 
DENERVATION 

Hunner (17) simply dissected bladder from surround-
ing tissue. Initial results were encouraging, however 
after 3 years of follow-up, symptoms reoccurred. 
Worth and Turner-Warwick (561) attempted to do 
more formal cystolysis and were more successful 
with regard to symptoms. Worth (562) followed pa-
tients up to 7 years and found bladder areflexia to be 
a significant complication of this procedure. Patients 
had to use Credé technique or even be on intermittent 
self-catheterisation. Albers & Geyer (563) reported 
symptom recurrence after 4 years in most of the pa-
tients.  

Cystolysis – peripheral denervation is not indicated 
for BPS; 

Level of Evidence: 3  Grade of Recommendation: 
-A (not recommended)  
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4. SYMPATHETIC DENERVATION 

Visceral pain is transmitted in most cases by the sym-
pathetic nervous system. Gino Pieri (564)  applied this 
principle to the bladder pathology and suggested re-
section of the superior hypogastric plexus (presacral 
nerves), paravertebral sympathetic chain, and gray 
rami from S1-3 ganglia (Level 4). This was repeated 
by Douglass (565)  a few years later . Immediate re-
sults were very good; however Nesbit (566)  showed 
that the long term results were short lived. 

Sympathetic denervation is not indicated for BPS  

Level of Evidence: 4  Grade of Recommendation: 
-A (not recommended) 

5. PARASYMPATHETIC 
DENERVATION  

Based on the contribution of S2-S4 segments to blad-
der innervation, Moulder and Meirowsky (567)  used 
S3 neurectomy in 3 patients with good long term fol-
low-up.  Larger series were reported by Milner (568)  
and Mason (569)  but results after five years were not 
encouraging. To improve results selective dorsal sa-
cral root neurectomy, unilateral or bilateral, was intro-
duced by Bohm and Franksson (570). The outcomes 
of this procedure were unclear.  

Parasympathetic denervation is not indicated for 
BPS;  

Level of Evidence: 4  Grade of Recommendation: 
-A (not recommended) 

6. BOWEL SURGERY  

6.1. Bladder Augmentation-Cystoplasty 
Bladder augmentation-cystoplasty has been com-
monly used for refractory BPS for 50 years. First re-
ports of ileocystoplasty from 1958 were very promis-
ing (571). Later publications were less sanguine with 
good results varying from up to 100% (572,573)  to 
25% (358,574). Cystoplasty is usually done with or 
without bladder resection.  

Cystoplasty alone was reported as early as 1967 by 
Turner-Warwick and Ashken (575), advocating aug-
mentation with removal of the diseased tissue. Sev-
eral subsequent studies indicated that cystoplasty 
with subtrigonal cystectomy offers better results than 
without subtrigonal cystectomy (573,576-578). These 
were all retrospective studies and conclusions should 
be taken with reservation. Cystoplasty with partial or 
total removal of the bladder requires bowel tissue 
substitution. Different bowel segments are used to 
enlarge the bladder. It is the general consensus that 
the intestine segment used for bladder augmentation 

should be detubularized (579). Experiences with dif-
ferent bowel segments have been reported in numer-
ous articles with level 4 evidence:  

• Ileum (358,572,573,578,580-584)   

• ileocecum  (398,573,574,576,585,586)  

• cecum  (572,587)  

• right colon (358,573,588)  

• sigmoid colon (576,578,582,585)  

• gastric segments (589,590)  

There is no significant different between different 
bowels segments with regard to outcome except for 
gastric tissue substitution which is associated dysuria 
and persistent pain due to production of acids 

6.2. Cystoplasty with Supratrigonal 
Resection 

Cystoplasty with Supratrigonal Resection (i.e. 
trigone-sparing) has been reported in various studies. 
Von Garrelts (572) described excellent results in eight 
of 13 patients with a follow-up of 12-72 months. Bruce 
et. al (578)  reported satisfactory relief of BPS symp-
toms by ileocystoplasty and colocystoplasty in eight 
patients. Dounis and Gow (591) reported improve-
ment in pain and frequency in seven BPS patients af-
ter supratrigonal cystectomy with ileocecal augmen-
tation. Kontturi et. al (576)  used segments of colon 
and sigmoid colon in 12 cases with 100% symptom-
free outcome in five patients augmented with sigmoid 
colon over 4.7 years of follow-up. Two of seven cases 
augmented with colon required ileal conduit and cys-
tectomy.  Linn et. al (592)  followed six BPS patients 
for 30 months, and reported that all were symptom-
free and voided spontaneously. The report by Nielsen 
et. al (574)  was less favorable. Six out of eight pa-
tients had good results.  Van Ophoven et. al (593)  re-
ported the long-term (mean 5 years) results of ortho-
topic substitution enteroplasty in 18 women with BPS, 
using ileocecal (n = 10) or ileal (n = 8) segments with 
only two failures.  In the group augmented with ileum, 
three patients required self-catheterization and one a 
suprapubic catheter.  Peeker et. al (594)  found that 
patients with end-stage ulcerative BPS had excellent 
results following ileocystoplasty but not so the pa-
tients with non-ulcer disease. A follow up on this pa-
per was published (188)  with the same conclusion for 
the patients with end stage BPS ESSIC type 3C, 
while both continent diversion and iliocystoplasty 
were unrewarding in patients with type 2X BPS. Pa-
tients with low cystoscopic capacity (<200 ml) under 
general anaesthetic have achieved better results 
(20,21,595,596).  

There is some weak evidence that cystoplasty with 
supratrigonal resection may benefit some selected 
patients with end stage ESSIC type 3C BPS.   

Level of Evidence: Level 3; Grade of Recommen-
dation: C 
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6.3. Cystoplasty with Subtrigonal 
Cystectomy — Orthotopic Continent 
Bladder Augmentation 

Cystoplasty with Subtrigonal Cystectomy — ortho-
topic continent bladder augmentation (i.e. with trigone 
removal but preservation of the bladder neck) in the 
management of BPS has been  reported less often 
(597-600).  Because of the need of ureteral reimplan-
tation, it is associated with some risks of urine leak-
age, urethral stricture and reflux (599).  Linn et. al 
(592)  had three failures in 17 patients and half of the 
patients with good symptomatic response required 
self-catheterization. Nielsen et. al (574)  had better 
results following orthotopic substitution with low blad-
der capacity (200 mL versus 525 mL, respectively). 
Orthotopic continent bladder augmentation, particu-
larly when removing the trigone, may cause incom-
plete voiding requiring intermittent self-catheteriza-
tion. Therefore, patients considering such procedures 
should be advised accordingly and must be consid-
ered capable of performing, accepting and tolerating 
self-catheterization.  Nurse suggested that the deci-
sion on whether to do a subtrigonal or supratrigonal 
cystectomy be based on the results of trigonal biopsy, 
with the former procedure indicated in the patient with 
trigonal inflammation (601).  

There is no compelling evidence that subtrigonal cys-
tectomy with cystoplasty has any outcome advantage 
over supratrigonal cystectomy but it tends to be asso-
ciated with more complications and poorer functional 
bladder rehabilitation. 

Level of evidence: 3; Grade of Recommendation: 
C 

6.4. Urinary Diversion With or Without Total 
Cystectomy and Urethrectomy 

This is the ultimate, final and most invasive option. It 
should be used as a last therapeutic resort in selected 

patients. Techniques include simple or continent uri-
nary diversion. Continent diversion may be preferable 
for cosmetic reasons in younger patients.  

Simple urinary diversion with formation of an ileal 
conduit is the most common surgical treatment for 
BPS (602). Initially, diversion can be done without 
cystectomy and only when bladder pain is persistent, 
cystectomy may be considered. Bladder de-function-
alization alone produced symptom-relief in several re-
ports.  (20,21,358,574,603-606).   Whether or not cys-
tectomy should be performed at the same time as uri-
nary diversion is somewhat controversial  (607). 
About 80% of patients seem to have clinically signifi-
cant improvement after urinary diversion, but second-
ary cystectomy does not seem to improve refractory 
pain  (605,606) . 

Often diversion is performed as a next step after un-
successful bladder augmentation. To avoid further 
bowel resection, a bowel segment used for cysto-
plasty can often be converted to a conduit (608)    In 
some patients chronic inflammatory changes have 
been seen in the cystoplasty pouch resembling inter-
stitial cystitis  (21,358,609,610)   , preventing one 
from using this technique. Similar bowel changes 
however have been described when cystoplasty is 
performed for pathology other than interstitial cystitis, 
suggesting that these pathologic findings are not a di-
rect result of the exposure of bowel to BPS urine 
(611). 

Urinary diversion with and without cystectomy may be 
the ultimate option for refractory patients. Continent 
diversion may have better cosmetic and life style out-
come but recurrence of pain in the pouch is a real 
possibility. 

Level of Evidence: 3; Grade of Recommendation: 
C 

TABLE 8:  Surgical recommendations according to the oxford system 

PROCEDURE Recommendation Level of Evidence 

Hunner Lesion Directed Therapy B 3 

Hydrodistention C 3 

Sympathetic Denervation -A not recommended 4 

Parasympathetic Denervation -A  not recommended 
 

4 

Cystolysis -A not recommended 3 

Botulinum Toxin B 2 

Neuromodulation B 1 

Cystoplasty with Supratrigonal 
Resection 

C 3 
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PROCEDURE Recommendation Level of Evidence 

Cystoplasty with Subtrigonal 
Resection 

C 3 

Urinary Diversion +/- cystectomy C 3 
 

 CLINICAL SYMPTOM SCALES 
Symptom scales have enabled patients to be catego-
rized by symptom severity and have also served to 
follow results of treatment in patients with bladder 
pain syndrome.  Their future development may ena-
ble a presumptive diagnosis of the syndrome but at 
this time that is not possible.  A brief survey that reli-
ably segregates BPS from other urologic disorders 
would make the ability to diagnose the syndrome re-
liable, inexpensive, and available to all healthcare 
providers.  It would aid in epidemiologic studies as 
well.  Currently such work sponsored by NIDDK is on-
going.  www.mappnetwork.org  

A process for development of a case definition for 
BPS has been developed by adapting the 
RAND/University of California, Los Angeles Appropri-
ateness Method.  (53)   This involves a panel consist-
ing of nine experts with experience in BPS and re-
lated diseases, literature review of case definitions of 
BPS, initial ratings of symptoms as indicators of the 
BPS diagnosis, and discussion and a second set of 
ratings to establish criteria for diagnosis through pa-
tient reports. Symptom questionnaire development, 
based on the results of the case definition exercise, 
and validation have been successful in establishing a 
population-based estimate for disease prevalence 
using both high specificity and high sensitivity mod-
els.(73) If this could be adapted for use in screening 
by primary care physicians, the potential benefits in 
early diagnosis of BPS are evident. 

Questionnaires and symptom scales are currently uti-
lized to measure treatment outcome and are espe-
cially valuable in clinical research studies as well as 
for guiding therapy for individual patients.   

There are 4 published BPS symptom questionnaires: 
the University of Wisconsin IC Scale (figure 12), the 
O’Leary-Sant IC Symptom Index (ICSI) and IC Prob-
lem Index (ICPI) (figure 13),  the Pelvic Pain and Ur-
gency/Frequency (PUF) Scale (figure 14) and the 
Bladder Pain/ Interstitial Cystitis Symptom Score 
(BPIC-SS)  (612) (figure 15). 

The University of Wisconsin IC Scale includes 7 BPS 
symptom items and has not been validated for identi-
fication or diagnosis of BPS.  It captures severity of 
symptom expression (613,614) .Unlike the other two 
instruments, it addresses some quality-of-life issues, 
and this is an advantage when such issues are sub-
ject of investigation.  Its most attractive aspects are 
its clinically apparent face validity and its ease of im-
plementation. 

The O’Leary-Sant indexes are validated question-
naires that were originally developed by focus 
groups, subjected to test-retest reliability analysis, 
and validated by administration to BPS patients and 
asymptomatic controls (615,616) .The questionnaires 
center on 3 questions related to urgency/frequency 
and one on bladder-associated pain.  It does not ad-
dress generalized pelvic pain or symptomatology as-
sociated with sexual activity.  This is not because 
these questions were not considered in the formula-
tion of the questionnaire.   Of 73 questions in the pre-
liminary instrument covering domains of urinary 
symptoms, pain, sexual function, menstrual variabil-
ity, and general health, only the four questions now in 
the instrument were needed to reliably and validly de-
scribe the illness experience of those with IC and dis-
tinguish these patients from those without the disor-
der (617).   

The Pelvic Pain, Urgency, Frequency (PUF) ques-
tionnaire (618) was specifically designed to include 
questions that directly reflect a wide variety of the 
symptoms experienced by patients who are affected 
by this disorder.  One-third of the questions address 
pelvic pain, including pain anywhere in the pelvis: the 
vagina, labia, lower abdomen, urethra, perineum, tes-
tes, penis, or scrotum.   

The PUF is marred by the fact that patients were not 
included in its development.  If used to monitor out-
comes, question 4 regarding sexual activity may 
worsen the score as the outcome improves.  These 
and other problems make its use highly dubious.  
(619)  

A large study utilizing the PUF questionnaire has con-
cluded that up to 23% of American females have BPS 
(618).  This makes one wary as to the utility and face-
validity of the PUF[531].  A total score of 10-14 =74% 
likelihood of positive potassium test (PST); 15-
19=76%; 20+=91%.  To the extent that the PST is 
suspect, the reliability of PUF data comes into ques-
tion. 

Neither the PUF nor O’Leary Sant questionnaires 
have been shown to be of value in diagnosis of the 
individual patient (620).  In an interesting epidemio-
logic study in Finland, Leppilahti and colleagues ran-
domly selected 2000 participants from the Finnish 
population registry and administered the O’Leary 
Sant IC symptom and problem index (69).  Women 
with symptom scores 7 or higher with no history of 
urinary tract infection in the preceding month were in-
vited to undergo clinical examination.  Of these 32 
women, 21 underwent examination of whom 3 had 
probable interstitial cystitis and 4 had possible inter-
stitial cystitis.  Based on this specificity, a population 



 

 
CLINICAL SYMPTOM SCALES  2257 

 

prevalence in Finnish women of 230/100,000 proba-
ble interstitial cystitis and 530/100,000 possible inter-
stitial cystitis was calculated.  Thus, one can get some 
idea as to O’Leary Sant specificity.  For probable BPS 
it would be about 14% using a parameter of 7 or 
greater on the symptom index.   

The O’Leary-Sant and University of Wisconsin instru-
ment correlate strongly in a large population of pa-
tients with BPS.  (621)   Clemons and co-workers ad-
ministered the ICSI to 45 patients scheduled to un-
dergo laparoscopy for pelvic pain.  Seventeen were 
diagnosed with BPS based on the finding of glomer-
ulations on bladder distention associated with ur-
gency, frequency, or nocturia.  A score of 5 on the 
ICSI had a 94% sensitivity and a 93% negative pre-
dictive value in this enriched population of patients 
with pelvic pain[ (622).  However, Clemens and col-
leagues have found a high degree of overlap in Inter-
national Prostate Symptom Scores, the O’Leary Sant 
Symptom Index, and the Chronic Prostatitis Symptom 
Index in a random sample of over 1400 men and 
women with urologic symptoms, underscoring that we 
should be cautious in using these questionnaires as 
a basis for diagnosis in epidemiologic studies (75).   

Rosenberg and Hazzard (67)  surveyed 1218 consec-
utive patients presenting to their primary care office 
and found 7 (0.6%) who had a 7 ICSI score.  Likely 
BPS was noted in 12.6% of patients on the PUF 
scale, a figure 21 times higher, suggesting that either 
the PUF drastically overestimates BPS, or the ICSI 
lacks sensitivity.  Based on the correlation of the po-
tassium sensitivity test and the PUF questionnaire, 
Parsons (56)  stated that 30.6% of 3’rd year female 
medical students at his California institution had prob-
able BPS. Sahinkanat and coworkers (209)  in Turkey 
administered the PUF questionnaire to all 442 female 
textile workers in two local factories.  Eighty-six per 
cent of those with a PUF score 7 or greater had an 
86% positive rate of PST testing verses 9% positive 
in the group with PUF less than 7.  They extrapolated 
that bladder epithelial permeability dysfunction was 
present in 32.8% of these unselected women.  The 
ICSI estimate seems much more in line with current 
epidemiologic data. 

While perhaps not ideally suited for epidemiologic 
studies, these questionnaires can reveal important 
epidemiologic data.  Porru and colleagues (623)  
compared University of Wisconsin scores including 
both urinary and non-urinary symptoms, for 30 BPS   
female patients and 30 female controls.  While the IC 
group had significantly higher scores for the urinary 
symptoms, they did not appear to indiscriminately re-
port higher scores than controls for different somatic 
and general complaints, as might be expected if this 
disease is a manifestation of a more generalized dis-
order.  Diggs and colleagues (624)  used the ICSI to 
investigate how interstitial cystitis patients interpret 
urgency.  The ICSI question regarding: “the strong 
need to urinate with little or no warning” consistently 
underestimated the response to the International 

Continence Society definition of urgency: “the com-
pelling urge to urinate that is difficult to postpone.  

With the results of a review of existing patient-com-
pleted measures indicating they did not meet current 
standards for the development of patient reported 
measures  (625,626), and facing the need for a new 
patient friendly measure with good sensitivity and 
specificity, a new measure of BPS symptoms was de-
veloped (612) . The Bladder Pain/ Interstitial Cystitis 
Symptom Score (BPIC-SS) is based on defined 
standards for patient-completed measures,  including 
patient and clinical input, e.g. cognitive debriefing by 
patients during the development of the score and 
findings from cystoscopy and hydrodistension. The 
BPIC-SS appears to successfully discriminate BPS 
patients from OAB patients and healthy controls.  It 
has not been validated to discriminate BPS patients 
from those with confusable diseases(e.g. endometri-
osis or UTI).  The BPIC-SS appears more discrimina-
tive than the PUF or the ICSI.  As a result, the BPIC-
SS has been implemented into the standard sets 
within the FDA´s guidance for patient reported out-
come development and has already been used in re-
cent BPS trials  (394). Finally, although developed for 
the purpose of screening into trials, the BPIC-SS 
could also be used for measuring outcome results 
during clinical trials. The questionaire is available free 
of charge (http://www.prolutssh.com). 

Treatment outcome studies have also used the 
Global Response Assessment (figure 15); a balanced 
patient self-report on overall response to therapy, de-
veloped for NIDDK sponsored multicenter therapeutic 
trial  (346).  The O’Leary Sant and University of Wis-
consin questionnaires are responsive to change over 
time in patients with BPS and have been recom-
mended as secondary endpoints in future clinical tri-
als of the disorder.  Propert and colleagues in the In-
terstitial Cystitis Clinical Trials Group determined that 
a 1.2 point change in the O’Leary Sant indexes and a 
3.1 point change in Wisconsin IC inventory corre-
sponded to a one-category change in the GRA.  Indi-
vidual symptoms were also responsive[538].  (627) 

A research tool with an exclusive focus on pain map-
ping was reported in 2012 (628). It allows the identifi-
cation and grading of additional pain sites outside the 
pelvic region in association to QoL aspects. 
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A simple visual analogue scale (VAS) where the pa-
tient reports level of pain by making a mark on an un-
marked line continuum, or a numeric rating scale 
(NRS) in which the patient records a number corre-
sponding to a degree of pain (ie mild 2-4, moderate 
5-7, severe 8-10) can be used to evaluate the pain 
associated with bladder pain syndrome and is useful 
for following patients and for assessing response to 
interventions.  In pharmaceutical testing, a single-

symptom score such as these is commonly chosen 
as a primary endpoint with more generalized symp-
tom scores comprising secondary endpoints.  The 
genitourinary pain index was not developed specifi-
cally for bladder pain syndrome, but can be used to 
assess the degree of symptoms in both men and 
women with genitourinary pain complaints. (629)  (fig-
ure 16)  

 

  

 

 
Figure 12: University of Wisconsin Symptom Instrument 
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Figure 13:   O”leary Sant Symptom and Pain Index 

 

 
Figure 14:  Pelvic Pain, Urgency, Frequency Scale (PUF) 
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Figure 15:  Global Response Assessment (GRA) 

 

 
Figure 16:  Male and Female Genitourinary Pain Index (GUPI) 
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Figure 16:  Male and Female Genitourinary Pain Index (GUPI) (continued) 

 

 



 

 
2262  COMMITTEE 19. BLADDER PAIN SYNDROME 
 

Conculsions 

The three commonly employed clinical symptom 
scales include the O’Leary Sant, the University of 
Wisconsin, and the Pelvic Pain, Urgency, Frequency 
scales. None of the questionnaires have the sensitiv-
ity or the specificity to be used in the clinical diagnosis 
of the patients. The O’Leary Sant and University of 
Wisconsin indexes have been validated as reliable in-
struments for following the course of the disease and 
results of treatment interventions. All have shown 
some value in assessing the severity of the disease. 
The Global Response Assessment has become one 
of serveral primary endpoints used in the judging the 
response to the specific therapies.  

OUTCOME ASSESSMENT 

1. THE PROBLEM 

BPS/IC has been a difficult condition for which to as-
sess therapeutic impact.  There is a 50% incidence of 
temporary remission unrelated to therapy, with a 
mean duration of 8 months (59).  A somewhat sur-
prising finding from the Interstitial Cystitis Database 
was that although there was initial improvement in 
symptoms partially due to regression to the mean 
(630) and the intervention effect, there was no evi-
dence of a long-term change in average symptom se-
verity over the four year course of follow-up. (102)  In 
a chronic, devastating condition with primarily subjec-
tive symptomatology, no known cause, and no cure, 
patients are desperate and often seem to respond to 
any new therapy. A skeptical view of outcomes is es-
sential (figure 17), as patients can be victims of unor-
thodox health care providers using unproven forms of 
therapy, some medical, some homeopathic, and 
some even surgical.  

2. THE PLACEBO ISSUE 

Where possible, the results of randomized controlled 
studies should be used for decision making.  Placebo, 
double-blind studies are optimal in this disorder for 
which there is no generally effective standard ther-
apy.   

Placebo effects influence patient outcomes after any 
treatment which the clinician and patients believe is 
effective, including surgery.  Placebo effects plus dis-
ease natural history and regression to the mean can 
result in high rates of good outcomes, which may be 
misattributed to specific treatment effects.  (102,631-
633) Unfortunately, few BPS treatments have been 
subjected to a placebo-controlled trial.  This is not to 
say that what seems effective is not, but rather that a 
high index of skepticism is healthy, even in treatments 
tested in controlled trials.  (634)  

While in many diseases an argument can be made 
against using a true placebo control as opposed to an 
orthodox treatment of approved or accepted value 
(635), a good case for true placebo comparison can 
readily be made for BPS.  The vagaries of the natural 
history, the general lack of progression of symptom 
severity over time, and the fact that it is not life threat-
ening, mean that there is little to lose and much to 
gain by subjecting new treatments to the vigorous 
scrutiny of placebo control.  Many patients who vol-
unteer for such trials have already run the gamut of 
accepted (though generally unproved) therapies.  It 
has long been recognized in protocols that use sub-
jective criteria for assessment that "improvement" 
may be expected in up to 35% of placebo-treated pa-
tients (636).   As the spontaneous remission rate 
(though temporary) for BPS is 11% (357) to 50% (59),  
combined with the placebo improvement it can be dif-
ficult to prove efficacy.   

Even in placebo controlled trials, it is reasonable to 
surmise that some degree of unblinding may occur as 
a result of somatic or psychological side effects of the 
active arm, impairing the validity of the trial results 
and giving the active arm a slight edge over placebo.  
(637,638) Failure to recognize unblinding can easily 
bias results of a study and has not been routinely 
measured in clinical trials.  (639)  When occurring late 
in a study after one would expect onset of a therapeu-
tic effect, unblinding could be the result of side effect 
profile or drug efficacy.  Early in the trial it reflects 
poor placebo or study design.  The degree of blinding 
needs to be ascertained throughout the trial.  This is 
of specific concern in BPS and any disorder where 
primary outcomes may be subject to patient-specific 
psychological and physiological factors. 

The ethics and necessity of placebo-controlled trials 
have been questioned, especially in situations in 

Figure 16:  Male and Female Genitourinary Pain Index (GUPI) (continued) 
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which an effective treatment exists and also where 
delay in treatment has been shown to result in dis-
ease progression (640-642).  However, there are 
methodological concerns with equivalence and non-
inferiority active agent comparison trials (643).  These 
include an inability to determine if the treatments are 
equally good or equally bad, and the possibility that 
successive non-inferiority trials can lead to a gradual 
decrease in treatment efficacy.  Although the use of 
placebo-controlled trials raises ethical concerns when 
proven effective treatment exists for the condition un-
der investigation, they are ethically justified, provided 
that stringent criteria for protecting research subjects 
are satisfied (644). 

The value of placebo-controlled trials is aptly illus-
trated by the decisions by pharmaceutical manufac-
turers not to pursue FDA approval in the United 
States for seemingly promising intravesical therapies 
for BPS (435,645) after placebo-controlled trials 
failed to establish efficacy.  These include low con-
centration hyaluronic acid (Bioniche, Canada), high 
concentration hyaluronic acid (SKK, Tokyo), and res-
iniferatoxin (ICOS, Bothell, Washington, USA).  
Nalmefene, an initially promising oral therapy in the 
1990’s,  (646) also failed phase 3 trials (IVAX, Miami).  
Placebo trials are impractical in surgery and it can be 
difficult to evaluate surgical reports.  The many older 
medications currently used off-label might not meet 
success if tested in the stringent manner in which new 
molecular entities are tested.  The expense of testing 
therapies currently used off-label often requires de-
pendence on the largesse of government agencies 
like the National Institute of Health.  (346,466,647) 

3. OUTCOME INTERPRETATION 

As has been discussed with regard to rheumatologic 
disorders (648), the interpretation of measurements 
of physical functioning in clinical trials should con-
sider the composition of the study sample, with atten-
tion to the stage of disease and the heterogeneity in 
disease duration.  Patients with long-standing dis-
ease or compromised bladder capacity or central 
sensitization can be expected to be less responsive 
to treatments directed toward the bladder itself.  Fi-
nally, when considering objective changes, the con-
cept of statistical versus clinical significance is para-
mount.   Investigators should, but rarely do, point out 
differences between statistical improvement and 
what they consider to be clinically significant improve-
ment (649).  As Gertrude Stein reportedly stated, “A 
difference, to be a difference, must make a differ-
ence”.  An increase in bladder capacity of 30cc may 
be statistically significant but clinically irrelevant.  
Number needed to treat and number needed to harm 
data[560] may be particularly important in BPS and 
have not typically been included in efficacy analysis.   

4. IMMPACT RECOMMENDATIONS 

The core outcome domains for chronic pain clinical 
trials have been published.  (502,650)  The Initiative 
on Methods, Measurement, and Pain Assessment in 
Clinical Trials (IMMPACT) recommendations indicate 
that core outcome domains should be considered in 
all clinical trials of the efficacy and effectiveness of 
treatments for chronic pain.  These domains include: 

1. Pain 

2. Physical functioning 

3. Emotional functioning 

4. Participant ratings of improvement and satisfac-
tion with treatment 

5. Symptoms and adverse effects, participant dis-
position 

CONCLUSIONS: 

Currently for BPS/IC there are no accepted biologic 
disease markers that can be used for the as-sess-
ment of response to therapy. The O’Leary Sant, Uni-
versity of Wisconsin, and Global Re-sponse Assess-
ment are well-validated questionnaires to follow dis-
ease progression and response to therapy.  The 
IMMPACT recommendations suggest that as well as 
symptoms scores, any future study on a pain syn-
drome must involve more general assessments of 
psycho-physical function-ing.  There is limited experi-
ence in BPS/IC for the use of well-validated measures 
available for the study of chronic pain.  Future NIDDK 
research initiatives may help to rectify this.  
http://www.mappnetwork.org 

International recognition of an agreed upon definition 
and inclusion and exclusion criteria of BPS/IC will 
help future studies to fulfill the highest standards 
available, and placebo-controlled, double blind, ran-
domized controlled trials, where possible, will provide 
the highest level of evidence to move the field for-
ward. 

LEVEL 2 GRADE C RECOMMENDATIONS 
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Figure 17: Selected reported treatment outcomes in uncontrolled studies in IC literature: Percentage of pa-
tients initially improved. 
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 PRINCIPLES OF 
MANAGEMENT 

The information currently available in the literature 
does not lend itself to easily formulating a diagnostic 
or treatment guideline that will be acceptable to a 
wide range of practitioners.  Different groups of “ex-
perts” would undoubtedly create different “best prac-
tices”.(651) The compromise approach devised by an 
experienced cross-section of urologists and gynecol-
ogists from around the world at the International Con-
sultation on Continence 2004 meeting in Monaco (40) 
and subsequently modified at the 2008 and 2012 
meetings in Paris (1,652) have been reviewed and 
updated by the committee and allows for significant 
latitude to reflect varying individual practice patterns 
and to account for patient preference.   

An underlying principle is that, where possible, deci-
sions on the treatment of bladder pain syndrome 
should be evidence based (653). Unfortunately, high 
level evidence of efficacy is lacking for many common 
treatments, either because such studies have not 
been done, or were done and failed to demonstrate 
efficacy. (48,654,655)  

Another principle is that we should be guided by pa-
tient perceived and driven outcomes for bladder pain 
syndrome, which is, after all, diagnosed on the basis 
of symptoms after exclusion of confusable diseases.  
Newer symptom scores are based on this principle.  
(612,629)  Many patients prefer noninvasive thera-
pies (656), and it would seem reasonable to start with 
physical therapy and/or oral therapies if conservative 
non-medical interventions (i.e. education, diet, be-
havioral modification, stress reduction) fail to result in 
significant symptom amelioration.  Use of surgical 
therapies should be approached with some caution.  
It has been reported that women with BPS have had 
significantly more pelvic surgeries than controls, and 
the majority were performed prior to diagnosis of 
BPS, possibly for pain related to undiagnosed BPS.  
(657,658) 

1. HARMONIZATION 

With representatives from Asia, Europe, and North 
America, the Consultation has attempted to create a 
document that is harmonious with guidelines devel-
oped around the world in the last several years. The 
Canadian Urological Association (659), the Interna-
tional Society for the Study of Bladder Pain Syndrome 
(ESSIC)  (38,2), the European Association of Urology 

(515,660), the Spanish Urological Association (661), 
the Japanese Urological Association (228), East 
Asian countries (662,663), and the American Urolog-
ical Association (44,664) all have published consen-
sus guidelines, many of which have been reviewed  
(651). 

In the Japanese and Asian view, urinary fre-
quency/urgency is the primary symptom, with overac-
tive bladder (OAB) and hypersensitive bladder (HSB) 
listed as  subgroups (with painful bladder syndrome 
(PBS) as its extreme form (43).  (figure 3) 

In the European view as reflected in European Asso-
ciation of Urology and ESSIC guidelines, pain is the 
key symptom, with frequency being secondary to 
pain, while urgency basically represents a different 
pathology.  American and Canadian guidelines are 
concordant with the European view.  They emphasize 
pain, pressure, and discomfort perceived by the pa-
tient to be related to the bladder and associated with 
urinary frequency or urgency.   

Pathologic afferent activity is a feature in overactive 
bladder as well as BPS, making the philosophy of the 
Asian guidelines conceptually attractive.  But the 
knowledge gaps on lower urinary tract sensory func-
tions are tremendous and from a neurophysiologic 
point of view it may be premature to link the condi-
tions.   

As a disorder based on symptoms, it is remarkable 
that we do not know if sensations described by the 
patient as pain, urge, or pressure are physiologically 
different or identical; that is, if they represent various 
grades of the same pathology, or if this set of terms 
merely represents linguistically different ways of pre-
senting the same problem.  Do cultural differences 
play a part?  Are Asian patients more reluctant to use 
the word pain to describe the same symptoms? 

Cystoscopic and pathologic findings have a more im-
portant role in Asia and Europe than in North Amer-
ica, but nowhere do guidelines now recommend inva-
sive procedures like endoscopy with or without biopsy 
(though critical to make a diagnosis of Hunner lesion) 
as essential to make a diagnosis of BPS.   

The algorithms from the European Association of 
Urology, American Urological Association, and East 
Asian nations are presented below and illustrate dif-
ferent approaches to a difficult problem.  (figures 18, 
19, 20)  Opportunities for future harmonization are ap-
parent. 
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Figure 18: European Association of  Urology guidelines for chronic pelvic pain and bladder pain syn-drome 
2012/2013 (515,660) 
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Figure 20: Management Guideline of American Urological Association (664) 

 
Figure 19: Management proposed by Japanese Urological Association and urologists in Taiwan and Ko-rea, 
modified from Homma.  Potassium diagnostic test was dropped in 2015 updated guideline.  (662,663) 
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 RECOMMENDATIONS OF 
INTERNATIONAL CONSULTATION 

ON INCONTINENCE 

1. HISTORY / INITIAL ASSESSMENT 

Men or women with an unpleasant sensation (pain, 
pressure, discomfort) perceived to be related to the 
urinary bladder, associated with lower urinary tract 
symptoms of more than six weeks duration, in the ab-
sence of infection or other identifiable causes should 
be evaluated for bladder pain syndrome[12]   The in-
itial assessment consists of a bladder diary, residual 
urine determination, focused physical exam, urinaly-
sis, and urine culture.  Cytology and cystoscopy are 
recommended if clinically indicated.  Baseline symp-
toms should be characterized with a validated symp-
tom questionnaire that can be used for follow-up. 

Patients with infection should be treated and reas-
sessed.  Those with recurrent urinary infection, ab-
normal urinary cytology, and/or hematuria are evalu-
ated with indicated imaging and endoscopic proce-
dures, and only if findings are unable to explain the 
symptoms are they diagnosed with BPS.  Patients 
with symptoms compatible with a primary gyneco-
logic or gastrointestinal etiology should be evaluated 
by an appropriate specialist before making a diagno-
sis of BPS. 

2. INITIAL TREATMENT 

Patient education and support, dietary manipulation, 
stress reduction, nonprescription analgesics, and pel-
vic floor relaxation techniques comprise the initial 
management of BPS.  It is important at every stage to 
address the patient’s pain, and understand that at 
some point in the progression of treatment, referral to 
a pain specialty clinic may be desirable.  When the 
conservative approach fails, or symptoms are severe 
and conservative management unlikely to succeed, 
oral medication, physical therapy, and/or intravesical 
treatment can be prescribed. 

3. SECONDARY ASSESSMENT 

If oral or intravesical therapy fails, or before beginning 
such therapy at the discretion of the clinician, it is rea-
sonable to consider further evaluation which can in-
clude urodynamics, pelvic imaging, and cystoscopy 
with bladder distention and possible bladder biopsy 
under anesthesia.  Laparoscopy may be indicated if 
there is a suspicion of gynecologic disease.  Findings 
of bladder overactivity suggest a trial of antimusca-
rinic therapy.  Findings of a Hunner lesion suggest 
therapy with transurethral fulguration or resection of 
the ulcer.  The finding of glomerulations should not 

alter therapeutic decision making.  (47)  Distention it-
self can have therapeutic benefit in up to one-third of 
patients, though benefits rarely persist for longer than 
a few months. 

4. REFRACTORY BPS 

Those patients with persistent, unacceptable symp-
toms despite oral and/or intravesical therapy are can-
didates for more aggressive modalities.  These might 
include neuromodulation, intradetrusor botulinum 
toxin, or cyclosporine.  At any stage of the treatment 
algorithm, experimental pharmacologic protocols of 
promising new treatments are reasonable to consider 
if symptoms warrant and the risk-benefit ratio is ac-
ceptable.   

The last step in treatment is usually some type of sur-
gical intervention aimed at increasing the functional 
capacity of the bladder or diverting the urine stream.  
Augmentation (substitution) cystoplasty and urinary 
diversion with or without cystectomy have been used 
with good results in very well selected patients.   

A treatment algorithm by the Consultation is pre-
sented in section 20. 

It is the opinion of the committee that, because of the 
natural history of the disorder, it is best to cautiously 
progress through a variety of treatments.  Whereas 
the shotgun approach, starting newly diagnosed pa-
tients on a variety of simultaneous medications, 
seems to have many adherents, employing one treat-
ment at a time makes the natural history of the dis-
ease itself an ally in the treatment process.  If a treat-
ment has no efficacy, it should be stopped.  It a treat-
ment results in modest improvement, it should be 
continued and another treatment option employed in 
an attempt to further improve symptoms.  The goal is 
to maximize quality of life and dispense with ineffec-
tive treatments in a somewhat controlled fashion.  
The patient and clinician must remember that “perfect 
is the enemy of good” and expectations should be re-
alistic.  One should encourage patients to maximize 
their activity and live as normal a life as possible, not 
becoming a prisoner of the condition.  Although some 
activities or foods may aggravate symptoms, nothing 
has been shown to negatively affect the disease pro-
cess itself.   Therefore, patients should feel free to 
experiment and judge for themselves how to modify 
their lifestyle without the guilt that comes from feeling 
they have harmed themselves if symptoms flare.  
Dogmatic restriction and diet are to be avoided unless 
they are shown to improve symptoms in a particular 
patient.  If the patient has associated depression or 
cognitive distortions (catastrophizing), or if the patient 
has associated disorders (often other chronic pain 
disorders), these should be addressed as a part of 
the overall treatment plan.  (665) 

Level 4  Grade C 
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FUTURE DIRECTIONS IN 
RESEARCH 

The committee believes that further research is 
needed in many broad areas:   

1. Pathology of BPS 

2. Biomarker development 

3. Immunology of BPS 

4. Neurological aspects with particular attention to 
the relationship of BPS to overactive bladder 

5. The relationship of bladder pain syndrome to 
chronic pelvic pain syndrome (nonbacterial pros-
tatitis) 

The majority of current treatments options are still tar-
geting the bladder. However, bladder pain syndrome 
has now been recognized to occur in many individu-
als as a part of a spectrum chronic pain syndromes.  
There is a growing body of literature demonstrating 
that different visceral pain syndromes, as well as pain 
syndromes in other body regions, and other systemic 
diseases often occur together in the same patient. 
Thus, the efforts to understand the pathophysiology 
and to design therapeutic modalities have shifted 
from an organ-based approach to a more global ap-
proach.  Phenotyping may be important to identify 
“bladder-related” and “non-bladder” components that 
contribute to the symptoms in order to improve treat-
ment efficacy.  

The following issues would benefit from major re-
search initiatives: 

1. To improve symptom-based classification to 
identify the degree of bladder and non-bladder 
symptoms. 

2. To identify bladder-specific pathology (urothelial 
changes, ulcer, hypervascularity and the poten-
tial role of narrow band imaging (666).  Does the 
degree of true bladder inflammation correlate 
with results from specific treatments?  Are there 
other markers that could be used to segregate 
therapeutic approaches? For the diagnosis of a 

Hunner lesion, using a cystoscope is indispensa-
ble.  Checking for Hunner lesions using narrow 
band imaging (figure 21) has been reported to be 
useful and could improve diagnostic accuracy of 
Hunner lesions. 

3. Further consensus to bridge the Asian concept 
of the hypersensitive bladder with the Western 
concept of bladder pain syndrome must con-
tinue. 

4. To identify a bladder pain syndrome-specific bi-
omarker (NGF or other neurotrophic factors, an-
giogenic growth factors, urothelial markers such 
as antiproliferative factor, cytokines/chemokines 
profile, uroplakin [antibody, splice variant]). 

5. To identify bladder-specific or systemic immuno-
logical processes (cytokines/chemokines pro-
file).  Such research may also help to identify the 
difference in the disease process between blad-
der pain syndrome and over active bladder 
(lower urinary tract symptoms with and without 
pain, respectively).  

6. If we can identify the “bladder-related” and “non-
bladder” (=outside the bladder) components that 
contribute to the symptoms, we should be able to 
develop the agent(s) to control bladder pain 
based on its pathology. 

7. Establish patient data bases in different regions 
and conduct longitudinal follow-up to understand 
the natural history of the disease and to examine 
the differences in disease natural history among 
regions.  

8. Develop an easy-to-use tool for non-specialists 
to readily identify co-morbid conditions that may 
impact on the need for additional consultation 
and suggest specific treatment pathways. 

9. Develop a simple, non-invasive diagnostic test 
for BPS.  

10. Develop a practical multi-disciplinary care model 
and test it in various settings.  This would include 
psychological interventions for those with psy-
chological comorbidities, dieticians, physiothera-
pists, pain specialists, and patient support 
groups in addition to a specialist for any associ-
ated non-bladder related disorders. 
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 SUMMARY 

1. DEFINITION  

Bladder Pain Syndrome (in the absence of a univer-
sally agreed definition, the International Society for 
the Study of Interstitial Cystitis –ESSIC definition is 
given (2)  

ESSIC: Chronic pelvic pain, pressure or discomfort of 
greater than 6 months duration perceived to be re-
lated to the urinary bladder accompanied by at least 
one other urinary symptom like persistent urge to void 
or urinary frequency.  Confusable diseases as the 
cause of the symptoms must be excluded. 

There is no published data as to what duration of 
symptomatology indicates that early spontaneous 
resolution of symptoms is unlikely.  While ESSIC ar-
bitrarily uses a 6 month duration, the American Uro-
logical Association Guideline suggests 6 weeks is 
long enough to initiate diagnosis and treatment of 

BPS.  (664)  Without further data, the Consultation 
cannot make a recommendation and believes that it 
is up to the discretion of the physician and patient as 
to the proper interval between symptom onset and 
evaluation and diagnosis of a chronic condition. 

2. BLADDER PAIN SYNDROME (BPS) 

2.1. Nomenclature  
The scientific committee of the International Consul-
tation voted to use the term “bladder pain syndrome” 
for the disorder that has been commonly referred to 
as interstitial cystitis (IC).  The term painful bladder 
syndrome was dropped from the lexicon. The term IC 
implies an inflammation within the wall of the urinary 
bladder, involving gaps or spaces in the bladder tis-
sue. This does not accurately describe the majority of 
patients with this syndrome.  Painful Bladder Syn-
drome, as defined by the International Continence 
Society, is too restrictive for the clinical syndrome.   

 
Figure 21:  Potential use of narrow band imaging  Photomicrographs of  Hunner lesions identified by con-
ventional cystoscopy with white light (left) and NBI cystoscopy (right). A:58 years old, male, B: 64 years old, 
female. Note that an ulcerative mucosa recognized by conventional cystoscopy was clearly demarcated as a 
brownish area of the bladder wall with NBI cystoscopy.  Courtesy of Dr. Ueda 
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Properly defined, the term Bladder Pain Syndrome 
appears to fit in well with the taxonomy of the Interna-
tional Association for the Study of Pain (IASP) (see 
below), and focuses on the actual symptom complex 
rather than what appears to be long-held misconcep-
tion of the underlying pathology.   

Bladder Pain Syndrome (XXIII-2) (per IASP) 

Bladder pain syndrome is the occurrence of persis-
tent or recurrent pain perceived in the urinary bladder 
region, accompanied by at least one other symptom, 
such as pain worsening with bladder filling and day-
time and/or night-time urinary frequency. There is no 
proven infection or other obvious local pathology. 
Bladder pain syndrome is often associated with neg-
ative cognitive, behavioral, sexual, or emotional con-
sequences as well as with symptoms suggestive of 
lower urinary tract and sexual dysfunction. 

The Consultation believes that based on the pathol-
ogy and endoscopic findings characteristic of the 
Hunner lesion, the epidemiologic pattern that distin-
guishes it from bladder pain syndrome, the clinical re-
sponse to local treatment of the lesion by resection, 
fulguration, or steroid injection, the response to cyclo-
sporine,  and the absence of reports in the literature 
that non-Hunner patients go on to develop Hunner le-
sions (ie, the finding of Hunner lesion does not repre-
sent a continuum in the natural history of bladder pain 
syndrome), the presence of a Hunner lesion should 
be considered a distinct disease.  It therefore should 
drop out of the bladder pain syndrome construct, 
much like we do not consider other painful conditions 
like radiation cystitis, ketamine cystitis, or urinary tract 
infection a part of bladder pain syndrome.  

The Consultation concludes that it would be reason-
able to designate the Hunner lesion in symptomatic 
patients with the term “interstitial cystitis”, thus indi-
cating a true interstitial inflammation.  It would be de-
fined much as Hunner defined it 100 years ago, and 
harmonize to a great extent the Asian, European, and 
North American concepts of interstitial cystitis.  The 
Consultation will continue to refer to the symptom 
complex as “bladder pain syndrome”.  Hunner lesion 
will be considered a distinct phenotype, but in the fu-
ture may be classified as a separate disorder entirely, 
albeit with local symptoms that are difficult to differ-
entiate from bladder pain syndrome in the absence of 
endoscopy.  In other words, we may be coming full 
circle in the historical perspective.  Figure 2, Figure 4 

2.2. History / Initial Assessment 
Males or females whose symptoms meet the require-
ments of the definition of bladder pain syndrome 
should be evaluated.  The presence of commonly as-
sociated disorders including irritable bowel syn-
drome, chronic fatigue syndrome, and fibromyalgia in 
the presence of the cardinal symptoms of bladder 
pain syndrome also suggests the diagnosis.  Abnor-
mal gynecologic findings in women and well-charac-
terized confusable diseases that may explain the 
symptoms must be ruled out. 

The initial assessment consists of a frequency/vol-
ume chart, focused physical examination, urinalysis, 
and urine culture.  In the absence of confusable dis-
orders (uncomplicated disease), a diagnosis can be 
made and treatment instituted.  Urine cytology, cys-
toscopy, and urodynamic evaluation are recom-
mended if clinically indicated and/or the diagnosis is 
in doubt (complicated disease).  Patients with urinary 
infection should be treated and reassessed.  Those 
with recurrent urinary infection, abnormal urinary cy-
tology, and microscopic or gross hematuria are eval-
uated with appropriate imaging and endoscopic pro-
cedures, and only if findings are unable to explain the 
symptoms, are they diagnosed with BPS. Grade of 
recommendation: C 

2.3. Initial Treatment 

• Patient education,  

• dietary manipulation,  

• nonprescription analgesics,  

• stress reduction,  

• pelvic floor relaxation techniques comprise the 
initial treatment of BPS.  In the patient with find-
ings suggesting pelvic floor dysfunction, pelvic 
floor physical therapy with myofascial trigger 
point release and intravaginal Thiele massage is 
often an effective therapeutic intervention.  The 
treatment of pain needs to be addressed directly, 
and in some instances referral to an anesthe-
sia/pain center can be an appropriate early step 
in conjunction with ongoing treatment of the syn-
drome.   

o When conservative therapy fails or symp-
toms are severe and conservative manage-
ment is unlikely to succeed,  

• oral medication or  

• intravesical treatment can be prescribed.  It is 
recommended to initiate a single form of therapy 
and observe results, adding other modalities or 
substituting other modalities as indicated by de-
gree of response or lack of response to treat-
ment. 

Grade of recommendation: C 

2.4. Secondary Assessment 
If initial oral or intravesical therapy fails, or before be-
ginning such therapy based on clinician judgment, it 
is reasonable to consider further evaluation which 
can include Urodynamics, pelvic imaging, and cystos-
copy with bladder distention and possible bladder bi-
opsy under anesthesia.   

• Findings of bladder overactivity suggest a trial of 
antimuscarinic therapy.   
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• The presence of a Hunner lesion suggests ther-
apy with transurethral resection, fulguration of 
the lesion, or direct steroid injection into the le-
sion.   

• Distention itself can have therapeutic benefit in 
30-50% of patients, though benefits rarely persist 
for longer than a few months. 

Grade of recommendation: C 

2.5. Refractory BPS 
Those patients with persistent, unacceptable symp-
toms despite oral and/or intravesical therapy are can-
didates for more aggressive modalities.  Many of 
these are best administered within the context of a 
clinical trial if possible.  These may include  

• neuromodulation, 

• intradetrusor botulinum toxin,  

• oral cyclosporine A, or  

• clinical trials of newly described pharmacologic 
management techniques.  At this point, most pa-
tients will benefit from the expertise of an  

• anesthesia pain clinic.   

The last step in treatment is usually some type of sur-
gical intervention aimed at increasing the functional 
capacity of the bladder or diverting the urinary stream.   

• Urinary diversion with or without cystectomy has 
been used as a last resort with good results in 
selected patients.  Cystectomy and urethrectomy 
do not appear to add any additional efficacy to 
diversion alone.  (605,606,667) 

• Augmentation or substitution cystoplasty seems 
less effective and more prone to recurrence of 
chronic pain in small reported series. 

Grade of recommendation: C 
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BLADDER PAIN SYNDROME 
 

  

Figure 22: Algorithm for Diagnosis and Treatment: 2016 International Consultation on Incontinence. Pain management is a primary consideration at every step of 
algorithm ; Patient enrollment in appropriate research trial is reasonable option at any point; Evidence supporting neurostimulation, cyclosporine A, and botulinum 
toxin for BPS indication remains  limited. These interventions are appropriate only for practitioners with experience treating BPS and willing to provide long-term care 
post-intervention  

SYMPTOMS 

BASIC 
ASSESSMENT 

1ST LINE RX 

Pain, pressure or discomfort perceived 
to be related to the bladder with at 
least one other urinary symptom (e.g. 
frequency, nocturia) 

History 
• Bladder diary or frequency/volume 

chart 
• Focused physical examination 
• Urinalysis, culture 

“Uncomplicated BPS” 
Conservative Therapy 
Stress reduction (B) 
Patient education (B) 
Dietary manipulation (B) 
Nonprescription analgesics 
Pelvic floor relaxation 
Pelvic floor physical therapy (A) 
Consult if associated disease 

TREAT AS INDICATED 

Abnormal Normal 

“Complicated” BPS: 
• Incontinence 
• Urinary infection 
• Haematuria 
• Gynaecologic signs/symptoms 

Consider: 
• Urine cytology 
• Further imaging 
• Endoscopy 
• Urodynamics 
• Laparoscopy 

URINARY INFECTION 

Test and reassess 
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BPS REQUIRING MORE ACTIVE INTERVENTION 
 

  

Note: The only FDA approved therapies are DMSO and pentosan polysulfate. 
Consider CONTINENCE PRODUCTS for temporary support during treatment.  

 

2ND LINE 
TREATMENT 

(no hierarchy implied) 

3RD LINE 
TREATMENT 

5TH LINE 
TREATMENT 

4TH LINE 
TREATMENT 

(no hierarchy implied) 

Consider oral and or intravesical therapies; (B) 
Consider physical therapy; (A) 
Consider cystoscopy with hydrodistention under anaesthesia and treatment of any 
Hunner lesion (B) 

Consider, if not done previously: 
Cystoscopy under anaesthesia with bladder hydrodistension fulguration, resection or 
steroid injection of Hunner lesion (B) 

Sacral Nerve stimulation (B) 
Intra-detrusor botulinum toxin (B) 
Cyclosporine A (C) 
Consider new treatment trials 

Consider:  
Diversion with or without cystectomy (C) 
Substitution cystoplasty 

Improved with acceptable 
quality of life:  
Follow and support 

• Pain management is a primary consideration at every step of the algorithm 

• Patient enrollment in appropriate research trial is a reasonable option at any point 

• Evidence supportingSNS, cyclosporine A, and botulinum toxin for BPS remains limited. These interventions are appropriate only for practitioners with 
experience in treating BPS and who are willing to provide long-term care post-intervention 
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LIST OF ABBREVIATIONS 

AB Antibiotics. 

ABP Antibiotic prophylaxis. 

ASB Asymptomatic bacteriuria. 

AUR Acute urinary retention. 

BWU Bodyworn urinal. 

CAUTI Catheter associated urinary tract infection. 

FI Faecal incontinence. 

IAD Incontinence-associated dermatitis. 

IASD Incontinence-associated skin damage. 

IC Intermittent catheter(isation). 

ICD International classification of diseases. 

IUC Indwelling urethral catheter(isation). 

KHQ King’s health questionnaire. 

LT Long-term. 

PD Perineal dermatitis. 

PFMT Pelvic floor muscle therapy. 

QOL Quality of life. 

RCT Randomised control trial. 

SCI Spinal cord injury. 

SPC Suprapubic catheter(isation). 

ST Short term. 

SUI Stress urinary incontinence. 

UC Urethral catheter(isation). 

UDS Urodynamics. 

UI Urinary incontinence. 

UTI Urinary tract infection. 

 INTRODUCTION 

Not all bladder or bowel incontinence problems can 
be cured completely and the challenge for those 
whose symptoms persist is to discover how to deal 
with their incontinence to minimise its impact on their 
quality of life. And this usually includes using conti-
nence products. 

Even those whose incontinence is ultimately treated 
successfully may have to live with symptoms for a 
time - for example, while they wait for surgery, or for 
pelvic floor muscle training to yield its benefits – and 
they may use continence products temporarily during 
this waiting period. Others may use them as an ad-
junct to a treatment that reduces their leakage without 
eliminating it. Still others may use products intermit-
tently, limiting their use to particular periods or activi-
ties associated with troublesome leakage. However, 
some use products permanently, either following 
treatment that has not been (completely) successful 
or because – depending on their frailty, severity of 
symptoms and personal priorities – they are not can-
didates for it.  

Successful incontinence management with products 
is often referred to as contained incontinence, man-
aged incontinence or social continence, in recognition 
of the substantial benefits it can bring to quality of life 
even though cure has not been achieved (1).  

A wide variety of continence products exists and the 
choice can be confusing. In this chapter, the goal is 
to provide the current evidence to healthcare profes-
sionals so that they may make informed decisions as 
they choose – or help product users to choose - be-
tween continence product categories and, the most 
appropriate product(s) within a category. We have 
also aimed to make this information directly accessi-
ble to users.   

Our main message is that continence is often best 
managed by a ‘mix’ of different products – often used 
at different times or for different activities 
(day/night/home/away/sport). One product is unlikely 
to be effective for everything. 
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The chapter provides (Section B) overall guidelines 
for selecting products to assist with toileting, to pre-
vent or contain leakage, or to address urinary reten-
tion, as well as those for incontinence-related skin 
and odour problems. The key elements of patient as-
sessment are described and a classification of people 
into broad groups is suggested based on gender, age 
(adult or child) and the nature and severity of their in-
continence. Each of the major product categories is 
then addressed (Sections D-P) and – where possible 
- evidence-based recommendations for product se-
lection and use are given. When little or no published 
data is available, expert opinion forms the basis of 
recommendations. Tables are provided summarising 
the user characteristics, priorities and contexts that 
commonly favour or discourage the use of each of the 
major product categories available. The chapter also 
includes (Section C) a review of the methodological 
challenges of conducting continence product evalua-
tions and interpreting the results  

To accompany this chapter, the International Consul-
tation on Incontinence and the International Conti-
nence Society (ICS) have collaborated to make the 
material more accessible via a web site hosted by the 
ICS at http://www.continenceproductadvisor.org. 
This interactive web site provides current evidence to 
healthcare professionals and users to facilitate in-
formed choices in selecting appropriate products, and 
accessible, evidence-based advice on how to use 
them to best effect.  

The literature search strategy adopted for the chapter 
is described in Appendix 1. 

 OVERALL GUIDELINES FOR 
SELECTING CONTINENCE 

PRODUCTS 

Suitable continence products are critical for the well-
being and quality of life of product users and caregiv-
ers. Concealment enables people with incontinence 
to protect their public identity as a “continent person” 
and avoid the stigma associated with incontinence 
(2). Failure to do so can result in limited social and 
professional opportunities, jeopardise relationships 
and detrimentally affect emotional and mental well-
being (3). Importantly, caregivers need to feel confi-
dent that the person(s) they care for will not be em-
barrassed publicly. Good product choice / use also 
reduces the level of care required in relation to main-
taining hygiene, skin care and laundry (4).  

The intimate and stigmatised nature of incontinence 
means that issues relating to self-image can affect us-
ers’ preferences when selecting products. This may 
be marked in younger people for whom body-image 
may be particularly important and for whom disruption 
to normal social and interpersonal development may 
result in isolation or lack of access to normal experi-
ences (5) (6). A key measure of product success is 
the ability to conceal the problem (7) and conceal-
ment may involve compromises: for example, at 
some times the added reliability of products with a 
larger capacity than is strictly necessary may be pre-
ferred even though they may be less discreet when 
worn.  

The range of products available can vary enormously 
between and within countries, depending on the fund-
ing available, healthcare policy and the logistics of 
supply. In publicly funded healthcare systems, some 
products may be provided free of charge, based on 
cost-sharing policy, or reimbursed by insurers 
whereas, in others, no cost support is available, and 
consumers must pay out-of-pocket. However, the 
provision of continence services is not considered a 
priority by health system administrators in most coun-
tries, and this is especially true in developing coun-
tries (8) (9) (10). In such contexts, this chapter and 
accompanying website may act as a resource that 
can foster greater awareness of product choice and 
may help clinicians and users to identify products 
that, although not readily available locally, may be 
sourced elsewhere.  

1. PRODUCT CATEGORIES 

Apart from those for addressing incontinence-related 
skin and odour problems, all the products described 
in this chapter can be categorised as in Fig B-1, ac-
cording to whether they are designed to: (i) assist with 
toileting; (ii) help manage urinary retention; or (iii) pre-
vent / contain urinary or faecal incontinence. 

All toileting products can be useful for dealing with 
urine and / or faeces except for handheld urinals 
which are just for urine. Containment / control prod-
ucts are subdivided into three overlapping classes: 
for urinary retention, urinary incontinence, and faecal 
incontinence.  For example, someone with urinary re-
tention is most likely to benefit from one of the prod-
ucts in the red ellipse (Fig B-1), while someone with 
urinary incontinence will most likely benefit from one 
in the blue ellipse. A patient experiencing both prob-
lems will need two products (one from each ellipse) 
or one product from the intersection of the two ellip-
ses. 
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Fig B-1: Products for toileting (top) and for managing incontinence and / or urinary retention (bottom).

2. ASSESSMENT FACTORS 

Assessment of a user’s physical characteristics - 
such as anthropometrics, level of independence, mo-
bility and dexterity, mental acuity and the nature of 
the incontinence - will help determine the best prod-
uct(s) for them. In addition, other practical and psy-
chosocial considerations include user participation in 
selection (11) provision of adequate instructions for 
use (12) and the need for products to fulfil their func-
tion reliably and easily (5) (12) (13). The nature of the 
environments in which the products will be used, as 
well as the availability of caregivers are other im-

portant factors. Table B-1 summarises the key as-
sessment elements, although currently no evidence-
based assessment tool exists. Specific guidance on 
assessment issues is additionally provided within 
subsections of this chapter. Personal preference is 
known to play a substantial role in product selection 
(eg (14) and (15) ) and information on the range of 
products that may suit an individual is therefore im-
portant in order that appropriate choices may be 
made. Education of users and / or caregivers is key 
to ensuring product use is optimal; this may range 
from straightforward instruction in the effective fitting 
and changing of absorbent products to more in-depth 
training in the ongoing care of, for example, a su-
prapubic catheter. 

Table B-1: Key elements of assessing a patient and his / her environment 

Element Rationale 

Nature of the 
continence problem 

The frequency, volume and flow rate of the incontinence influences product suitability.   

Gender Males may consider and prefer sheaths as a more masculine option to pads. Females 
may be attracted to products that are more feminine in design and presentation. Some 
‘unisex’ products such absorbent pads have different designs that work better for men 
(or women). 

Physical characteristics Anthropometrics (e.g. height and waist, thigh, penile circumference) will influence the 
comfort and effectiveness of a product. 

Mental acuity Mental impairment can affect the person’s ability to manage the product. Products that 
resemble usual underwear (e.g. some absorbents) may be easiest to manage. 
Products which have health implications if used incorrectly (e.g. mechanical devices or 
catheter valves) should be avoided if mental impairment is likely to preclude correct and 
safe use. 
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Element Rationale 

Mobility Impaired mobility may make some product choices impractical or require toilet or 
clothing modification to allow effective use of the product. 

Dexterity Problems with hand or finger movement can make it difficult to use some products (eg 
taps on leg bags, straps with buttons). 

Eyesight Impaired eyesight limits effective application and management of some products 

Leg abduction 
problems 

Difficulty with abduction can make the use of some products impractical or ineffective.   

Lifestyle and 
environments 

Daily activities and environments can influence the choice of product; mixture of 
products may provide optimum management. Different products may be most 
satisfactory for daytime and going out (when discreetness may be a priority) and night-
time or staying in (when comfort may be a priority), for holidays (when laundry and / or 
large quantities of disposables may be a problem) or for use at work. The proximity and 
accessibility of a toilet in the various environments may be a key factor. 

Independence / 
assistance 
 

If a caregiver is required to apply or change the product then it may be important to 
involve them in the selection of the product and to establish their willingness and ability 
to use it. 

Laundry facilities Washable pads and bed linen may be very heavy when wet and take a long time to dry. 
It is important to check that the person doing the laundry has the ability and facilities to 
cope. 

Disposal facilities Ability to appropriately, safely and discreetly dispose of the selected products needs to 
be considered. 

Storage facilities Some products – notably, pads for heavy incontinence – can be bulky. Adequate space 
to store supplies between deliveries / purchases needs to be available. 

Personal preferences Different people like different products and where possible patients should be given a 
choice of products with which to experiment to determine the most satisfactory product. 

Personal priorities Everyone wants to avoid leakage but other factors such as discreetness may be more 
or less important to individuals, or may vary according to different contexts and 
activities.   

3. MAIN USER GROUPS 

Seven primary user groups are identified in this chap-
ter: 

• People with urinary retention.  

• People who need help with toileting / toilet ac-
cess. 

• Females with light urinary incontinence. 

• Males with light urinary incontinence. 

• Females with moderate / heavy urinary inconti-
nence. 

• Males with moderate / heavy urinary inconti-
nence. 

• People with faecal incontinence. 

An individual may belong to more than one group. 
Each group includes children and young people: the 
products available for them are broadly similar to 
those for adults. 

4. CHOOSING BETWEEN PRODUCT 
CATEGORIES 

Tables B-2 to B-7 summarise the user characteristics, 
priorities and contexts which favour or discourage the 
use of each of the product categories for six of the 
seven user groups. Assistance with choosing appro-
priate products for the first group (people with urinary 
retention) is given in Section L (indwelling catheters) 
and Section M (intermittent catheters).   

Although the content of these tables is based on the 
referenced evidence cited in the corresponding chap-
ter sections, the unreferenced versions provided for 
the lay public on the accompanying website 
(www.continenceproductadvisor.org) are reproduced 
here.  

The same product will not necessarily suit all people, 
even if the assessment is similar. Thus, providing ac-
cess to a range of products to test will help determine 
the most satisfactory choice. Similarly, priorities vary 
between users; for example, some will opt for a bulky, 
less discreet pad to achieve an acceptably low risk of 
leakage while others will see the balance differently. 
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A mix of products drawn from more than one category 
may provide the best solution; for example, needs 
may vary between day / night, or home / away.  

Table B-2: Products for people who need assistance with toileting.  

Product Type More likely to suit you if... Less likely to suit you if... Notes 

Female 
Handheld 
Urinals 

• You have urgency, and 
poor mobility prevents you 
from accessing the toilet. 

• You are able to stand or 
crouch. 

• You are able to move to 
the edge of the chair or 
bed. 

• You need to lie down or sit 
back in a chair. 

•  

• There are many urinals: 
experiment using a library 
of urinals. 

• Urinals are less likely to 
succeed if woman needs 
to lie down or sit back in a 
chair. 

Male 
Handheld 
Urinals 

• You have urgency, and 
poor mobility prevents you 
from accessing the toilet. 

• You have reasonable 
hand control. 

•  

• You are unable to empty the 
urinal independently. 

• Your balance is poor for 
standing use of the urinal. 

• You have difficulty reaching 
forward and have impaired 
wrist function. 

• You have poor memory and 
mental function. 

• Clothing adaption may be 
needed. 

• NB non-spill adaptors. 

• NB flat pack urinals for 
travel. 

Commodes • You have urgency, and 
poor mobility prevents you 
from accessing the toilet. 

• Privacy is an issue e.g. When 
in hospital, when a shower 
chair may be preferable. 

• You cannot use a commode 
safely (commodes can be un-
stable and tip backwards). 

• Ensure privacy and dig-
nity. 

Bedpans • You are unable to use any 
other alternative e.g. A 
commode or shower chair. 

 • Ensure privacy and dig-
nity. 

NB The content of this table is based on the referenced evidence cited in the chapter, but the unreferenced 
version provided for the lay public on the accompanying website (www.continenceproductadvisor.org) is 
reproduced here. 

 

Table B-3: User characteristics, priorities and contexts which favour or discourage the use of the different 
products for females with light urinary incontinence.  

Product Type More likely to suit you if... Less likely to suit you if... 

Pads 
(generally)* 

• Actually, they suit most women. • Your skin is severely damaged in the pad 
area. 

Female 
devices 

• You mainly have stress urinary inconti-
nence. 

• You have good hand control. 

• You have good memory and mental func-
tion. 

• Your leakage is mainly associated with ur-
gency. 

• Urinary tract infection is a major concern 
for you. 
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Product Type More likely to suit you if... Less likely to suit you if... 

• Using a device (as opposed to a pad) is ac-
ceptable to you. 

• Preventing leakage is more important to 
you than containing it. 

NB The content of this table is based on the referenced evidence cited in the chapter, but the unreferenced 
version provided for the lay public on the accompanying website (www.continenceproductadvisor.org) is 
reproduced here. 

* More detailed information on the various pad designs is given in Table F-4. 

Table B-4: User characteristics, priorities and contexts which favour or discourage the use of the different 
products for males with light urinary incontinence. 

Product Type More likely to suit you if... Less likely to suit you if... 

Pads 
(generally)* 

• Actually, they suit most men. • Your skin is severely damaged in the 
pad area. 

Sheaths • You wish to avoid using pads. 

• Using a device (as opposed to a pad or cath-
eter) is acceptable to you. 

• You wish to avoid the inconvenience of fre-
quent pad changes. 

• You have found indwelling catheters to be un-
comfortable (sheaths tend to be more com-
fortable than indwelling catheters). 

• You have had a problem with infection with 
indwelling catheters (sheaths are associated 
with less infection than indwelling catheters). 

• You have good hand control. 

• You have good memory and mental function. 

• You have skin damage on or around the 
penis. 

• Urinary tract infection is a major concern 
for you. 

• You or your helper are unwilling or una-
ble to fit the sheath. 

Bodyworn 
urinals 

• Using a device (as opposed to a pad) is ac-
ceptable to you. 

 

Penile 
compression 
devices 

• Using a device (as opposed to a pad) is ac-
ceptable to you. 

• You wish to prevent leakage for a specific pe-
riod eg during exercise. 

• You mainly have stress urinary incontinence. 

• You feel motivated to try out the compression 
device. 

• Preventing leakage is more important to you 
than containing it. 

• Your leakage is mainly associated with 
urgency. 

• You have poor memory and mental 
function. 

• You have poor hand control. 

• Your skin is vulnerable to damage. 

• You usually do not get the sensation of 
needing to empty your bladder. 

NB The content of this table is based on the referenced evidence cited in the chapter, but the unreferenced 
version provided for the lay public on the accompanying website (www.continenceproductadvisor.org) is 
reproduced here. 

* More detailed information on the various pad designs is given in Table F-7. 
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Table B-5: User characteristics, priorities and contexts which favour or discourage the use of the different 
products for females with moderate / heavy urinary incontinence. 

Product Type More likely to suit you if... Less likely to suit you if... 

Pads 
(generally)* 

• Actually, they suit most women. • Your skin is severely damaged in the pad 
area. 

Indwelling 
catheters 

• Your leakage is associated with urinary re-
tention. 

• You (or a helper) are unable to do intermit-
tent catheterisation. 

• You have found pads to be unsuccessful or 
inappropriate. 

• Your skin is severely damaged in the pad 
area. 

• Your urethra is damaged. 

• You have poor memory and mental func-
tion. 

• Urinary tract infection is a major concern 
for you. 

NB The content of this table is based on the referenced evidence cited in the chapter, but the unreferenced 
version provided for the lay public on the accompanying website (www.continenceproductadvisor.org) is 
reproduced here. 

* More detailed information on the various pad designs is given in Table F-10. 

 

Table B-6: User characteristics, priorities and contexts which favour or discourage the use of the different 
products for males with moderate / heavy urinary incontinence.  

Product Type More likely to suit you if... Less likely to suit you if... 

Pads 
(generally)* 

• Actually, they suit most men. • Your skin is severely damaged in the pad 
area. 

Sheaths • You wish to avoid using pads. 

• Using a device (as opposed to a pad or a 
catheter) is acceptable to you. 

• You wish to avoid the inconvenience of fre-
quent pad changes. 

• You have found indwelling catheters to be 
uncomfortable (sheaths tend to be more 
comfortable than indwelling catheters). 

• You have had a problem with infection with 
indwelling catheters (sheaths are associ-
ated with less infection than indwelling cath-
eters). 

• You have good hand control (or a helper). 

• You have good memory and mental func-
tion. 

• You have skin damage on or around the 
penis. 

• Urinary tract infection is a major concern  
for you. 

• You or your helper are unwilling or unable 
to fit the sheath. 

Bodyworn 
urinals 

• You wish to avoid using pads. 

• Using a device (as opposed to a pad or a 
catheter) is acceptable to you. 

• You are mobile and do not rely on a wheel-
chair. 

• You are allergic to latex. 
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Product Type More likely to suit you if... Less likely to suit you if... 

Penile 
compression 
devices 

• Using a device (as opposed to a pad) is ac-
ceptable to you. 

• You wish to prevent leakage for a specific 
period e.g. During exercise. 

• You mainly have stress urinary inconti-
nence. 

• You feel motivated to try out the compres-
sion device. 

• Preventing leakage is more important to you 
than containing it. 

• Your leakage is mainly associated with ur-
gency. 

• You have poor memory and mental func-
tion. 

• You have poor hand control. 

• Your skin is vulnerable to damage. 

• You usually do not get the sensation of 
needing to empty your bladder. 

Indwelling 
catheters 

• Your leakage is associated with urinary re-
tention. 

• You (or a helper) are unable to do intermit-
tent catheterisation. 

• You have found pads to be unsuccessful or 
inappropriate. 

• Your skin is severely damaged in the pad 
area. 

• Your urethra is damaged. 

• You have poor memory and mental func-
tion. 

• Urinary tract infection is a major concern 
for you. 

NB The content of this table is based on the referenced evidence cited in the chapter, but the unreferenced 
version provided for the lay public on the accompanying website (www.continenceproductadvisor.org) is 
reproduced here. 

* More detailed information on the various pad designs is given in Table F-10. 

 

Table B-7: User characteristics, priorities and con-texts which favour or discourage the use of the different 
products for people with faecal incontinence.  

Product Type More likely to suit you if... Less likely to suit you if... 

Faecal pads  • Pads are useful to both men and women 
but their designs are not optimal for faecal 
incontinence due to the solid components 
and non-liquid consistencies of faeces and 
poor odour control.  

• Some men prefer using small gauze inserts 
between the buttocks. 

• You have skin problems in the anal area.  

• You are a man and prefer to wear boxer-
style shorts.  

Faecal 
collectors 

• You are very unwell. 

• You are confined to bed e.g. following sur-
gery or a bowel procedure such as an en-
ema. 

• You have very loose or liquid faeces. 

• Your skin is vulnerable to damage. 

• You have skin problems in the anal area. 

Anal devices • You wish to prevent leakage for a specific 
period eg during exercise or after an enema 
or rectal irrigation. 

• You have disease of the bowel or rectum. 

• You have spinal cord injury and are at risk 
from autonomic dysreflexia. 

• Using a device is unacceptable to you. 
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Product Type More likely to suit you if... Less likely to suit you if... 

• Your leakage is associated with spina bi-
fida, anorectal malformation, rectal sphinc-
ter damage / tear. 

• You feel use of an anal plug would disrupt a 
successful, established routine. 

Rectal 
catheters 

• You are very unwell and in hospital. 

• You have very loose or liquid faeces. 

• You are confined to bed. 

• Your skin is vulnerable to damage. 

• You have a wound which is highly likely to 
be contaminated by faeces. 

• You have disease of the bowel or rectum, 
large haemorrhoids, anal stricture or steno-
sis. 

• You have recently had rectal surgery or 
other damage to the rectum. 

• You want a product for long term use. 

NB The content of this table is based on the referenced evidence cited in the chapter, but the unreferenced 
version provided for the lay public on the accompanying website (www.continenceproductadvisor.org) is 
reproduced here. 

5. SUMMARY 

In conclusion, continence products can play an im-
portant role in enhancing the quality of life and reduc-
ing the stigma of incontinence of those who are await-
ing treatment; are waiting for treatment to take effect; 
elect not to pursue cure options; are unable to be fully 
cured and are living with an ongoing bladder / bowel 
problem. 

6. RECOMMENDATIONS 

• Users often require / prefer a mix of different 
products for use at different times and for differ-
ent activities to achieve optimum management 
(Grade of recommendation C)  

• Incontinence should be actively managed with 
products to minimise the impact of incontinence 
on quality of life (Grade of Recommendation C). 

• Users should be carefully assessed (and reas-
sessed periodically) to select the most appropri-
ate products (Grade of Recommendation C). 

• Users should be offered a range of products that 
are appropriate for their needs in order that they 
can make informed choices. (Grade of Recom-
mendation C) 

 PRODUCT EVALUATION 
METHODOLOGY 

This section aims to assist those planning clinical tri-
als of products. There have been relatively few large 
clinical trials of continence products and for most 
product categories research evidence to guide the 
selection of individual products / designs / features is 
limited and, in some cases, absent. 

Measuring the performance of continence products is 
methodologically challenging. Manufacturers modify 
and change their products regularly - in terms of both 
materials and designs - and this limits the long-term 
validity of research results. There are also complex 
issues regarding research questions, study design, 
product representation, blinding, and sample size 
(16) which are discussed below. 

1. METHODOLOGICAL 
CHALLENGES 

Part of the complexity of product evaluations stems 
from the sheer number of product categories and 
brands available, meaning that many different com-
parisons could be made. Table C-1 illustrates the 
problem using a hierarchy of questions relating to ab-
sorbent products. So, in this example, once the deci-
sion is made to choose an absorbent product in re-
sponse to question 1, successive further questions 
can be used to narrow down the choice to a specific 
product brand. Questions at any of these levels may 
form the basis for research projects.  

Table C-1: Levels of research questions 

1. Which product category (eg catheter, sheath, ab-
sorbent pad)? 

2. Which design of product design (eg pull-up or di-
aper design of pad)? 

3. Which material type (eg reusable or disposable)? 

4. Which features (eg with / without elastic gath-
ers)? 

5. Which product brand? 

In the field of absorbent products, the practitioner and 
/ or patient wishes to know whether to use an under-
pad or a bodyworn product, a reusable or a disposa-
ble, a diaper or an insert (if they select a bodyworn), 
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a diaper with internal elastication (standing gathers) 
or without and, finally, which of the many diaper 
brands is likely to suit them best. This final question 
is the most pertinent for the practitioner (who may al-
ready have made decisions about questions 1-4, Ta-
ble C-1), but it is particularly problematic because of 
the high rate of product change.  By the time the re-
sults of a clinical trial of product brands are known 
many of the test products will have been modified and 
the results will have limited value for selection. How-
ever, these ‘single design’ studies do have value in 
demonstrating the range of performance between the 
brands within a product design category, and where 
objective measurements can be made (for example, 
of leakage performance), they can allow for compari-
sons to be made. Single design studies are also help-
ful in promoting product improvement by revealing 
common problems experienced by patients and ex-
posing particularly poor products or poor product fea-
tures which are amenable to change by manufactur-
ers. 

Overall product designs, generic features and clas-
ses of materials change much less frequently and at-
tempting to answer questions 1-4 (Table C-1) is 
therefore likely to lead to more long-lasting results 
with value beyond the lifetime of the particular brands 
tested. Such studies have been attempted by many 
researchers, but these have frequently been con-
founded by problems with product representation. 

The single greatest (and most frequently overlooked) 
threat to the validity of clinical trials of products is the 
selection of the brands entered into the study to rep-
resent the various designs. Evaluations of a number 
of product variants of a similar design (eg different 
brands) have shown that patient ‘overall opinion’ 
scores can vary by as much as 70 percentage points 
between apparently similar products (17). Accord-
ingly, in an evaluation to compare different designs, 
the selection of one or more products to represent 
each design, is crucial. Studies that have purported 
to compare different designs or materials have often 
included a small number (most often just one) of ar-
bitrarily selected product(s). Generalising the results 
of such studies to whole product groups (e.g reusable 
underpads, or disposable bodyworns) is meaningless 
and misleading. It is perfectly possible to select (ei-
ther by accident or design) a particularly ‘good’ prod-
uct from one group and a particularly ‘poor’ product 
from another. A well-designed study will therefore be 
seriously flawed if there is no clear process or pilot 
study to determine and justify the choice of particular 
brands. Even with a systematic process of product 
selection (or preferably a pilot study) it is unwise to 
select a single brand to represent a whole group of 
products and selection of a small group of brands 
(e.g. three) is preferable. This allows for any ‘within 
group’ differences to be detected and helps to 
demonstrate the ‘representativeness’ of the products 
selected.   

The most controlled method of testing different de-
signs, materials or features of products is to make up 

experimental batches which differ only in the aspect 
of interest (e.g. the material or the feature) and a 
small number of studies have attempted this (17) 
(18). However, experimentally made products are not 
usually identical to those available on the market 
which limits their value for product selection.  

It is common for practitioners to be asked (by their 
employers or by companies) to do a small evaluation 
or trial – sometimes to ‘test out’ a new product and 
sometimes to help choose between competing 
brands for bulk-buying. Such trials should be ap-
proached with caution; they can be very demanding 
and their results may be of very limited value, even 
for local use. The methodological challenges identi-
fied above still apply but are compounded by small 
sample size and restricted product selection. These 
studies are likely to be helpful only for identifying 
gross product short-comings or benefits.  

2. RESEARCH DESIGN 

A randomised controlled trial is not possible for clini-
cal trials of products in most categories simply be-
cause a ‘control’ product does not usually exist. Nor 
is there a ‘standard or reference’ product to act as a 
control, and comparisons with ‘standard practice’ (i.e. 
the product currently in use) are prone to bias.  

Although it is methodologically simpler (and more ro-
bust) to compare only two different product groups, it 
is more clinically relevant to compare several compet-
ing groups, using a multiple cross-over design, where 
there are valid comparisons. For example, there are 
four main design groups of disposable bodyworn 
pads for moderate / heavy incontinence (inserts, dia-
pers, pull-ups and T-shaped). Evaluation of all four 
groups together is much faster (and therefore gives 
more long-lasting results) and more cost-effective 
than several serial studies. Cross-over trials are vul-
nerable to order effects and randomisation of the or-
der of testing should be carried out using Latin 
squares (19) to ensure balance. 

It is important that clinical trials of single designs of 
products (which aim to enable selection of particular 
product brands) are comprehensive (i.e. cover all the 
available products) because otherwise manufactur-
ers can justifiably claim that, although their product 
may be similar to one of those tested, even subtle dis-
tinctions may lead to clinically important differences.  

A further problem with research design is the blinding 
of products. Different products have different appear-
ances and it is impossible to blind subjects or staff to 
the product in use. Products can be repackaged to 
assist anonymising but this may have unwanted ef-
fects on the products and is expensive.  

Previous product experience can also affect study re-
sults, particularly if a substantial proportion of sub-
jects are currently using one of the brands included in 
the study. It is therefore important to record which 
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products are in current use in order to add this data 
to the model used in the analysis. 

2.1. Sample size and study power 
Studies that include more than two products (or two 
small groups of products) will need to be powered so 
that multiple comparisons can be made. As the num-
ber of products included in the study increases the 
number of possible comparisons of pairs of products 
rises. This requires a corresponding reduction in the 
significance level (e.g. by using the Bonferroni 
method for each pair-wise comparison to retain the 
overall level of significance (usually p<0.05). Thus as 
the total number of pair-wise comparisons increases 
the likelihood of a type 2 error (accepting the null hy-
pothesis when it is false) also increases.  

Sample sizes therefore need to be calculated to allow 
for each pair-wise comparison. Sample size require-
ments rise rapidly if each subject does not test each 
product and the number of products entered into a 
study must therefore be limited to avoid subject fa-
tigue. As an example, a clinical trial of four product 
groups where the primary outcome variable will be bi-
nary (e.g. satisfactory / unsatisfactory) will require a 
sample size of approximately 80 subjects with an al-
pha of < 0.05 and d (difference) of 20%. 

2.2. Outcome variables 
Studies of product performance have most frequently 
used self-report questionnaires at the end of the prod-
uct test period to assess participant ratings of product 
performance. Diaries of product-related events such 
as leakage, laundry generation and product con-
sumption are also commonly included.  Users in 
some absorbent pad studies have been asked to 
identify and prioritise aspects of product performance 
(20) (21) (22) to inform questionnaires and Table C-2 
shows the most common aspects of high priority to 
women with light urinary incontinence identified by 
Getliffe and colleagues (21). 

Outcome variables in studies designed to compare 
catheterisation strategies and / or catheter materials 
or other design features commonly encompass 
measures of urinary tract infection, tissue trauma and 
recurrent catheter encrustation leading to blockage 
(Section L). 

Table C-2: Most common items of high priority to 
women with light incontinence using absorbent 
products (21). 

Daytime: 
% women (N=99) 

Night-time: 
% of women (N=81) 

Hold urine without 
leaking 

83.8 Hold urine without 
leaking 

93.8 

Contain smell 75.8 Stay in place 77.8 

Stay in place 54.5 Contain smell 54.3 

Daytime: 
% women (N=99) 

Night-time: 
% of women (N=81) 

Discreetness 41.1 Comfortable when 
wet 

54.3 

Comfort when wet 40.4 To keep skin dry 48.1 

Questionnaire items vary depending on the products 
being tested and for product groups where few stud-
ies have been carried out it is particularly important to 
tailor questionnaires to user needs by asking study 
subjects to prioritise items and to assess final ques-
tionnaires for content and face validity. One study 
(23) has measured the test re-test reliability of a ques-
tionnaire to assess sheath performance and found 
moderately good Kappa scores (around 0.7) when 
assessing the same sheath twice with four weeks be-
tween measurement periods. 

Skin health, urinary tract infection, pain or discomfort 
are the main physical health consequences for con-
tainment products. Skin health (which can be rated by 
self-report or by skin inspection) has sometimes been 
used as the primary outcome variable (e.g. (24)). Uri-
nary tract infection is an important outcome for inva-
sive devices such as catheters and it has also been 
used for pads (25). 

Although leakage performance is frequently rated as 
a high priority by product users, good leakage perfor-
mance is not adequate as a sole measure of patient 
satisfaction with performance. A single (or multiple) 
fatal flaw such as poor comfort, bulkiness, or poor fit 
may cause a product that performs well for leakage 
to be unacceptable to the patient for other reasons. 
Accordingly, aggregate measures - which assume 
that the overall performance of a product can be cal-
culated using a weighted sum of the scores for spe-
cific aspects of performance (like comfort and free-
dom from leakage) - are ill-advised. Patient overall 
opinion or satisfaction with the product should there-
fore be used as the primary outcome variable (23). 

There are no quality of life measurement tools specif-
ically designed for clinical trials of continence prod-
ucts, although a tool has been developed for long-
term catheter users (26). Existing incontinence-spe-
cific quality of life tools are designed to measure 
change after interventions to improve incontinence 
and include urinary symptoms. These tools are there-
fore likely to be insensitive to changes in quality of life 
brought about by products which are designed to con-
tain incontinence rather than reduce or prevent it. The 
first stage in the development of a quality of life tool 
for absorbent product users has been reported by 
Getliffe et al. (21). 
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3. SUMMARY AND 
RECOMMENDATIONS 

There is little published evidence on which to base 
summary and recommendations regarding methodol-
ogy and so the following summary points are all Level 
of Evidence 3 / Grade of Recommendation C. 

• Evaluation of continence products is methodo-
logically complex and many attempts at provid-
ing robust evidence for product selection have 
been hampered by methodological weaknesses.   

• Product representation is critical to providing ro-
bust and generalisable data. Selection of prod-
ucts for inclusion in a study should be transpar-
ent and systematic. Several products should be 
included to represent a product group. In partic-
ular, care should be taken not to select a partic-
ularly good or a particularly poor product to rep-
resent a whole class of products. 

• Multiple crossover designs are likely to be more 
efficient than randomised controlled trials for 
many products (eg pads) and therefore sample 
size estimation needs to take into account the 
multiple comparisons that will be made.  

• Outcome variables should include a patient (or 
caregiver) questionnaire including items that 
have been established as important to users.  

• Diary data should be included to determine leak-
age performance, skin health, laundry and prod-
uct consumption.  

• Incidence of urinary tract infection should be in-
cluded when testing invasive devices such as 
catheters, but “significant” UTI/ bacteriuria needs 
to be carefully defined (Section L). 

• The primary outcome variables should be patient 
overall opinion / satisfaction and patient prefer-
ence. 

• Health economics should be measured along-
side product performance  

4. PRIORITIES FOR RESEARCH 

• The development of Quality of Life tools for users 
of continence products. 

• Consistent use of a validated product assess-
ment scale. 

• Impartial product assessment that compares 
several products in the same category. 

 HANDHELD URINALS 

Handheld urinals are portable devices designed to al-
low an individual to empty their bladder in circum-
stances where gaining access to a toilet is not possi-
ble or is inconvenient, often as a result of limited mo-
bility or joint range of motion. To function effectively, 
handheld urinals must enable the user to empty 
his/her bladder comfortably, confidently and in the ab-
sence of spillage, during filling and emptying. Exces-
sive physical effort should not be required. The main 
factors influencing the capacity of a user to success-
fully utilise a handheld urinal are listed in Table D-1. 

Table D-1: The main factors influencing the capacity 
of a user to successfully utilise a handheld urinal. 

• The position in which it will be used (e.g. lying in 
bed, sitting on the side of a bed, sitting back in a 
chair or on its front edge, standing, kneeling, 
crouching) together with the nature of the surface 
upon which the individual is being supported. 

• The ability of the urinal user to move themselves 
(with or without aids or assistance) into the re-
quired positions. 

• Postural control in those positions, together with 
hip range of motion, particularly abduction. 

• The optimal direction of approach for positioning 
the urinal (e.g. anterior, posterior, lateral). 

• Manual dexterity and strength to adjust clothing, 
initially position the urinal, maintain its position 
during voiding, remove the laden urinal post-void 
and empty or store it somewhere safely to avoid 
spillage. 

• The ability to initiate a void, together with the vol-
ume typically voided. 

• Cognitive functioning. 

• Personal preferences and, where appropriate, 
the availability of assistance. 

Handheld urinals are frequently made from moulded 
plastic, although single-use cardboard options are 
available. Some are equipped with handles to facili-
tate positioning and handling, and some are fitted 
with drainage bags to collect urine. Urinals designed 
for women are available in a variety of shapes and 
sizes (some are quite small and portable), incorporat-
ing an interfacing opening that is often anatomically 
shaped to fit snugly against the woman’s body.  

Those intended for men tend to vary less in design, 
typically having a narrow neck opening to accommo-
date the penis, and some are fitted with integral non-
spill valves or adaptors to prevent the back-flow of 
urine following use (27) (28) (29).  

Some men may find that they can make their own uri-
nal by recycling household bottles or containers (28). 
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Small, discrete, disposable and re-useable ‘travel’ 
handheld urinals are available for both men and 
women (27)  (28). 

As spillage is not always avoidable during use of 
handheld urinals, particularly if supine, the use of ab-
sorbent pads to protect furniture, bedding and cloth-
ing can be a useful addition (30). 

An example selection of products is shown in Fig D-
1, Fig D-2 and Fig D-3.

  
a b 

Fig D-1: Female handheld urinal (a) with drainage bag attached (b). 

  
a b 

Fig D-2: Male handheld urinal with non-return (anti-spill) valve (a) and without (b). 

 

 

 

 

 
a b c 

Fig D-3: Collapsible, handheld travel urinals: female (a); male (b) and unisex (c). The male and unisex de-
signs are shown collapsed for storage (top) and ready for use (bottom). 
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1. EVIDENCE 

The 5th International Consultation (31) highlighted a 
paucity of clinical trials examining the effectiveness of 
handheld urinals. There were no published trials of 
male handheld urinals at the time. The single trial 
identified (32), involving a multi-centre cross-over 
evaluation of 13 female urinals, found that no single 
product suited all users. Many were successfully 
used when standing, crouching or seated at the edge 
of a bed/chair/wheelchair, but fewer were successful 
when seated back in a wheel/chair, and only one was 
identified to be reasonably effective in a lying / semi-
reclined position. Of note, this study highlighted that 
there were fewer products to meet the needs of 
women with higher levels of dependence. Other work 
to develop and evaluate a novel, power-assisted fe-
male urinal that pumps urine into a holding reservoir 
highlighted mixed results in terms of reliability, size, 
weight, noise and aesthetics (33). 

No new trials have been identified for inclusion in the 
current consultation. There are no new product re-
views, nor any published reports of ongoing work to 
progress the power-assisted female urinal developed 
by Macaulay and colleagues (33). Most information 
available to inform users and healthcare profession-
als about this important product group continues to 
draw, primarily, on expert opinion (34).  

2. SUMMARY 

• Super-absorbent polymer can be added to uri-
nals prior to use to absorb and solidify urine (27) 
(30) (35) (Level of Evidence 1). 

• Experimentation is often required to identify the 
optimal urinal for an individual (27) (29) (30) (32) 
(35) (Level of Evidence 2). 

• Cleaning of handheld urinals is an important con-
sideration. Cleansing with soap and water may 
be appropriate between episodes of use by a sin-
gle individual at home, but more robust methods 
that comply with manufacturer’s recommenda-
tions and local infection control policies will be 
necessary where users are multiple (29) (32) 
(35) (36) (Level of Evidence 2).  

• Men with a retracted penis may find that urinals 
developed primarily with women in mind can 
work well for them if they are able to tuck their 
whole penis and scrotum inside the urinal during 
use (28) (Level of Evidence 3). 

• The careful selection and adaptation of clothing 
can assist quick and easy use of urinals for both 
men and women (27) (28) (29) (30) (36) (Level 
of Evidence 3). 

• Expanding the toileting devices available to 
those in acute care settings to include a wider 
range of handheld urinals suitable for use by 

both men and women has been recommended 
(30) (35) (Level of Evidence 3). 

3. RECOMMENDATIONS 

Recommendations relating to handheld urinals are 
summarised in Table D-2. 

Table D-2: Recommendations relating to handheld 
urinals. 

• Handheld urinals may usefully form one of a 
range of options available to both men and 
women to manage their toileting needs, enhanc-
ing the quality of life of both the user and (where 
relevant) their carer(s) (Grade of Recommenda-
tion C). 

• Experimentation is often necessary to select the 
most appropriate urinal to meet individual needs 
and individual circumstances (Grade of Recom-
mendation C). 

• Different types of handheld urinals may be re-
quired by an individual in different situations 
(Grade of Recommendation C). 

4. PRIORITIES FOR RESEARCH 

• Evaluation of currently available male and fe-
male urinals to provide guidance to users, care-
givers and healthcare professionals. 

• Development of the range of female urinals, par-
ticularly to meet the needs of those who are less 
physically able, who are unable to move to the 
edge of a bed/chair/wheelchair and/or who need 
to use a urinal while supine. 

 COMMODES, MOBILE 
SHOWER-CHAIRS AND BEDPANS 

Toileting is a fundamental aspect of personal or self-
care. Using conventional toileting facilities is a com-
plex undertaking requiring, for example, core stability, 
balance, strength, range of movement and cognitive, 
sensory and perceptual skills to transfer to and from 
the toilet, adjust clothing, grip and manipulate toilet 
paper and other menstrual and bowel / bladder man-
agement tools. 

Gaining access to - and safely utilising - toileting fa-
cilities can represent a significant challenge for peo-
ple with limited or impaired mobility and / or a range 
of other disabilities. A variety of strategies, assistive 
aids and equipment exist to facilitate ease of access 
and independence in toileting and to help maintain 
privacy and dignity: toilet seat raisers, toilet frames / 
surrounds, padded toilet seats, grab or support rails, 
bidets or personal cleansing/drying systems, bottom 
wipers, etc. (Table E-1), and adaptations to clothing 
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and the physical lay-out of toileting facilities. Although 
there is a dearth of research examining the effective-
ness of most of these options, occupational therapists 

are well placed to offer individual assessments (29) 
(37) (38) (39) (40). 

 

Table E-1: Main categories of assistive aids and equipment for toileting  

Toilet seat raisers • Contoured toilet-seat shaped extensions that fit directly onto toilet bowls 
once lid/ seat have been raised. 

• Range of heights available. 

• Usually fitted with brackets for secure fixing. 

• Some are available with integral lids.   

Toilet frames/surrounds • Metal frames positioned around the toilet to provide armrests to assist 
transfers. 

• May incorporate a toilet seat raiser or a conventional toilet seat and lid. 

• May be height and width adjustable. 

• Freestanding or fixed to the floor. 

Grab or support rails • Fixed to an adjacent wall, floor and/and ceiling. 

• Wide variety of styles, including fixed and fold-away designs. 

• Help improve stability and confidence during transfers and adjusting 
clothing. 

• Research examining the most effective configuration of rails concluded 
that the use of two vertical bars resulted in the least anterior-posterior 
displacement (and therefore greatest stability during transfers) and was 
rated highly by healthy older participants as well as those living with hip 
replacements and strokes (553) (Level of Evidence 3). 

Bidets and personal cleansing 
systems 

• Combined with or integral to a toilet, may enable those without sufficient 
hand function or balance to reach the perianal area to cleanse without 
the need for assistance (554) (555)  (Level of Evidence 4). 

Bottom wipers • Grip toilet paper or wet-wipes on an ‘arm’ to assist those who are unable 
to reach to cleanse the perianal area. 

• Designed to be used from the front of the toilet. 

• Available in a range of designs, including folding for discrete transporta-
tion outside the home (may include a carry case). 

• Some have buttons to release the paper/wipe after use. 

Where it is not possible for an individual to gain timely 
and safe access to a toilet, conventional or adapted 
alternatives - such as commodes, mobile shower-
chairs and bedpans - may be appropriate. In lieu of a 
toilet, commodes are static or mobile pieces of equip-
ment that comprise a chair-like frame incorporating a 
toilet seat under a removable pan (disposable or 
washable) which is positioned to receive urine and 
faeces. Mobile shower-chairs (sometimes called 
sani-chairs) are also available. These are waterproof 
chairs on wheels that incorporate a toilet seat and are 

designed to be manoeuvred over the top of a conven-
tional toilet once an individual is seated on them (41) 
(42). Bedpans are receptacles designed to be posi-
tioned beneath an individual who needs to void their 
bladder or empty their bowels while in bed, or per-
haps while seated on a conventional chair. The de-
sign of some female handheld urinals may also make 
them suitable (for men or women) for collecting fae-
ces (36). 

Table E-2 lists the main factors influencing the appro-
priateness of a commode, shower-chair or bedpan as 



 

 
COMMODES, MOBILE SHOWER-CHAIRS AND BEDPANS  2321 

 

a solution for individual needs, and Fig E-1 and Fig E-
2 show examples of products in this category. 

Table E-2: The main factors influencing the appropriateness of a commode, shower-chair or bedpan as a 
solution for individual needs. 

• The physical characteristics of the individual such as size, weight, postural stability and functional capabil-
ities. 

• The mobility of the individual (including in bed) and approach to transfers (e.g. to commode or shower-
chair).  

• The cognitive status of the individual (e.g. capacity to recognise the purpose of the equipment). 

• Availability of and access to brakes (where appropriate). 

• Likely duration of individual episodes of use of the equipment. 

• The level of assistance and / or supervision required to use the equipment safely and the burden that 
represents to any caregiver involved.  

• User access to the perianal area for cleansing. 

• Comfort and need for pressure relief during use. 

• The environment in which the equipment will be used and its impact on privacy and dignity. 

• The proximity of the area of use to waste disposal and storage facilities. 

• Cleaning and maintenance requirements, responsible person and the burden that cleaning could represent. 

• Personal preferences and aesthetics, particularly where equipment is to be used at home, and especially 
in ‘public’ areas of the home such as a lounge room. 

 

   
a b c 

Fig E-1: Commode chair with wheels (a), chair with commode (b) and toilet frame with integral raiser and 
grab bar (c). 

 
Fig E-2: Example bottom wipers. 
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1. EVIDENCE 

The 5th International Consultation (31) highlighted 
the limited empirical research that had been under-
taken to examine the effectiveness and use of com-
modes, shower-chairs and bedpans (43). Older work 
evaluated a range of commodes available at the time, 
highlighting concerns with the stability and - therefore 
- safety of some designs, and their limitations in terms 
of aesthetics and comfort (41) (44) (45) (46). The ap-
pearance of a commode and invisibility of its pan 
were highlighted as being particularly important  in a 
home environment when masking the function of the 
chair may be important to both users and caregivers 
(41) (46) (47). Concerns were raised about the 
maintenance and cleanliness of commodes (48) (49) 
generally, and about the management of unpleasant 
odours, particularly in the home environment (47). Of 
particular note was the lack of guidance available on 
the effective cleaning of equipment and management 
of odours in the home environment, where responsi-
bility for both typically falls to caregivers. The poten-
tial use of chemical toilets as an alternative was sug-
gested (47). 

Some research in the field has focused on consider-
ing the needs of people with spinal cord injuries (SCI) 
who use mobile shower-chairs, highlighting issues 
with pressure injury, user access to the perianal area, 
the ease and safety of rolling and turning the chair, 
cleaning it and falls from it (50). Evaluation of three 
chairs commonly used by those with SCI - including 
evaluation of seating pressures - was undertaken 
(51) (52) to inform the design and development of a 
more advanced alternative that is now commercially 
available (53).  

The last consultation also noted that bedpans were 
not well described in the literature, although they 
could be broadly categorised into concave pans 
(rounded, triangular shaped with a curved base and 
sloping front to back), cut-away pans (rounded, tri-
angular shaped with a flatter seat and rolled edges to 
provide handgrips) and shovel or ‘fracture’ pans 
(rectangular or wedge shaped with a flattened end 
that is positioned beneath the individual, and with a 
handle at the opposite end). Alongside issues around 
privacy and dignity, bedpans are generally consid-
ered problematic as they do not readily permit the 
user to assume positions that facilitate urination or 
defaecation, may cause pain, can be difficult to re-
move from beneath an individual and are therefore 
susceptible to spillage and causing skin damage. Fur-
thermore, in the absence of lids, there is the risk of 
further spills, and they can be malodourous while 
transporting the content for disposal. 

Only three new studies were identified for the current 
consultation, none of them focusing specifically on 
static commodes. In the first, Friesen et al (54)  un-
dertook an exploratory review to appraise the overall 
quality of evidence concerning mobile shower-com-
modes used by adults with SCI and to assess the 

available evidence in the areas of clinical assess-
ment, design and performance testing. They identi-
fied no randomised control trials or systematic re-
views of trials and reported that the overall strength 
of evidence was fair to poor, with case-control studies 
the highest level of evidence identified. The authors 
concluded that research is needed to understand how 
adults with SCI use their shower-chairs/commodes 
across a range of functional activities and that vali-
dated or standardised clinical assessments tools are 
required.  

Subsequent work by the same Australian team inter-
viewed adults with SCI and expert clinicians about 
how the designs and features of mobile shower-com-
modes affect selection and functional performance 
(42). Semi-structured interviews focussed around 
transfers, propelling, manoeuvring, bowel-care and 
showering were undertaken with seven adults who 
had been living with SCI for three or more years and 
eight expert clinicians working in the field for five or 
more years. The findings highlighted the complex ar-
ray of sometimes competing factors that need to be 
accounted for in prescribing shower-chairs/com-
modes; for example, the need for large rear wheels to 
facilitate propulsion may complicate sliding transfers 
to and from the equipment. While folding frames per-
mit portability, they compromise everyday use (e.g. 
they are incompatible with tilt-in-space features) and 
are paradoxically heavier than fixed frames. Also 
noteworthy was the importance of customised 
frames, seats and under-seat access to meet individ-
ual needs, and the challenges presented by the rapid 
rate of deterioration of padded seats combined with 
the lengthy delays often experienced in securing re-
placements. 

Only one study was found evaluating hospitalised pa-
tient experiences related to metal bedpans (55). 
Semi-structured interviews were conducted, based 
on a German version of the standardised question-
naire (the Bedpan Ongemak Scaal©). The majority of 
participants (n=87) described the metal pan as hard, 
cold, uncomfortable and painful when they were left 
on the pan for an extended period. Pain was signifi-
cantly more likely to be considered unacceptable by 
those in the ‘normal’ and ‘under-weight’ categories 
than by overweight users or those lying supine.   

Participants reported fear of missing the pan whilst 
voiding and described embarrassment and worry 
about of smells and sounds.  Finally, many reported 
having to wait a long time for the bedpan to be re-
moved.  

Recommendations emerging from the study include: 

• Minimising time spent sitting on a bedpan and re-
sponding immediately to calls, 

• Checking the user’s position to avoid pain, 
providing lumbar support as needed with a pillow 
for those unable to sit vertically and using pillows 
beneath the legs to help patients lift themselves 
onto pans with greater ease, 
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• Warming metal bedpans immediately prior to 
use, considering alternative models or applying 
a pressure care overlay, 

• Asking mobile patients in shared rooms to leave 
the room while the other uses a bedpan, 

• Ensuring toilet paper and wet wipes (for hands) 
are easily within reach, and offering to open a 
window or spray air-freshener following use of 
the bedpan. 

2. SUMMARY 

• A conventional or suitably adapted toilet is pref-
erable to using a commode or bedpan wherever 
it is safely possible to do so (43) (56) (57) (Level 
of Evidence 3). 

• Commodes or shower-chairs (where an individ-
ual can safely use them) are preferable to bed-
pans. Bedpans may position users poorly to uri-
nate or defaecate and may cause pain (55) 
(Level of Evidence 3). 

• Commode (and shower-chair) designs are criti-
cised because they offer limited trunk support 
which, combined with lengthy periods of unsu-
pervised use, may increase the risk of falls (56)  
(Level of Evidence 3).  

• Shower-chairs may be preferable to static com-
modes in terms of facilitating access to a toilet, 
preserving privacy, dignity and the management 
of noise and odour (43) (56) (Level of Evidence 
3).  

• Shower-chair or commode stability must be as-
sessed to ensure it is safe and appropriate for 
individual needs (29) (41) (44) (45) (46) (54) 
(Level of Evidence 3). 

• Assessment of those with SCI should include re-
view of current bowel-care routines, functional 
capacity to undertake bowel-care, postural sta-
bility and reach for intimate hygiene, transfers to 
and from the shower-chair/commode, pressure 
sores, skin integrity and interface pressure map-
ping (54) (Level of Evidence 3). 

• Maintenance and cleaning of toileting equipment 
has been criticised (47) (48) (49) (Level of Evi-
dence 3), although no guidance for cleaning, par-
ticularly in the home environment, is available. 

3. RECOMMENDATIONS 

Recommendations relating to commodes, mobile 
shower-chairs and bedpans are summarised in Table 
E-3. 

Table E-3: Recommendations relating to com-
modes, mobile shower-chairs and bedpans. 

• Privacy and dignity during toileting are para-
mount, including the management of associated 
noise and odours (Grade of Recommendation C). 

• Wherever safely possible, access to a conven-
tional or adapted toilet should be offered, or facil-
itated via a shower-chair with due consideration 
given to preserving the safety and the modesty of 
the user during transportation (Grade of Recom-
mendation C). 

• The use of bedpans should be minimised to the 
greatest extent possible without unnecessarily re-
sorting to invasive options such as catheterisation 
(Grade of Recommendation C). 

• Full and careful assessment of individual needs, 
including mobility, transfers, postural stability, 
skin integrity, access to the perianal area, and 
safety must be undertaken before equipment is 
prescribed or used, and should be followed by 
regular reviews to assess on-going suitability 
(Grade of Recommendation C). 

• Regardless of the equipment employed, users 
must have ready access to toilet paper and/or 
moist wipes and hand washing facilities, and/or 
appropriate adaptive devices or assistance to 
help them in this regard (Grade of Recommenda-
tion C). 

• People should have safe and easy access to a 
direct method of calling for assistance when left 
alone for toileting on any piece of equipment (or 
indeed, on a toilet) (Grade of Recommendation 
C). 

• Equipment should be cleaned after each use, and 
following local infection control policies in institu-
tional environments, to maintain hygiene, aes-
thetics and to avoid odour, although there are no 
evidence-based published guidelines regarding 
frequency of cleaning or type of cleaning product 
(Grade of Recommendation C). 

• Systems of regular on-going maintenance of 
equipment are important in whatever environ-
ment it is used (Grade of Recommendation C). 

4. PRIORITIES FOR RESEARCH 

• Evaluative studies of toilet seat raisers, toilet 
frames/surrounds, padded toilet seats, grab and 
support rails, bidets or personal cleansing/drying 
systems, bottom wipers, etc. to inform users, 
caregivers and healthcare professionals. 

• Validated and standardised clinical assessment 
tools and outcome measures to guide the selec-
tion and determine the success of shower-
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chairs/commodes for those with long-term 
needs, particularly adults with SCI (54). 

• Evidence-based guidelines to inform the clean-
ing and maintenance of commodes, shower-
chairs and bedpans in institutional and home en-
vironments. 

 ABSORBENT PRODUCTS 

Absorbent products (commonly known as pads) are 
available in a range of sizes and absorbencies en-
compassing light through to very heavy for urinary 
and/or faecal incontinence. Most pads are bodyworn 
but some are used on the bed or chair. Broadly 
speaking, these can be divided into two main sub-
groups: suitable for light incontinence (usually smaller 
products) and suitable for moderate-heavy inconti-
nence (usually larger products).  

Incidental findings from product evaluations indicate 
that absorption capacity alone does not determine 
whether a user will choose to use a product. Some 
users may have frequent, low flow-rate loss of small 
volumes of urine (“dribble”), whilst others may be dry 
for days but then have a higher volume, higher flow-
rate incontinence incident (“gush” or “flooding”). Both 
may prefer to use pads for light incontinence. Mobile 
and independent community-dwelling women of all 
levels of incontinence are reported to generally prefer 
small pads and are often willing to change them fre-
quently rather than use larger products and change 
them less often (58). Conversely, dependent, immo-
bile individuals may prefer the security of larger prod-
ucts despite relatively low urine volumes due to their 
dependence on others for pad changing.  

Some studies have focused on the use of pads by 
men. Teunnissen and Lagro-Jansson (59) inter-
viewed 56 men with UI of which only nine used ab-
sorbent pads. They concluded that men use pads 
less frequently than women, have little knowledge 
about purpose-built pads, are more likely to construct 
their own pads out of absorbent materials such as 
towels and are less satisfied with pads than women. 
Furthermore men may prefer other devices such as 
urinary sheaths (60) (Section G). 

However, the findings of these studies about male 
and female product use and preferences may not be 
generalisable to all countries and cultures. In some 
countries, only limited ranges of absorbent products 
are available, predominantly adult diapers, with 
smaller pads less frequently available. Adult diapers 
are widely sold in supermarkets, prominently dis-
played, and may be viewed with less embarrassment 
than in countries where they are supplied primarily 
through health systems or pharmacies. In compari-
son, sheath systems may be harder to access and 
relatively more expensive. Climate (and consequently 
customary mode of dress) can affect the acceptability 
of sheaths and their attendant drainage bags.   

Studies that have collected and weighed used pads 
to measure urine loss have found overlap between 
the quantities contained by pads from different sub-
groups; thus in a study of insert pads for moderate-
heavy incontinence used by older people in residen-
tial care around 15% of insert pads for moderate-
heavy incontinence contained less than 100g of urine 
(61) while in a study of older women with light incon-
tinence living in the community about 10% of insert 
pads for light incontinence were found to contain 
more than 100g of urine (62).  

Although the number of pads used per day might be 
a good measure of degree of urinary incontinence, 
this has not been found to be the case in nursing 
home residents in Norway (25). Pads were collected 
and weighed from residents in six homes, but a poor 
correlation was found between the number of pads 
used and the volume of urine measured over 48 
hours. The authors concluded that this was due to 
pad changes being carried out at routine times by 
caregivers. 

General guidelines on patient assessment for product 
selection are discussed in Section B. Aspects of as-
sessment that are particularly important regarding ab-
sorbent pads are frequency / severity of leakage, day 
/ night incontinence, sex (some products are de-
signed for or are better for men / women than others), 
ability to change pad independently / need for carer, 
pad changing position (standing / lying), laundry / dry-
ing facilities, individual priorities (e.g. need for dis-
creetness), personal preference for design / materials 
(washable / disposable), lifestyle (at home / travel / 
work etc.). General guidelines on patient assessment 
for product selection are discussed in Section B.    

Aspects of absorbent pad performance have been 
identified and prioritised (during interviews) by men 
and women taking part in a series of clinical trials 
(21). There was notable consistency across patient 
groups (light / heavy, men / women), with both indi-
cating that the top priority was the ability of a product 
to hold urine without leakage, while discreetness, 
containment of odour, ability to stay in place, comfort 
when wet and ability to keep skin dry were important 
as well. 

1. ABSORBENT PRODUCT 
CATEGORIES 

Absorbent products may be classified into two broad 
categories - disposable (single-use) and washable 
(reusable) - with each category dividing into two sub-
categories: bodyworn products (worn by the user) or 
underpads (placed beneath the user). Within each 
sub-category are different design groups such as di-
apers and pull-ups which are sub-divided by size (to 
fit users of different sizes) and / or absorbency (to ca-
ter for different severities of incontinence). Some de-
signs are further subdivided into those intended for 
men, for women or for children. This classification is 
shown in Table F-1. 
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Table F-1: Classification of absorbent continence products  

Categories: Disposable (single use) Washable (reusable) 

Sub-categories: Bodyworns Underpads Bodyworns Underpads 

Design groups* Inserts 
Diapers 
Pull-ups 
Pouches 

Bedpads 
Chairpads 

Inserts 
Diapers 
Pull-ups 
Pouches 

Bedpads 
Chairpads 

Sub-groups Groups sub-divide according to the severity of incontinence (light or moderate / heavy) and 
the gender of the intended users (M, F or unisex). 

* The products within a given design group may vary considerably in their features and their constituent materials. 

Bodyworn absorbent products can be divided into 
four main design groups: 

Inserts (sometimes called liners or, in the case of 
small pads, shields) are held in place by close-fitting 
underwear or separate stretch mesh briefs (Fig F-1). 
Many disposable inserts (Fig F-2 and Fig F-3) have 
an adhesive strip on the back to help secure them and 
may have an indicator that changes colour when the 
pad is wet. They may have longitudinal, elasticated 
standing gathers of hydrophobic material intended to 
impede lateral leakage of urine and faeces. They are 

sometimes rectangular but are usually shaped to fit 
the body. Elastication at the legs may also be used to 
enhance fit. Washable inserts (Fig F-4) are usually 
more simply designed than disposable inserts, with 
no elastication and are either shaped or a simple rec-
tangle. Inserts are made in a wide range of sizes suit-
able for light through to very heavy urinary inconti-
nence. For light faecal incontinence, the liner may be 
a small cotton gauze dressing placed against the 
anus and held in place by the cheeks of the buttocks 
(Fig F-5). 

  
a b 

Fig F-1: Mesh briefs with (a) and without (b) legs, for supporting disposable bodyworn pads. 

  
a b 

Fig F-2: Small, disposable, unshaped (a) and shaped (b) insert pads for light incontinence. 
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Fig F-3: Large, disposable, shaped insert pads for moderate / heavy incontinence. 

  
a b 

Fig F-4: Washable, shaped insert pads for light (a) and moderate / heavy (b) incontinence. 

 
Fig F-5: Liner for light faecal incontinence.  
(from www.continenceproductadvisor.org) 

Disposable diapers (also called all-in-ones or briefs) 
(Figs F-6) usually have elasticated waist and legs and 
self-adhesive tabs (usually resealable), and often a 
wetness indicator and standing gathers. Modified di-
apers (T-shaped or belted briefs) fasten around the 

waist before the front is pulled into position and se-
cured, enabling users to apply the diaper whilst 
standing (Fig F-7). Washable diapers are usually 
elasticated at the waist and legs and are fixed with 
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Velcro or press-studs (Fig F-8). Diapers are intended 
for moderate to very-heavy incontinence. 

  
a b 

Fig F-6: Disposable brief, closed (a) and open (b). 

  
a b 

Fig F-7: Disposable T-shaped brief, closed (a) and open (b). 

 
Fig F-8: Washable brief. 

Pull-ups are similar in construction to trainer pants 
for toddlers. The absorbent material is built into a pull-
up pant and is either limited to the crotch area or dis-
tributed throughout the pants (Fig F-9, Fig F-10 and 
Fig F-11). Disposable pull-ups (Fig F-9) are usually 

elasticated throughout the pants for a close fit. Both 
disposable and washable pull-ups have versions for 
different levels of incontinence. Washable pull-ups for 
light incontinence are often known as pants with inte-
gral pad (Fig F-11).  
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a b 

Fig F-9: Disposable pull-ups for moderate / heavy incontinence for women (a), and for men (b). 

 
Fig F-10: Washable pull-ups (unisex). 

   
a b c 

Fig F-11: Washable pants with integral pad for light incontinence: boxer style for men (a), y-front style for 
men (b), and for women (c). 

Homemade products typically comprise terry-towel-
ling squares which are folded into briefs, fastened 
with pins and covered with plastic pants as a water-
proof barrier. Such pants may also be worn over more 

conventional designs in an attempt to reduce leakage 
and / or odour.  

“Body” garments (like vests which have a crotch sec-
tion which opens and closes with snap fasteners, 
much like those manufactured for babies) may be 
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helpful to hold pads in place and may reduce the rus-
tling noise from plastic backing materials. 

Male pouches (sometimes called shields, guards or 
leaves) are for lightly incontinent men and are de-
signed to fit around the penis and sometimes the 

scrotum too (Fig F-12). All are worn with close-fitting 
underwear or stretch mesh briefs. An adhesive strip 
is often provided on the disposable versions to help 
hold them in place. 

  
a b 

Fig F-12: Disposable pouch (a) and leaf (b) for men 

Underpad absorbent products are usually simple 
rectangles of different sizes to be used on the bed or 
chair. Washable underpads may have a high friction 
backing or have ‘wings’ for tucking beneath the mat-
tress to help keep them in place. Underpads vary 
widely in absorbency with less absorbent products 
being used as ‘back-up’ with bodyworn absorbents 
and more absorbent products being used as sole pro-
tection on the bed at night.  

Availability of products will necessarily affect choice. 
However, even where only a single product type (eg 
adult diaper) is readily available, within that product 
type individual brands and / or absorbencies may be 
better suited to some users and circumstances than 
others. Clinicians and users are likely to manage in-
continence more successfully if they become familiar 
with the relative advantages of different products: for 
example, cheaper products may be slightly less relia-
ble than more expensive ones, but may be perfectly 
adequate for use at home, when more frequent 
changing is possible and affordable; more expensive 
products may provide better protection when out of 
the home; more absorbent night-time products may 
be suitable for travel as well as sleeping. 

2. ABSORBENT PRODUCT 
MATERIALS 

Absorbent products – disposable or washable – usu-
ally comprise three main layers: an absorbent core 
sandwiched between a water-proof backing beneath 
and a water-permeable coverstock (or topsheet) next 
to the wearer’s skin.  

The main component in disposable absorbent cores 
is invariably some kind of fluffed wood pulp fibre, but 
most also contain powdered superabsorber in the 

crotch region (also referred to as superabsorbent pol-
ymer (SAP) or absorbent gelling material (AGM)). Su-
perabsorbers hold much more urine – weight for 
weight – than fluff pulp and retain it far more tena-
ciously under pressure. They are usually based on 
cross-linked salts of polyacrylic acid whose chemistry 
can be varied according to the balance of properties 
such as absorption capacity and absorption speed 
desired. Some thermoplastic fibres are also some-
times included in absorbent cores to reduce core 
break up and the collapse of the structure when wet. 
It is increasingly common for absorbent cores to com-
prise two or more layers, each designed to perform a 
different function. For example, an upper layer might 
comprise low absorbency fibres engineered to re-
ceive and distribute urine efficiently and maintain a 
dry layer next to the skin, while lower layers provide 
absorption capacity. Some disposable products have 
‘breathable’ plastic backings designed to reduce skin 
occlusion.  

Washable absorbent cores are usually made from a 
needlefelt or knitted fabric comprising rayon and / or 
polyester fibres. A variety of polymers are used for 
the water-proofing. In general, the thicker, stiffer ma-
terials are more durable (the durability of the plastic 
backing often determines the lifetime of the product) 
but less comfortable. Topsheets are usually made 
from either cotton – which is hydrophilic and intended 
to have good dry comfort – or polyester – which is 
hydrophobic and intended to have good wet comfort. 

Concern for the environment and for controlling costs 
has led to an increase in the number of washable 
products available on the market. An important con-
sideration in the comparison of washable and dispos-
able designs is the relative environmental cost, par-
ticularly disposal (landfill) costs of disposable designs 
and energy costs associated with laundering the 
washables. A report on baby diapers concluded that 
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there was no significant difference in environmental 
impact between three diaper systems (disposables, 
home and commercial laundered) although the types 
of impact did vary (63). 

3. ABSORBENT PRODUCT 
CAPACITY AND USER 

REQUIREMENTS  

Pads come in a range of absorbencies for different 
levels of incontinence and, understandably, purchas-
ers wish to know how much urine pads will hold. But 
there is no simple answer: no pad has a volume of 
urine below which it is guaranteed not to leak; rather, 
the probability of success decreases as the volume of 
the urine increases. However, for higher absorbency 
pads performance falls away more slowly with in-
creasing urine volume than it does for lower absor-
bency products. 

Absorption capacity is a complex concept to com-
municate in sales literature and product packaging 
and so companies commonly quote a simple absorp-
tion capacity figure. Some use the volume of fluid a 
pad will hold in a laboratory test - usually international 
standard ISO 11948-1 (64) - but this figure can be 
very misleading. Although it correlates well with leak-
age performance for some groups of users (Section 
F.6.1.1), the volume of urine which a pad will hold 
when tested with ISO 11948-1 is enormous com-
pared with how much it will hold in real use. For this 
reason, some companies prefer to quote a “working 
capacity”, which might be calculated as some propor-
tion (companies vary in the proportion they use) of the 
capacity in the laboratory. However, this is still mis-
leading as it implies that the pad will not leak until the 
working capacity is exceeded. A simple, valid and 
widely accepted solution to this problem has yet to be 
devised.  

It is equally difficult to determine user needs concern-
ing volume of urine their pads need to hold. Not only 
can different users leak widely differing volumes from 
each other but also an individual user may leak widely 
differing volumes on different occasions. This means 
that, like pad performance, users’ needs cannot be 
easily quantified. Published data describing users as 
‘lightly incontinent’ place the median and 90th per-
centile urine volumes in used pads at about 15ml and 
100ml, respectively (14). Similarly, those with moder-
ate-heavy urinary incontinence have yielded corre-
sponding figures of about 250ml and 600ml (14). Ac-
cordingly, in this chapter the material is divided – 
somewhat simplistically – into that which relates to 
light incontinence and that which relates to moder-
ate-heavy.  

Some products work better for users whose inconti-
nence is towards the lighter or the heavier end of the 
spectrum and so, where necessary in the text and ta-
bles that follow, these distinctions are made by divid-
ing light incontinence into “light LIGHT” and “heavy 
LIGHT”; and moderate-heavy incontinence into “light 
HEAVY” and heavy HEAVY”.   

4. BODYWORN ABSORBENT 
PRODUCTS FOR WOMEN WITH 

LIGHT URINARY INCONTINENCE 

There are four main product designs for women with 
light incontinence (Table F-2). In addition, menstrual 
pads are known to be frequently used for light urinary 
incontinence. The disposable pull-ups are relatively 
expensive, single-use items and seldom used for light 
incontinence except as ‘emergency’ items. Under-
pads are not commonly used for light incontinence. 

Table F-2: Bodyworn absorbent products for women with light urinary incontinence 

 Disposable Washable 

Design groups Inserts (Fig F-2) Inserts (Fig F-4) 

Pull-ups ie pants with integral pad  Pull-ups ie pants with integral pad (Fig F-
11) 

Menstrual pads  

4.1. Evidence 
A small number of robust comparative evaluations of 
absorbent pads for women with light incontinence 
have been published, and one Cochrane review (65). 
Most studies are now rather old (2004 or earlier) and 
relate to products no longer available (18) (20) (66) 
(67). No studies of pads for women with light inconti-
nence have been published since the 5th consultation 
(31).  

In the most recent substantial study (2008), Fader et 
al (14) used a crossover randomised design to com-
pare the most common product designs: disposable 
inserts, menstrual pads, washable pants with integral 
pad, and washable inserts.  Three products were se-
lected to represent each design and each product 
was tested for one week (three weeks for each design 
block, total 12 weeks). Product performance was 
characterised using a validated questionnaire to eval-
uate pad performance (leakage, discreetness etc.) 
with a five-point scale (very good – very poor) at the 
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end of each week of product testing. A pad change 
and leakage diary was used to record severity of leak-
age from individual used pads (three-point scale: a 
lot, a little, or no leakage), and numbers of laundry 
items and pads used were recorded to estimate 
costs. Skin health changes were recorded weekly.  At 
a final interview preferences were ranked (with and 
without costs), acceptability of the design recorded 
(highly acceptable – totally unacceptable) and overall 
opinion marked on a visual analogue scale (VAS) of 
0-100 points (worst design – best design). This VAS 
score was used to estimate cost-effectiveness.  

Eighty-five women (mean age 60) completed the 
study and 8691 used pads were weighed. The dis-
posable insert was significantly better than the other 
designs on most variables except for discreetness. 
For leakage prevention, overall acceptability and 
preference, disposable inserts were found to be sig-
nificantly better than menstrual pads, which were bet-
ter than washable pants with integral pad, which were 
better than washable inserts. There was no clear ben-
efit for skin health using either washable or disposa-
ble designs. Most women preferred the disposable in-
sert pad but some preferred the other cheaper de-
signs (6/85 preferred menstrual pads; 13/85 preferred 
washable pants), both of which were >50% cheaper 
to use than disposable inserts). Washable inserts 
were significantly worse than the other designs 
(72/85 found them unacceptable). Overall there were 
generally more practical problems with washables, 
particularly when away from the home (Level of Evi-
dence 1). 

The authors concluded that allowing women to 
choose their preferred design of absorbent product 
(or combination of different designs for different cir-
cumstances) would be more cost-effective and pro-
vide better patient satisfaction than provision of dis-
posable insert pads (the most expensive product) 
alone. 

4.2. Summary 

• Disposable inserts are more effective in terms of 
leakage and more acceptable than menstrual 
pads, washable pants and washable inserts 
(Level of Evidence 1).  

• Menstrual pads are cheaper and washable pants 
cheaper still (on a per-use basis) and are ac-
ceptable to many, particularly those with lighter 
incontinence and particularly when used at 
home. They may also be more readily available 
in some regions than pads designed specifically 
for incontinence. (Level of Evidence 1) 

• Washable inserts are not acceptable to most 
women with light urinary incontinence. (Level of 
Evidence 1) 

• The user characteristics, priorities and contexts 
which favour or discourage the use of the differ-
ent product designs are summarised in Fig F-16.  

4.3. Recommendations 
Recommendations relating to bodyworn absorbent 
products for women with light urinary incontinence 
are listed in Table F-3, while Table F-4 describes the 
user characteristics, priorities and contexts which fa-
vour or discourage the use of the different product de-
signs.  

Table F-3: Recommendations relating to bodyworn 
absorbent products for women with light urinary in-
continence. 

• Disposable inserts are recommended as the most 
effective and preferred absorbent product for 
women with light urinary incontinence (Grade of 
Recommendation B). 

• Menstrual pads or washable pants may be suffi-
cient for some patients with very light urinary in-
continence and are cheaper (Grade of Recom-
mendation B). 

• Washable inserts are not recommended for 
women with light urinary incontinence (Grade of 
Recommendation B). 

• Combinations / mixes of designs for different sit-
uations (e.g. disposable inserts for going out, 
washable pants with integral pad for staying at 
home) are likely to provide optimum management 
in terms of patient needs and cost-effectiveness, 
and product advice and provision (where pur-
chased by institutions / services) should reflect 
this (Grade of Recommendation B). 

• See also the general recommendations relating 
to pad selection in Table F-13 and to washable 
pads in Table F-14. 

4.4. Priorities for research 

• Because the performance of washables is gen-
erally poor (particularly for leakage) compared to 
disposables, the development of better washable 
products for women with light urinary inconti-
nence is a priority. 

• The use of combinations of designs for different 
situations needs to be evaluated. 

 



 

 
2332  COMMITTEE 20. MANAGEMENT USING CONTINENCE PRODUCTS 
 

Table F-4: User characteristics, priorities and contexts which favour or discourage the use of the different 
pad designs for females with light urinary incontinence.  

Product Type More likely to suit you if... Less likely to suit you if... 

Small 
disposable 
pads 

• You are most concerned about reliably 
containing.  

• Low cost is a priority for you. 

• Discretion is a priority for you. 

Sanitary 
towels 

• Low cost is a priority for you. • Your leakage is at the heavier end of light 
leakage. 

Washable 
pants 

• Low cost is a priority for you 

• Your leakage is very light. 

• You do not have adequate laundry facilities. 

• You are unwilling to use washable prod-
ucts. 

• You are not prepared to carry used prod-
ucts when out. 

• Your leakage is at the heavier end of light 
leakage. 

Small 
washable 
pads 

• Low cost is a priority for you. 

• Your leakage is very light. 

• You do not have adequate laundry facilities. 

• You are unwilling to use washable prod-
ucts. 

• You are not prepared to carry used prod-
ucts when out. 

• Your leakage is at the heavier end of light 
leakage. 

NB The content of this table is based on the referenced evidence cited in the chapter, but the unreferenced 
version provided for the lay public on the accompanying website (www.continenceproductadvisor.org) is 
reproduced here. 

5. BODYWORN ABSORBENT 
PRODUCTS FOR MEN WITH LIGHT 

URINARY INCONTINENCE 

There are five main bodyworn absorbent product de-
signs for men with light urinary incontinence (Table F-
5). However, disposable and washable insert pads 
are often unappealing to men as they are frequently 
marketed specifically at women and bear a strong re-
semblance to menstrual pads. Anatomical differ-
ences are also likely to mean that they are less effec-
tive for men. Pouch, shield and leaf products (Figs F-
11 and F6-12) are designed to be more suitable for 
men by containing the penis or penis and scrotum 

5.1. Evidence 
Only one randomised trial has been published evalu-
ating absorbent products for men with light urinary in-
continence (68). Four main absorbent designs avail-
able in the UK in 2003 were compared: 6 pouches 
and 6 leaf products; 1 disposable insert pad and 1 

washable pant with integral pouch chosen to repre-
sent their respective designs. Seventy men with light 
urinary incontinence completed the 14-week study. 
Outcomes were measured using product perfor-
mance questionnaires after testing each product for a 
week and at the end of each design, pad leakage di-
aries and pad weight. ‘Overall opinion’ was used as 
the primary outcome variable.   

Results showed: 

• The performance of pouch designs was signifi-
cantly worse than that of the leaf and insert de-
signs. The most common problems with the 
pouch were staying in place and difficulties re-
inserting the penis in the pouch once the pouch 
was wet.   

• The disposable insert was effective for leakage 
prevention and was substantially cheaper than 
the leaf designs.  

• Products with the leaf designs had the best leak-
age scores, but one product was significantly 
better than the other. It was roughly triangular in 
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shape and slightly elasticated on the long edges 
to give shaping / cupping. 

• The washable leaf was the least successful of 
the leaf designs.  

• Washable pants with integral pad received polar-
ised overall opinion scores (loved or hated) and 
scored well for staying place but poorly for leak-
age.  

In a randomised trial – reported since the last consul-
tation (31) - the performance of three continence de-
vices (sheath drainage system, body-worn urinal 
(BWU), penile clamp) and absorbent pads was as-
sessed by 56 men with persistent urinary inconti-
nence (>1 year) post radical prostatectomy. Each de-
vice was tested for three weeks. The results for the 
non-pad products are reported in other sections (G, I 

and K). Pads were judged to be good for everyday 
activities and best for night-time use, most easy to 
use, comfortable when dry but most likely to leak and 
most uncomfortable when wet. However, there was a 
preference for having a mixture of products to meet 
daytime needs; around two-thirds of men elected to 
use a combination of pads and devices after testing. 
Men reported that pads and devices have different 
strengths, which make them particularly suited to cer-
tain circumstances and activities.  

5.2. Recommendations 
Recommendations relating to bodyworn absorbent 
products for men with light urinary incontinence are 
listed in Table F-6, while Table F-7 describes the user 
characteristics, priorities and contexts which favour or 
discourage the use of the different product designs. 

Table F-5: Bodyworn absorbent products for men with light urinary incontinence 

 Disposable Washable 

Design groups Inserts (Fig F-2) Inserts (Fig F-4) 

Pouch (Fig F-12) Pouch 

 Pull-ups ie pants with integral pad (Fig F-
11) 

Table F-6: Recommendations relating to bodyworn absorbent products for men with light urinary inconti-
nence. 

• Disposable leafs are recommended as the most acceptable and effective design for men with light inconti-
nence, but some men prefer other designs which should be considered as alternatives (Grade of Recom-
mendation B). 

• Simple insert pads are cheaper and may be acceptable to some men with light urinary incontinence (Grade 
of Recommendation B). 

• Washable pants with integral pad are likely to be most suitable for men with very light incontinence who 
have difficulties keeping an insert or pouch in place (Grade of Recommendation B). 

• Disposable absorbent products- as opposed to male devices - are recommended for night-time users with 
post-prostatectomy incontinence (Grade of Recommendation B). 

• See also the general recommendations relating to pad selection in Table F-13 and to washable pads in 
Table F-14. 
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Table F-7: User characteristics, priorities and contexts which favour or discourage the use of the different 
pad designs for males with light urinary incontinence. 

Product Type More likely to suit you if... Less likely to suit you if... 

Disposable 
pouches 

• Discretion is a priority for you 

• Using a specifically male product is im-
portant to you.  

• You have penile retraction. 

• Your leakage is at the heavier end of light 
leakage. 

Disposable 
leafs 

• Actually, they suit most men.  

Small 
disposable 
pads 

• Low cost is a priority for you. 

• You are happy to use a unisex product. 

 

Washable 
pants 

• Your leakage is very light. 

• Low cost is a priority for you. 

• You are mobile and active. 

• You do not have adequate laundry facili-
ties. 

• You are unwilling to use washable prod-
ucts. 

• You are not prepared to carry used prod-
ucts when out. 

• Your leakage is at the heavier end of light 
leakage. 

NB The content of this table is based on the referenced evidence cited in the chapter, but the unreferenced 
version provided for the lay public on the accompanying website (www.continenceproductadvisor.org) is 
reproduced here. 

5.3. Priorities for research 
Although the performance of washables was gener-
ally poor (particularly for leakage) compared to dis-
posables, some men would like to use washables. 
The development of better washable products is, 
therefore, a priority for men with light urinary inconti-
nence. 

6. BODYWORN ABSORBENT 
PRODUCTS FOR MEN AND WOMEN 
WITH MODERATE-HEAVY URINARY 

INCONTINENCE 

There are at least 12 absorbent product designs for 
men and women with moderate-heavy urinary incon-
tinence (Table F-8):  

• Disposable bodyworn inserts and diapers (Figs 
F-3 and F-6).  

• Modified diapers (T-shaped diapers, Fig F-7) can 
be applied when the wearer is standing.  

• Pull-ups comprise an absorbent pad integrated 
into a disposable elasticated pant (Fig F-9).  

• Washable counterparts are available but have a 
much smaller market. They are made from a va-
riety of natural and synthetic fabrics.  

• Disposable and washable bedpads and chair 
pads are used on the bed with or without the sup-
port of a bodyworn product.  Chairpads are used 
either with or without a bodyworn product – if 
without, the individual must sit directly on the pad 
with no underpants on. Both practices place an 
underpad on display and mark the individual as 
being incontinent and are therefore to be dis-
couraged. 



 

 
ABSORBENT PRODUCTS  2335 

 

Table F-8: Absorbent products for adults with moderate-heavy incontinence 

 Disposable (single use) Washable (reusable) 

Type Bodyworns Underpads Bodyworns Underpads 

Design 
groups 

Inserts (Fig F-3) 
Diapers (Fig F-6) 
T-shaped diapers (Fig F-
7) 
Pull-ups (Fig F-9) 

Bedpads 
Chairpads 

Inserts (Fig F-4) 
Diapers 
T-shaped diapers 
Pull-ups (Fig F-10) 
 

Bedpads 
Chairpads 

6.1. Evidence 
Although it was reported in the 5th International Con-
sultation (31), two clinical studies of absorbent prod-
ucts for moderate-heavy incontinence conducted by 
Fader et al. (14) - one community based, the other in 
nursing homes - remain the most recent studies of 
reasonable size. In the community-based trial 85 
moderate / heavily incontinent adults (urinary or uri-
nary / faecal) living in their own homes (49 men and 
36 women) were enrolled, and tested three (or two) 
products from each of five design categories (total of 
14 test products): disposable inserts (with mesh 
pants); disposable diapers; disposable pull-ups; dis-
posable T-shape diapers; and washable diapers. All 
products were provided in a daytime and a (mostly 
more absorbent) night-time variant. Products were 
selected based on having similar scores for absor-
bency across the designs (Rothwell scores, (64) see 
below) and performance data from pilot studies. In the 
nursing-home-based trial 100 moderate / heavily in-
continent adults (urinary or urinary / faecal) living in a 
total of 10 nursing homes (27 men and 73 women) 
evaluated one product from each of the four disposa-
ble design categories above. Products were selected 
on the basis of product performance from the com-
munity-based trial and, again, day and night-time var-
iants were provided.  

Product performance was characterised using vali-
dated questionnaires which asked the participants or 
caregivers to evaluate pad performance (leakage, 
ease of putting on, discreetness etc) using a fivepoint 
scale (very good – very poor) at the end of each test 
period. Pad weighing tests were also conducted 
along with perceived severity of pad leakage on a 
three-point scale (none, a little, a lot). Numbers of 
laundry items and pads used were recorded to esti-
mate costs, and skin health changes were recorded 
by the participant or by the researchers.  At the end 
of testing participants were interviewed and ranked 
their preferences (with and without costs), stated the 
acceptability of the design (highly acceptable – totally 
unacceptable) and recorded their overall opinion on a 
visual analogue scale (VAS) of 0-100 points (worst – 
best design). A pad changing experiment was con-
ducted with 12 women from the nursing home based 
trial to determine any differences between product 
designs. Under idealised conditions the different de-
signs were applied (by the same caregivers) in ran-
dom order for each patient and the speed of pad 
changing was timed using a stop-watch. 

Results (Community): 

• Disposable inserts had worse leakage perfor-
mance than the other designs for day and night. 

• Disposable pull-ups were preferred over inserts 
for the daytime.  

• T-shape diaper was not better overall than the 
traditional disposable diaper.   

• Performance and preference findings differed 
between men and women, in part due to the 
larger leakage volumes experienced by the men.  

• Pull-ups (the most expensive design) were better 
overall than the other designs for women during 
the day and night 

• Disposable diapers were better for leakage than 
disposable inserts (the cheapest), but women did 
not prefer them; for men, diapers were better 
both overall and for leakage and were the most 
cost-effective design.  

• The two washable products  based on cotton 
terry-towelling (one, a simple square, folded and 
pinned in a diaper shape and; the other, a diaper-
like design - both worn with plastic pants) were 
better for leakage at night than  the disposable 
designs, but less popular overall for daytime use. 
Only 25% of women found them acceptable, but 
over 60% of men found them highly acceptable 
at night.   

• A washable product with a felt absorbent core 
and an integral plastic backing fixed by poppers 
performed significantly worse for leakage than 
the other two washables and was not included in 
the analysis.  

• There were many practical problems dealing with 
washable products particularly when out of the 
house, but they were more acceptable at home.  

• No firm conclusions could be drawn about the 
performance of designs for faecal incontinence 
and there was no firm evidence that there were 
differences in skin health problems between de-
signs (Level of Evidence 1). 

Results (Nursing home): 

• The T-shape diaper was not easier or quicker to 
change than the diaper.  
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• Caregivers found pull-ups and inserts signifi-
cantly easier and quicker to apply than the other 
designs (in the standing position). 

• The ability of residents to stand was associated 
with staff preference for pull-ups or inserts. 

Various older studies (2004 or older) have involved 
user trials of washable bodyworn products alone (22); 
disposable bodyworn products alone (69) (70); com-
parisons between disposable and washable body-
worn products (71) (72) (73) (74) (75) (76) (77) (78) 
(79); or between disposable and washable bedpads 
and bodyworns (24) (80) (81). The results from these 
studies are of limited value because of the many new 
products that have superseded them, but they do 
yield useful insights that apply to generic designs. 

Since the last consultation (31), Fader et al. have 
published a study that used a “shopping experiment” 
to investigate the preferences of community-dwelling 
UK women and men with moderate-to-heavy urinary 
incontinence for four different designs of disposable 
pads (inserts, all-in-ones, belted/T-shaped and pull-
ups) and towelling washable / reusable products, day 
and night (82). Participants tested each design and 
selected products they would prefer, given a range of 
different budgets. Inserts, most frequently supplied by 
the UK National Health Service, were ranked second 
to pull-ups by women and lowest by men. When faced 
with budget constraints, up to 40% of participants 
opted to 'mix-and-match' designs. Over 15 different 
combinations of products were selected by partici-
pants in this shopping experiment. Most (91%) stated 
a willingness to 'top-up' assigned budgets from in-
come to secure preferred designs. Participants dis-
played diverse preferences and Fader et al. con-
cluded that enabling user choice of absorbent product 
design through individual budgets could improve sat-
isfaction of consumers and efficiency of allocation of 
limited resources. 

 Disposable absorbent products for uri-
nary incontinence: development of in-
ternational standards. 

Because clinical evaluations are expensive and time-
consuming, laboratory evaluation procedures are 
widespread. Few have been clinically validated but 
there is a clinically-validated International Standard 
(ISO 11948-1) relating to the leakage performance of 
disposable bodyworn pads for adults with moderate-
heavily incontinence in institutions (64). It describes a 
simple method for measuring the absorption capacity 
of pads in the laboratory that was shown to correlate 
well with the leakage performance of 18 different 
products evaluated in an international multi-centre 
clinical study involving 112 heavily incontinent adults 
(83). The strength of the correlation between tech-
nical and clinical data depended on the exact param-
eters being compared, but typically r = 0.9 (Level of 
Evidence 2). This laboratory test (the Rothwell 
method) is now in common use in the UK, Sweden 
and other countries and provides a basis for selecting 

similar products with which to make direct compari-
sons (for cost purposes) or to select promising pads 
for inclusion in clinical trials.   

The ability of ISO 11948-1 to predict the leakage per-
formance of more recent bodyworn pads (138 diapers 
and inserts) for heavy incontinence was investigated 
by Cottenden et al. (84).  Correlations were poorer 
than in the original 1993 study (r<0.87 compared with 
r<0.95) but still strong enough to make the method 
useful.  For a given Rothwell capacity, the leakage 
performance of diapers was far superior to inserts, 
but no evidence was found for any other design fea-
ture of the test products (inserts and diapers) having 
a significant impact on their leakage performance 
(Level of Evidence 2). 

Although leakage performance is a very important 
measure of pad effectiveness other factors are, of 
course, important too, Accordingly, it is helpful for us-
ers to systematically evaluate several products with 
similar leakage performance, as there can be wide 
variations between products on other variables such 
as fit and comfort.   

6.2. Summary 

• There is no single best product design (i.e. one 
design that is significantly better than all other 
designs for all users) (Level of Evidence 1).  

• Different designs are better for men and women. 
In particular, men leak substantially higher vol-
umes of urine than women (Level of Evidence 1).  

• Disposable pull-ups or T-shaped diaper designs 
are not better overall than the cheaper diaper for 
men, indicating that the diaper is the most cost-
effective design for men.  For women pull-ups 
are better overall than the other designs (except 
for night-use in those living in nursing homes) 
(Level of Evidence 1).  

• Unlike men, women in the community do not fa-
vour diapers over insert pads and of these 
cheaper designs, inserts may be preferred for 
women (Level of Evidence 1).  

• Pads containing superabsorber leak less, are 
more comfortable, and keep the skin drier than 
those without (Level of Evidence 2).  

• Leakage performance of inserts and diapers for 
heavy incontinence can be predicted with rea-
sonable precision using an ISO laboratory tests 
(Level of evidence 2). ISO has very good repeat-
ability and adequate reproducibility (Level of Ev-
idence 2).  

• Washable products are very varied in design, 
materials, and performance. Terry-towelling 
products (used with plastic pants) have good 
leakage performance but limited acceptability - 
confined mainly to some men at night (Level of 
Evidence 2).  
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• Leakage performance of inserts is worse than 
other designs, but they leak significantly less if 
they are held in place by mesh rather than ordi-
nary pants (Level of Evidence 3).  

• There is no firm evidence regarding the perfor-
mance of different designs for faecal inconti-
nence and no firm evidence that any design or 
type of material (washable or disposable) is bet-
ter or worse for skin health (Level of Evidence 4). 

6.3. Recommendations 
Recommendations relating to bodyworn absorbent 
products for men and women with moderate-heavy 
urinary incontinence are summarised in Table F-9, 
while Table F-10 describes the user characteristics, 
priorities and contexts which favour or discourage the 
use of the different product designs.  

Table F-9: Recommendations relating to bodyworn absorbent products for men and women with moderate-
heavy urinary incontinence. 

• Gender should be considered when products are prescribed / purchased for users.  As men often have 
substantially higher incontinent urine volumes than women, men may require more products and / or more 
absorbent products than women (Grade of Recommendation B). 

• Gender should also be considered when products are prescribed / purchased for users because men and 
women are likely to prefer different designs. Men generally prefer disposable diapers to inserts (Grade of 
Recommendation B). 

• Women generally prefer disposable pull-ups to other designs, but these are expensive. Disposable inserts 
are a cost-effective alternative (Grade of Recommendation B). 

• Caution is recommended if washable designs are being considered. Heavy bulk confines their use mainly 
to the night-time (where they may be particularly useful for users who lie on their side). They are unac-
ceptable for most people during the daytime and for most women at any time and for this reason a blanket 
policy of health services providing washables alone is not recommended. If washables are being consid-
ered refer to points below (Grades of Recommendation B). 

• Freedom from leakage: Where possible, international standard laboratory tests should be used to rank the 
likely leakage performance of different pads for heavy and light incontinence (Grade of Recommendation 
B). In general, diapers should be selected in preference to inserts to minimise leakage (Grade of Recom-
mendation B).  

• Carer application: When products are applied by a carer to a patient who can stand for pad changing, 
disposable inserts or pull-ups are easier and quicker to change than diapers or T-shaped diapers. If the 
patient is lying down (e.g. at night) pull-ups should be avoided (Grade of Recommendation B).  

• Combinations of designs for different situations (e.g. disposable inserts for staying in, disposable pull-ups 
for going out, washable diapers at night) are likely to provide optimum management in terms of patient 
needs and cost-effectiveness (Grade of Recommendation B). 

• See also the general recommendations relating to pad selection in Table F-13 and to washable pads in 
Table F-14. 
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Table F-10: User characteristics, priorities and contexts which favour or discourage the use of the different 
pad designs for adults with moderate – heavy urinary incontinence. 

Product Type More likely to suit you if... Less likely to suit you if... 

Large 
disposable 
pads 

• You are female. 

• Discretion is a priority for you. 

• You want a product which is easy to put on. 

• You can stand up (with assistance if neces-
sary) but can't change your own pad.  

• Your leakage is very heavy. 

• You are mobile and active. 

Large 
disposable 
pants 

• You are female. 

• Discretion is a priority for you. 

• You want a product which is easy to put on. 

• You can stand up (with assistance if neces-
sary) but can't change your own pad. 

• You are most concerned about reliably con-
taining leakage. 

• You find removal of clothing for changing 
the pad difficult. 

• Low cost is a priority for you. 

• You need a product for use at night and 
need help with pad changing. 

All-in-ones • You are male. 

• Your leakage is very heavy. 

• You are unable to stand to change the pad. 

• Discretion is a priority for you. 

T-shape pads • You are male. 

• You are most concerned about reliably con-
taining leakage. 

 

Large 
washable 
pads 

• You are male. 

• Your leakage is very heavy, particularly at 
night. 

• You do not have adequate laundry facili-
ties. 

• You are unwilling to use washable prod-
ucts. 

• You are not prepared to carry used prod-
ucts when out. 

• Discreetness and appearance are priori-
ties for you. 

NB The content of this table is based on the referenced evidence cited in the chapter, but the unreferenced 
version provided for the lay public on the accompanying website (www.continenceproductadvisor.org) is 
reproduced here. 

6.4. Priorities for research 

• Comparison of absorbent products (disposable 
and washable) when used by caregiver-depend-
ent users in the community. 

• Development of more effective and acceptable 
disposable designs specifically for men. 

• Development of more effective and aesthetically 
acceptable washable products, particularly for 
night-time use and for women. 

7. DISPOSABLE UNDERPADS 

The most recent publications on the use of bedpads 
were in 1994 (24) (80), probably reflecting their lim-
ited role in long-term management of incontinence. 
The presence of a disposable underpad on a chair 
discloses the fact that the user is incontinent. It also 
requires clothes to be pulled up (or absent) which 
poses a threat to a person’s dignity. In the bed, dis-
posable underpads easily become displaced, folded 
and creased inhibiting both performance and comfort, 
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and may threaten skin health.  Large disposable un-
derpads with wings to tuck into the bed may have a 
role as bed protection ‘back-up’ to bodyworn pads. 
The main role of disposable underpads should be 
confined to temporary bed or chair protection such as 
during clinical procedures (e.g. enemata) or when us-
ing a urinal.   

Trials comparing different disposable bedpads are 
few (24) (85) (86) and it is not possible to draw firm 
conclusions from them on the effectiveness of differ-
ent product design features and materials.  

Bedpads are generally supplied as non-sterile items 
and some case reports published between 1985 and 
1997 suggest that recycled paper in bedpads could 
be a potential source of infection (87) (88) (89) (90).  
However, there are no recent studies and risk to pa-
tients appears to be minimal when products are used 
as directed. 

7.1. Summary 
No robust data are available on the effectiveness of 
current disposable bedpads or of their various design 
features or constituent materials. There is a possible 
risk of infection from bedpads made from recycled pa-
per for immunocompromised users (Level of evi-
dence 4). The leakage performance of bedpads 
(used alone or as back up to bodyworn pads) can be 
predicted with reasonable precision using clinically-
validated laboratory tests (Level of Evidence 2). 

7.2. Recommendations 
Recommendations relating to disposable underpads 
are summarised in Table F-11. 

Table F-11: Recommendations relating to disposa-
ble underpads. 

• Disposable underpads should not be used for 
long-term management of UI or FI, but have a 
useful role as temporary protection for chairs and 
beds during clinical procedures (Grade of Rec-
ommendation C).  

• Immunocompromised people should not use bed-
pads made from recycled paper because of the 
risk of infection (Grade of Recommendation B). 

7.3. Priorities for research 
Disposable underpads have a limited role in conti-
nence management but are known to be widely used. 
An exploration of patient views regarding their use 
may help demonstrate their limitations, particularly re-
garding skin health. 

8. WASHABLE UNDERPADS 

Aspects of assessment that are important regarding 
washable underpads are patient acceptability and 
preference, particularly with regard to willingness to 

be naked below the waist (if sole use intended) and 
availability of laundry and drying facilities. 

Some evaluations have found significant differences 
between products relating to leakage performance 
and skin health but none of the products evaluated 
are now available (91) (92). Compared products al-
ways differed from one another in many respects 
making it impossible to draw reliable generic conclu-
sions relating to current products. However, the 
choice of topsheet material and the presence or ab-
sence of features like tuck-in flaps and integral water-
proofing appear to be, primarily, matters of personal 
preference. 

In institutional settings, washable bedpads are com-
monly used by multiple patients and questions are of-
ten asked about the risk of cross-infection. Cottenden 
et al. (93) assessed the risk by determining the micro-
bial content of 145 bedpads of five different designs 
after a night’s use by incontinent adults, followed by 
laundering using a standard foul wash procedure 
which included heat disinfection at 71oC for three 
minutes. Laundering destroyed all known pathogenic 
organisms, although some commensal flora were iso-
lated in small numbers. It was concluded that foul 
wash laundry left bedpads safe for multiple patient re-
use with no demonstrable risk of cross-infection. 

 

8.1. Summary 
The literature contains insufficient robust data on 
which to base guidelines for choosing between wash-
able bedpads. Choice of topsheet material and the 
presence / absence of design features like tuck-in 
flaps and integral/separate water-proof backing ap-
pear to be, primarily, matters of personal preference 
(Level of evidence 3). Provided an approved foul 
wash procedure is used, the risk of cross-infection be-
tween different users of a bedpads is very low (Level 
of Evidence 2).  

8.2. Recommendations 
Recommendations relating to washable underpads 
are summarised in Table F-12. 
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Table F-12: Recommendations relating to washable 
underpads. 

• If considering using washable underpads for sole 
use (ie without a bodyworn product) the patient 
will need to be naked below the waist. Patient 
consultation and approval will therefore be 
needed (Grade of Recommendation C).  

• Personal preferences of users with regard to 
topsheet material, tuck-in flaps and integral wa-
terproof backing should be considered in making 
product selections (Grade of Recommendation 
C).  

• Provided an adequate foul laundry wash cycle is 
used, the risk of cross-infection between succes-
sive users of washable bedpads is low and not a 
contra-indication for their use (Grade of Recom-
mendation B). 

8.3. Priorities for research 
Research on these products is not seen as a high pri-
ority.  

9. ABSORBENT PRODUCTS FOR 
CHILDREN WITH URINARY AND / OR 

FAECAL INCONTINENCE  

Most children are expected to achieve daytime dry-
ness by the age of three (94). However, some boys 
take longer to become dry and some (e.g. children 
with learning and physical disabilities) may never do 
so. These children usually require absorbent prod-
ucts to contain leakage.   

Aspects of assessment that are particularly important 
regarding bodyworn products for children are pres-
ence of faecal incontinence, day / night incontinence, 
level of independence with toileting, and use of aids 
(e.g. callipers). 

No studies of absorbent products have been pub-
lished since the last consultation (31). The existing 
study was a comparison of diaper design with the 
newer pull-up design (95).  

Findings indicated that generally, the diaper and pull 
up products performed similarly. Overall, diapers 
were preferred for night-time use by the majority of 
parents. By contrast, 40% of parents preferred pull-
ups for daytime use and these were found to be par-
ticularly appropriate for older children and those who 
were attempting independent toileting, provided they 
did not have faecal incontinence. Diapers were more 
suitable for children who were dependent on caregiv-
ers and / or had faecal incontinence, and wore calli-
pers or adapted footwear. The authors recommended 
that both diapers and pull-ups be supplied for chil-
dren, with pull-ups (which are about 50% more ex-
pensive than diapers) being provided for selected 
children during the daytime. 

9.1. Summary and recommendations 
Diapers and pull-ups meet different needs of children 
and both should be made available to children with 
disabilities, dependent on assessment (Level of Evi-
dence 3 / Grade of Recommendation C). 

9.2. Priorities for research 

• Comparison of washable and disposable body-
worn products. 

• What are the problems faced by parents / care-
givers and children in managing continence with 
different product designs and materials?  

10. ABSORBENT PRODUCTS FOR 
FAECAL INCONTINENCE 

Most absorbent products are designed for urinary in-
continence. No studies comparing available absor-
bent products for faecal incontinence were found. 
Bliss et al. (96) reported preliminary findings of a sur-
vey of the use and evaluation and suggested modifi-
cations of absorbent products for faecal incontinence 
by 188 community-living persons with the problem. 
Forty-five percent of persons used an absorbent 
product for FI. Ninety-eight percent of those with UI 
and FI used the same type of product for both. Sug-
gested improvements in product designs included 
having better odour control, fit, and ability to stay in 
place; a clearer distinction between the front and 
back of a panti-liner or pad; adding wings for greater 
absorbency; and making them flushable, cooler feel-
ing, wider and longer in the rear and more absorbent 
but less bulky. For mild faecal incontinence, espe-
cially when faeces remain between the buttocks with-
out soiling underwear, persons have used a small dis-
posable gauze surgical dressing placed between the 
buttocks. This product was more acceptable than a 
panti-liner or pad to some men (96) (Level of Evi-
dence 2). 

Recent work on odour relating to pad usage for FI is 
described in Section P, while management of FI using 
products other than pads is described in Section N. 

10.1. Recommendations 

• A disposable gauze dressing that can be placed 
between the buttocks may be acceptable for men 
with light faecal incontinence (Level of Recom-
mendation C). 

10.2. Research priorities 

• Better designs of absorbent products are needed 
for light and moderate FI (with and without UI). 

11. BROADER RECOMMENDATIONS 

General recommendations on pad selection and rec-
ommendations relating to washable pads are sum-
marised in Tables F-13 and F-14, respectively.  
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Table F-13: General recommendations on pad selection. 

• Individuality:  No one product works best for all testers: needs and priorities vary. Accordingly, users are 
advised to try a variety of products when possible (Grade of Recommendation B). 

• Brand differences: Individual product brands within a design group often exhibit a wide range of perfor-
mance and acceptability for individuals, and it cannot therefore be assumed that pads of different brands 
but broadly similar design will be equally acceptable or effective (Grade of Recommendation B). 

• Combinations of designs: Absorbent products vary greatly in price and performance and suitability for 
individual needs. Users may therefore find combinations of designs preferable and cost-effective.  For 
example, women might use pull-ups (expensive, but discreet and good for leakage) for going out, and 
inserts (cheap, less good for leakage) for staying at home. Men might use disposable diapers for daytime, 
and washable terry-towelling products for night-time (Grade of Recommendation B). 

• Freedom from leakage: In general, pads containing superabsorber should be selected in preference to 
those without (Grade of Recommendation B). Nobody wants their pad to leak but compromises have to be 
made: the pad needed to contain a person’s most severe accident may be substantially more bulky and 
expensive than is needed most of the time. Some users choose to tolerate a higher risk of pad leakage in 
exchange for being able to use cheaper, smaller more discrete pads. Priorities for a given user should be 
investigated in making product selections (Grade of Recommendation C). 

• Comfort and skin health: In general, pads containing superabsorber should be selected in preference to 
those without (Grade of Recommendation B). Shaped pads should usually be selected in preference to 
unshaped (Grade of Recommendation C). 

• Staying in place: No product is effective if it slips from position. Inserts should be used with stretch (e.g. 
cotton / lycra) underwear or mesh pants (Grade of Recommendation B). Shaped pads are preferable to 
rectangular (Grade of Recommendation C). 

• Ease of putting on and taking off: The ease of putting pads on and taking them off should be considered, 
especially for caregivers and for incontinent users with reduced mobility or dexterity (Grade of Recommen-
dation C).  

• Aesthetics and discretion: A possible preference for small, more discrete pads (even if they are more 
likely to leak) should be considered, especially for those wishing to wear close fitting clothing (Grade of 
Recommendation C). The possibility of plastic backing materials rustling noisily should be considered 
(Grade of Recommendation C). 

• Independence and lifestyle: The ability of a user to change his / her own pad should be considered (Grade 
of Recommendation C): those able to change their own pad can often manage with a smaller (less absor-
bent) one than those reliant on a caregiver. Users who travel should consider in their choice of product(s) 
the practicalities of carrying a supply of pads, disposing of used ones, and dealing with laundry (Grade of 
Recommendation C). 

• Costs: Cost issues should be approached with caution (Grade of Recommendation C). Expensive pads 
do not necessarily work better than cheaper ones. Cheaper pads do not necessarily save money. If pads 
leak more they may have to be changed more frequently and / or lead to higher laundry costs. More pad 
changes will mean increased caregiver workload. However, more absorbent pads will not necessarily re-
duce pad consumption rates: pads are often changed according to nursing unit or personal routine.  
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Table F-14: Recommendations relating to washable pads. 

• Laundry issues: Access to good, reliable washing and drying facilities should be checked before washable 
products are introduced (Grade of Recommendation B). Laundry – especially of bedpads – can be heavy 
work, beyond the capability of frail incontinent people or their caregivers. The number of washable products 
needed per user depends on laundry turn-around times. Drying times for washables can be long and ex-
pensive, especially for bodyworns for heavy incontinence and for bedpads. 

• Personal preferences: Personal preferences (of both users and caregivers) with regard to choosing be-
tween washable and disposable products should be taken into account carefully (Grade of Recommenda-
tion C). Some users prefer the chore of laundering washables to anxiety over when their next consignment 
of disposables will be delivered. Washables generally require less storage space than disposables. Dis-
creet disposal of disposables can be a challenge. The possibility of using a mix of disposable and washable 
products should be considered (Grade of Recommendation C). Some users who choose disposables when 
at home prefer washables when travelling because of the space that disposables occupy in luggage and 
the possible inconvenience of disposal. Others use washables at home and disposables when away as 
they see the balance of disadvantages and advantages differently.  

• Personalisation of products: In institutions, the chore of personalising washable products and sorting 
them after each laundry cycle should be considered before they are introduced (Grade of Recommendation 
C). Washable bodyworns are often personalised to particular users. In institutions this means marking 
products with users’ names and sorting them after laundry, an extra task for caregivers. Washable bedpads 
are not usually personalised.  

• Staining: Washable products should not usually be used by those with faecal incontinence – beyond oc-
casional light smearing – because of staining (Grade of Recommendation C). Skin sprays and ointments 
may also stain washables. 

• Costs: Cost comparisons between washable and disposable products should be made with caution (Grade 
of Recommendation C). Key factors are: local arrangements (mostly laundry and transport costs); the du-
rability of the products (which depends on how carefully they are used and the criteria for deciding when 
they should be replaced); the costs of ordering, transporting and disposing of disposables; and product 
purchase costs. Much of the cost of washables is encountered with the initial capital outlay for stock. This 
also represents a commitment to use the products for an extended period and so expensive mistakes can 
be made if it transpires that a better product was / has become available. It will usually be wise to experi-
ment with samples of a variety of alternative products before committing to major purchases. 

 EXTERNAL URINE 
COLLECTION DEVICES FOR MEN: 

URINARY SHEATHS 

Close-fitting penile sheaths (sometimes called con-
dom catheters, uridomes, Texas catheters or external 
catheters) are male incontinence devices (no practi-
cal equivalent is currently available for women). The 
sheath fits over the penis much like a contraceptive 
condom and collects urine as it leaves the body. The 
sheath is normally connected at its outer end to a tube 
that leads to a urine drainage bag. Urine drains into 
the bag, which is usually worn on the thigh or calf, and 
is collected there until emptying is convenient. 
Sheaths come with a variety of design features and 
the main ones are listed in Table G-1, and illustrated 
in Fig G-1.  
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Table G-1: The main design features of sheaths. 

• Materials: latex, silicone rubber or other synthetic polymers.  

• Size: range of diameters (about 20-40 mm, in 5-10 mm increments) and lengths; most companies supply 
a measuring tool to ensure best fit; guide is placed at widest point of penis, typically about 20 mm from 
base (556).  

• Adhesive: may be integral to the sheath (one-piece systems) or be a separate strip or spray (two-piece 
systems).  

• Applicator: some sheaths are provided with an applicator with the aim of making application easier or to 
reduce manual contact with the penis. 

• Anti-kinking / twisting features: these are intended to improve drainage by aiming to prevent the sheath 
from kinking or twisting at the distal end near the connection to the drainage bag tube.  

• Anti-blow-off: some designs aim to reduce the likelihood of the sheath blowing off at high urine flow rates, 
as at the beginning of a void; for example, the distal end of the sheath may be thickened and bulbous to 
stop the internal walls sticking to one another between voids.  

• Connections to the drainage bag: some designs aim to increase the ease and security of drainage bag 
connection; for example, a push ring or ridge at the end of the outlet tubing.  

• Retracted penis: some sheaths are designed with or without specific features in order to accommodate a 
retracted penis; for example, a shorter sheath or a wider adhesive seal.  

• Durability: varies according to manufacturer. 24 hours is a common recommendation but some are in-
tended for extended wear.  

• Transparency: some sheaths are made from transparent materials (e.g silicone) which can allow for ob-
servation of penile skin condition along the shaft and glans. 

 

  
a b 

Fig G-1: Sheath without integral adhesive, secured with external fixation (a), and a variety of sheaths show-
ing anti-blow-off features and applicator (b). 
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The main factors that make sheaths (un)suitable for 
men are summarised in Table G-2. 

Table G-2: The main factors that make sheaths 
(un)suitable for men. 

Sheaths are suitable for men with: 

• Moderate to heavy urine loss.  

• Urinary frequency and / or urgency.  

• Limited mobility. 

(Sheaths can be used in combination with intermit-
tent catheterisation.) 

Sheaths are not advised for men with: 

• Confusion or psychological vulnerability. sensa-
tion through spinal cord injury or neuropathy 
(110) (557) (558).  

• A retracted or very small penis (alternative prod-
ucts are available). 

An effective urinary sheath is one that stays securely 
in place for an acceptable period, is leak-free, com-
fortable to wear, easy to apply and remove, avoids 
skin damage and channels the urine effectively into a 
urine drainage bag. Correct sizing and fastening are 
critical to product success. Users indicate that the 
foremost important quality of a penile sheath is secu-
rity from leakage followed by comfort and ease of ap-
plication and removal. 

1. EVIDENCE 

The 5th International Consultation (31) identified trials 
in which a sheath system was compared to alterna-
tive continence products: indwelling catheters (97), 
pads (60) or one sheath versus another (23) (98) (99) 
and the results from these studies are included in the 
summary section, below. 

Since the last consultation two trials (15) (100) have 
been published. Macaulay and colleagues (15) con-
ducted a cross-over trial comparing the performance 
of pads (usual continence management) with 
sheaths, bodyworn urinals and penile clamps. Fifty-
six men tested each product for three-weeks. Quality 
of life was measured using the Kings Health Ques-
tionnaire (KHQ). Depending on their daily circum-
stances / activities, participants reported that each 
product had some advantages and disadvantages. 
Sheaths were good for extended periods when a pad 
change could be difficult, for maintaining skin dryness 
and continence, not smelling and convenient for stor-
age and travel. The sheath and clamp were rated bet-
ter than the pads or bodyworn urinal for ease of stor-
age, carrying, odour and security. Pads were good for 
everyday activities and best for night-time use: easi-
est to use, comfortable when dry but most likely to 
leak and most uncomfortable when wet. Of note is 

that men preferred having a mixture of products to 
meet different needs and activities and, post-testing, 
around two-thirds of men were using a combination 
of pads compared to baseline. Of concern was that 
half of the men had previously tried a penile sheath 
system but only one of these had received assistance 
from a healthcare professional for fitting and follow-
up.  

The second non-randomised prospective trial as-
sessed quality of life in individuals with spinal cord in-
jury using either indwelling catheters, sheath drain-
age, or intermittent catheterisation (n=70) (100). 
Based on scores of the King’s Health Questionnaire 
(KHQ), men using an indwelling catheter or intermit-
tent catheterisation scored lower on quality of life 
scores and role limitation and activity compared to 
those using a sheath system. However, because of 
the convenience sampling, the men using a condom 
catheter may have been higher functioning with a 
lower SCI than those using IC or indwelling catheters 
and results were not presented by level of injury.  

A sheath product – which is secured to the glans is 
available. Manufacturer information suggests that the 
product is useful for men with a short or retracted pe-
nis for whom a standard sheath system is unsatisfac-
tory.  Apart from testimonials, there is as yet no pub-
lished data evaluating the product and only one paper 
(101) that suggested the product could be a useful 
alternative to a conventional sheath. 

Although many men use sheaths successfully, sev-
eral case studies attest to the potential problems (Ta-
ble G-3). It is of note that most such problems are 
preventable with proper sizing, continuous drainage, 
routine changing and appropriate skin care. 

A review of findings relating to odour associated with 
sheath use is given in Section P.I.4. 
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Table G-3: Reported complications associated with sheath use. 

Complication Prevention/Treatment 

Contact dermatitis or allergy; balanitis, 
oedema (559) skin maceration from 
wet exposure (560) 

Allergy to latex can develop over time; change product to silicone base; 
routinely check skin; ensure skin is dry before application of sheath and 
skin barrier; ensure sheath is correct size.  

Compression, tourniquet effect;  (561) 
(562) (563). 

Use sheaths with caution in individuals with no penile sensation; avoid 
adhesive straps or use straps with stretch to allow for penis 
expansion/contraction; correct size is critical. 

Skin irritation irritation (564). Ensure sheath does not become twisted near the distal end to avoid 
stagnation of urine and extended urine contact with penile skin; good 
genital hygiene. 

Glans irritation/pressure ulcer Ensure adequate space at end of sheath to prevent pressure on the 
glans.  

UTI – range 40-63% (565) (566). Ensure consistent drainage – if sheath twists it will block urine flow; at 
risk individuals – those with poor hygiene, cognitively impairment who 
may tug/twist sheath drainage tubing.  

Hydronephrosis (567) (568). Detrusor over activity risk factor for vesico-ureteral reflux; may require 
antimuscarinics & intermittent catheterisation in addition to sheath 
drainage; warn users of the risks of acute urinary retention (AUR) when 
consuming large amounts of alcohol in a short time – individuals should 
be taught signs of AUR & teaching of intermittent catheterisation if 
engaged in high fluid intake or recreational drugs. 

Fibro-ephitheleal penile polpys (569) 
(570) (571). 

Close skin observation by user or caregiver; good user education to aid 
in proactive skin health 

Isolated gangrene (572). Immunocompromised individuals are at high risk for infection related to 
condom use.  

2. SUMMARY  

• Sheaths are more comfortable than indwelling 
catheters and UTI incidence is similar (60) or 
somewhat lower in sheath users without demen-
tia (97) (Level of Evidence 2). 

• Men with moderate incontinence using a sheath 
rank QOL better with a sheath than when using 
an absorbent product (60) (Level of Evidence 2).  

• Sheaths with integrated adhesive are preferred 
over those with an adhesive strip or applicator 
(23) (99) (Level of Evidence 2). 

• Silicone sheaths are preferred over latex (23) 
(Level of Evidence 2). 

• Men prefer a choice of continence products 
(pads, sheath, clamp) depending on activities 
and lifestyle (15) (Level of Evidence 2). 

3. RECOMMENDATIONS 

Recommendations regarding urinary sheaths are 
summarised in Table G-4. 

Table G-4: Recommendations relating to urinary 
sheaths. 

• Product differences mean that men should try dif-
ferent products before making a final selection 
(Grade of Recommendation B).  

• Men prefer access to a combination of continence 
products (sheath, pads, clamps), depending on 
activity (Grade of Recommendation B) 

• Key performance characteristics are: security (ie 
ability to keep a leak-proof seal and channel urine 
to the drainage bag without leakage) and ease of 
application and removal of the sheath (Grade of 
Recommendation B).  

• Sheath applicators may not make sheath applica-
tion easier (Grade of Recommendation B).  

• Sheaths with integral adhesive (one-piece sys-
tems) are preferred over (two-piece systems) 
(Grade of Recommendation C).  

• Sheath users should be monitored for latex or ad-
hesive allergies, skin health, tissue damage and 
UTI (Grade of Recommendation C).  

• When possible the external sheath rather than in-
dwelling urethral catheter should be the urinary 
collection device of choice. (Grade of recommen-
dation B).   
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4. PRIORITIES FOR RESEARCH 

• Evaluation of leg bag and sheath design features 
claimed to reduce twisting and kinking at the 
drainage bag connection site.  

• Evaluation of products advertised as suitable for 
men with retracted penis. 

• Studies to generate and validate procedures to 
help identify the type of sheath most likely to suit 
an individual.  

 URINE DRAINAGE BAGS AND 
ACCESSORIES 

Urine drainage bags fall into two main categories. 
Bodyworn bags generally have a lower capacity (less 
than 500 ml) and are designed to be worn under 
clothing on the leg (often called leg-bags) or around 
the waist. They aim to provide discreet storage of 
urine and can be attached to either a catheter or 
a sheath. They are mainly used during the day and 
are secured to the leg or waist in a convenient posi-
tion using a range of straps or other support devices. 
The popularity (or otherwise) of many features is gen-
erally a matter of personal preference.   

Second, there are large capacity bags - commonly 
called night bags – which are designed to provide ad-
ditional drainage capacity overnight or for people who 
are permanently in bed. They are usually held in po-
sition away from the body on either a floor- stand or a 
hanger which hooks onto the bed or chair frame. They 
may also be connected to a bodyworn bag to form 
a link system for overnight use. 

Expert opinion found in best practice guidelines rec-
ommends positioning drainage bags so that they are 
off the floor, but data are insufficient to establish 
whether this practice reduces the incidence of bacte-
riuria. (102) (103) (104)  

To prevent cross contamination, a closed drainage 
system is standard and, in the home, it is common to 
use vinegar, household detergent or diluted bleach 
(105) (106) (107) (108) (109) to clean drainage bags.   

The main design features and variants of urine drain-
age bags are described in Table H-1 and illustrated 
in Fig H-1, and Fig H-2 shows a variety of tap designs.  
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Table H-1: Drainage bag features 

 Leg bag Night bag 

Capacity 350-900 (usual 500 ml) 2000-4000 ml 

Material Transparent PVC (polyvinyl chloride), PVDF 
(polyvinylidene fluoride (less noise from 
rustling)), or polyethylene or rubber / latex. 

As with leg bags. 

Wear position On thigh or calf; on abdomen.  Situated below bladder with tubing 
distributed to prevent low 
hanging/dependent loops. 

Attachment Latex or cloth elastic straps. Separate frame/stand or hooked on 
bed or wheel chair. 

Connecting tube Various lengths; can be cut to meet individual 
needs. 

One length only; intended to maintain 
a closed link system.  

Drainage tap Flip valve, separate cap, screw cap.  As per leg bags. 

Sampling port If present, located in drainage tubing. Located in drainage tubing.  

Comfort  Cloth backed prevents skin irritation. No specific comfort features. 

Discretion  Internal welds reduce bulging and sound of 
urine on movement. 

None are discreet; may be covered 
with cloth bag to disguise bag. 

Anti-kinking Connecting tube reduces kinking and twisting 
so that urine drainage is not obstructed.  

Sturdy plastic tubing does not allow 
twisting at catheter site but may kink 
along drainage tubing.  

Anti-reflux valve Non-return flap valve to prevent urine reflux if 
bag is raised above bladder; may reduce risk 
of CAUTI. 

As with leg bags. 

Linkage system Allows attachment of leg bag to night bag so 
maintain a closed system; may reduce risk of 
cross infection.  

 

 

   
a b c 

Fig H-1: A urine drainage bag shown worn on the calf (a), a discreet thigh urine drainage bag (b) and a 
shaped urine drainage bag for wheelchair use (c). 
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Fig H-2: A variety of urine drainage bag tap designs. 
The arrows indicate the action needed to open and 

close each valve. 

Urine drainage bags are suitable for those with: 

• The visual acuity to see the tap / spigot, and the 
manual dexterity to open and shut it (110) (111).  

• The ability to assess skin condition where straps 
and drainage bag contact the leg. 

1. EVIDENCE 

The last consultation (31) identified trials on: product 
(feature) evaluation (112) (113) (114) (115) (116) 
(117); drainage suspension systems (leg straps) 
(102) (103) (111) (118) (119) (120); and infection pre-
vention (102) (103) (117) (120) (121), and the find-
ings are included in the summary section, below.  

Since the last consultation (31) there have been three 
new trials addressing: dependent drainage tubing 

loops (or airlocks) (Fig H-3) (122); specimen collec-
tion technique (123); and catheter securement (124). 
No updated guidelines on drainage tube manage-
ment and no new trials evaluating aspects of body-
worn or night drainage bags were found.  

There has been a new focus on urinary catheter de-
pendent loops which cause airlocks in the tubing and 
reduce or stop urine drainage (Fig H-3). The first 
study to present the theory and illustrate the potential 
threat to bladder emptying was by Schwab et al (122). 
Using a laboratory model bladder, the authors illus-
trated that the fluid-filled dependent loops generated 
back-pressure related to the difference in fluid menis-
cus heights and that this back pressure interfered with 
emptying. It was proposed that if the results obtained 
with a simulated bladder occur in actual bladders, re-
tained urine volume would increase as meniscus 
height increased (i.e. dependent loop deeper). The 
increased back-pressure would rise to the point 
where the bladder could not empty. This work has 
drawn new attention to the importance of ensuring 
loops are minimised. 

 
Fig H-3: Dependent loop causing accumulation of 

urine and slow drainage (see arrow). 

Wuthier (123) took the theory further, applying it to 
clinical practice, measuring pressures and positing 
that a dependent loop of more than 18 cm would 
cause an air-lock which could not be overcome by the 
typical bladder and would thus prevent urine flow into 
the drainage bag. Earlier work posited that urine 
drainage is suboptimal with a traditional Foley cathe-
ter design (125), but it was not clear if this related 
specifically to the catheter design or to the presence 
of dependent loops. 

Two prevalence studies have been conducted on de-
pendent loops. In a large academic US hospital, 
Danek (126) found that over 85% of catheterised pa-
tients had dependent loops containing urine. In an-
other US study Wuthier and colleagues (123) found 
similar results in a cross sectional observational 
study; 87% of catheters had dependent loops with al-
most half having the potential for an air-lock and in-
complete or absent bladder drainage. The clinical im-
pact (or not) – particularly CAUTI – has not yet been 
reported. 

Two recent prevalence studies highlighted a lack of 
understanding of best practice in catheter manage-
ment. In the first, a survey of almost 400 nurses on 
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correct urine specimen collection in catheterised pa-
tients and appropriate reasons for obtaining a urine 
specimen from a catheterised patient revealed that 
over half answered incorrectly (127). 

In the other, surveying indwelling catheter secure-
ment in a large academic hospital, only 18% of the 
patients had secured catheters despite products be-
ing available on the nursing unit (124). Unsecured 
catheters place the patient at risk for urethral and 
bladder neck trauma and pain; incorrectly obtaining a 
urine specimen from a catheterised patient may lead 
to a spurious UTI diagnosis. 

2. SUMMARY 

• Taps are sometimes difficult to open and may 
leak onto the fingers when the bag is emptied 
(112) (114) (Level of Evidence 2).  

• Chafing between bag and skin is often reported  
(112) (114) (Level of Evidence 2). 

• Bags with tubing that is flexible and can be cut to 
length to suit the individual are appreciated (112) 
(Level of Evidence 2.  

• Discreet bags (that are not readily visible be-
neath clothing) are appreciated (112) (Level of 
Evidence 2).  

• Designs in which the tap and outlet spouts are 
widely separated are most effective at preventing 
contamination of the hands with urine (113) (116) 
(Level of Evidence 2).  

• There is insufficient evidence that pre-connected 
products reduce the incidence of bacteriuria 
(104) (Level of Evidence 2).  

• There is no evidence that addition of antiseptic 
agents to drainage bags prevents the onset of 
bacteriuria (128) (Level of Evidence 2).  

• Comfort and ease of applying straps to the leg is 
key to successful wear  (111) (115) (118) (Level 
of Evidence 2). 

• If there are dependent loops in the drainage 
tube, airlocks can compromise efficient bladder 
emptying (122) (123) (Level of Evidence 3).  

• Most drainage bags (bodyworn and night bags) 
have an integrated anti-reflux valve but it is un-
clear whether they reduce the incidence of 
CAUTI  (104) (117) (Level of Evidence 3).  

• There is inadequate evidence to state that single 
use (104) or daily change of leg bags or drainage 
bags reduces bacteriuria or CAUTI. In practice, 
drainage bag changes ranged from every 3 days 
to more than 20 days (129) (130) (131) (Level of 
Evidence 3).  

• An abdominal ‘belly bag’ drainage system may 
be more convenient, comfortable and less likely 

to cause discomfort than leg and night bags 
(119) (Level of Evidence 3). 

3. RECOMMENDATIONS 

Recommendations relating to urine drainage bags 
and accessories are summarised in Table H-2. 

Table H-2: Recommendations relating to urine 
drainage bags and accessories. 

• Taps should be easy to open and should not leak 
onto the fingers when the bag is emptied (Grade 
of Recommendation B).  

• Care should be taken to avoid chafing between 
bag and skin (Grade of Recommendation B).  

• Individual needs and personal preferences 
should determine the use of leg / suspension / at-
tachments and position of where the bag is worn 
(115) (Grade of Recommendation C).  

• Abdominal drainage bag (‘Belly Bag’) may be a 
convenient, comfortable option to a leg secured 
bag (119) (Grade of Recommendation C).  

• Closed urinary drainage bag systems where the 
system is only broken to change the sterile bag 
according to manufacturer’s directions may re-
duce the onset of bacteriuria (Grade of Recom-
mendation A). 

• Drainage systems for night bags should be posi-
tioned off the floor to reduce the risk of cross in-
fection (102) (103) (120) (Grade of Recommen-
dation C).  

• All facilities should enforce regular monitoring to 
practice to ensure adherence to evidence based 
guidelines on catheter/drainage bag manage-
ment (Grade of Recommendation C).  

• Catheter securement devices should be in place 
on the thigh or abdomen for all indwelling cathe-
ters (Grade of Recommendation C).  

• Dependent catheter loops should be minimised to 
allow optimum urine drainage(Grade of Recom-
mendation C).  

• Guideline recommendation (EPIC 2) is that cath-
eter bags are changed every 5-7 days (103) 
(Grade of Recommendation D). 

4. PRIORITIES FOR RESEARCH 

• Evaluation of a linked system with night bag/leg 
bag and the onset of bacteriuria compared to 
changing from day to night bag.  
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• Reviewing practice in home settings: is a closed 
catheter drainage system more effective at pre-
venting symptomatic UTI than reusable non-ster-
ile urinary drainage? 

• Most effective and acceptable cleaning methods 
for non-sterile urinary drainage systems.  

• Development of catheter tubing that prevents for-
mation of dependent loops.  

 MALE BODYWORN URINALS 
AND DRIBBLE CONTAINERS 

Products such as bodyworn urinals (BWU) and drib-
ble containers (penile pouches) are an alternative to 
a sheath system (Fig I-1). They usually comprise a 
ring-shaped opening or cone-shaped component 
which is worn around the penis (and held firmly 
against the pubis by means of a belt and straps) and 
channels urine to an integral collection bag. There are 
two main designs: one-piece with the cone and flange 
as a single combined unit; or two-piece, where the 
cone and flange are separate and connect when in 

use. BWUs are more substantial collection devices 
than sheaths. They are designed to be washed and 
reused multiple times and to be worn over extended 
periods. They are less frequently used than sheaths 
but may be a good option for those with a retracted 
penis or who do not wish to wear a sheath. Dribble 
containers (penile pouches) involve holding a drain-
age bag or other container over the penis using a 
much lighter structure than the flanges used in body-
worn urinals. They are often disposable.   

The more substantial designs should be fitted by a 
specialist: a good fit is crucial for comfort and to avoid 
leakage. It is also important that the wearer / carer 
understands how to use the device and the im-
portance of skin care. The wearer / caregiver will 
need good manual dexterity to manage the device. 
Several urinals will be needed to use in rotation, al-
lowing each to be properly washed and dried be-
tween periods of use. 

The main factors that make bodyworn urinals 
(un)suitable for men, and the challenges to be ad-
dressed in using them effectively are summarised in 
Table I-1. 

   
a b c 

Fig I-1: A disposable penile pouch (a), a pubic pressure flange (with the cone removed) (b), and a bodyworn 
urinal with leg bag (c). 
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Table I-1: The main factors that make bodyworn urinals (un)suitable for men, and the challenges to be ad-
dressed in using them effectively. 

BWUs are suitable for men with: 

• A small or retracted penis that will fit into and stay in the flange. 

• Moderate to heavy urine loss. 

• Urinary frequency and / or urgency. 

• A preference to use a body worn urinal rather than absorbent products during the day. 

• The ability to walk but chair / bed bound during the day. 

BWUs are not suitable for men with: 

• Confusion. 

• Poor manual dexterity and who are unable to connect the straps. 

• Impaired mobility who spend large amounts of time lying most of the day (device tends to slip out of posi-
tion). 

• Confusion or psychological vulnerability. 

• Decreased sensation through spinal cord injury or neuropathy (110) (557) (558).  

• A retracted or very small penis (alternative products are available). 

Particular challenges related to BWU use are: 

• Maintaining a secure fit to prevent the penis from slipping out of the cone resulting in leakage. 

• Kinking or twisting of the tubing at the junction of the cone. 

• Risk of skin damage or allergy from chafing of the leg straps or from the flange against the pubis. 

To be effective, the user / carer must:   

• Understand how to use the device and the importance of skin care. 

• Have good manual dexterity to manage the device. 

• Have fitting done by a specialist to ensure best leak-proof fit. 

• Moderate to heavy urine loss.  

• Urinary frequency and / or urgency.  

• Limited mobility. 

 

1. EVIDENCE 

At the time of the 5th International Consultation (31), 
there were no trials evaluating bodyworn urinals or 
dribble containers. Since then, one trial has been 
published. Macaulay et al (15) conducted a random-
ised controlled trial that included BWUs. Fifty-six 
men compared (day and night, and for three weeks 
each): a BWU, sheath drainage, a penile clamp (day-
time only), and the absorbent product they had regu-
larly used before the trial. Outcome measures were 
overall opinion (rated on a 10-point visual analogue 
scale) for day or night use; product acceptability (not 
acceptable / poor / acceptable / good); advantages 

and disadvantages of the test products; revealed 
preferences (which products men used three months 
after the test).  

The BWU was rated as “acceptable” by 48% of par-
ticipants for daytime use at home, more comfortable 
when wet than pads, but worse than pads, sheaths or 
clamp in all other aspects including self-image. It was 
also described as leaking in certain postures, partic-
ularly when sitting as the penis can slip out of the 
flange.  No significant differences in quality of life 
(measured by the King’s Health Questionnaire) were 
noted at the three month follow up. At the conclusion 
of the study, men were more informed on product 
choices and, although most (58%) were using a mix 
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of products at the three-month follow-up, few (22%) 
included a BWU in their mix.  

2. RECOMMENDATION  

Expert fitting and careful user selection is required to 
ensure effective and appropriate use of bodyworn uri-
nals (Grade of Recommendation B). 

3. PRIORITIES FOR RESEARCH 

• Development and evaluation of leak-free, com-
fortable and aesthetically acceptable BWUs for 
men. 

• Development and validation of a reliable instru-
ment to the measure the performance of different 
BWU designs and the impact on the quality of life 
of users. 

 MECHANICAL DEVICES FOR 
WOMEN WITH UI 

Mechanical devices for women with urinary inconti-
nence are designed to prevent urinary leakage, for 
women with stress urinary incontinence (SUI). There 
are three main categories:  

External urethral devices: products that are applied 
over the urethra at the opening. 

Internal urethral devices: products that are placed 
inside the urethra. 

Internal vaginal devices: products that are inserted 
into the vagina. 

The main factors that make mechanical devices 
(un)suitable for women are summarised in Table J-1 

Table J-1: The main factors that make mechanical 
devices (un)suitable for women.  

Mechanical devices may be suitable for women 
with: 

• Stress urinary incontinence.  

• Good hand control. 

• Good memory and cognitive function. 

• The ability to understand the concept of use (as 
opposed to a pad). 

• A preference for preventing leakage over contain-
ing it. 

They may be used in combination with other con-
servative management approaches such as PFMT. 

Mechanical devices are not suitable for women 
with: 

• Urinary urgency, frequency or OAB.  

• Urinary tract infections. 

 

1. EVIDENCE FROM THE 5TH 
INTERNATIONAL CONSULTATION 

(2013) 

The published evidence on mechanical devices for 
women with UI is best introduced by reviewing each 
device category in turn. 

1.1. External urethral devices 
No female external urethral devices are currently on 
the market. This is as a result of varying effective-
ness, local urethral / vulvar irritation and inconven-
ience, although side effects were relatively minor. 
Previously available brands included: Miniguard 
(Uromed Inc), FemAssist (lnsightTM Medical Coro) 
and CapSure (CR Bard Inc).  

1.2. Internal urethral devices 
There are two different urethral inserts currently on 
the market (Fig J-1).  
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a b c 

Fig J-1: Intra-urethral devices for women: the Femsoft, with separate insertion probe (white) in place (a); 
and the InFlow Intraurethral Valve-Pump, in position (b) and with the handheld magnetic activation device in 

position (c). 

The first – the FemSoft (Fig J-1a) - has a soft, com-
pressible, silicone chamber filled with mineral-oil. It is 
intended for day- time use during physical exercise 
and is self-inserted (using a separate insertion probe) 
and removed at user discretion. It is available in two 
lengths (3.5 cm and 4.5 cm). Before insertion, the 
proximal end of the cylinder is distended relative to 
the distal end but, as the user pushes the device 
(guided by the insertion probe) into the urethra, fluid 
transfers temporarily to the distal end, returning once 
the device is in place, so securing it. Side effects can 
include urethral irritation, UTI and device migration 
into the bladder. When successful, the Femsoft is an 
effective, safe and comfortable treatment for exercise 
incontinence (stress urinary incontinence) in women 
(Level of Evidence 3) (132). 

The second device – the InFlow™ Intraurethral 
Valve-Pump (Fig J-1b and J-1c) - is intended for 
women with a chronic acontractile bladder who would 
otherwise use intermittent or indwelling catheterisa-
tion. The device consists of a short silicone urethral 
available in various lengths for specific fitting under 
local anaesthetic. It is maintained in position by distal 
proximal flanges.  When the bladder is full, an inner 
turbine-like valve is activated by a hand held mag-
netic device and allows bladder emptying. When the 
handheld device is removed, the valve closes, main-
taining continence. For selected women, the device 
can provide freedom from self or indwelling catheter-
isation and improve quality of life (133). Side effects 
are similar to those for an indwelling catheter: UTI, 
urethral irritation, encrustations and expulsion, alt-
hough based on the few studies that have been done, 
these are infrequent. The key reason for withdrawing 
from use appears to be discomfort (134). Chen and 
colleagues recommend a trial period to allow the 
woman to assess tolerance, and regular support dur-
ing initial use; if successful, on-going use will likely be 
of benefit. To date no long-term research is available 
on the adherence to the device nor the effects that it 
may have on bladder / urethral mucosa (135). 

1.3. Internal vaginal devices 
Support of the bladder neck with the aim of correcting 
urinary stress incontinence has been achieved, with 
varying success utilising traditional tampons, pessa-
ries, contraceptive diaphragms and intravaginal de-
vices. Follow up and patient teaching is important. 
Side effects of vaginal devices can include bleeding, 
extrusion, discharge, pain and urinary retention. It is 
recommended that women are followed-up at least 
every 6-12 months after the initial insertion and ob-
servation period (136). Several designs of intravagi-
nal devices are available and are listed below. 

a) Tampon compared to pessaries 

• Both tampon and pessary provide protection 
against activity induced incontinence (137) 
(Level of Evidence 2).  

b) Diaphragm / pessaries 

• Diaphragms (138) (139) and pessaries (140) 
(141) have all been used successfully and are an 
alternative to surgery or whilst awaiting surgery 
(Level of Evidence 1).  Pessaries are also a good 
option for specific patients. For detailed infor-
mation on pessaries and prolapse, see Pessa-
ries in Chapter 12 Adult Conservative Manage-
ment. 

c) Vaginal devices designed specifically to sup-
port the bladder neck 

• The Rocket stress incontinence device is a sim-
ple surgical foam tampon-shaped cylinder with a 
withdraw string and supporting the bladder neck.  

Similar devices no longer marketed include: the Introl 
device, the Ladycon (Homecare Enoros, Norway), 
the Conveen Continence Tampon, and.the Contrelle 
Activgard (originally called the Conveen Continence 
Guard). All provided some support to the bladder 
neck and were moderately effective (142) (143) 
(144).  
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d) Reusable vaginal hollow tampon (Contiform) 

No reusable vaginal hollow tampons are currently 
marketed. Contiform was a hollow tampon-like device 
and an option for women with very mild incontinence 
(approximately 7 g on pad test) (145) (146).  

e) Disposable vaginal devices 

• Polyvinyl sponge has only one laboratory study 
(147) and no clinical research to verify its effec-
tiveness study.  In women with minor leakage the 
sponge reduced the leak to zero.   

• The Tipi (ConTIPI Ltd, Israel) / Impressa (Kim-
berly Clark, USA) intravaginal device (Fig J-2) 
(has a resin core with support 'poles' covered 
with a soft nylon mesh that stretches between the 
arms of the poles to act as a suburethral sling. 
Based on limited research the device appears 
easy to use, well-tolerated and effective with side 
effects similar to other intravaginal devices: irri-
tation, spotting, discomfort (148) (149). 

 
Fig J-2: The Tipi (ConTIPI Ltd, Israel) / Impressa 

(Kimberly Clark, USA) intravaginal device. 

2. NEW EVIDENCE FOR THE 
CURRENT CONSULTATION 

Three new trials (150) (151) (152) and 6 reviews have 
been reported since the last consultation (31). New 
studies address the use of mechanical devices - such 
as intra-vaginal pessaries to manage Pelvic Organ 
Prolapse (POP) and coincidentally improve the symp-
toms of SUI (153) (154). Secondary analysis of a pre-
viously published ATLAS study consider non-surgical 
treatments for SUI (155) (156)  

Lone and colleagues (153) undertook a year-long 
prospective comparison of women choosing either 
vaginal pessaries (n=133)  or surgery for POP 
(n=154) using validated ICIQ-VS and ICIQ-UI (SF) 
questionnaires a year post treatment. Exclusion crite-
ria were women using pessaries solely for UI, those 
undergoing concomitant UI surgery or those who 
started in the pessary group but later opted for sur-
gery. At one-year post enrolment, both groups had 
improved with no statistically significant difference 
between them concerning urinary or vaginal symp-
toms.  

In a non-randomised trial comparing behavioural 
therapy or ring pessary (154), 83% of women who 
chose pessary reported QOL improvement at 1 year 
follow-up. All women had an improvement of prolapse 
symptoms and over 86% reported improved voiding 
symptoms. However, only 9.1% of the patients had 
improved SUI and 23.8% of the patients reported new 
onset of de novo SUI. The authors conclude that the 
ring pessary is an effective non-surgical treatment to 
alleviate symptoms associated with POP. The poten-
tial for de novo SUI and pessary management of POP 
should be noted and patients counselled accordingly. 

The European Association of Urology guideline for 
assessment and nonsurgical management of UI does 
not routinely suggest intravaginal devices as treat-
ment for incontinence [158]. An international panel of 
experts appraised evidence from existing systematic 
reviews and from independent literature searches, re-
viewed up to 2010.  Key areas included surgery of 
uncomplicated SUI in women, surgery for compli-
cated SUI in women, surgery for SUI for women with 
symptomatic mixed UI, men with SUI and surgical in-
terventions for detrusor over activity.  Surgery is typi-
cally considered for bothersome UI that does not im-
prove with conservative therapy.  Lucas and col-
leagues (157) conclude that there is a need for clarity 
in the surgical options offered to patients to ensure 
they can consider the most effective and safest pro-
cedures based upon the risks associated. 

A role for a urethral plug is proposed for the manage-
ment of persistent UI following repair obstetric vesico-
vaginal fistula (158). In a retrospective chart review, 
records between November 2006 until April 2011 of 
Ethiopian women (n=181) post fistula repair and at-
tending a physiotherapy department for pelvic floor 
assessment were reviewed and fitted for urethral 
plug.  Seventy-six percent of women (n=137) re-
ported being dry whilst using a urethral plug and 9.9% 
reported being “half dry” (not defined). The authors 
conclude that the urethral plug appears to be effective 
in ‘restoring/improving’ continence for those women 
with complex histories who have undergone success-
ful surgical repair of obstetric vesico-vaginal fistula. 
Adverse events included 6 device migrations requir-
ing cystoscopic removal and 2 device ruptures. In a 
population of women with often complex bladder 
function after fistula development, further investiga-
tion is warranted to test the practicalities of a urethral 
plug.  

Kenton et al. (156)  Shaffer et al. (155) both per-
formed a planned secondary analysis of a multi-cen-
tre randomised trial from the original ATLAS trial 
(159). Schaffer et al. (155) determined success to be 
the same for continence pessary use, behavioural 
therapy or a combination of the two. The woman’s 
level of education, incontinence severity and meno-
pause status predictors of success. Post-menopausal 
women were more likely to report improvement of 
continence than pre-menopausal women. Kenton et 
al. (156) conducted an analysis on the same dataset 
comparing behavioural therapy to vaginal pessary 

Removal string 

Rounded tip applicator (tampon size) 

Non-absorbent bladder support 
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use, focusing on changes in symptoms and HRQOL. 
Findings suggest no difference in pelvic floor symp-
tom bother and HRQOL between the pessary and be-
havioural therapy arms in women undergoing con-
servative treatment for SUI. Therefore, individual 
preferences should be considered in the approach to 
the non-surgical treatment of SUI. 

A novel intravesical attenuation device (VESAIR® 
Solace Therapeutics USA) was evaluated in a ran-
domised controlled trial for the treatment of SUI (152).  
The device involves having a balloon inserted into the 
bladder via a delivery system and inflated; a one-way 
valve seals the device after being filled with 15cc air 
and 0.5cc AIRLOC ®, a perfluorocarbon liquid that 
maintains buoyancy in the bladder which acts as a 
sponge and alters intra bladder spiking pressures. 
The balloon is removed cystoscopically. Participants 
were randomised 2:1 to treatment or sham proce-
dure. Outcomes included a Stamey (score improve-
ment of 1 or more points at 6 months) and a compo-
site score combining data from pad test and patient 
impression of improvement. Withdrawal rate was high 
due to device malfunction, discomfort and the inva-
sive nature of the procedure.  Further evaluation is 
required before this device is made routinely availa-
ble.    

Ding and colleagues (151) conducted a prospective 
study of 81 women with advanced symptomatic POP 
(stages III and IV) who were fitted with a ring pessary 
with support. Primary outcome at 3 months was uri-
nary flow measurements along with non-validated 
questionnaire pre- and post intervention to determine 
effectiveness. Of the 73 post-menopausal women, 
over half improved reported improved voiding symp-
toms, urinary urgency and SUI; 6 (14.3%) developed 
new onset SUI that could be managed with PFMT and 
8 discontinued use due to discomfort and pressure, a 
desire for surgical treatment, extrusion of the pessary 
during daily activities or bothersome de novo SUI. 
Ding et al concluded that the ring pessary can help 
with POP and by consequence aid SUI symptoms. 

A new intravaginal device for SUI management, not 
yet available on the market (B.BRAUN Medical SAS 
(150) has had safety, efficacy, tolerance and accept-
ability tested through a phase III multicentre random-
ised controlled trial. The device, made of a thermo-
plastic elastomer, was supplied in two sizes and, de-
pending on preference, was inserted in the vagina 
with or without the help of an applicator. Automatically 
situating itself beneath the urethra and bladder, the 
device constitutes a support for the urethra and blad-
der neck.  Removal is via a string fixed in the cylindri-
cal part of the device. After a 14 day wash out period 
55 patients were enrolled and randomly assigned to 
either the treatment or control arm (no treatment). 
The primary end point was a reduction of frequency 
of incontinence episode (IEF) according to bladder di-
aries. Secondary endpoints were urinary symptom 
profile scores on 24hr pad tests and CONTILIFE 
questionnaire scores as compared to a baseline. SUI, 

mean OAB and mean dysuria decreased in the treat-
ment arm, but no significant differences on the mean 
24hr pad test were found between the two groups.  
Patient satisfaction was much higher in the treatment 
group with minimal adverse events. One case of men-
orrhagia and one case of UTI were reported. The au-
thors concluded that despite the small sample size, 
the 75NC007 intravaginal device is a safe and effec-
tive non-invasive treatment of SUI in women. Further 
systematic evaluation of this device is required with 
long-term follow up and objective measures of conti-
nence. 

Lipp et al’s Cochrane review for mechanical devices 
(160) currently confirms that there is little evidence 
from controlled trials on which to judge whether de-
vice use is better than no treatment and large well 
conducted trials are required for clarification.  There 
is also insufficient evidence to favour one device over 
another and little evidence to compare mechanical 
devices with other forms of treatment. 

3. SUMMARY 

Although many products have appeared on the mar-
ket, few have stood the test of time: no external ure-
thral devices - and only one intra-urethral device - are 
currently commercially available. Intravaginal devices 
such as pessaries remain a valuable adjunct to con-
servative management.  

Specifically: 

• Intravaginal devices may be effective in SUI 
management when compared to behavioural 
therapy and represent  a promising alternative or 
complementary non-surgical approach (150) 
(Level of Evidence 1). 

• Improved continence is possible for women with 
SUI with intravaginal devices.  The products ap-
pear safe to use with few reports of lower urinary 
tract issues (Level of Evidence 3). 

• Efficacy appears to be higher in patients with 
minimal to moderate SUI leakage (Level of Evi-
dence 3). 

• Relatively high drop-out rates in monitored stud-
ies during which patient support is provided, in-
dicates the need for proper patient selection and 
patient and provider education, but may also in-
dicate limitations in product efficacy, difficulties in 
application or other factors such as discomfort 
(Level of Evidence 3). 

• Women’s choice of continence products is de-
pendent upon acceptability of application of the 
intra-urethral and intra vaginal devices (156) 
(Level of Evidence 3). 

Some mechanical devices are effective, acceptable 
to a minority of women and relatively non-invasive 
(with the exception of intraurethral devices. They 
might be suggested to patients for consideration and 
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testing, particularly for short-term or occasional use. 
This recommendation is at the behest of health care 
professionals’ (HCP) noted in Bugge et al’s 2013 sur-
vey (161)  considering contemporary practices.   

4. RECOMMENDATIONS 

Recommendations relating to mechanical devices for 
women with UI are summarised in Table J-2. 

Table J-2: Recommendations relating to mechanical 
devices for women with UI. 

• Internal vaginal support devices may be consid-
ered as a treatment option when managing 
women with SUI, dependent upon the availability 
of product, ease of insertion / removal, ac-
ceptance and cost (Grade of Recommendation 
C). 

• Internal urethral devices may be considered for 
women with SUI, but they are invasive, costly and 
have had limited evaluation. They may be most 
appropriate for intermittent and occasional use 
(such as during vigorous exercise) (Grade of 
Recommendation C). 

5. PRIORITIES FOR RESEARCH 

• New devices - particularly invasive ones – must 
be evaluated by randomised trials including long-
term follow-up.  

• Evaluate the effects of mechanical devices for 
urinary incontinence on the urethra and / or blad-
der to determine their real value and safety. 

• Comparison studies to other forms of conserva-
tive therapy, surgery and / or absorbent pads are 
mandatory. 

• Assessment of cost effectiveness and effects on 
quality of life, when used intermittently or for par-
ticular activities. 

 MECHANICAL DEVICES FOR 
MEN WITH UI 

Male mechanical devices (also called penile clamps 
or penile compression devices) are designed to pre-
vent urine leakage by compressing the penile urethra 
using a clamp design or a peri-penile strap (Fig K-1). 

For select men, mechanical devices offer a cost ef-
fective and convenient option for continence com-
pared with a sheath and drainage bag or absorbent 
pads or for those who do not wish to undergo invasive 
incontinence surgery.   However, there is potential for 
tissue damage and penile ischaemia and these de-
vices should be used with caution.  Clinical opinion is 
that the device should be released at least every two 
hours and is unsuitable for use overnight or when 
sleeping (15). Careful assessment is necessary for 
use of these devices and they should be fitted by a 
trained health professional and re-evaluated on a reg-
ular basis. The availability of online products means 
that men can purchase devices without assessment -
- healthcare professionals should be alert to the need 
for education of men on the safe use of these me-
chanical devices. 

A penile compression device should be comfortable, 
easy to apply and remove and cause no untoward ef-
fects on skin or penile vessels. It should not be used 
for urgency incontinence. The main factors that may 
make mechanical devices (un)suitable for men are 
summarised in Table K-1. 

  

 
Fig K-1: Mechanical devices for men 
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Table K-1: The main factors that make mechanical 
devices (un)suitable for men. 

Mechanical devices may be suitable for men 
with: 

• Sufficient bladder capacity to allow about 2 h 
wear before needing to release the device. 

• Mainly stress urinary incontinence. 

• Cognitive ability to remember to release the de-
vice at regular intervals.  

• Adequate hand function that the device can easily 
be opened and closed. 

• Penile length to allow comfortable placement of 
the device on the shaft and not the glans. 

Mechanical devices are not suitable for men 
with: 

• Poor memory or reduced cognitive function. 

• Overactive bladder.  

• Penile skin irritation/dermatitis. 

• No penile sensation or sensation of bladder full-
ness. 

1. EVIDENCE 

Although a range of devices is available, there has 
been little research on their safety and efficacy. 

Only one trial (162) was identified for the last consul-
tation (31); it evaluated the effect of three devices on 
mean urine loss, subjective opinion and cavernosal 
artery blood flow. The Cunningham clamp was the 
most successful device in terms of continence, ease 
of application and comfort but was also associated 
with the highest reduction of penile blood flow indicat-
ing a potential for ischaemia if the device was placed 
too tightly.  When the clamp was placed in a comfort-
able position and tightness, it controlled leakage well 
but did not entirely eliminate it so that participants still 
wore a small continence pad.  

Two new studies were found for the current consulta-
tion (15) (163). The first was a randomised, controlled 
trial (15) of 56 men with persistent incontinence post 
prostate cancer treatment. Men tested, for 3 weeks 
each, the Cunningham penile clamp, penile sheath 
and bodyworn urinal (BWU) and compared these to 
their usual product of continence pads. Significant dif-
ferences in acceptability, comfort, effectiveness ease 
of use were found between products: the Cunning-
ham clamp was good for short vigorous activities that 
increased abdominal pressure such as golf or swim-
ming and was the least likely to leak.  However, nearly 
all mean found the clamp uncomfortable or painful. 
Other products – sheath, pads, and bodyworn urinal 
– were also rated.  Participants rated the sheath as 

effective for dryness and ‘good’ for extended use 
such as travel; the bodyworn urinal received the least 
positive reviews and did not stay in place well, partic-
ularly when the user was seated. Pads were posi-
tively rated for most activities and best for night-time 
use. Of note is that participants indicated a prefer-
ence for having a mixture of products to meet daytime 
needs.  This is an important trial as it is the first to 
systematically compare several different continence 
products for men.   

A second trial with 16 men measured IIQ-7 scores pre 
and post use of the penile compression device (Drib-
blestop™) as well as subjective impressions of ease 
of use, comfort, activity levels and overall satisfaction 
(163). There was a significant improvement in IIQ-7 
score; 14/16 participants found the device easy to 
use, allowing them to be more active and more confi-
dent and they would recommend the device to others. 

2. SUMMARY  

• Penile compression devices may be a valuable 
continence option for select men, particularly 
where activity may not only exacerbate inconti-
nence but also preclude the use of bulky and / or 
absorbent products. (Level of Evidence 1). 

• Men who used a compression device ranked 
them as easy to use and effective. (Level of Evi-
dence 1). 

• Some men found the Cunningham clamp un-
comfortable or painful. (Level of Evidence 1). 

• Male mechanical devices can partially control 
urinary leakage, but they may not eliminate it at 
comfortable levels of compression. However, 
they are likely to lead to reduced cavernosal ar-
tery blood flow and therefore care must be taken 
to ensure regular removal or release (Level of 
Evidence 2). 

3. RECOMMENDATIONS TABLE 

Recommendations relating to mechanical devices for 
men with UI are summarised in Table K-2. 
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Table K-2: Recommendations relating to mechani-
cal devices for men with UI. 

• Male mechanical devices may be considered for 
select men with stress urinary incontinence who 
are cognitively intact and aware of bladder filling, 
have normal genital sensation, intact penile skin 
and sufficient manual dexterity to open and close 
the device (Grade of Recommendation B) 

• Devices should be fitted by a trained health pro-
fessional and reviewed regularly (Grade of Rec-
ommendation C). 

• Mechanical devices may be an option for short-
term use when undertaking sport or other activi-
ties and as an adjunct to management with other 
continence products (Grade of Recommendation 
C). 

4. PRIORITIES FOR RESEARCH 

Further research is necessary on the length of time a 
device can remain in place, the amount of compres-
sion that is safe for penile vessels, and the effect on 
skin health and comfort when using the device. It is 
possible that one penile compression device will not 
meet the needs of all men and further design consid-
erations may be warranted. 

 INDWELLING CATHETERS 

Indwelling urinary catheters (Fig L-1a) are inserted 
into the bladder urethrally (UC) (Fig L-1b) or suprapu-
bically (SPC).  Table L-1 lists the contexts in which 
long-term catheterisation (> 30 days) is most com-
monly used. 

  
a b 

Fig L-1: An indwelling catheter with balloon inflated (a) and in position in the urethra / bladder.  
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Table L-1: The contexts in which long-term indwell-
ing catheterisation (> 30 days) is most commonly 
used. 

• Bladder outlet obstruction (BOO) where patients 
are unsuitable for - or waiting for - surgical or 
medical relief. 

• Chronic retention when intermittent catheterisa-
tion is not feasible. 

• Continence care for debilitated, paralysed or co-
matose patients.  

• Pressure ulcers at risk of urine contamination. 

• Non-healing incontinence associated dermatitis. 

• Intractable urinary incontinence where catheteri-
sation enhances the patient’s quality of life when 
alternative non-invasive approaches are unsatis-
factory or unsuccessful. 

 

The older hospitalised person is at particular risk of 
having an unnecessary catheter or one remaining in 
situ for a prolonged period and/or being discharged 
without instruction for catheter care or date for re-
moval (164). Common risk factors for catheters un-
necessarily remaining in situ are listed in Table L-2. 

Table L-2: Common risk factors for indwelling cath-
eters unnecessarily remaining in situ. 

• Absent or poor documentation on reason for cath-
eter insertion. 

• Extended hospital stays.  

• Transfer from one clinical setting to another 
(573). 

• No documented care plan for catheter removal 
(573) (574). 

• Immobility, confusion / decline in function (170). 

Several prevalence studies have indicated that about 
9% of nursing home residents have a long-term in-
dwelling catheter (range 7%- 38%) (165) (166) (167) 
(168) (169) (170). Duration of use can be for many 
years - in one US based study, mean use was 11.7 
years (ranging in months from 1-589; median 8.8 
years) (130) (171) (172). Lower use of catheters is 
recorded in centres with more proactive programmes 
related to prompted toileting and mobility.  

It is understood that catheters should not be inserted 
as a continence measure until all other reasonable 
continence management/treatment strategies have 
been ruled out such as toileting, containment prod-
ucts and/or medication. In the evidence reviewed in 
the sections below, the primary focus is on the re-
search related to long-term indwelling catheters (re-
maining in situ > 30 days).   

The characteristics of the ideal catheter and ideal 
catheter material – according to expert opinion – are 
summarised in Table L-3, while Table L-4 outlines 
suitable materials, balloon size, catheter gauge and 
catheter length for different situations. 

 

Table L-3 Characteristics of the ideal catheter and catheter material.  

An effective indwelling catheter should have the following design characteristics: 

• Be retained in the bladder effectively, yet easily removable without trauma to tissue. 

• Have a soft ‘tip’ within the bladder to avoid pressure damage to the mucosa.  

• Achieve effective drainage while minimising risk of bladder mucosa being ‘sucked’ into drainage channel. 

• Conform to the shape of the urethra. 

The ideal catheter material should:   

• Be soft / flexible for comfort.  

• Cause minimal tissue reaction or friction.  

• Be sufficiently firm for easy insertion and maintenance of lumen patency in situ. 

• Have elastic recoil so that an inflated balloon can deflate to almost its original size. 

• Be resistant to colonisation by micro-organisms and to encrustation by mineral deposits.  
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Table L-4: Suitable catheter materials, balloon size, catheter gauge and catheter length for different situa-
tions. 

 Short term Long term  Comments 

Material Latex or plastic 
 
PTFE-coated        
latex. 
 
Silver-alloy coated. 
 

Silicone elastomer-
coated latex. 
 
Hydrophilic polymer-
coated latex. 
 
All silicone. 

Latex catheters: avoid where possible -- urethral 
discomfort due to high surface friction, risk of rapid 
encrustation by mineral deposits; risk of latex allergic 
reactions (575) (576) (577) (578) (579) (580) or 
anaphylaxis  (581).  
 
Coated catheters cause least friction and tissue 
reaction (582).  
 
Silicone catheters are stiffer & have thinner walls and 
slightly larger lumen compared to same size non 
silicone coated catheter; less likely to kink/bend (583); 
not affected by topical creams used for skin 
excoriation compared with coated latex catheters 
(584). 

Balloon 
size 

10 ml; larger      
balloon (30ml) only for 
post op haemorrhage 
control. 

10 ml Large balloon contraindicated unless surgically 
required because of risk of irreparable bladder neck 
erosion.  
 
Silicone catheter balloons may have water loss over 
time, with catheter falling out (585) (586); fill the 
balloon with sterile water and replace fluid 
periodically, knowing that 1/4 to 1/2 could be lost over 
time  (585). 

Gauge Adult 14-16 Fr; post op 
procedures with 
haematuria/clots larger 
lumen 18-24 Fr.  

Adult 14-16 Fr; 
smallest size to 
maintain good 
drainage 
(281) (587) (588). 

Large diameter: Potential blockage of para-urethral 
glands and urethral injury.  
 

Length Male/female 41-45 cm Male 41-145 cm; 
female option 25 cm. 

 

 

1. EVIDENCE 

An extensive body of literature was reviewed for the 
last (5th) consultation and the details can be found 
there  (31). However, the findings from that review are 
included in the summary below (Section 2), along with 
more recent material. 

Few randomised controlled trials have been con-
ducted on either long or short term catheterisation 
since the last consultation (31). Most indwelling cath-
eter research has focused on short-term catheters (< 
14 days) in hospitalised patients with a particular fo-
cus on catheter-associated urinary tract infection 
(CAUTI).  The trials that have been undertaken are 
typically small, with sample heterogeneity, imprecise 
outcomes and short term follow up.  Most data are of 
Level of Evidence 4, based on clinical experience and 
expert opinion. Several Cochrane reviews relating to 
long-term catheter use attest to the low quality of 
studies which preclude drawing robust conclusions 
(See Appendix 2 for a listing). 

Studies added for the current consultation can be 
usefully reviewed under the following headings: 

a) Catheter characteristics and materials. 
b) Catheter coatings and CAUTI. 
c) Meatal cleansing. 
d) Catheter encrustation. 
e) Bladder calculi. 
f) Catheter-related pain. 
g) CAUTI. 
h) Bladder cancer. 
i) Management strategies. 
j) Education of health care professionals. 
k) Quality of life. 
l) Cost. 
m) Urinary catheters versus other strategies. 

a) Catheter characteristics and materials 

Feneley and colleagues wrote in 2012: In an era that 
has witnessed outstanding technological advances in 
medical practice it is difficult to understand why we 
are still unable to perform the relatively simple task of 
draining urine from the bladder without producing in-
fection and a range of associated complications 
(173). Efforts to improve the traditional Foley design 
include a novel spiral-shaped, drainage tubing which 
appears to optimise flow and minimise residual urine 
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(125) and additional eyeholes (174) (175).  Clinical 
testing is awaited.   

b) Catheter coatings and CAUTI 

Considerable laboratory work has been committed to 
finding a catheter coating that will prevent CAUTI or 
delay the onset in both acute and long-term care.  To 
date and despite dedicated attempts to find options, 
there are no coated/impregnated catheters that will 
delay the onset of CAUTI in the long-term user. There 
may be modest benefit for those catheterised seven 
days or fewer.  

• Silver Alloy:  Two new trials comparing CAUTI 
with silver alloy versus standard catheter were 
found (176) (177). The first was a non-random-
ised retrospective review conducted in seven US 
acute care sites. Over the three months of data 
collection, a decrease in symptomatic CAUTI oc-
curred when using both the US National 
Healthcare Safety Network surveillance defini-
tion and a clinical definition. In the most recent 
RCT in the UK (177) the authors found no differ-
ence in symptomatic UTI with silver alloy com-
pared to standard catheters. One retrospective 
chart review suggested that silver alloy catheters 
post prostatectomy may increase risk of stricture, 
but a prospective study is required to determine 
this risk (178). Other randomised trials and a re-
cent Cochrane review conclude that silver alloy 
catheters do not significantly reduce the inci-
dence of CAUTI in acute care (179) (180) (181). 
Laboratory work has continued to modify silver 
coatings to increase antimicrobial activity (182). 

• Antibiotic/antiseptic impregnated catheters: Ear-
lier catheter studies on the effect of nitrofurazone 
(183) (184) (185) (186); minocycline and rifam-
picin (187); chlorhexidine, silver sulfadiazine, 
triclosan (188) (189) (190) (191) (192) have sug-
gested benefit but outcome measures of bacteri-
uria vs CAUTI, heterogenous patient populations 
and small samples have limited the clinical im-
pact of these findings. The largest randomised 
trial to date comparing nitrofural silicone, silver 
alloy coated latex or a PTFE standard catheter 
(n=7102 acute care short term catheter subjects) 
found that the nitrofural catheters had a small 
and not clinically meaningful decrease in CAUTI 
and were more uncomfortable than silver alloy or 
PTFE catheters. No significant decreases in 
symptomatic CAUTI occurred with silver alloy 
catheters compared to control (177). Laboratory 
work continues to show promise in antibiotic and 
antimicrobial catheters but findings have yet to 
be tested in clinical settings (193) (194) (195) 
(196) (197)  (198).  

• Other coatings or treatment undergoing labora-
tory testing: Zwitterionic molecules (in an anti-
fouling coating) decreased biofilm development 
by 80% over seven days as compared with un-
treated catheters (199) (200). Laboratory testing 
also includes nanoparticle coatings on catheters 

(201) (202) coating with antimicrobial enzymes 
(203) (204), polydopamine peptide coating (205), 
the addition of plant extracts (206), the release of 
salicyclic acid (207), interference with bacterial 
signalling (208) (209), the use of bacteriophages 
to control colonising mixed species biofilms (210) 
(211) (212) and the application of low electrical 
currents to dislodge mature biofilms (213). Fu-
ture opportunities for CAUTI control are promis-
ing based on the sophisticated laboratory work 
underway. 

c) Meatal cleansing  

An antiseptic solution is no more effective than sterile 
water in preventing the onset of bacteriuria (214) 
(215) (216). Meatal cleansing by simple washing with 
soap and water during routine bathing or showering 
is recommended (Level of Evidence 1) (103) (217) 
(218) (219). Effective handwashing by healthcare 
professionals, caregivers and patients, before and af-
ter handling catheters and drainage equipment, is 
generally accepted to be the most important compo-
nent of any infection control strategy. Healthcare pro-
fessionals and formal caregivers should also wear 
gloves. 

d) Catheter encrustation   

Catheter encrustations affect quality of life, nursing 
time and healthcare costs (220).  Several approaches 
have been tested to reduce the problem including 
catheter maintenance solutions, (221) (222), fluid in-
take (223) (224) and catheter valves. Preventative 
strategies have largely failed but recent laboratory re-
search, using advanced imaging techniques, has im-
proved the understanding of crystalline biofilm for-
mation which may aid in the development of anti-mi-
crobial materials, resistant to colonisation. (225)   

Catheter encrustation (Fig L-2) occurs in up to 50% 
of LTC users, with resultant increased costs to ser-
vices and patients (168) (226) (227) (228) (229). Min-
eral deposits - calcium phosphates and magnesium 
ammonium phosphate (struvite) - precipitate from the 
urine under alkaline conditions and cause blockage.  
In one trial prevalence of catheter blockage in a two 
month period was 11.08 per 1000 catheter-days’ use 
(220). During the 12 months of another trial (230), 
both treatment and control groups had a reduction in 
blockage (4.76 and 6.04 per 1000 catheter-days, re-
spectively) but there were no statistically significant 
differences between groups.  
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Fig L-2: Section of a catheter showing encrustation 

and blockage.    

Precipitation of different ionic species (ie Ca++, 
Mg++, and phosphates) is influenced by their ionic 
concentrations in the urine and by the presence of 
urea-splitting micro-organisms such as Proteus mira-
bilis (231) (232) (233) (234). The pH at which ions 
precipitate from the urine varies, not only for different 
ions, but also between individuals and at different 
times (235) (236). These factors contribute, at least 
in part, to individual susceptibility to catheter encrus-
tation and time to blockage. ‘Blockers’ experience re-
current catheter blockage within a few days to a few 
weeks (226) and urine from recurrent blockers tends 
to have a very narrow ‘safety margin’ between 
‘voided’ urinary pH and the pH at which crystallisation 
(or nucleation) occurs (232) (237). This margin is 
much wider in non-blockers (234).  

Catheter maintenance solutions 

Pursuit of a solution to managing catheter blockage 
is on-going and several catheter maintenance solu-
tions are marketed (Table L-5). However, there is no 
evidence that any of the following are effective in pre-
venting encrustation or blockage in the clinical set-
ting:    

• Washout / maintenance solutions (222) (238) 
(239).  

• Catheter coating or material (229) (240) (241) 
(242)  (243) (244) (245) (246) (247) (248) (249). 

• Oral medication (250) (251).  

• Balloon instillation (252) (253) (254). 

Several solutions are marketed to decrease encrus-
tations/increase catheter time in situ (Table L-5). 
However, to date there is no clinical evidence that 
catheter maintenance solutions are effective in im-
proving catheter drainage (255). For patients who 
have blocking or encrusted catheters the key nursing 
procedure is to review the catheter integrity, observe 
for reduced flow or obvious encrustation and change 
the catheter before it blocks. A characteristic pattern 
of ‘catheter life’ can usually be identified with record-
keeping of three or more catheter episodes (232) 
(237) (256). This may allow pro-active strategies of 
care designed to change the catheter before likely 
blockage. 

Concerns have also been raised about a potential 
negative effect of washouts on the urothelium (221) 
(232) (237) (257) (258) (259) (260) (261). There is 
weak evidence that citric solutions (orange, lemon or 
lime juice) and / or water intake may change pH and 
mineral crystallisation (223) (262) (263). Table L-6 
summarises the theory and evidence of research ef-
forts on encrustation. 

Table L-5: Catheter maintenance solutions.    

Suby G or Solution G1 3.23% citric acid solution, pH 4, containing magnesium oxide to minimise 
tissue irritation, aimed at reducing encrustation. Used where routine catheter 
maintenance is required to reduce build-up of encrustations. 

Solution R1 6% citric acid solution, pH 2, containing magnesium carbonate, aimed at 
dissolving encrustations. A stronger acid than Suby G and therefore not 
recommended for frequent, regular use. 

RenacidinR2       A citric acid solution, pH 3.5-4.2, containing glucono-delta-lactone to 
minimise tissue irritation and magnesium carbonate, aimed at reducing 
encrustation. 

Mandelic acid 1%1    An acidic solution, pH 2, aimed at inhibiting the growth of urease-producers. 
A stronger acid which is not commonly used to reduce catheter encrustations    

Saline 0.9%1,3                 A neutral solution, pH 7, recommended for flushing of debris and small blood 
clots. Neutral pH solutions will not dissolve catheter encrustations. 

Chlorhexidine 0.02%1 An antiseptic solution aimed at preventing or reducing bacterial growth, in 
particular E. coli and Klebsiella species (but will not prevent biofilm formation 
on long-term catheters) 

1 Available in the UK pre-packed in a sterile delivery devices designed for instillation into a urinary catheter.  
2 RenacidinR is approved in the USA for kidney stone disintegration only. Although it may be effective in certain 
situations for persistent catheter blockers, there are no supporting studies. 
3 Saline is widely available 
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Table L-6: Catheter encrustations - theory and evidence 

 Theory Results Level of  
Evidence 

Catheter materials.  Intent to reduce/stop biofilm 
adherence. 

To date no evidence that any 
material (silver coated latex; 
hydrogel or silicone coated 
latex, 100% silicone; 
nitrofurazone coated silicone.   

1 

Citrate Washout solutions 
(Catheter maintenance 
solutions): Suby G, Solution R, 
renacidin). 

Reduction of pH; mobilisation 
of crystalline collections; 
eradicate  P Mirabilis. 

Citrate solutions clinical 
studies: no evidence to date. 

1  
 

Renacidin laboratory results 
shows promise; no clinical 
studies. 

4 
 

Washouts: saline, sterile 
catheter. 

Mobilise catheter debris. No evidence of benefit. 1 

Urease inhibitors:  
Acetohydroxamic acid 1.0 
mg/ml & fluorofamide 1.0 
microg/ml. 

Lower pH in presence of P 
mirabilis. 

Laboratory studies: Reduce pH 
in laboratory; in clinical studies 
side effects were 
unacceptable. 

2 

Fluid Intake:   Water (224); 
acidic fluids (lemon 60 ml/L 
water/lime juice), potassium 
citrate 6g/L 

pH increases when urine 
concentration decreases + 
citrate.  Citrate (orange, lemon, 
lime juice) concentration may 
change pH & mineral 
crystallisation. 

Weak evidence of reduced 
blockage(438).  No evidence 
that cranberry juice decreases 
pH in catheterised people. 

2 

Electron Donating surfaces or 
electrical current through 
silver electrodes attached to 
catheter.  

Proteus mirabilis suppression. Laboratory results only – may 
inhibit growth; need clinical 
studies. 

4 

Triclosan catheter balloon 
fluid.  

Triclosan suppresses biofilm 
formation. 

Laboratory results only – need 
clinical application.  

4 

Proteus targeting.  
 

P mirabilis has four adhesins 
that help make it stick to the 
bladder and catheter, a 
protective capsule, several 
secretions that promote 
extraction of host nutrients, 
quick migration capacity, and a 
powerful urease. 

Laboratory studies of strong 
electron donating surfaces; 
triclosan in the catheter balloon 
need clinical testing.   

4 

e) Bladder calculi  

Indwelling catheters (UC and SPC) are a known risk 
factor for bladder calculi formation compared to inter-
mittent catheterisation (264) (265) (266) (267). This 
increased risk is independent of age, sex, level and 
degree of injury and the risk increases with duration 
of catheterisation so that by 5 to 10 years of continu-
ous urethral or SP catheter use 33% to 46%, respec-
tively, will have been treated for a bladder calculus 
(268). Any foreign object, like a retained piece of fluff 
from gauze, or pubic hair can cause a stone. Careful 
attention to hygiene and catheterisation technique 
could prevent this complication (269). 

In a prospective cohort study of 66 SCI patients in Ni-
geria, encrustations and P. mirabilis were predictive 

of bladder stones; thus ultrasound was recom-
mended for persons with these risks to identify and 
treat bladder calculi (270).   

Symptoms of bladder calculi vary from unresponsive 
CAUTI to catheter bypassing, spasms and haematu-
ria. Individuals who do not respond to appropriate 
treatment of CAUTI should have a urological referral.  

f)  Catheter-related pain  

Catheterised individuals report discomfort, pain and 
restricted activities because of catheter related pain-
ful bladder spasms, position of the catheter/tubing or 
catheter changes (130) (271).  In a prospective ob-
servational study of 116 patients post urological sur-
gery, the type of surgery and catheterisation history 
predicted moderate to severe catheter-related blad-
der discomfort (198).  In a sample of 202 long-term 
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indwelling catheter users, 23% reported catheter re-
lated pain (other than during the catheterisation pro-
cedure) over the previous two months (220). Women 
complained about the pain because of sitting on the 
catheter or sores in the vaginal area.  Bladder 
spasms, CAUTIs, blockage, and dislodgement can all 
contribute to catheter-associated pain, as well as in-
sertion and removal procedures (272) (273) (274) 
(Level of Evidence 3).  

If bladder spasm is the cause of pain a low dose of 
an anticholinergic medication may help (275). Atten-
tion to the catheter position and tubing is needed to 
prevent kinks or twists, to ensure that the catheter 
straps are not blocking urine flow and that the individ-
ual is not sitting on the tubing (276). Other ap-
proaches include treating constipation if present, en-
suring that the catheter is the smallest size to provide 
adequate drainage, and ensuring that the catheter is 
secured and the drainage bag is well supported to 
prevent dragging on the catheter. 

g) Catheter associated urinary tract infections 
(CAUTI).   

Coatings on catheters are intended to control CAUTI 
but the problem is a challenge for both clinicians and 
researchers because of the complex nature of CAUTI 
development. The most common infecting organisms 
are Escherichia coli, Enterococcus spp, Candida plus 
other Gram-negative and Gram-positive isolates 
(277). Up to 40% of cultured specimens from long 
term catheters will show Proteus mirabilis as a key 
organism in biofilm production, catheter blockage and 
pH alteration because of urease production. Table L-
7 highlights the progression of initial colonisation to 
adherent biofilm. 

Table L-7: Biofilm production from initial colonisa-
tion to adherent biofilm. 

Biofilms (282) (301) (589) (590) (591) (592) (593). 

• Rapid colonisation of micro-organisms form a 
strongly adherent biofilm on catheter and drain-
age equipment surfaces.  

• Biofilm formation begins by deposition of a con-
ditioning layer of proteins, electrolytes and other 
organic molecules from the urine  

• Micro-organisms attach to catheter surfaces & 
divide to form micro-colonies, ultimately develop-
ing a complex three-dimensional structure, in-
cluding fluid filled channels through which the 
biofilm members receive nutrients, diffuse away 
wastes and send chemical signals to each other  

• Microorganisms growing as a biofilm are less 
susceptible to antimicrobial therapies than free-
living organisms and are a major source of re-
sistant, nosocomial pathogens  

• Proteus mirabilis is a common biolfim isolate 
which secretes urease  causing hydrolysis of 
urea to free ammonia, raises urine pH and pro-
motes preciptiation of calcium phosphate and 
magnesium ammonium phosphate (struvite) and 
catheter blockage.   

Onset of CAUTI  

• All individuals with indwelling urinary catheters 
will develop colonisation (asymptomatic bacteri-
uria) at 5-8% per day to 100% by day 30 (278) 
(279) (280) (281) (Level of Evidence 1).  

• Even short term antibiotic use in a catheterised 
patient may place them at risk of CAUTI (282) 
(283) (Level of Evidence 2). 

• Most catheter users developing bacteriuria will 
remain asymptomatic and not require treatment 
(Level of Evidence 1). 

• 24% of those developing bacteriuria will develop 
a symptomatic UTI without bacteraemia (284) 
(Level of Evidence 1). 

• 4% with bacteriuria will develop bacteraemia a 
serious health care problem (284) (Level of Evi-
dence 1). 

Aetiology of CAUTI 

Biofilm formation on the catheter surfaces begins as 
early as 24 hours after insertion.  Microorganisms de-
rive from the patient’s own colonic and perineal flora 
or from the hands of health-care personnel during 
catheter insertion or management (282) and gain ac-
cess in two ways:  

• Extraluminally during catheter insertion or via the 
periurethral space;  
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• Intraluminally following breaks in the closed sys-
tem or contamination of urine in the drainage bag 
or break in closed system (within 32-48 hours v 
72-168 hours respectively) (285). 

Diagnosis of CAUTI 

The generally accepted CAUTI definition is outlined 
in the U.S. National Healthcare Safety Network 
(NHSN) document (281). The criteria are guidelines 
for practice – individual patient presentation may dif-
fer.  Further work is required on the most appropriate 
outcome measures and the corresponding patient re-
ported symptoms of CAUTI, particularly in long term 
users.  

Treatment of CAUTI  

• Prophylactic antibiotics prior to re-catheterisation 
are not recommended (104) (286) (Level of Evi-
dence 1). 

• Routine use of prophylactic antibiotics or anti-
septics in LTC patients is not supported and may 
favour the emergence of resistant organisms 
(104) (185) (287) (288) (Level of Evidence 1). 

• Cranberry juice does not affect incidence of 
CAUTI in catheterised people (289) (Level of Ev-
idence 1). 

• Urine cultures should be obtained before initiat-
ing treatment to permit selection of specific ther-
apy for the infecting organism; extensive use of 
broad spectrum therapy should be avoided (290) 
(Level of Evidence 2). 

• Catheter should be replaced prior to collecting a 
urine sample for culture and sensitivity or prior to 
starting antibiotics in symptomatic patients (104) 
(291) (292) (293) (Level of Evidence 2).  

Reducing the risk of CAUTI 

Current evidence is weak regarding all aspects of 
CAUTI prevention in long term catheter users.  Based 
on the existing research, none of the following factors 
have been shown to reduce the incidence of CAUTI:  

• Pre-connected urine drainage bags (294). 

• Perineal cleansing (294). 

• Suprapubic versus urethral insertion (295) (296) 
(Level of Evidence 2).  

• Silver alloy antimicrobial surfaces (297) (298).  

• Catheter coatings to reduce protein absorption 
(299).  

• Inflation of the balloon with a biocide solution, 
such as Triclosan (243) (252).  

• Disruption of matrix or glycocalyx components 
with agents such as heparin (300). 

• Numerous trials of oral antibiotics, antimicrobial 
bladder washes, drainage bag solutions and top-
ical disinfectants all lead to the conclusion that 
bacteriuria and UTI may be suppressed tempo-
rarily at best, but resistant organisms are highly 
likely to emerge (301). 

h) Bladder cancer 

The reported incidence of squamous and transitional 
cell carcinoma associated with chronic indwelling 
catheterisation varies widely across studies (302) 
(303). In a US based study of 3,670 SCI subjects with 
indwelling catheters, the incidence of bladder cancer 
was 77/100,000 population vs 17/100,000 for the US 
general population (304) (Level of Evidence 3). Even 
SCI patients without an indwelling catheter may have 
a higher risk bladder cancer 15 times that of the gen-
eral population and it is postulated that the neuro-
genic bladder may itself be a risk factor (305). The 
potential relationship between duration of catheteri-
sation and cancer development could be studied fur-
ther, particularly because patients change their form 
of bladder drainage which confounds the subgroup 
analysis in retrospective studies. Squamous cell can-
cer also was reported in two cases in persons with 
suprapubic catheters, which is believed to be uncom-
mon and needs to be differentiated from granuloma-
tous conditions which are common (306). Bladder 
calculi have been identified as an independent risk 
factor for bladder cancer by some authors (302).  

Carcinoma within the cystostomy tract with SPC has 
also been reported (307) (308) (309). However, Ha-
mid et al. (310) raise concerns over the interpretation 
of screening cystoscopy and biopsy in this population 
and note the importance of the distinguishing be-
tween histological changes and confirmed cancers 
when interpreting study results. Guidelines on cathe-
ter management includes a recommendation that pa-
tients with urethral catheters in place for 10 years or 
more should be screened annually for bladder cancer 
(311) (Grade  of Recommendation C). 

i) Catheter management strategies 

In addition to CAUTI and encrustation, catheterisation 
is associated with several other complications: 
trauma due to malposition, leakage, calculi, false pas-
sage, haematuria, dislodgement, urethral strictures, 
hypersensitivity or anaphylaxis related to the catheter 
material (312) (313) (314). In a prospective surveil-
lance project in a U.S. Veteran’s Administration hos-
pital, genitourinary trauma was as common as CAUTI 
(315). In one group of 202 community-dwelling adults 
with long-term catheters the authors described cath-
eter related problems: 31% with CAUTI, 24% block-
age of the catheter, 12% accidental dislodgement, 
pain (23%), sediment (63%), bladder spasms (36%), 
or urine leakage (43%) (220). Many case reports de-
scribe catheter-related complications such as: ure-
thral injury (316) (317) (318), intraperitoneal rupture 
of the bladder (319) (320), fistula (321), and iatro-
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genic hypospadias (322). These complications con-
sume nursing time, compromise quality of life, and 
are costly to the healthcare system.   

Overall, complications can be reduced if systematic 
approaches are taken to catheter care. Guidelines 
and protocols for catheter-care practices have been 
developed by clinical experts and should be part of 
an institution’s care mandate. Research findings on 
topics such as meatal cleaning, lubrication, catheter 

securement, pain, and encrustations are discussed 
below.   

Suprapubic versus urethral catheter insertion: Inci-
dence of complications such as CAUTI, bladder cal-
culi and encrustations do not differ between urethral 
or SP routes, but SPCs do offer easier access to cath-
eter site, easier recatheterisation, and may be more 
comfortable for individuals. Table L-8 compares the 
two insertion approaches.  

Table L-8: Comparison of long term urethral and suprapubic catheters. 

Comparisons Urethral Suprapubic 

Insertion Insertion by qualified 
healthcare professional 

Initial placement must be by 
urologist/expert; may require anaesthetic 

Upper urinary tract 
complications: vesicoureteral 
reflux; renal dysfunction, 
hydronephrosis; pyelonephritis 
renal calculi 

No difference 
 

Urothelial Cancer No difference 

Lower urinary tract 
complications: bladder calculi 

No difference (594) (595). 

Lower urinary tract 
complications: ASB; symptomatic 
UTI 

No difference  (219) (295) (596). 

Lower urinary tract 
complications: urethral 

Risk of urethral stricture, 
urethritis, scrotal abscess 

Rare; SPC protects anterior urethra (271). 

Urinary incontinence/skin care By-passing occasionally 
causing perineal dermatitis; 
can usually be treated by 
medical/nursing management 

Urethral leak especially if prior 
urethral/bladder neck trauma from UC; can 
only be treated surgically;  
Risk of over-granulation of stoma tract 
causing pain/bleeding on removal (323) 
(597) (598).  
Stoma site can be prone to IAD from urine 
leak or irritation from the catheter. 

Access for catheter insertion Can be difficult in patients 
with leg spasms, who are 
obese, men with retracted 
penis 

Straightforward when track established; 
tract can close within hours if catheter falls 
out. 

Not suitable if Urethral deformity/stricture Haematuria of unknown origin,  
Bladder tumour  
Small contracted or fibrotic bladders  
Obesity if pannus covers SPC site; obesity 
makes catheter insertion more difficult or 
impossible because of the trocar length.  
Abdominal scarring from surgery or 
radiation 

 

When changing a SPC, the new catheter should be 
inserted as quickly as possible as a delay of only a 
few minutes can result in partial obliteration of the 
tract (323) (324) and the tract will close completely 
within 24 hours.  It is also possible to insert the new 
catheter too far into the bladder so it enters the ureter 
with resultant trauma with balloon inflation. Careful 
observation of the length of catheter external to the 
abdomen and the angle of protrusion prior to catheter 

change can help to ensure correct positioning of the 
new catheter (325). However, this is not always 
enough evidence to show correct positioning. A case 
presentation of a catheter which had “doubled-back” 
and showed the correct length suggests that imaging 
may occasionally be required to ensure correct place-
ment.   Dressings around the stoma site are not nor-
mally required unless there is excessive discharge, 
causing staining and / or sticking to clothing. 
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Maintaining effective catheter drainage 

Use of urinary catheters is rarely completely trouble-
free. Catheter drainage can be compromised by a va-
riety of factors from simple causes such as kinked 
tubing or the position of the drainage bag, to bladder 
spasm, pressure of a constipated bowel on the adja-

cent urethra, suction of bladder mucosa into the cath-
eter eye, or blockage by blood clots, mucus or en-
crustations. The algorithms in Fig L-2, Fig L-3 and Fig 
L-4 combine current evidence-based knowledge and 
expert opinion to provide some guidance on trouble-
shooting common problems. Further research is re-
quired to determine if dependent loops, which allow 
urine stasis, could contribute to CAUTI (126). 
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Fig L-3: Troubleshooting long-term indwelling catheter problems: urine does not drain. (N = No; Y = Yes). 

(Always have a spare catheter available). 
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Fig L-4: Troubleshooting long-term indwelling catheter problems: urinary bypassing. 
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Fig L-5: Troubleshooting long-term indwelling catheter problems: the inflation balloon does not deflate.   

Catheter clamping prior to removal 

Two new studies are conflicting on the value of 
clamping post operatively. In a non-randomised study 
of neurosurgical patients with a short term catheter 
(mean 2.6 days) the clamped group had a shorter 
time to urination, less residual and positive percep-
tions of their first void (Liu et al, 2015). In contrast, in 
a trial involving 60 stroke patients randomised to free 
drainage or timed clamping over 1, 2, or 3 days, there 
was no difference in time to first void, volumes, or re-
sidual, and clamping may have contributed to other 
problems like leakage or CAUTI. The authors recom-
mended that an indwelling catheter be removed with-
out attempts to recondition with clamping (326) and 

this approach is consistent with the findings from a 
recent systematic review (327). 

Catheter valves 

A catheter valve is a compact device used to control 
urine flow and is connected to the catheter outlet in 
place of a bag to allow a discreet alternative to con-
ventional urine drainage bags. Valves are available in 
a variety of designs (Fig L-6) ranging from simple de-
vices used for up to a week, to more complex forms 
which last longer and which may permit one-handed 
action. Most valve designs can be attached to a drain-
age bag at night to allow free drainage while the pa-
tient sleeps. 
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Fig L-6: A variety of catheter valves with different closure mechanisms. 

• Suitable for: those who can manipulate the valve 
mechanism and empty the bladder regularly to 
avoid bladder distention and accompanying risks 
of reflux on the upper urinary tract.  

• Not suitable for: people with poor manual dexter-
ity, low bladder capacity, detrusor over activity, 
vesicoureteric reflux, renal impairment or cogni-
tive impairment.  

Evidence supporting the beneficial effects of catheter 
valves is derived from expert opinion and there is a 
paucity of research in this area. A lack of knowledge 
on valves may interfere with appropriate use; there-
fore, a full assessment is required to determine 
whether the person is a good candidate for a catheter 
valve using a systematic process, such as an algo-
rithm (328). 

There is no new research on catheter valves. Find-
ings from studies reported in the 5th consultation 
(2013) indicate (329) (330) (331) (332):  

• Catheter valves provide a well-accepted system 
of bladder emptying for those who can manipu-
late the valve mechanism and empty the bladder 
regularly to avoid overfilling (Level of Evidence 
2).  

• There is no evidence of increased risk of CAUTI, 
bladder spasms or discomfort compared to con-
ventional drainage systems although there may 
be a higher incidence of nocturnal frequency and 
episodes of bypassing with valves. (Level of Ev-
idence 2).  

• Valves may promote maintenance of bladder 
tone and capacity (Level of Evidence 4).  

• Preferred valve design should be easy to manip-
ulate, leak-free, and inconspicuous (333). (Level 
of Evidence 3).  

• An automatic valve system for LTC patients 
(334) may be helpful for patients who lack suffi-
cient dexterity to manage a manual valve.  

A catheter valve may facilitate periodic flushing but 
clinical evidence is currently lacking on reduction of 
encrustations and prolonging catheter life.  Only one 
controlled laboratory study has explored the question 
(500), indicating that time to blockage with valves was 

extended by over 50% compared to controls.  There 
is an opportunity for clinical research in this area. 

Catheter change frequency  

There is no research evidence to support specific 
change intervals for IUC or SPC. Thus protocols vary 
widely between facilities from monthly to several 
weeks if the catheter is trouble-free. There is inade-
quate evidence to state that CAUTI will be reduced 
when the catheter is changed every 4-6 weeks, rather 
than only when it blocks, or with planned changes of 
every two weeks (335).  

Lubrication 

Guidelines and clinical reports suggest that injury or 
discomfort may be minimised by using a sterile lubri-
cant or anaesthetic gel (336) (337) for male catheter-
isation; few have considered the procedure for 
women or for supra-pubic catheterisation (338). Re-
sults are mixed on the benefit of lignocaine versus 
water based lubricant for female catheterisation: one 
trial demonstrated lignocaine gel group had a signifi-
cantly lower median procedural pain score compared 
to the group receiving a water-based lubricating gel 
(339) whilst another trial found no difference between 
lubricants (340).  In a small trial with infants, intraure-
thral the lidocaine resulted in less catheterisation dis-
tress than topical or topical and intraurethral water 
based lubricants (341). 

The United Kingdom National Institute for Health and 
Care Excellence (NICE) guidelines on infection con-
trol (342) recommend: ’an appropriate lubricant from 
a single–use container should be used during cathe-
terisation to minimise trauma and infection’. Anaes-
thetic gels may be contraindicated in patients with 
damaged or bleeding urethral membranes and 
should be used with caution in those with cardiac con-
ditions, hepatic insufficiency and epilepsy (343). Lub-
ricants which contain chlorhexidine have been re-
ported to trigger anaphylaxis in a small number of pa-
tients during catheter insertion and consequently a 
careful history is required to screen for sensitivities 
(344). 

Fluid intake 

Apart from catheter maintenance solutions, labora-
tory studies suggest that dilute urine or increased uri-
nary citrate concentration from orange juice or other 
fruit juices could be beneficial (262) but randomised 
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clinical studies are needed to assess the benefit of 
fluid adjustments.    

Catheter Securement 

Catheter securement may prevent movement of - and 
tension on - the catheter and potentially reduce the 
incidence of urethral erosion, trauma and pain, pre-
vent accidental dislodgement from traction (345), and 
possibly reduce the incidence of bacteriuria (346). Of 
note is that whilst securement is intuitively better care, 
it is not necessarily put into practice. Two studies 
highlight this: of 82 nurses (8 continence specialists), 
98% recommended securement but only 4% were 
documented using it (347); in a one day point preva-
lence study in acute care, only 18% (8 of 44) of the 
catheters were secured (124).  

Several securement devices are available ranging 
from:  

• Adhesive devices (potential for skin irritation).  

• Non-adhesive straps covered in fabric (can slip 
down with full urine bag).  

• Holster styles (348).  

• Adhesive tape such as silicone tape can be gen-
tler than paper tape, based on a single trial with 
children (349). One case report in paediatrics 
demonstrated efficacy in using an adult leg bag 
to hold the catheter in place (350).  

Choice will depend on individual’s usual activity, 
clothing, size of the thighs and the weight of the bag 
it would support. All need to be comfortable, easy to 
use, and gentle to the skin (351). 

Self-management 

Self-monitoring, a component of self-management, 
involves awareness of what to notice and related 
measurements or observations (352). Self-monitoring 
urine flow was found to be helpful in preventing or 
minimising catheter-related problems in a pilot study 
with 11 community-based individuals over a six 
months’ time period (172). In the follow up random-
ised trial (N=202), a self-management programme for 
long-term indwelling urinary catheter users was 
tested in an experimental design. The intervention 
consisted of a 3 day intake and output urinary diary, 
educational booklet, and three home visits by a study 
nurse (348). The outcomes of CAUTI, blockage, and 
accidental dislodgement were evaluated over the 12 
months’ participation, measured in bimonthly phone 
call interviews, using a general estimating equation 
(GEE) and rates calculations. In the first six months 
of the study, blockage reports of occurrence (yes / 
no), but not frequencies of the event, were signifi-
cantly lower in the experimental group than in the 
control group. No group differences were found for 
the full 12 months of the study or for other outcomes; 
however, examination of rates indicated that both 
groups improved over the 12 months’ study for all out-
comes. Researchers believe that the self-monitoring 
through use of repeated interviews and of a catheter 

calendar for data collection in both groups contributed 
to overall self-care management improvements 
(230). 

j) Education of healthcare providers 

Despite the development of quality guidelines and the 
attention on CAUTI, knowledge and understanding of 
appropriate catheter care and risks of prolonged use 
remains suboptimal in many centres (353) (354) 
(355) (356) (357) (358). Educational approaches to 
research-based recommendations for catheter selec-
tion and minimising problems are welcomed by 
healthcare professionals and need to be made avail-
able in a variety of ways as part of on-going staff up-
dates (359) (360) and as part of quality improve-
ment/patient safety strategies.  

k) Quality of life and catheterisation 

Indwelling catheters can have both positive and neg-
ative effects on life quality. Users report reduced ac-
tivities (361), embarrassment (271) (274), shame or 
stigma (171). Other concerns are loss of privacy (171) 
(273) (362) (363), end to sexual activity (364) (363) 
(365) (366), loss of manhood (367) and fear of odour 
and leakage (171) (366) (368) (369). Some indicate 
that care providers often dismiss their anxiety and 
concerns or do not provide enough information about 
sexuality or catheter care (363) (370) (Level of Evi-
dence 3).    

Positive benefits of catheterisation are also noted.  In 
one qualitative study with 27 community dwelling 
adults, perspectives differed (371). Some who were 
no longer wet regarded the catheter positively, and 
several developed more self-reliance as they dealt 
with catheter problems. Others described the chal-
lenge of finding bathrooms and adjusted or limited 
their outings accordingly (Level of Evidence 2). Simi-
lar results were found in another qualitative study of 
36 persons; changes in sexuality, behaviour, and 
self-esteem varied among individuals. Some said the 
catheter had no impact and others indicated it had 
profound effects on body image and sexuality. A su-
prapubic catheter was of benefit to some and the 
catheter position was important related to comfort, 
aesthetics, and body image (370).    

The Consortium of Multiple Sclerosis Centres (372) 
oversaw a postal survey asking general questions 
about bladder and bowel management. Of the 9397 
respondents, 12.8% used either intermittent or in-
dwelling catheterisation.  Fifty-three percent reported 
catheterisation having a positive impact. While the 
majority used intermittent catheterisation (64.7%), 
neither indwelling nor intermittent catheterisation ap-
peared to affect QOL (373).  

It is known that adherence to recommended bladder 
management post SCI is not always optimum for a 
variety of reasons (374). People sometimes switch 
from IC to an indwelling catheter -- despite the inher-
ent problems with an indwelling catheter -- because 
of QOL issues (374). Many use different bladder 
drainage methods over time (172) (375). In one chart 
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review of people with SCI, 52% who were discharged 
using IC chose urethral catheterisation by 6 months 
citing discontinuation because of: the need to depend 
on caregivers, poor hand functioning, spasticity, in-
continence (despite anticholinergic drugs) and toilet-
ing inconvenience (Level of Evidence 3).  Problem 
solving by users for best catheter care is an area 
open for research.  As part of a randomised clinical 
trial teaching self-management in 202 long-term in-
dwelling catheter users, there were no group differ-
ences for QOL, though QOL improved somewhat dur-
ing the 12 months participation in each group (230).   

Practical aspects of living with the catheter, such as 
managing the drainage bag, can be significant (See 
Section H). In a small pilot study based on a postal 
questionnaire to LTC catheter users (n=59) (525) al-
most 25% of respondents stated that wearing a bag 
had a major negative affect on everyday living. Con-
cealment was a key concern (89%) and visibility of 
the bag can be considered demeaning and declares 
a loss of bladder control (171) (273) and the fear of 
the bag leaking contributes to vulnerability. Even a 
short-term catheter can assault one’s dignity. In a 
study in post-operative short-term catheter use, peo-
ple complained about feeling “on display” and objec-
tified (362) (Level of Evidence 3). 

Until recently, formal measurement of QOL has been 
limited because no validated instruments have been 
available. There are now two instruments measuring 
quality of life in people with indwelling urinary cathe-
ters, an earlier version (376) validated in two small 
samples and a robust measure recently available 
(26). The latter measure is preferred (Level of Evi-
dence 3).   

Guidelines 

Guidelines for appropriate catheter use and preven-
tion of catheter associated infections have been pub-
lished by nursing groups (377) and by Centers for 
Disease Control in the US (281), NICE (378) in the 
UK and (279), NICE  (376) in the UK and the Euro-
pean Association of Urology (379). The paucity of 
trial-based evidence has affected guideline develop-
ment. For example, in the NICE ‘Guidelines for pre-
vention of healthcare associated infections in primary 
and community care’ (342), of 29 recommendations 
relating to urinary catheterisation only six were di-
rectly based on Level 1 evidence.  Twenty-one were 
grade D, being based on evidence from expert 
groups or clinical opinion. 

Assessment Tools 

In USA long-term care settings, all newly admitted 
Medicare/Medicaid funded residents must receive an 
assessment using a standardised form -- Minimum 
Data Set (MDS). A further assessment is triggered 
when / if a resident is newly incontinent and the Res-
ident Assessment Instrument Minimum Data Set 
(RAI-MDS) is completed quarterly. Ideally, the instru-
ments should prompt staff to enquire about whether 

a catheter is medically warranted or to develop an in-
dividualised catheter care plan (including the fre-
quency of catheter changes and ongoing mainte-
nance). The MDS and RAI are now used in a number 
of other countries, including Canada and Iceland. 
This assessment process is strengthened in the USA 
by its link to quality indicators. Specifically, long-term 
care facilities are required to use information from the 
residents’ comprehensive assessment to provide as-
surances that: 

• Catheters are used for only medically valid rea-
sons.  

• Catheters are removed as soon as clinically war-
ranted. 

• Efforts are applied to restore or improve bladder 
function as much as possible. 

• Efforts are made to prevent infection while the 
catheter is inserted (380).  

Quality Indicators 

Regulation accompanied by the use of evidence 
based quality indicators has a powerful influence on 
the quality of care. Quality indicators are defined as 
quantitative measures reflecting a professional care 
standard used as guides to monitor and evaluate the 
quality of patient care and support service activities. 
The ACOVE (Assessing Care of Vulnerable Elders) 
suite of quality indicators has been designed to meas-
ure the quality of care for that group (381). It incorpo-
rates one quality indicator to guide care related to 
catheter use.  

 “IF a VE has clinically significant urinary retention, 
and a long-term (> 1 month) urethral catheter is 
placed, THEN there should be documentation of jus-
tification for its use, BECAUSE treatment of certain 
underlying causes(s) of urinary retention (e.g., treat-
ment of constipation or bladder outlet obstruction) 
may carry less risk than long-term urinary catheteri-
sation” (381). 

Patients themselves may also benefit from education 
to prevent unnecessary catheterisation. In one study 
of patients with short term catheters, 47% did not re-
alise that catheters contributed to CAUTI, 89% 
thought catheters were not used too often, and—
most importantly—68% preferred a catheter to a 
commode, bedpan or absorbent products (382). 

Guidelines and assessment tools alone do not 
change practice. Further efforts should be directed to 
disseminating evidence-based education and the use 
of quality indicators and regulatory initiatives.  

l) Cost benefit of different catheters 

Few studies have been published on the cost benefits 
of different catheters. The focus of economic studies 
has been in acute care using models to predict a pro-
portion of patients with bacteriuria who will develop 
symptomatic UTI or bacteraemia. One UK based de-
cision- analytic cost effectiveness study was found, in 
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relation to a randomised trial over six weeks for short 
term catheterisation. The conclusion was that nitrofu-
razone coated catheters but not silver coated ones 
were more cost effective (383). In a companion study 
of costs associated with long-term catheters in Swe-
dish nursing homes, catheter care costs were associ-
ated more with basic care than acute interventions; 
90% of the cost was for personnel (229). 

m) Urinary catheters versus other care strate-
gies 

Few studies have compared indwelling catheterisa-
tion with other strategies to manage urinary inconti-
nence, not least because of the difficulties in recruit-
ing to and conducting robust trials. Sheath systems 
are associated with fewer incidences of bacteriuria, 
symptomatic UTI or death than indwelling catheters 
(97). Participants reported that sheaths were more 
comfortable and less painful than indwelling cathe-
ters. 

Preferences for different urinary incontinence treat-
ments have been studied in long-term care (384). 
Most respondents preferred non-invasive strategies 
(containment products and prompted voiding) to inva-
sive strategies such as indwelling catheterisation 
(385). Older adults stated they would choose a treat-
ment based, in part, on feeling dry, being natural, not 
causing embarrassment, being easy, and not result-
ing in dependence.  

2. SUMMARY  

• Asymptomatic bacteriuria should NOT be treated 
with antibiotics; routine urine culture is unneces-
sary (unless urological instrumentation is 
planned) (Level of Evidence 1).  

• Meatal cleansing of a catheterised individual by 
simple washing with soap and water (i.e. not with 
antimicrobial agents) during routine bathing or 
showering is recommended (Level of Evidence 
1).  

• A closed drainage system should be maintained 
to reduce risk of catheter-associated infection 
(Level of Evidence 2). 

• Midnight versus morning removal of catheters 
may result in longer time to first void and larger 
first void and no difference in recatheterisation 
rate (Level of Evidence 2). 

• Alpha blockers pre catheter removal after AUR 
may result in fewer re-catheterisations and im-
proved voiding (Level of Evidence 2). 

• Silver alloy coated catheters do not reduce the 
onset of CAUTI (Level of Evidence 1). Antimicro-
bial catheters can prevent bacteriuria during 

short-term catheterisation (<14days) (Level of 
Evidence 1).  

• Nitrofurazone coated catheters may reduce 
CAUTI risk, but are associated with discomfort. 
Potential toxicity and / or antimicrobial resistance 
is unknown (Level of Evidence 2). 

• All currently available catheter materials are sub-
ject to bacterial biofilm formation (Level of Evi   
dence 1). 

• Recurrent urinary catheter blockage occurs in as 
many as 50% (range 24-50%) of all long-term 
catheterised patients (Level of Evidence 2).  

• Recurrent urinary catheter blockage caused by 
encrustation occurs in 40-50% of all long-term 
catheterised patients (Level of Evidence 2. 

• In the majority of individuals with a long-term in-
dwelling catheter, a characteristic pattern of 
‘catheter life’ can be identified (Level of Evidence 
3). 

• Evidence from in vitro models of the catheterised 
bladder indicates that: i) dilute urine; ii) high urine 
citrate content (> 1.5mg/mL) reduce risk of block-
age (Level of Evidence 2). 

• There is insufficient evidence from RCTs to as-
sign an in vivo level of evidence for catheter 
washouts (Level of Evidence 2). 

• Suprapubic catheterisation (SPC) is an appropri-
ate alternative to urethral catheterisation (Level 
of Evidence 1). 

• There is some evidence for a reduction in cathe-
ter-associated infection in SPC use during short-
term catheterisation (Level of Evidence 2), com-
pared to urethral catheter insertion. However, 
there is no corresponding evidence for long-term 
catheterisation (Level of Evidence 2). 

• Patient comfort, quality of life and satisfaction 
with SPC is generally good compared to urethral 
catheters (Level of Evidence 1). 

• Catheter valves provide a well-accepted system 
of bladder emptying for suitable patients who are 
able to manipulate the valve mechanism and 
empty the bladder regularly to avoid overfilling 
(Level of Evidence 2).  

• There is no evidence of increased risk of urinary 
tract infection with valves compared to conven-
tional drainage systems (Level of Evidence 2). 

3. RECOMMENDATIONS 

Recommendations relating to indwelling catheters 
are summarised in Table L-9. 
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Table L-9: Recommendations relating to indwelling catheters. 

• Indwelling catheters should only be used after alternative management strategies have been considered 
and rejected as unsatisfactory (Grade of Recommendation A). 

• Duration of catheterisation should be minimal (Grade of Recommendation A). 

• A closed drainage system should be maintained to reduce risk of catheter-associated infection (Grade of 
Recommendation A). 

• Meatal cleansing with plain soap and water (not with antimicrobial agents) is recommended (Grade of 
Recommendation A). 

• Addition of disinfectants to drainage bags, bladder irrigation and antibiotic prophylaxis are NOT recom-
mended as routine infection-control measure (Grade of Recommendation A). 

• Silver-alloy catheters are not recommended for use in acute or long term care as they do not significantly 
reduce the incidence of CAUTI (Grade of Recommendation A). 

• Routine urine culture in an asymptomatic patient is not recommended (Grade of Recommendation B). 

• Catheter materials designed for long-term use (all-silicone, silicone or hydrogel-coating) should be used 
where a catheter is expected to be used long-term (i.e. >14days) (Grade of Recommendation B). 

• If a long-term indwelling catheter is being considered, both SPC and UC should be considered, following 
appropriate risk assessment (Grade of Recommendation B). 

• Routine washout solutions are NOT recommended to reduce encrustation or debris (Grade of Recommen-
dation B). 

• Preconnected urine drainage bags and catheters are NOT recommended as a means to prevent CAUTI 
(Grade of Recommendation C). 

• UC and SPC catheters and drainage bags should be adequately supported to maintain patient comfort and 
prevent meatal or cystostomy tract damage from traction or abrasion (Grade of Recommendation C). 

• UC and SPC insertion should be carried out only by appropriately trained and skilled practitioners using 
aseptic technique (Grade of Recommendation C). 

• Effective handwashing before and after handling catheters and drainage equipment may reduce the inci-
dence of CAUTI (Grade of Recommendation C). 

• In patients with recurrent catheter encrustation and blockage, systematic monitoring should be undertaken 
to identify a characteristic pattern of ‘catheter life’ and instigate pre-emptive catheter changes prior to likely 
blockage (Grade of Recommendation C). 

4. PRIORITIES FOR RESEARCH 

a) General 

• Agreement on key outcome measures to permit 
comparisons between studies: 

o Standardised definition of UTI for catheter-
ised individuals.  

o Asymptomatic bacteriuria in a catheterised 
patient and its clinical / research implica-
tions. 

o Standardised time frames for following pa-
tients.  

o Documentation of the use of antibiotics prior 
to and during a study eg preoperatively in 
surgery or commencement of antibiotics for 
other conditions during the study,  

o Patient follow-up to include post catheter re-
moval. 

o Adherence to CONSORT guidelines (386). 

o Definition of recurrent blockage. 

o Consistent use of rates/1000 catheter days 
for blockage as well as CAUTI. 

• Mixing study outcomes of asymptomatic bacteri-
uria and symptomatic urinary tract infection 
(CAUTI) limits meaningful comparisons and con-
tributes to a lack in knowledge of effective ways 
to treat symptomatic CAUTI (387). 

• Comparative studies of different patient groups 
eg. males and females, different age groups, pa-
tients at home and those in institutional care, in-
cluding patients’ comfort, satisfaction and quality 
of life measures. 
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b) Indwelling catheters  

• Address the barriers healthcare professionals 
face regarding optimum catheter management.  

• Compare catheterisation techniques eg CIC, su-
prapubic and urethral catheters, on CAUTI and 
other risks or potential benefits. 

• Review any detrimental effects on bladder tissue 
from persistent asymptomatic bacteriuria in long-
term catheterised patients. 

• Conduct laboratory and clinically based research 
of strategies to reduce recurrent catheter encrus-
tation and blockage, including maintaining a di-
lute urine, increased level and acceptance of uri-
nary citrate, role of acidic ‘catheter maintenance’ 
solutions. 

• Further development of catheter materials re-
sistant to microbial biofilm formation, new ap-
proaches to disruption of the biofilm, or alterna-
tives to catheterisation. 

• Development of further self-management re-
search focusing on decreasing blockage and 
CAUTI. 

• Explore the role of caregivers in providing care to 
people with long-term catheters. 

c) Catheter valves 

• Clinical investigation of effect of catheter valves 
on incidence and frequency of catheter encrus-
tation and blockage. 

• Cost-effectiveness studies of disposable versus 
re-useable valves. 

• Studies designed to demonstrate if catheter 
valves promote maintenance of bladder tone and 
capacity. 

• Further examination of combination manage-
ment strategies such as valve during the day and 
free drainage overnight. 

• Studies demonstrating the value of new designs 
in catheter valves, eg those operated by mag-
nets for people lacking in hand dexterity. 

 INTERMITTENT CATHETERS 

Intermittent catheterisation (IC) is the act of passing 
a catheter into the bladder to drain urine or maintain 
stricture patency via the urethra or a catheterisable 
channel such as a Mitrofanoff diversion. Urine is 
drained and the catheter removed until the next indi-
cated time.  IC avoids many problems associated with 
indwelling catheters but urinary tract infections (UTI) 
remain an issue for many IC users and most re-
search, until recently, has focussed on UTI as an out-
come. Intermittent catheterisation is a sterile tech-

nique in care settings and a clean procedure for com-
munity based individuals who self-catheterise or have 
a single caregiver providing bladder care. Policy var-
ies by country on sterile single use catheters or reuse 
of catheters for IC. To date, there is an absence of 
evidence to support sterile single use catheters for 
community dwelling individuals with respect to pre-
vention of UTI although users may report improved 
quality of life with single use.  In this section, we pro-
vide an overview of the current literature on IC related 
UTI, quality of life and cost effectiveness.  

The main factors that make intermittent catheterisa-
tion (un)suitable for people are listed in Table M-1. 

Table M-1: The main factors that make intermittent 
catheterisation (un)suitable for people. 

Intermittent catheterisation may be suitable for 
those with: 

• Neurological disorders resulting in urinary reten-
tion or incomplete emptying. 

• Detrusor sphincter dyssynergia. 

• Incomplete emptying post operatively eg follow-
ing Botox incontinence surgery. 

• Acute urinary retention (most commonly in men). 

• Urethral stricture requiring ongoing management. 

• Continent urinary diversions such as a Mitrofanoff 
diversion. 

Intermittent catheterisation is not suitable for 
those with: 

• Poor hand dexterity or visual problems or no 
caregiver to assist. 

• Insufficient cognitive awareness to understand 
the process. 

• Reluctance or inability to perform the technique 
themselves, and unwilling to accept the proce-
dure from a caregiver. 

1. EVIDENCE 

At the time of the 5th International Consultation (31), 
there were 25 published randomised controlled trials 
on some aspect of IC and 2 Cochrane reviews on the 
topic (388) (389). The first review focused on the ef-
fect that catheter design (uncoated or coated) and 
sterile or clean catheterisation technique had on the 
incidence of UTI; the authors concluded there was in-
adequate evidence to state that any type of catheter 
or method influenced the incidence of UTI in commu-
nity dwelling IC users. The second review addressed 
policies related to IC, indwelling and suprapubic cath-
eterisation. The authors concluded there was weak 
evidence to support prophylaxis in IC users and that 
antibiotic resistance was an issue. Findings from the 
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last (5th) consultation  (31) are included in the sum-
mary, below.  

Since the last (5th) consultation (31) there have been 
five IC-related RCTs (390) (391) (392) (393) (394), 
five Cochrane reviews (394), (395) (396) (397) (398) 
three systematic reviews (399) (400) (401), one la-
boratory based study on catheter cleaning (402) and 
one on acceptability of a new cleaning method for 
catheters reused by a single IC user (403). Most re-
search on IC continues to relate to catheter-associ-
ated urinary tract infection (CAUTI) and quality of life.  

Short term (less than 14 days) studies focused on 
hospitalised individuals whereas long-term (using IC 
on an ongoing basis) studies are almost exclusively 
of patient groups with neurogenic bladder disorders.  
Small scale, comparable studies of new products are 
common and are often industry-sponsored.  

One cost effectiveness study was found (404). Using 
a probabilistic decision analysis describing UTI over 
the lifetime of a spinal cord injured patient, those ‘as-
signed’ to single use hydrophilic coated catheters ver-
sus single use uncoated PVC catheters had 1.4 addi-
tional life years over a 35-year period compared to 
PVC catheter users. 

a) Short-term bladder management 

Less than 14 days: Zhang et al. (401) conducted a 
systematic review and meta-analysis to compare the 
rates of UTI and postoperative urinary retention 
(POUR) in individuals who had undergone total joint 
arthroplasty, randomised to either an indwelling ure-
thral catheter or IC. Nine RCTs involving 1771 pa-
tients were included. All indwelling catheters were re-
moved within 24-48 hours postoperatively. Rates of 
UTI were similar between groups and it was con-
cluded that for patients at risk for POUR, indwelling 
catheterisation removed 24-48 hours post operatively 
was the preferred option.  For those low risk patients 
either indwelling catheterisation or IC could be appro-
priate or catheterisation following the surgery could 
be on as needed basis.  

Choice of catheter 

Comparison of short-term (less than 14 days) urethral 
indwelling or urethral intermittent or suprapubic cath-
eterisation in adults hospitalised for a wide range of 
reasons, from urogynaecology surgery to medical 
management was presented in a Cochrane review 
(395). The authors concluded that suprapubic cathe-
ters reduced both asymptomatic bacteriuria, recathe-
terisation and pain compared with indwelling urethral 
catheters but that the evidence for symptomatic UTI 
and asymptomatic bacteriuria for indwelling urethral 
or IC inconclusive.  The evidence was also inconclu-
sive for advantages of suprapubic versus IC. 

b) Long-term / continuing chronic bladder man-
agement  

UTI prevention: 

With respect to incidence of UTI and long-term IC, a 
recent Cochrane review compared one type of cath-
eter design versus another, aseptic versus clean 
technique, single use versus multiple use catheters, 
self-catheterisation versus catheterisation by others, 
user preference and ease of use in both adults and 
children. Thirty-one trials met the inclusion criteria: 13 
RCTs and 18 cross-over trials. The authors con-
cluded that despite the number of trials there is still 
no convincing evidence that incidence of UTI is af-
fected by any technique, coated or uncoated catheter 
or single or multiple use ‘clean’ catheters.  The au-
thors noted that current evidence is weak and trial de-
sign issues remain a significant issue. Since this re-
view a cleaning method for multi-use catheters has 
been published (403) together with evidence of its ef-
ficacy (402). However, the method has not been 
tested in a randomised controlled trial.    

In another Cochrane Review, (398) policies relating 
to antibiotic prophylaxis and IC were addressed.  
Eight trials met the inclusion criteria with all but one 
(Zegers 2011) at least 19 years old. The absence of 
recent research likely reflects the major practice 
change with respect to antibiotic resistance and pre-
scribing recommendations of ‘as clinically indicated’ 
versus prophylaxis. Of the 8 studies, only one (405) 
favoured prophylaxis in children with spina bifida at 
higher risk: female, with vesico-ureteral reflux and 
high infection rates. The review authors concluded 
that implications of ongoing antibiotic use might out-
weigh limited benefit of prophylaxis. 

In an attempt to evaluate whether IC is better than 
IUC, external (sheath) catheters are better than IUC 
or IC; or that IC is better than timed voiding. Jamison 
and colleagues reviewed over 400 studies involving 
individuals managing neurogenic bladder over the 
long-term (396). No trials were found that met the in-
clusion criteria so that currently it is not possible to 
draw any conclusions regarding clear benefit of IC 
over other methods in managing the neurogenic blad-
der. 

Quality of life / patient preferences 

Moving away from the clinical aspect, recent research 
focuses on IC users’ quality of life.  Research in this 
area predominately explores catheter designs (e.g. 
different lengths, ‘ready to use’ presentation) with dif-
ferent materials such as PVC-free and catheters with 
coatings such as hydrophilic (406). Unsurprisingly, 
these studies are often industry-sponsored. Another 
trend in the literature is the focus on user groups with 
neurogenic bladder disorders and how IC can im-
prove their quality of life. IC continues to be seen as 
the most commonly used procedure for those with in-
complete bladder emptying and offers the ability to be 
self-caring, maintain independence and the oppor-
tunity to decide when and where to empty the blad-
der.  

Other aspects that are evident in the literature are 
how long-term IC impacts on individual’s daily lives. 
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Apart from obstacles such as insufficient hand move-
ment or being unable to sit, which can restrict some 
patients access to IC, worries, embarrassment (407) 
and psychological coping mechanisms (408) studies 
also report that patients find intermittent catheters un-
wieldy, difficult to use or to carry discreetly (390).  As 
one study reports, moreover, the efficacy of CIC is of-
ten measured by the individual’s quality of life. A ran-
domised, crossover, multicentre study evaluated dis-
creet design compact catheters compared to stand-
ard catheters, which were used by those with neuro-
genic bladder dysfunction. Results found that 63% 

preferred the discreet compact hydrophilic coated in-
termittent catheter design as it contributed to a signif-
icant improvement in patient quality of life (390). 
Choice of product which offers discretion, ease of use 
and eliminates social anxiety is current user prefer-
ence (408) (409). 

Although there are several devices available to ena-
ble catheterisation by the individual - mirrors, catheter 
holders, and clothing retractors - it is of note that no 
published studies have explored IC users’ impres-
sions of these devices. Fig M-1 shows a catheterisa-
tion aid. 

  
a b 

Fig M-1: A catheter holder / insertion aid (a) and an inflatable cushion with mirror, to be held between the 
knees and provide a better view of the urethral meatus when self-catheterising (b). 

c) Self-management research 

One small trial has tested the feasibility and usability 
of a web-based intervention in a sample of people 
with spinal cord injury (N=34) using intermittent cath-
eters (IC). Prior to the pilot with 30 individuals, the 
three-month intervention was pre-tested (N=4), and 
suggestions were given to refine the application, in-
cluding modifying the web-based interactive urinary 
diary for mobile phone use. The single group pre-post 
study involved: a 23 page online educational booklet, 
links to ICI’s Catheter Products website and other re-
lated products, two phone calls with a study nurse in 
the first month and a follow up phone call at three 
months to revise goals and approaches. In addition 
discussion fora were provided, moderated by the 
study team and 2 peer advisors chosen from the pre-
testing group (410) (411). Measures about self-effi-
cacy and self-management of IC were developed and 
tested. The web-based application was well received, 
with the forum being used the least often yet well 
liked. Catheter related self-management was signifi-
cantly improved with most comments about positive 
changes in fluid intake. Catheter self-efficacy and 
quality of life increased slightly and UTI decreased 
from the three months prior to the study (42% to 
30%), but these changes were not significant. The in-
tervention is ready to be tested in a larger study (412). 

2. SUMMARY 

• There remains insufficient evidence to state that 
one catheter product or catheterisation tech-
nique is better than another in the prevention of 
UTI in IC users (Level of Evidence 1).  

• Soap and water combined with a 15 minute Mil-
ton soak (Milton method) renders catheters free 
of pathogenic organisms (Level of Evidence 1).    

• Quality of life might be improved with use of com-
pact portable IC catheters compared to standard 
length catheters or through single use catheters 
(particularly hydrophilic coated catheters. (Level 
of Evidence 2). 

• Antibiotic prophylaxis may be beneficial for se-
lect individuals but must be weighed against the 
potential of antibiotic resistance (Level of Evi-
dence 2). 

• Intermittent catheterisation users find the Milton 
method (above) easy to use and of little burden 
(Level of Evidence 2) 

• There are several catheter products on the mar-
ket: uncoated PVC requiring added lubricant; gel 
coated; hydrophilic gel coated. Personal prefer-
ence may determine use (Level of Evidence 4). 
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• Aids such as clothing holders, mirrors or catheter 
holders may facilitate catheterisation (level of Ev-
idence 4). 

3. RECOMMENDATIONS 

Recommendations relating to intermittent catheters 
are summarised in Table M-2. 

Table M-2: Recommendations relating to intermit-
tent catheters. 

• Intermittent catheterisation (IC) is a treatment of 
choice for those with ongoing bladder emptying 
problems and residual urine > 100ml who are 
able to manage the technique (Grade of Recom-
mendation A). 

• IC technique can be taught to all ages of people 
with appropriate motivation and manual dexterity 
(or to a carer where this is acceptable to both par-
ties). Appropriate education and ongoing support 
is needed (Grade of Recommendation C/D). 

• Frequency of catheterisation needs to be based 
on individual need, to prevent over-filling of blad-
der (Grade of Recommendation C). 

• An external lubricant or lubricant-coated catheter 
is recommended to minimise urethral trauma 
(Grade of Recommendation C). 

• IC users may benefit from access to different 
catheters or catheter-packs for different purposes 
(eg ease of use may be particular important when 
at work or in public) (Grade of Recommendation 
C). 

4. PRIORITIES FOR RESEARCH 

• Testing of catheter cleaning methods by large 
groups to assess safe multi use of catheters.  

• Ensure trials adhere to consistent definition of 
symptomatic urinary tract infection. 

• Cost effectiveness studies should include patient 
acceptability/satisfaction with the procedure and 
or product.  

• Health utility in various situations need to be con-
sidered, e.g., at home vs. away.  

• Further development of self-management re-
search in IC users in various populations in mul-
tiple sites.   

 PRODUCTS AND DEVICES FOR 
PREVENTING OR MANAGING 

FAECAL INCONTINENCE AND ITS 
SEQUELAE 

1. INTRODUCTION 

Anal plugs (to prevent faecal leakage) and peri-anal 
pouches, rectal catheters and absorbent pads (to 
contain it) may be used to manage faecal inconti-
nence (FI) and its complications of skin damage and 
odour. Plugs, pouches and rectal catheters are dis-
cussed here while absorbent pads for managing FI 
are covered in Section F.10), and incontinence-re-
lated skin and odour problems in Sections O and P, 
respectively. Other approaches to conservative man-
agement of FI are addressed comprehensively in 
chapter 17 and in chapter 11.  

Products and devices that redirect and / or store fae-
ces have been used in individuals in institutions - 
such as hospitals and nursing homes - who are con-
fined to bed and require assistance in incontinence 
management and toileting by caregivers due to acute 
or critical illness or functional disability (413) (414) 
(415) (416). These devices are often used to prevent 
or treat damage associated with FI or other wounds. 

1.1. Anal Plugs 
An anal plug (Fig N-1) consists of a removable, small 
cup-shaped piece of foam that is held in a collapsed 
position by a film for insertion. When the film comes 
in contact with the moist rectal mucosa, the plug 
opens to block the passage of faeces (417) (418). A 
plug is inserted like a suppository using a lubricant gel 
and can be removed by pulling on an attached string 
or expelled by raising intra-abdominal pressure and 
pushing as during normal defaecation. Table N-1 lists 
the main factors that make anal plugs (un)suitable for 
people. 
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Fig N-1: An anal plug  

(from www.continenceproductadvisor.org) 

Table N-1: The main factors that make anal plugs 
(un)suitable for people with FI. 

Anal plugs are suitable for individuals who: 

• Wish to prevent leakage for a specific period (dur-
ing exercise or after an enema or rectal irrigation). 

• Who have leakage associated with spina bifida, 
anorectal malformation, rectal sphincter injury. 

Anal plugs are not suitable for individuals: 

• With active disease of the bowel or rectum. 

• Who have a SCI and are at risk of autonomic 
dysreflexia. 

• For whom a device might disrupt an established 
bowel routine. 

1.2. Rectal catheters and long and short 
rectal tubes  

Rectal catheters drain liquid faeces through openings 
at their proximal end into a collection bag (Fig N-2). 
The catheters and collection bags are a closed sys-
tem designed for extended use (US FDA approved 
for 29 days). Sometimes a balloon near the proximal 
tip is inflated to prevent faecal leakage around the 
catheter and to retard inadvertent expulsion of the 
tube during defaecation (419). Bowel management 
programs often include daily or more frequent saline 
irrigations through the rectal catheter to maintain liq-
uid consistency of stool and catheter patency (420).  
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Fig N-2: A rectal catheter and drainage bag.  

Table N-2 lists the main factors that rectal catheters / 
trumpets unsuitable for people with FI. 

Table N-2: The main factors that make rectal cathe-
ters / tubes unsuitable for people with FI. 

Rectal catheters / trumpets are not suitable for 
those with:  

• Intestinal mucosal disease. 

• Immunosuppression. 

• Gastrointestinal bleeding or bleeding tendencies. 

• Recent myocardial infarction or prostate surgery 
(419) (422). 

Use of a rectal catheter with or without inflating the 
balloon is controversial because of concerns of ulcer-
ating or perforating the rectum, damaging the anal 
sphincter, stimulating intestinal secretion worsening 
incontinence (419) (421) (422) (423). 

1.3. Anal Pouch 
An anal pouch consists of an external collection bag 
connected to a pliable wafer, which has an opening 
at its centre and an adhesive on the body side. The 
wafer adheres to the peri-anal skin (Fig N-3). The bag 
has a resealable port at its distal end through which 
faeces can be drained or connected to a larger, grav-
ity drainage bag without the need to remove the wafer 
from the skin. Some pouches have a small folded flap 
that allows flatus to escape so that it doesn’t inflate 
and rupture the bag.  

 
Fig N-3: An anal pouch 

(from www.continenceproductadvisor.org) 

The pouch avoids the risks of rectal mucosal or 
sphincter damage associated with rectal catheters or 
small tubes. Disadvantages of the anal pouch are dif-
ficulty in applying it and maintaining its seal and po-
tential skin damage from removing the wafer or from 
contact of faeces in the pouch with skin (424) (425). 

2. EVIDENCE FROM THE 5TH 
INTERNATIONAL CONSULTATION 

(2013) 

An anal plug can successfully prevent FI in individu-
als with a variety of aetiologies of FI, more so in adults 
than children (414) (426) (Level of Evidence 3). The 
self-reported effectiveness of the plug in adults 
ranged from 83% (564) to 38% (427). In one study of 
children, 32% were completely continent using an 
anal plug, and 13% reported “total failure” (426).   
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The most common concerns and problems associ-
ated with wearing an anal plug include discomfort and 
failure to retain the plug (Level of Evidence 3). Chil-
dren seemed to experience less discomfort than 
adults.  

The studies evaluating anal plugs had relatively small 
sample sizes unsupported by a power analyses and 
most had non-experimental designs. 

Another type of experimental anal plug reported con-
sists of a balloon at the end of a catheter inserted into 
the rectum and connected to a notification device 
(428). When faeces enter the rectum, a signal from a 
photo sensor on the catheter is sent to a pager which 
then notifies the person to inflate the balloon. Before 
a voluntary bowel movement, the balloon is deflated 
and the catheter is withdrawn and can be reinserted.  
A limitation of this plug is the need to deflate the bal-
loon for 10-15 minutes every few hours to prevent is-
chemic bowel damage (Level of Evidence 4). 

An experimental intra-anal stool bag is composed of 
a latex bag (20 cm non-extended, to 26 cm extended) 
that is inserted into the anus and an adhesive attach-
ment applied peri-anally (429). There is a cut-out on 
the ventral urinary side of the adhesive wafer.   

An intra-anal bag successfully collected faecal drain-
age 50% of the time in five elderly bedridden persons 
after a suppository was administered (429) (Level of 
Evidence 3). The internal anal bag has been primarily 
used when a bowel movement is induced using a 
suppository. 

A rectal catheter system diverts faeces to a collection 
bag but requires liquid stool consistency and some-
times irrigation to remain patent. Few studies of rectal 
catheters measure their effectiveness in preventing 
faecal incontinence or seepage; most focus on pre-
venting or healing skin/wound problems. However, 
seepage around the catheter does occur (413) (426) 
(Level of Evidence 3). For example, in a study of 29 
paediatric patients, the mean number of daily FI epi-
sodes decreased approximately 30-50% (426). In a 
study of 29 adult patients, varying degrees of leakage 
around the rectal catheter were reported in 71% of 
198 assessments; 35% of these leakages extended 
to pads on the bed or beyond (413). A rectal catheter 
system promoted healing of damaged perineal skin 
and wounds (413) (430) (431) (Level of Evidence 
3/4). However, no standardised definitions or criteria 
for healing of skin damage were reported.  

Cost savings based on decreased staff time and laun-
dry costs are possible with the use of rectal catheter 
systems (424) (432) (Level of Evidence 3). 

Non-blinded and non-independent endoscopic obser-
vations suggest the catheter does not cause rectal 
mucosal damage during the recommended length of 
use (≤ 29 d in the US) (413) (414) (432). There have 
been case reports of complications of rectal catheters 
including rectal or lower gastrointestinal bleeding and 

need for blood replacement, mucosal pressure necro-
sis, fistula, autonomic dysreflexia, and unwanted ex-
pulsion (433) (434) (435).  (Level of Evidence 3). 

A tube considerably shorter than a rectal catheter 
originally designed to provide an airway in the naso-
pharynx has been used as a rectal tube. Referred to 
as a rectal trumpet, the tube’s flange is inserted into 
the rectum and a collection bag is connected at its 
distal end (425). A rectal trumpet can successfully 
channel faeces to a collection bag and there is some 
evidence that it can enable damaged perianal skin to 
recover (425) but its safety has not been determined 
(Level of Evidence 3).  

A possible advantage of the rectal trumpet over a rec-
tal tube is that it is shorter and has less contact with 
the rectal mucosa, reducing the area of possible dam-
age. Limitations of the smaller rectal tube are similar 
to those for the rectal catheter regarding risk of expul-
sion from forceful valsalva movements and dislodge-
ment during repositioning of the patient and linen 
changes or from tugging on the collection bag (425).  

An external perianal pouch (415) (421) is able to col-
lect leaked stool (Level of Evidence 3) but adherence 
to the skin often fails. Another disadvantage of exter-
nal perianal pouches is that the adhesive wafers used 
to adhere them to the skin can cause skin damage 
upon removal. 

Studies of rectal catheters, small tubes, and anal 
pouches had non-experimental designs. In the pro-
spective studies, sample sizes were relatively small 
(<50 subjects) and unsupported by a power analysis. 

3. NEW EVIDENCE FOR THE 
CURRENT CONSULTATION 

Four new papers inform the current consultation: a 
vaginal bowel system (436), a Cochrane Review of 
anal plugs (437), a subsequent single group evalua-
tion of an anal insert (functioning similarly to an anal 
plug) (438), and a comparison trial of bowel catheter 
or trumpet with usual care (439), as well as some 
case reports of complications with rectal / anal de-
vices.   

3.1. Vaginal Bowel system 
A vaginal bowel-control system offers an alternate 
approach to preventing faecal incontinence (436) (Fig 
N-4). It is comprised of a vaginal insert and pressure-
regulated pump. The vaginal insert consists of bal-
loon on a silicone-coated stainless steel base that is 
situated posteriorly in the vagina and ventrally to the 
rectum. The wearer inflates the balloon insert to one 
of five preset pressures with the pump which then oc-
cludes the distal rectum preventing leakage of fae-
ces.  
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Fig N-4: A vaginal bowel-control system. 

The vaginal bowel-control system was evaluated in a 
month-long study of 61 middle-aged women who had 
faecal incontinence (but not of watery stools) at least 
four times in two weeks using a treatment group only 
design.  Results of an intent-to-treat analysis showed 
that 78.7% of the women could be fitted with the de-
vice and had their faecal incontinence reduced by at 
least 50% (Level of Evidence 3). Using the device sig-
nificantly improved QOL associated with FI.  Nearly 
all users (96%) reported the device was comfortable 
or unnoticeable. Seventy-two percent of the original 
subjects used the vaginal bowel-control system for an 
additional two months with continued benefit.  

There were 18 device-related adverse events (e.g., 
vaginal abrasions, erythema, irritation, ecchymosis, 
bruising) experienced by 23% subjects.  Adverse 
symptoms included discomfort of having the device in 
the vagina, cramping, pelvic pain, and UI, frequency, 
and urgency occurred in 3-10% of women, which 
were all more common during the fitting period.  Lim-
itations of the vaginal bowel-control device are inabil-
ity to be fitted with or to tolerate the adverse symp-
toms associated with the device.   

3.2. Cochrane Review of anal plugs 
A Cochrane review of the effectiveness of anal plugs 
in preventing FI published in 2012 (437) reached con-
clusions similar to those for the last International Con-
sultation (31), namely that evidence suggests that 
anal plugs could be useful as a treatment or adjuvant 
treatment of FI in select individuals but that tolerance 
is difficult. 

3.3. Anal insert 
After the Cochrane review above, there was one 
study examining the effectiveness and tolerability of 
an anal insert (Fig N-5) using a non-randomised, sin-
gle-group, open-label design (438). The anal insert 
made of soft silicone and has a thin spindle attached 
to a top and bottom disk. The inner top disk is availa-
ble in two diameters and is intended to forms a seal 
at the top of the anal canal. The bottom disk remains 
outside the anus to avoid displacement into the rec-

tum and ease manual removal. It is single-use, in-
serted with an applicator, and can be also expelled 
with a bowel movement. 

 
Fig N-5: An anal insert. 

(from www.continenceproductadvisor.org) 

Of the 97 adult subjects enrolled, 73 used the anal 
insert for 12 weeks and 71 (73%) completed the en-
tire protocol. Subjects reported FI on daily stool dia-
ries for a 4-week baseline period, while using the anal 
insert 12 weeks, then without the insert for 4 addi-
tional weeks. Satisfaction with the insert was reported 
after 12 weeks of use.  

Completers were mostly white females. The median 
daily frequency of FI decreased among completers 
from 0.9 (mean 1.1 ± 0.9) episodes/d at baseline to 
0.2 (mean 0.3 ± 0.4) episodes/d at 12 weeks (p < 
0.001). After the 4 weeks when the insert was no 
longer used, the median FI frequency increased to 
0.5 episodes/d (mean 0.7 ± 0.7) but this frequency 
was also significantly lower than baseline FI fre-
quency (p < 0.0001).  Use of the anal insert resulted 
in a ≥50% reduction in FI frequency in 77% of the 73 
completers.  

The analysis of reduction in FI frequency was not in-
tent to treat (ITT) and did not use repeated measures 
or longitudinal methods. 

Safety of the anal insert was analysed using ITT. No 
serious adverse events and three moderate adverse 
events (faecal urgency, soreness, and bleeding 
haemorrhoids) in two subjects were reported.  Un-
pleasant symptoms were a sense of faecal urgency 
(26% of 91 subjects), irritation (13%), pain (7%), and 
soreness in the anal area (6%).  Displacement of the 
insert into the anal canal occurred in 24% of subjects 
which resolved with expulsion of the device during 
bowel movements. 

Regarding satisfaction, 78% of the completers said 
they were very or extremely satisfied with the anal in-
sert. The weekly mean and median experience 
scores of completers for overall experience, comfort, 
and ease of insertion were > 8 on a 10-point scale. 



 

 
2384  COMMITTEE 20. MANAGEMENT USING CONTINENCE PRODUCTS 
 

3.4. Comparison of bowel catheter and 
rectal trumpet 

There was one study assessing effectiveness of a 
bowel catheter, rectal trumpet, or usual care.  Usual 
care included an anal pouch in preventing or healing 
skin damage associated with FI (439). Critically-ill pa-
tients (n=59) who were incontinent of liquid faeces 
were randomly assigned to one of the treatments.  
Results showed that the usual care group had signif-
icantly lower (better) scores for dermatitis-like skin af-
ter treatment compared to baseline, and there were 
no significant differences in the incidence or healing 
of pressure ulcers among groups. A validated and re-
liable instrument for assessing incontinence associ-
ated skin damage (IASD), (the IASD instrument 
(440)) was used.  

Although there was no significant difference in IASD 
scores between groups at baseline, authors seem to 
suggest that their random assignment was ineffective 
resulting in more patients with lower IASD scores in 
the groups receiving a rectal catheter or trumpet and 
that a few patients in these groups finished earlier 
than those in the usual care group. Other baseline 
characteristics among the groups were not further an-
alysed for differences and the investigators did not re-
port whether the location of skin damage was nearby 
the rectal catheter as others have noted (441), or the 
rectal trumpet or if the groups used the catheter/tubes 
developed IASD sooner than the usual care group. 

3.5. Complications of rectal catheters 
As the rectal catheter is used more in practice, there 
are additional reports of serious adverse events in-
cluding gastrointestinal haemorrhage, (442), rectal 
bleeding (443), recto-urethral fistula, and anal ulcer 
erosion (444), and pressure ulceration and haemor-
rhage (445). 

No recent studies evaluating anal plugs were found. 

4. SUMMARY 

The use of anal plugs to prevent faecal incontinence 
has been evaluated primarily by ambulatory, commu-
nity-living individuals who need little to no assistance 
in managing FI and toileting. Both adults and children 
have used plugs. 

An anal plug could be useful as a treatment or adju-
vant treatment of FI in select individuals but tolerabil-
ity is poor. (Level of Evidence 2) 

A vaginal bowel-control system reduced FI and im-
proves quality of life. Some users may experience 
vaginal irritation or abrasions. (Level of evidence 3) 

An anal insert reduced frequency of FI and had been 
used by patients over 12 weeks. Symptoms of ur-
gency, irritation, pain, as well as displacement into the 
rectum may reduce tolerability. (Level of Evidence 3) 

Rectal catheters successfully divert faeces to a col-
lection bag in acutely and critically-ill patients. They 
are primarily used to promote healing of perineal 
wounds but seepage around the catheters may result 
in perianal skin damage, (Level of Evidence 3/4)  

As rectal catheters are used more in practice, ad-
verse events such as haemorrhage, rectal bleeding 
and fistulae continue to be reported (Level of Evi-
dence 3). 

An external perianal pouch can collect stool that 
would leak from the rectum (Level of Evidence 3). 

Use of an external perianal pouch and usual care in-
cluding following recommended skin care guide-lines 
results in less incontinence associated skin damage 
than use of a rectal catheter or short rectal tube in 
critically-ill patients (Level of Evidence 3). 

5. RECOMMENDATIONS 

Recommendations relating to products for FI preven-
tion and management are listed in Table N-3. 

Table N-3: Recommendations relating to products 
for FI prevention and management. 

• A vaginal bowel-control system can be tried to 
prevent FI. (Grade of Recommendation C). 

• Anal plugs may be tried to decrease FI but many 
patients are likely to use them on a limited basis 
or reject them due to discomfort (Grade of Rec-
ommendation C).  

• An anal insert is another option for reducing FI.  
Its tolerability to adults seems to be better than 
the anal plug but it is also associated with un-
pleasant symptoms and displacement into the 
rectum may occur.  (Grade of Recommendation 
C) 

• The use of a rectal trumpet (i.e. a nasopharyngeal 
tube inserted into the rectum) in patients with 
loose / liquid stool consistency offers an alterna-
tive to the rectal pouch when pouch adherence is 
a problem and it may preserve perianal skin in-
tegrity or facilitate healing (Grade of Recommen-
dation C). The safety of the rectal trumpet has not 
been determined, but it suggests a lower risk than 
a standard, longer rectal tube due to its shorter 
length (Grade of Recommendation C). 

• A bowel catheter can be used for diverting faeces 
in acutely and critically-ill patients unable to con-
trol bowel movements and at risk for skin damage 
or needing to heal wounds. Close monitoring of 
faecal seepage and integrity of perianal skin is 
recommended (Grade of Recommendation C). 

• Due to potential diminished gastrointestinal per-
fusion in critically-ill patients and risks of bleeding, 
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caution in the use of bowel catheters and appro-
priate balloon inflation are recommended (Grade 
of Recommendation C). 

• A standard rectal tube with and without an inflat-
able balloon for faecal diversion is indicated pri-
marily for non-ambulatory patients with liquid 
stools (Grade of Recommendation C).  

• An anal pouch attached to a drainage catheter 
can be used to contain/divert liquid stool. Be-
cause there is a risk of skin damage when remov-
ing the wafer adhering the pouch to the skin, it is 
not recommended in cases where skin is already 
damaged or the need for faecal diversion is less 
acute (e.g. where stool is more formed) (Grade of 
Recommendation C).  

6. PRIORITIES FOR RESEARCH 

• Additional evaluation of the vaginal bowel-control 
system, anal plugs, and the anal insert, using ex-
perimental designs, larger and adequately pow-
ered subject cohorts and valid/reliable objective 
measures over longer periods of use. 

• Development of alternative devices to prevent FI, 
perhaps utilising wireless technology, intra-rectal 
plugs or pouches that inflate and deflate as 
needed, which have fewer safety risks, come in 

a variety of sizes for adults and children, and are 
comfortable, tolerable, and effective. 

• Development and evaluation of an external anal 
pouch that is easy to apply and remove, better 
adheres to skin and, perhaps, even promotes 
healing of damaged skin to which it would be ap-
plied.  

• More rigorous evaluation of rectal catheters and 
small tubes using experimental designs, larger 
and adequately powered subject cohorts, and 
valid/reliable measures  

 SKIN HEALTH 

The skin of individuals suffering from incontinence will 
be regularly exposed to contact with urine and / or 
faeces. Associated skin damage is the main physical 
health consequence of urinary and faecal inconti-
nence. Skin irritation within the pad occlusion area is 
usually termed diaper dermatitis in infants. In adults, 
the terminology of perineal dermatitis (PD) has com-
monly been used, but more recently it has been pro-
posed that incontinence-associated dermatitis (IAD) 
is a better term because affected skin areas are not 
confined to the perineum (446). In 2007, an interna-
tional consensus panel defined IAD as skin inflamma-
tion manifested as redness with or without blistering, 
erosion, or loss of skin barrier function that occurs be-
cause of chronically or repeated exposure of the skin 
to urine or faeces (447). (Fig O-1).   

  
Fig O-1: Incontinence-associated dermatitis category 2 (Source: D. Beeckman, 2016)  

Incontinence-associated dermatitis (IAD) is a com-
mon problem amongst absorbent product users. 
Prevalence varies between 5.6% and 50.0% and the 
incidence between 3.4 and 25.0% (446). Inconti-
nence and subsequent skin breakdown have an influ-
ence on patients’ physical, psychological and social 
well-being. (448) (449). A wide range of products and 
procedures for the prevention and treatment of IAD in 
adults is available (450).  

1. EVIDENCE 

The findings from the 5th International Consultation 
(31) relating to incontinence and skin health have 
been included in the summary section, below. 

A considerable amount of work has been done since 
the last consultation, as reported in the following sec-
tions.  
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1.1. Terminology 
The terminology used in international literature to de-
scribe perineal skin breakdown caused by inconti-
nence, is diverse (451) and the list below gives the 
main terms that have been used for incontinence-as-
sociated dermatitis (IAD) in adults (452): 

• Diaper/napkin / nappy dermatitis. 

• Diaper / napkin / nappy rash. 

• Irritant dermatitis. 

• Skin maceration.  

• Moisture lesions. 

• Incontinence lesions. 

• Perineal dermatitis. 

• Perineal rash. 

In the USA the term incontinence-associated skin 
damage (IASD) is used instead of IAD as dermatitis 
is a medical diagnosis and most observations of this 
type of damage are not confirmed by a physician or 
nurse practitioner. Therefore, nurses in the USA are 
not allowed to chart IAD in the health record. 

The WHO International Classification of Diseases 
(ICD-10) contains coding for diaper dermatitis but 
does not yet contain separate coding for IAD (446). 
Efforts are ongoing to add incontinence-associated 
dermatitis as an index term for irritant contact derma-
titis due to incontinence (EQ72.83) in the new ICD-11 
coding (available in 2017). Irritant contact dermatitis 
due to incontinence will be defined as irritant contact 
dermatitis from prolonged contact with urine or faeces 
as a result of incontinence. Also, a proposal has been 
made to change the index term “EP70.21 Primary ir-
ritant napkin dermatitis” to: “A type of irritant dermati-
tis seen in infants and young children localised to the 
area in contact with a napkin (diaper) and occurring 
most often as a reaction to prolonged contact with 
urine, faeces, or retained soap or detergent”. Con-
sistent terminology for IAD will facilitate research and 
improve education of healthcare providers. 

In the Medical Subject Heading Terms database of 
the US National Library of Medicine (MeSH data-
base), incontinence-related skin problems are classi-
fied as ‘diaper rash’. Diaper rash is defined as ‘a type 
of irritant dermatitis localised to the area in contact 
with a diaper and occurring most often as a reaction 
to prolonged contact with urine, faeces, or retained 
soap or detergent’  (446) (453). 

Currently, IAD is considered as part of a broader 
group of skin conditions, referred to as Moisture-As-
sociated Skin Damage (MASD) (454). Other common 
forms of MASD are: intertriginous dermatitis, peri-
wound moisture-associated dermatitis and peristomal 
moisture-associated dermatitis (454). The term IAD is 
preferred over the more general term MSAD, as this 

term relates the skin damage to urinary and/or faecal 
incontinence and not to other moisture sources (e.g. 
wound exudate) (452) (455). 

1.2. Background 
a) Pathophysiology 

Recent studies and consensus documents present 
more insights into the pathophysiology of IAD. Previ-
ously IAD was considered to be a result of a disrupted 
skin barrier function and an increase in skin pH due 
to prolonged or repeated contact with urine and/or 
faeces (447). Comprehensive reviews of IAD litera-
ture until 2015 suggest a more complex aetiology of 
IAD (446) (451) (452) (456) (457). IAD develops as a 
consequence of recurrent chemical and physical irri-
tation of the skin, which compromise the skin barrier 
function and increase the skin permeability. As a re-
sult, irritants and micro-organisms (e.g. Candida albi-
cans) may more easily penetrate the skin to exacer-
bate inflammation and increase the risk of skin infec-
tion  (446) (451) (452) (456) (457) (458).  

Factors contributing to skin irritation and inflammation 
are: skin surface wetness, increased skin surface pH, 
digestive intestinal enzymes (lipases and proteases), 
enzymes produced by skin bacteria (urease, an en-
zyme that catalyses the hydrolysis of urea into carbon 
dioxide and ammonia), repeated skin cleansing activ-
ities, an occlusive perineal environment (e.g. due to 
diapers) and friction (452) (455) (459) (460). These 
factors act on various components of the outermost 
layer of the skin, the stratum corneum, which is re-
sponsible for the biomechanical barrier function of the 
skin (451) (457). The stratum corneum consists of 
corneocytes, embedded in lipids and joined together 
by proteins (like a structure of bricks and mortar in a 
wall) (461) (462). 

With incontinence, overhydration of the stratum 
corneum occurs as water from urine and faeces is 
pulled into the corneocytes. Overhydration causes 
swelling of the corneocytes and disruption of the in-
tercellular lipid bilayers. (463) (464) (465) (466). Li-
pases and proteases, present in faeces, break down 
the intercellular lipids and proteins (452) (457). As liq-
uid faeces tends to contain more digestive enzymes, 
it is more damaging to the skin barrier (446). Urease, 
produced by skin bacteria, transforms urea (from 
urine) into ammonia, causing an increase in skin sur-
face pH (452) (457). An increased skin surface pH 
leads to a decreased cohesion of the stratum 
corneum and a decreased recovery capacity of the 
skin barrier function (467). Repeated use of water, 
skin cleansing agents and rubbing with washcloths 
and towels leads to chemical as well as physical irri-
tation. Friction and shear loads, mainly present in pa-
tients with limited ability to move in bed and chairs, 
diminish the strength of the skin barrier (468). Fig N-
2 shows the progression and interrelated aspects 
from skin wetness to IAD.  
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Fig O-2: Aetiology of incontinence-associated dermatitis (459) 

b) Risk factors 

Knowledge and awareness of risk factors is helpful to 
tailor IAD prevention and management to patients at 
risk. IAD prevalence studies highlight the risk factors 
listed in Table O-1. 

This list of risk factors is not exhaustive as many other 
possible risk factors were not studied (in a large scale 
risk cohort study). A multivariate analysis of possible 
risk factors, performed by Kottner et al., could only 
explain 8% of variance in IAD prevalence (468). 

Although an IAD risk assessment tool has been de-
veloped (469) and was used in one study (470), its 
usefulness in clinical practice has not been estab-
lished. In clinical practice quantifying IAD risk with as-
sessment tools, comparable to pressure ulcer risk as-
sessment tools, is not advised as the predictive value 
of risk assessment scales varies per setting (as it is 
dependent on risk factors present and preventive 
measures taken) (471). 

Table O-1: Risk factors for IAD. 

• Incontinence: liquid stool is most irritating, fol-
lowed by double incontinence, faecal inconti-
nence and urinary incontinence (446) (468) (503) 
(504).  

• Alkaline pH of urine, faeces and skin (493).  

• Health status (critical illness, multi-morbidity) 
(502) (505). 

• Fever (505). 

• Diminished perfusion and oxygenation (505). 

• Poor skin condition (e.g. steroid use/diabetes) 
(468) (502). 

• Restricted mobility (468) (502) (506). 

• Restricted activity (468) (502). 

• Higher score on care dependency (468). 

• Poor nutritional status (468) (502). 

• Friction and shear (468) (505).  

• Restricted cognitive awareness (502) (505). 
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c)  Incontinence and pressure ulcers 

A systematic review and meta-analysis identified in-
continence and IAD as risk factors for pressure ulcer 
(also referred to as pressure injury) development 
(472). A possible explanation for this finding is that 
prolonged exposure to moisture and irritants contrib-
utes to an increase of the coefficient of friction and to 
changes in tissue stiffness. In addition, inflammation 
is associated with a local increase in skin tempera-
ture. As a consequence, the cutaneous resistance 
against tissue deformation is further diminished 
(473).  

1.3. Clinical studies on the effectiveness of 
absorbent, diversion and containment 
products for preventing and treating 
incontinence-associated dermatitis in 
adults 

Since the last consultation (31), three randomised 
controlled trials in adult patients were found. These 
trials investigated the effectiveness of an improved 
absorbent pad (474), indwelling faecal diversion sys-
tems (439) or faecal containment products (475).  

In a cluster randomised controlled trial, Sugama et al. 
(474) tested the effectiveness of an improved absor-
bent pad with frontal absorbent material for the treat-
ment of IAD in elderly women with urinary inconti-
nence. The pad was designed to absorb urine in the 
frontal area to minimise exposure of the buttocks to 
urine, while preventing the absorbed urine from flow-
ing back to the pad surface. Thirty women wore the 
improved absorbent pad during the day and the 
standard hospital pad at night (intervention group). 
Thirty women wore the standard hospital pad during 
day and night (control group). Within one week of fol-
low-up, significantly more women from the interven-
tion group (13/30, 43.3%) completely recovered from 
IAD, compared to the control group (4/30, 13.3%) 
(p=0.01). On the other hand, a similar proportion of 
women from the intervention group (13/30, 43.3%) 
and the control group (15/30, 50.0%) showed no 
change or even a deterioration of IAD. No significant 
differences in skin wetness (p=0.823) or skin pH 
(p=0.761) were found between groups. The fact that 
the improved absorbent pad was not worn at night 
could have influenced the results on skin wetness 
and skin pH (474). According to Kottner and Beeck-
man (457), skin barrier parameters, like skin wetness 
and skin pH  are not necessarily directly related to 
clinical outcomes. (Level of Evidence 2) 

Pittmann et al. (439) compared the effectiveness of 
three bowel management methods for prevention and 
treatment of IAD. A sample of 59 critically ill adults 
with faecal incontinence were randomly assigned to 
receiving a rectal catheter, a rectal trumpet or usual 
care. Care as usual consisted of: cleansing with 
premoistened wipes containing dimethicone or 
cleansing followed by application of a zinc oxide 
based ointment and/or application of an anal pouch. 
The use of rectal catheters, rectal trumpets and anal 

pouches is described in Section N. A significant re-
duction in IAD severity over time was only identified 
for usual care (p < 0.001). No adverse events oc-
curred using the three bowel management methods. 
(Level of Evidence 2) 

Denat et al. (475) studied the effectiveness of two ex-
ternal devices, used to contain faecal incontinence, 
for the prevention of IAD. Thirty bedridden patients 
from neurology and neurosurgery wards were ran-
domly assigned to treatment with anal pouches (see 
Section N) or diapers. All patients had an indwelling 
urinary catheter. The perianal region was cleansed 
once daily and additionally if soiled. Significantly 
more patients using diapers (15/15, 100%) developed 
IAD, compared to patients using anal pouches (10/15 
(66.7%) (p=0.04). In addition, the mean onset of IAD 
was significantly earlier in patients using diapers than 
in patients using anal pouches (p=0.011) (Level of 
Evidence 2). 

All of these trials were of low to - at most - moderate 
quality due to small sample sizes with a lack of power  
(439) (474) (475) short follow-up periods  (439) (474) 
(475) poor or unclear randomisation techniques (474) 
(475), unblinded outcome assessments (439) (475) 
and shortcomings in the reporting of statistics (e.g. no 
frequencies, standard deviations) (439).  

1.4. Clinical studies on the effectiveness 
and cost-effectiveness of topical skin-
care products and procedures for 
preventing and treating incontinence-
associated dermatitis in adults 

Since the last consultation (31), three new random-
ised controlled trials were found (476) (477) (478). 
These trials were identified as part of a Cochrane sys-
tematic review investigating the effectiveness of topi-
cal skin care products for preventing and treating in-
continence-associated dermatitis (IAD) in adults 
(455).  

Two trials tested the effectiveness of topical skin care 
products in adults (476) (477) and one the different 
frequencies of a structured skin care procedure (478). 
One study additionally investigated the cost of daily 
use of product (476).  

a) Studies on the effectiveness of topical skin 
care products 

Brunner et al. (476) compared the use of a cleans-
ing/moisturising product followed by the application of 
a film forming skin product with the use of a disposa-
ble washcloth with cleansing, moisturising and skin 
protecting properties for the prevention of IAD. Sixty-
four critical and acute care patients were randomised 
to receive one of the two skin care regimens. The 
number of participants who developed IAD did not dif-
fer significantly between the two trial groups: 7/31 
participants (22.6%) in the two product group and 
9/33 (27.3%) participants in the washcloth group de-
veloped IAD (Level of Evidence 2). 
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Buckley et al. (477) compared the effectiveness of 
two topical zinc-oxide based products in a structured 
skin care regime for the treatment of IAD; 142 hospi-
talised adults and older children were randomly as-
signed to receive either a 20% zinc oxide based oint-
ment or a 40% zinc oxide based paste. Both skin care 
products were applied twice daily and after each in-
continence episode. At each pad change, the IAD le-
sion was cleaned with normal saline, a polyhexanide 
wound cleaner, gauze pads and soft cloths.  Signifi-
cantly more participants from the group treated with 
the 20% zinc oxide based ointment were completely 
healed at day six (14/56, 25%) compared to the group 
treated with 40% zinc oxide based paste (5/65, 7.7%) 
(p = 0.009).  Of note is that both products also differed 
in other active ingredients, such as menthol (20% zinc 
oxide product) or lanolin, petrolatum and cod liver oil 
(40% zinc oxide product). As a consequence, it is not 
clear which amount of zinc oxide is optimal or which 
ingredients are pivotal for the treatment of IAD. (Level 
of Evidence 2) 

In a sample of 99 patients from a progressive care 
unit, Conley et al. (478) compared two frequencies of 
a structured skin care procedure for the prevention 
and treatment of IAD. The skin care procedure con-
sisted of gently cleansing the skin with a skin 
cleanser, containing Aloe Vera mixed with water and 
a cleansing lotion, followed by patting the skin dry. If 
no erythema was observed, a product with silicone 
was applied. If erythema was present, a product with 
zinc oxide and menthol was applied. The skin care 
procedure was performed every six hours or every 12 
hours. There were no significant group differences; 
56.4% of the group receiving the skin care procedure 
every six hours and 60.0% of those receiving the skin 
care procedure every 12 hours had IAD during the 
study. (Level of Evidence 2) 

b) Studies on the cost of daily use of product 

Only one study evaluated cost of products.  Brunner 
et al. (476), described in the paragraph above, noted 
the cost of daily use of product was significantly 
higher for the combined use of the skin cleanser and 
the film forming skin product ($6.59), compared to the 
use of the washcloth with cleansing, moisturising and 
skin protecting properties ($2.67) (p = 0.006) (Level 
of Evidence 2). 

All of the above trials were of low to - at most - mod-
erate quality due to small sample sizes (476) (477) 
(478), short follow-up periods (476) (477) (478), poor 
(478) or unclear (476) randomisation techniques, un-
blinded outcome assessments (476) (477) (478) and 
shortcomings in the reporting of statistics (e.g. no fre-
quencies, standard deviations) (476) (478). 

According to the authors of the Cochrane systematic 
review, very limited evidence exists on the effective-
ness of skin care products for the prevention and 
treatment of IAD in adults (455). Soap and water per-
formed poorly and the application of leave-on prod-
ucts (moisturisers, skin protectants or a combination) 
seems to be more effective than withholding these 

products. High quality confirmatory trials using stand-
ardised and comparable prevention and/or treatment 
regimens in different settings/regions are required. 
Furthermore, the authors recommend the develop-
ment of a core outcome-set, including validated 
measurement tools to increase the comparability of 
trial results (455). In accordance with this recommen-
dation, the IAD International Research Group has re-
cently initiated to development of a core outcome set 
of well-defined IAD-related outcomes, which will in-
clude validated tools for outcome measurement 
(479). 

1.5. IAD assessment and severity 
categorisation 

The basic principles for skin assessment in patients 
with incontinence are presented in Table O-2. 

Table O-2 Principles of skin assessment in patients 
with incontinence. 

Who Everyone with urinary and/or 
faecal incontinence (452).  

Frequency At least once daily, more 
frequently in individuals at high 
risk of IAD (e.g. frequent episodes 
of incontinence, diarrhoea, 
multiple risk factors, see Section 
O-2b) (452).  

Areas Skin areas being exposed to urine 
and/or faeces: 
perineum, perigenital areas, 
buttocks, gluteal folds, thighs, 
lower back, lower abdomen, skin 
folds (groins, under large 
abdominal pannus, …) (452)  
(454).  

Clinical signs of 
IAD 

Maceration, erythema, presence 
of lesions (vesicles, bullae, 
papules, pustules, …), erosion or 
denudation, signs of fungal or 
bacterial skin infection (452).  

Various tools have been developed for IAD severity 
assessment: 

• Perineal Dermatitis Grading Scale (24) (480). 

• IAD Assessment and Intervention Tool (IADIT) 
(481). 

• Incontinence Associated Skin Damage and its 
Severity Instrument (IASD.D.2) (482) (440)   

• Skin Assessment Tool (483). 

• University College London / SCA Hygiene tool 
(484). 

In 2015 Clark-O’Neill et al. (485) concluded that the 
existing instruments are too time-consuming and lin-
guistically complex for use in routine clinical practice 
in nursing homes. The authors suggested to use a 
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simple classification tool, supported by photographs 
illustrating the severity categories (485).  

The Incontinence Associated Skin Damage and its 
Severity Instrument (IASD.D.2) summarises IAD se-
verity into a single score (range 0-56) using three cat-
egories of skin damage and the 14 body areas in 
which IASD can occur (440) (482). The instrument 
also shows images of the variation in colour manifes-
tations of the different types of IASD severity to guide 
its use . However, it is not feasible to show all the dif-
ferent possible manifestations of IAD. The IASD.D.2 
tool has been validated for reliability with light and 
dark skin (482). The tool is available on the University 
of Minnesota School of Nursing website (http://li-
cense.umn.edu/technologies/20150057_inconti-
nence-associated-dermatitis-assessment-tool).  

Beeckman et al. (486) have proposed an IAD severity 
categorisation tool (the Ghent Global IAD Categoriza-
tion Tool (GLOBIAD)), consisting of four categories 
(Cat. 1A: persistent erythema without clinical signs of 
infection, Cat. 1B: persistent erythema with clinical 
signs of infection, Cat 2A: skin loss without clinical 
signs of infection, Cat. 2B: skin loss with clinical signs 
of infection), and supported by some example photo-
graphs (Fig O-3). It is comparable to the pressure ul-
cer classification system developed by the National 
and the European Pressure Ulcer Advisory Panels 
(NPUAP and EPUAP) (487) (482). Validation studies 
(451) have recently been completed, but are not yet 
published. 
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Fig O-3: IAD Severity Categorisation Tool (452) 
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The purposes of IAD assessment tools (440) (482) 
and the IAD Severity Categorisation Tool are (452): 

• To promote the identification of IAD and enhance 
its correct identification and classification. 

• To standardise record keeping. 

• To provide a common description of IAD severity 
for the purpose of clinical practice, audit and re-
search.   

Given the difficulties in using pressure ulcer classifi-
cation/staging tools (487) (488), however, the useful-
ness of IAD classification and such tools will need to 
be evaluated.   

1.6.  Differentiating IAD from pressure 
ulcers  

Correct identification of IAD and pressure ulcers has 
significant implications for prevention, treatment and 
for reporting and benchmarking quality of care (451). 
Figure O-4 shows a pressure ulcer versus IAD. Table 
O-3 presents differences between pressure ulcers 
and IAD based on the 2005 European Pressure Ulcer 
Advisory Panel (EPUAP) position statement (488).  

a  b  

Fig O-4: A pressure ulcer (a) compared with category 2 incontinence-associated dermatitis (b). (Source: 
D. Beeckman, 2016) 

An e-learning training tool (PUCLAS3), aimed at sup-
porting clinical teaching and learning about pressure 
ulcer classification and incontinence-associated as-
sociated dermatitis differentiation, has been devel-
oped and is available online 
(http://puclas3.ucvvgent.be/) (489). The scientific 
content is based on the EPUAP position statement 
and provides an overview of causative factors and 
typical wound-related characteristics (489). Addition-
ally, an interactive web-based ‘serious game’ about 
IAD assessment and risk factors using currently avail-
able knowledge has been developed an educational 
aide. The educational game uses older adults in nurs-
ing homes as its exemplar and features the IASD.D.2 
instrument; it is available online (vitalsims.com/iasd-
access). 

1.7. Products used to maintain or improve 
skin health in adults with incontinence 

Skin care for incontinent patients includes following 
strategies (451) (452):  

• Management of incontinence: to avoid or mini-
mise contact from the skin with urine and/or fae-
ces. 

o A structured skin care regimen, consisting of 
three strategies (Table O-4): 

o Skin cleansing: to remove irritants (urine, 
faeces, debris and microorganisms). 

o Skin moisturising: to repair or increase the 
integrity of the skin barrier. 

o Skin protecting: to avoid or minimise contact 
from the skin with urine and/or faeces. 

o Interventions for the prevention and treat-
ment of IAD are similar. No specific products 
have yet been developed to promote skin 
barrier recovery after maceration (457). 
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Table O-4: Characteristics of products used for skin cleansing and for skin protection, and principle ingre-
dients of products used for skin moisturising. 

Characteristics of products used for skin cleansing. 

Water • Contributes to overhydration of the stratum corneum (462). 

• Performs poorly in the prevention and treatment of IAD (459). 

• Plain water raises skin pH (496).  

Soap • Standard alkaline soap compromises skin surface pH (452). 

• Performs poorly in the prevention and treatment of IAD (459). 

Washcloths /  towels • May cause friction damage due to rubbing or scrubbing, especially when 
using rough washcloths or towels (492). 

Skin cleanser • Available as liquid solutions or lotions, in spray bottles, disposable wash-
cloths or foam (599). 

• Most should not be diluted (599). 

• Most are ‘no-rinse’ and quick drying, eliminating friction caused by using 
towels (452). 

• Avoids over-hydration caused by using water.  

Characteristics of products used for skin protection (452)  (Skin protecting products often contain a mix of 
various skin protecting ingredients) 

Petrolatum-based  • Form an occlusive layer, increasing skin hydration. 

• May affect fluid uptake of absorbent incontinence products. 

• Transparent when applied thinly. 

Zinc oxide-based  • Can be difficult and uncomfortable to remove (e.g. thick, viscous pastes). 

• Opaque, needs to be removed for skin inspection. 

Dimethicone-based  • Non-occlusive. 

• Do not affect absorbency of incontinent products when used sparingly. 

• Opaque or become transparent after application. 

Acrylate terpolymers • Form a transparent film on the skin allowing skin inspection. 

• Do not require removal. 

•  

Principle ingredients of products used for skin moisturising (452) (Moisturisers often contain a mix of 
emollients and humectants) 

Emollients (e.g. fat, waxes, 
oils) 

• Reduce dryness, soften and smooth the skin 

• Restore the intercellular lipid matrix  

Humectants  (e.g. glycerine, 
urea) 

• Attract and retain water to promote skin hydration 
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a) Categorisation of products for the manage-
ment of incontinence 

Management of incontinence is the primary interven-
tion in the prevention and treatment of IAD. Products 
for the management of incontinence can be divided 
into absorbent products and products for containment 
or diversion of urine or faeces and are discussed in 
Section N. 

b) Categorisation of skin care products 

Categorisation according to principle ingredient 

Skin care products can theoretically be divided into 
three categories, based on the principle ingredient:  

• Products for skin cleansing. 

• Products for skin moisturising. 

• Products for skin protection. 

Table O-4 presents characteristics and recommenda-
tions for these three categories. 

Categorisation according to product functioning 

Skin care products usually contain a wide range of 
ingredients with different properties. The actual per-
formance of products depends on the overall formu-
lation, rather than on the principle ingredient (451). As 
a consequence, the function of a skin care product 
cannot always be clearly divided into moisturising or 
protecting.  

Kottner et al. (457) proposed to categorise skin care 
products into: 

• Skin cleansers: products used for removing irri-
tants (urine, faeces, debris and microorganisms). 

• Leave-on products: products with moisturising 
and/or skin protecting function. 

c) Combination products 

Skin care products may be combined into one prod-
uct. For example: skin cleansers or skin protectants 
may also contain moisturising ingredients and dispos-
able wipes may contain cleansing, moisturising as 
well as skin protecting ingredients (452). 

Combination products may reduce clinician/caregiver 
time by reducing the number of steps. In addition 
these products may promote adherence to the skin 
care regimen (490) (491) (492).  

Since the last consultation (31), one new randomised 
controlled trial investigating combination products 
was found (476). In this study, Brunner et al. (476) 
compared the use of a cleansing/moisturising product 
followed by the application of a film-forming skin prod-
uct with the use of a disposable washcloth with 
cleansing, moisturising and skin protecting proper-
ties. No difference in effectiveness was found (Level 
of Evidence 2). However, the costs of daily use of 
product were significantly higher for the combined 
use of the skin cleanser and the film forming skin 

product ($6.59), compared to the use of the wash-
cloth with cleansing, moisturising and skin protecting 
properties ($2.67) (p = 0.006) (Level of Evidence 2).  

d) Products used for managing skin infection 

Candida albicans is most commonly responsible for 
secondary skin infections in patients with IAD. How-
ever, microbiological samples are recommended to 
ensure organism specific treatment (452).   

Current recommendations are: 

• Use antifungal creams or powders in combina-
tion with a skin protectant (e.g. acrylate terpoly-
mer) (470). 

• Do not use topical antimicrobial products as a 
routine (may promote antimicrobial resistance) 
(452). 

e) Absorbent products and skin pH  

Alkaline skin pH is a risk factor for IAD and stand-ard 
absorbent products increase skin pH (493) (494). De-
velopment of absorbent products whose surface 
maintains an acidic pH (493) (495) and which acidify 
skin - even after absorbing alkaline fluid such as urine 
or faeces - aim to reduce IAD. Skin pH may need to 
be <6 to achieve benefit (495) but further clinical stud-
ies are needed. 

2. SUMMARY  

• A product that maintains a wet and occluded skin 
is likely to cause skin irritation and increases skin 
permeability to other irritants (e.g. from urine and 
faeces) (496) (497) (Level of Evidence 2). 

• Moisture overhydrates skin and potentiates the 
effects of other irritants (498) (499) (500)  (Level 
of Evidence 2). 

• A wet skin is more susceptible to friction and 
abrasion injury (501) (Level of Evidence 2). 

• Incontinence, diarrhoea, critical illness, hyper-
thermia, decreased activity and mobility, poor 
nutritional status, alkaline skin pH, poor skin con-
dition, risk of friction and shear and restricted 
cognitive awareness are associated with a 
higher prevalence of incontinence-associated 
dermatitis (IAD) (446) (468) (495) (502) (503) 
(504) (505) (506) (507) (508) (509) (510) (511) 
(Level of Evidence 2).  

• Faeces are more irritating than urine, but the 
combination of urine and faeces causes higher 
levels of irritation than urine and faeces alone 
(468) (512) (513) (514) (Level of Evidence 2). 

• Faecal incontinence is a major risk factor for IAD 
development (507)  (Level of Evidence 2). 

• Incontinence and IAD are risk factors for pres-
sure ulcer development (472) (510) (515) (516) 
(517) (Level of Evidence 2). 
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• Absorbent pads containing super absorbent pol-
ymers are associated with reduced skin moisture 
(24) (518) (519) (520) (Level of Evidence 2). 

• Absorbent pads, which absorb urine in the frontal 
area and minimise exposure of the buttocks to 
urine, can promote IAD recovery (474) (Level of 
Evidence 2). 

• Bodyworn absorbent products may raise inter-
face pressure in the buttock region (521)  (Level 
of Evidence 3). 

• The use of anal pouches can reduce IAD-
incidence in bedridden patients with faecal in-
continence and is associated with a later onset 
of IAD (475) (Level of Evidence 2). 

• A regular and structured skin care regimen using 
topical preparations such as moisturisers or bar-
rier products is associated with a lower incidence 
of IAD (455) (492) (522) (Level of Evidence 2). 

• Alkaline skin pH negatively affects the skin bar-
rier. Therefore, soap-based products with an al-
kaline pH – or absorbent pads that increase skin 
pH - negatively affect the skin barrier function 
and promote skin irritation (446) (486) (508) 
(509) (523) (Level of Evidence 3). 

• Skin cleansers may be more cost-effective than 
soap and water (476) (490) (491) (511) (Level of 
Evidence 3) and may be better for skin health 
(522) (Level of Evidence 2).  

• Barrier skin products may impede water penetra-
tion into the stratum corneum (524)  (Level of Ev-
idence 3). 

• The use of a combination product for skin care 
can reduce the daily cost of product use (476) 
(Level of Evidence 2). 

• Avoid the use of topical antimicrobial products as 
a routine (may promote antimicrobial resistance) 
(486) (Level of Evidence 4).  

3. RECOMMENDATIONS                

Recommendations relating to incontinence and skin 
health in adults are listed in Table O-5. 

Table O-5: Recommendations relating to inconti-
nence and skin health. (Source: D. Beeckman, 2016) 

• Absorbent pads with super-absorbent polymers 
(SAP) are preferred to those without  (24) (518) 
(519) (520) (Grade of Recommendation B). 

• Absorbent pads should be changed when wet to 
minimise skin wetness and subsequently skin 
maceration and increase of the friction coefficient 
at the skin (451) (452) (457) (473) (Grade of Rec-
ommendation B). 

• Absorbent pads or diapers - especially for users 
with faecal or double incontinence - should be 
changed as soon as possible after an episode of 
incontinence to prevent the development of der-
matitis from proteolytic and lipolytic enzymatic ac-
tivity (451) (452) (457) (Grade of Recommenda-
tion B). 

• Skin should be cleansed daily and after each ep-
isode of faecal incontinence (451) (452) (457) 
(Grade of Recommendation C). 

• A pH neutral skin cleanser is recommended 
(slightly acidic, similar to normal skin pH) skin 
care products, no-rinse cleansers or a premois-
tened wipe (446) (452) (508) (509) (523) (Grade 
of Recommendation B). 

• Water and soap washing should be avoided. If 
the use of water could not be avoided, use only 
the amount of water needed. If soap is needed, 
choose a soap with a neutral pH (slightly acidic, 
similar to normal skin pH) (446) (452) (508) (509) 
(523) (Grade of Recommendation B). 

• Skin cleansers with non-ionic surfactants (poly-
ethylene glycol (PEG), acyl-polyglycoside (APG), 
polysorbats, octoxynols) should be chosen. Avoid 
skin cleansers with anionic surfactants (sodium 
laurylsulfate (SLS), sodium laureth sulfate, so-
dium sulphosuccinate, sodium stearate) (452) 
(Grade of Recommendation C). 

• A gentle technique for washing and drying, with 
minimal or no friction and no rubbing/scrubbing 
should be used.  Soft washcloths and towels or a 
disposable nonwoven cloth should be chosen 
(452) (Grade of Recommendation C). 

• A balance should be found between removing ir-
ritants by cleansing and preventing irritation due 
to cleansing (452) (457) (Grade of Recommenda-
tion C).  

• Application of leave-on skin products (such as 
moisturisers, skin protectants or a combination) 
seems to be more effective than withholding 
these products (455) (Grade of Recommendation 
B). 

• Humectants (e.g. glycerine) should not be used if 
skin is overhydrated or macerated (452) (Grade 
of Recommendation C). 

• Skin barrier products should be applied regularly, 
in appropriate quantity, to areas that potentially 
come in contact with urine and/or faeces (452) 
(457) (Grade of Recommendation C). 

•  

General notes to the recommendations: 

• Based on the available evidence, it is not possible 
to recommend any specific skin cleanser, skin 
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moisturiser or skin protectant over another (455) 
(459) (600) (601). 

• The performance of each product depends on the 
overall formulation, rather than on the principle in-
gredient (452) (457).  

• All products should be used according to the 
manufacturer’s instructions (452). 

• Always check that the product does not contain 
any ingredient to which the patient is sensitive or 
allergic (e.g. preservatives, fragrances, per-
fumes) (452) (602). 

4. PRIORITIES FOR RESEARCH 

• Adequately powered controlled randomised trials 
that investigate the effectiveness of skin care 
products, skin care regimes and absorbent prod-
ucts to prevent or treat incontinence-associated 
dermatitis (IAD) are recommended.  

• Controlled randomised trials should determine 
appropriate sample sizes using power analyses. 
Analyses need to be powered to distinguish ef-
fects on participants with faecal or double incon-
tinence. Objective measures from instruments, 
standardised clinical assessments, and patient 
symptom ratings should be included.  

• Laboratory-based studies on healthy volunteers 
are recommended to help select products and 
establish potential efficacy of products before un-
dertaking RCTs in clinical settings. 

• Further work is needed to examine the relation-
ship between IAD and pressure ulcers, in partic-
ular the potential for their formation and / or 
methods to discriminate between them, including 
use of biomarkers and technology. 

• Histopathological studies are needed to deline-
ate more clearly the pathophysiological differ-
ences between the lesions diagnosed as IAD 
and those diagnosed as pressure ulcers, from a 
clinical pathological point of view.  

• To enhance correct product selection and com-
parability in practice and research, the use of a 
standardised language and terminology in the 
description of skin care products is recom-
mended. Particular attention should be paid to 
the description of the function of skin care prod-
ucts (e.g. moisturising and/or skin protecting) as 
well as the appropriateness of skin care products 
in patients with incontinence. 

• There is a need for uniform, relevant and partici-
pant-important outcomes. The development of a 
core set of outcomes may improve the compara-
bility across studies. Recently the IAD Interna-
tional Research Group has launched a project 
which aims to develop a core outcome set of 

well-defined IAD-related outcomes for clinical 
IAD research. This outcome set will also include 
validated tools for outcome measurement (479). 

• Studies that investigate the effect of lowering 
skin pH via a variety of strategies (e.g., cleans-
ers, protectants, absorbent products) in prevent-
ing and treating IAD are needed. 

 ODOUR CONTROL PRODUCTS 

Fear of odour from leaked urine, stool or flatus is a 
major concern that preoccupies many people suffer-
ing from incontinence and is an issue raised in sev-
eral studies that have explored patients’ experiences 
and opinions (4) (21) (525) (526) (527) (528) (529) 
(530) (531) (532) (533) (534) (535) (536) (537) (538). 

Chapter 16 (Section M) reviews the impact of FI and 
odour on quality of life. Recent studies (532) (533) 
(534) continue to show that individuals with UI or FI 
worry about odour emanating from leaked urine or 
faeces, as well as from flatus, and the stigma associ-
ated with “smelling bad” (533). The fear of odour 
plays a role in people’s affective and behavioural re-
sponses to incontinence. Concern about odour can 
interfere with social relationships, cause people to 
isolate themselves within the confines of their home 
or serve as a trigger to seek clinical care (527) (528) 
(529). 

Understandably, some patients with incontinence 
place a high value on products that mask, control, re-
duce, or eliminate odour (538). According to one eval-
uation of different types of continence products for 
women with light incontinence ‘the ability of absor-
bent products to contain smell’ is the second most im-
portant factor when choosing a product, after the 
‘ability to hold urine’ (21).  

Additionally, caregivers are bothered by odour. 
Nurses caring for patients with diarrhoea during tube 
feeding rated odour as one of the most unpleasant 
aspect of caregiving (539).   

The odour associated with urine leakage  is mainly 
due to the production of ammonia from urea by bac-
terial ureases, whereas factors that contribute to the 
odour of faeces and flatus include differing states of 
health and gastrointestinal function, diet composition, 
relative concentrations of volatile sulphur and hydro-
gen containing gases and, possibly, short chain fatty 
acids or ammonia (540) (541) (542). Accordingly, 
there is a demand for products which will mask odour 
or, preferably, prevent it. 
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1. EVIDENCE FROM THE 5TH 
INTERNATIONAL CONSULTATION 

(2013) 

The evidence on products for incontinence odour re-
ported in the 5th consultation (31) is summarised in 
Table P-1. 

Table P-1: The main findings from the 5th Interna-
tional Consultation (31) relating to incontinence and 
odour. 

• Fabrics that have been treated with anti-microbial 
agents - washable bedpads, carpets, chairs, 
clothing and bed linen - may be of benefit in re-
ducing the odour associated with urine (Level of 
Evidence 4).  

• Anti-microbial solutions to prevent odour of urine 
by destroying the bacteria responsible for the 
breakdown of urea may be used to wash products 
such as hand-held urinals or for treating urine 
spillage onto soft furnishings such as carpets 
(Level of Evidence 4).  

• Applying scent to disposable bodyworn pads 
does little to reduce the odour associated with 
urine. (Level of Evidence 3). 

• Products that are the most effective in reducing 
the odour associated with flatus are briefs made 
of activated charcoal fabric (95-99% absor-
bency), followed by charcoal activated pads worn 
inside underwear (55-77% absorbency), usual 
clothing (22% absorbency), and charcoal infused 
cushions (20% absorbency) (542). (Level of Evi-
dence 3).  

• Probiotic Lactobacillus plantarum was effective in 
reducing flatus by 50% in patients with IBS (543). 
(Level of Evidence 1). 

• Over-the-counter α-galactosidase containing 
products, may reduce the production of malodor-
ous gas among individuals experiencing stool 
leakage due to flatus (544) (545). (Level of Evi-
dence 1).  

• Ingesting activated charcoal may have little ben-
efit in reduction of flatulence (541) (546). (Level 
of Evidence 1).  

ICI reported that several companies supplied conti-
nence products that aimed to reduce the odour asso-
ciated with UI by treating the fabric in washable bed-
pads, carpets, chairs, clothing or bed linen with an 
antimicrobial agent. However, it noted there were no 
robust published studies that had sought to evaluate 
products to reduce the odour of urine (Level of Evi-
dence 4). In addition, the consultation cited one mul-
ticentre evaluation of different disposable pads for 
women with light UI (20), which reported applying 

scent to disposable bodyworn pads did not perform 
significantly better than other products in terms of 
odour (Level of Evidence 3). 

Odour control products for FI as described in the re-
port of the last consultation (31) are categorised as 
either oral ingestible products that aim to reduce the 
production of malodorous gas, or devices that aim to 
absorb the odour of gas.  

The consultation described one trial that evaluated 
the extent to which the odour associated with flatus 
was reduced by the use of different types of conti-
nence products that were activated with charcoal 
(542). The devices included four different types of 
charcoal-activated pads worn inside conventional un-
derwear; two types of charcoal-activated wearable 
briefs; and five types of charcoal-activated cushions 
upon which to sit. Six healthy adults tested each prod-
uct. The products that were reported as being the 
most effective were the briefs (95-99% absorbency), 
followed by the pads (55-77%), usual clothing (22%), 
and cushions (20%) (Level of Evidence 3). The briefs 
appear to provide the greatest surface area for con-
tact with malodorous rectal gas (Level of Evidence 3). 
The limited absorption of malodorous gas by clothing 
suggests that washing outer clothing as well as un-
derwear is important to reduce odour (Level of Evi-
dence 3). 

Oral ingestible products that aim to reduce the pro-
duction of malodorous gas include probiotics, the en-
zyme α-galactosidase, and oral charcoal mixtures. 

a) Probiotics 

In a randomised controlled trial (n=60 patients with ir-
ritable bowel disease), administration of Lactoba-cil-
lus plantarum (5 x 107 cfu/ml) was associated with a 
significant reduction in pain and flatulence (543) 
(Level of Evidence 1). 

b) Enzymes (α-galactosidase) 

In a randomised crossover trial (n=19 healthy adults), 
treatment with 240 GaIU alpha-galactosidase was as-
sociated with less frequent flatulence events five 
hours after the test meal, but there was no different in 
bloating or pain (544) (Level of Evidence 1). 

In a randomised controlled trial, administration of 
1200 GaIU of α-galactosidase following a test meal of 
beans was associated with a significant reduction in 
the production of intestinal gas and the severity of flat-
ulence in 8 healthy adults, but not 300 GaIU (545) 
(Level of Evidence 1).  

c) Oral charcoal mixtures 

Hall et al. (546) described a study in which 13 healthy 
adults were randomly administered in a double blind 
manner to three capsules of either 194mg of acti-
vated charcoal or placebo capsules immediately after 
a ‘bean meal’ and at 30 minute intervals for two hours 
after the meal. The researchers reported a significant 
reduction in the mean number of flatus events for 
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those given the activated charcoal (Level of Evidence 
1). 

In a randomised controlled trial (n= 8 adult dogs), the 
production of hydrogen sulphide was significantly re-
duced following the administration of activated char-
coal, Yucca schidigera, and zinc by 71, 38, and 58% 
respectively, and by 86% by the combination of all 
three agents (547) (Level of Evidence 4). 

In addition, the last consultation reported an in vitro 
study in which the flatus of 15 healthy adults who had 
been given 15g lactulose and had eaten a meal sup-
plemented with beans, was treated with activated 
charcoal and then with zinc acetate (541). The re-
searchers reported that treating the collected flatus 
with zinc acetate reduced sulphur gas content, but did 
not totally eliminate odour, while activated charcoal 
removed virtually all odour (Level of Evidence 4).  

In summary, the last consultation noted that inges-
tion of the probiotic Lactobacillus plantarum was ef-
fective in reducing flatus by 50% in patients with irri-
table bowel disease (Level of Evidence 1). Over-the-
counter α-galactosidase containing products, may re-
duce the amount of intestinal gas produced, which 
may in turn reduce the volume of odour, however it 
may not decrease its potency or perceived odour 
(Level of Evidence 1). 

 

2. NEW EVIDENCE FOR THE 
CURRENT CONSULTATION 

No new studies were found for the current consulta-
tion about products that aim to prevent, absorb, or 
control odour associated with UI, FI, or flatus. How-
ever, five publications on products for UI odour (60) 
(548) (549) (550) (551) and one about products for FI 
odour (552) not included in the previous review were 
added to the current review. 

2.1. Products for urinary incontinence 
The five products for UI that were studied included 
two about fabrics/materials treated with an antimicro-
bial agent (548) (549), two about penile sheaths (60) 
(550), and one concerning a reusable undergarment 
(551). Each is described in further detail below.  

2.2. Fabric treated with an antimicrobial 
agent 

Fukui et al (548) described an in vitro experiment 
comparing pads that were treated with either acrylo-
nitrile copper sulfide or iron phthalocyanine. The au-
thors claimed in vitro experiments showed that acry-
lonitrile copper sulfide cloth inhibited the growth of 
most bacteria causing urinary tract infection, and that 
iron-phthalocyanine cloth effectively eliminated bad-
smelling gases. No clinical studies were found on 
evaluating this product.  

In another in vitro study, suspensions of a range of 
bacterial, viral, fungal and yeast micro-organisms 
were applied to the products.  N-halamine siloxane 
coatings were found to inactivate most antimicrobials 
and prevent odour caused by bacterial generation of 
ammonia on urine soaked fabrics (549). They 
claimed, HaloSheild, a patented product, developed 
by Medline Industries Inc. in partnership with Vanson 
HaloSource, can be applied to healthcare sheets and 
incontinence underpads but to date, no evaluation 
studies have been published. 

2.3. Penile sheaths  
According to the findings of two studies, penile 
sheaths may confer benefit in terms of reducing the 
odour associated with UI. In an industry funded RCT, 
61 men with stable, moderate to severe UI and no 
concomitant FI compared Conveen Optima 
urisheaths’ to usual continence pad  (60). In random 
order, the men wore their usual absorbent product or 
urisheaths, each for a 2-week period.  The authors 
reported that all dimensions of participants’ quality of 
life using the King’s Health Questionnaire showed im-
provement. The men also rated the performance of 
the urisheaths significantly higher for efficacy, feeling 
of security, feeling of freedom, self-image, discretion, 
odour management and skin integrity, but not for 
ease of use, which was significantly higher with the 
absorbent product. Another earlier study also lends 
some support to the positive impact of penile sheaths 
on reducing the odour associated with UI. Lyder et al. 
(550) described a cohort study in which nursing staff 
from a Veteran Affairs Nursing Home were asked to 
rate the odour before and after one week of sheath 
use by 8 men with urinary and faecal incontinence 
who resided in different rooms. The authors reported 
that incontinence odour was markedly less in the 
rooms where sheaths were used. Limitations of the 
study were the unblinded nature of the evaluation and 
the lack of statistical power.  

A broader review of findings on the use of penile 
sheaths is given in Section G. 

2.4. Reusable undergarments 
Gallo and Staskin (551) described the performance of 
reusable undergarments on odour control. They in-
vestigated patient satisfaction with a reusable under-
garment called ‘HealthDri’ among 84 men and 42 
women aged between 42-70 years of age with UI. 
Participants were given a minimum of one undergar-
ment and asked to wear it as their primary method of 
continence containment for up to one month. Partici-
pants self-reported their satisfaction with the under-
garment in 6 categories: (i) physical comfort, (ii) abil-
ity to keep skin dry, (iii) ability to prevent wet spots, 
(iv) discretion, (v) odour control, and (vi) confidence 
when wearing it compared to usual containment de-
vice).  Among other findings, 80% rated the ability to 
control odour as adequate or excellent. No further 
studies on this undergarment were found.  
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2.5. Products for faecal incontinence odour 
Community-dwelling people with FI (n=189) were sur-
veyed about their use and evaluation of disposable 
bodyworn absorbent products for managing FI, in-
cluding its odour (552). The survey was part of a clin-
ical trial about the effects of dietary fibre on FI. Forty-
five percent (86/189) used absorbent products, which 
included menstrual pads and products marketed for 
UI, but satisfaction rates concerning their usefulness 
for FI was generally low. When asked to rate the per-
formance of the absorbent products they usually wore 
in terms of their effectiveness, odour control, comfort, 
fit and ability to stay in place, odour control had the 
lowest percentage of “good” ratings across all prod-
ucts. The authors concluded that odour control is the 
feature of an absorbent product that appears to need 
the greatest improvement for use in managing FI.  

3. SUMMARY 

• Odour control products have a key role to play in 
helping people with incontinence and caregivers 
retain their sense of adulthood, identity, inde-
pendence, and engagement in social life (Level 
of Evidence 3). 

• The clinical effectiveness of treating fabric-based 
continence products with antimicrobial agents to 
reduce the odour associated with urine is unclear 
(Level of Evidence 4). 

• Compared with continence pads, penile sheaths 
may have greater ability to reduce the odour as-
sociated with urine leakage (Level of Evidence 
2).   

• Users of reusable undergarments reported being 
satisfied with the product’s ability to control the 
odour associated with UI (Level of Evidence 3). 

• Users of disposable absorbent products reported 
being dissatisfied with products’ ability to control 
the odour associated with FI (Level of Evidence 
3).   

• Oral intake of probiotics (Lactobacillus planta-
rum, (5 x 107 cfu/ml)), enzymes (α-galacto-
sidase), and oral charcoal mixtures, may reduce 
production of malodorous gas, but the effects of 
odour are unclear (Level of Evidence 1).   

• Products or devices that are activated with char-
coal can absorb odour associated with flatus, 
and charcoal activated wearable briefs are more 
effective than charcoal activated cushions or 
pads (Level of Evidence 3). 

4. RECOMMENDATIONS 

Recommendations relating to products for odour as-
sociated with incontinence are listed in Table P-2. 

Table P-2: Recommendations relating to inconti-
nence and odour. 

• Healthcare professionals must be sensitive to the 
fear and social consequences of odour (Grade of 
Recommendation A) 

• Men with UI should be informed about different 
containment options and about the greater ability 
of penile sheaths to reduce the odour associated 
with urine leakage over absorbent pads (Grade of 
Recommendation B)  

• Further research is required before recommend-
ing the use of fabrics and materials treated with 
anti-microbial agents to reduce the odour associ-
ated with UI (Grade of Recommendation D). 

• Patients with UI should be offered the option of 
trialling a reusable undergarment to evaluate its 
ability to reduce the odour associated with UI 
(Grade of Recommendation D). 

• Patients with FI should be informed about the lim-
ited ability of disposable absorbent products to re-
duce the odour associated with FI (Grade of Rec-
ommendation D). 

• Odoriferous rectal gas may be better absorbed 
with body worn briefs containing activated char-
coal rather than with separate pads or cushions 
(Grade of Recommendation C). 

• Since some pads absorb up to 75% of gas, there 
may be value in offering patients who have 
smaller amounts of gas the opportunity to com-
pare pads and briefs for themselves. (Grade of 
Recommendation C).  

• Patients with irritable bowel syndrome may bene-
fit from a trial of Probiotic Lactobacillus plantarum 
to reduce associated pain and flatulence (Grade 
of Recommendation C) 

• For those persons experiencing stool leakage 
due to flatus, over-the-counter α-galactosidase 
containing products, which reduce the production 
of malodorous gas can be tried in an attempt to 
reduce FI frequency (Grade of Recommendation 
B).  

• Washing of outer as well as under clothing after 
flatus is recommended to reduce odour due to ab-
sorption of gas by clothing (Grade of Recommen-
dation C). 

5. PRIORITIES FOR RESEARCH 

• Development of an absorbent product that can 
eliminate, reduce or mask the odour of leaked 
urine and / or faeces while protecting the skin.      

• Development of wearable undergarments and 
textile products (soft furnishings and bedding) for 
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eliminating, reducing, or masking odour associ-
ated with urine, faeces and flatus. 

• Investigation of whether probiotics or changes in 
dietary intake can eliminate or reduce the odour 
of flatulence or leaked faeces. 

APPENDIX 1 

The literature search to identify material for this chap-
ter - additional to that reviewed for the last (5th) con-
sultation (31) - was conducted as follows. MEDLINE 
and CINAHL databases were searched from 2008 – 
2011 for English language publications. Detailed 
search strategies were developed for each electronic 
data-base searched. Consideration was given to var-
iations in terms used and spellings of terms in differ-
ent countries so that studies were not missed. Rele-
vant abstracts were examined and then pertinent ar-
ticles were retrieved and reviewed, and the reference 
lists searched for further studies. For product catego-
ries associated with little or no research literature, 

analysis relied on expert opinion from clinical practice 
papers.  

The following main search terms were used: incon-
tinence AND device*, toilet* AND facilities, female, 
male, urinal*, commode*, bedpan*, urin* AND sheath, 
condom AND catheter*, *, intermittent catheterisa-
tion, indwelling catheterisation, catheterisation, cath-
eters, incontinence OR absorbent pad*, urinary AND 
catheter* (in title), urinary AND leg bag* OR legbag* 
OR drainage bag, faecal OR fecal AND incontinence 
AND plug OR pouch OR bag OR device, OR man-
age* system, incontinence OR perineal AND derma-
titis OR in-flammation OR skin damage, incontinence 
OR perineal OR diaper AND dermatitis OR inflamma-
tion OR skin damage OR skin lesion OR erythema 
OR rash OR erosion.   

APPENDIX 2 

Details of Cochrane reviews relating to long-term and 
short-term catheter use are described in Table Ap2-1. 

Table Ap2-1: Cochrane reviews on long term and short term catheterisation.  

Date Authors  Research Q Comparisons No. of Trials Conclusions  

Cochrane Reviews on LONG TERM Catheterisation 

2010 Hagen et al  
(255) 

Long term: Are 
bladder washouts 
effective in 
maintaining 
catheter patency. 

No washout vs 
saline or acidic 
solution; saline vs 
acidic solution vs 
antibiotic solution. 

5 Insufficient evidence to 
state whether 
blockage, UTI or time 
to first catheter change 
is affected by washout. 

2012 Niël-Weise et 
al 
(398) 

Long term: Urinary 
catheter policies 
for LT catheter 
drainage. 

IUC vs SPC/IC; 
prophylaxis vs sx 
treatment; vs AB 
P vs microbiology. 

1 on IUC.  Possible benefit of 
ABP in LT IDC but 
resistance is a serious 
concern.  

2012 Jahn et al  
(603) 

Long term:  
Types of catheters 
for long term use. 

Antiseptic vs 
standard 
catheters; 
standard vs 
standard catheter. 

3  
 

Evidence insufficient to 
effect of silver alloy 
catheter on CAUTI; 
hydrogel catheter may 
be better tolerated than 
silicone catheter.  

2013 Jamison et al 
(396) 

Long term: 
Catheter policies 
for LT voiding 
problems in 
neurogenic 
bladder. 

IC vs IUD; 
IUD vs SPC 
Sheaths vs IUC or 
SPC; 
IC vs timed 
voiding. 

0 No trials found.  

Cochrane Reviews on SHORT TERM Catheterisation 

2006 Phipps et al 
(604) 

ST urinary catheter 
policies following 
urogenital surgery. 

UC vs no catheter; 
UC vs SPC; 
duration; 
Clamping prior to 
removal. 

36 Recatheterisation 
higher in non-UC group 
or UC vs SPC; early 
removal reduces risk of 
UTI; clamping may 
increase risk of UTI 
and delay normal 
voiding.  

2005 Griffiths and 
Fernandez 
(605) 

Short term:  
Policies for urethral 
catheter removal 

Midnight vs other 
times (morning). 

18 Possible benefit from 
midnight removal --
larger 1st void/longer 
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Date Authors  Research Q Comparisons No. of Trials Conclusions  

(midnight vs 
morning). 

time to 1st void, shorter 
stay; no difference in 
recatheterisation rate. 

2013 Lusardi 
(606) 
 
 

Short term: 
Antibiotic 
prophylaxis in 
short term 
catheterisation. 

Prophylaxis (vs 
none). 

6 Weak evidence that 
ASB, pyuria and fever 
are reduced. 

2014 Fisher 
(607) 
 
 

Short term: Alpha 
blocker pre 
catheter removal in 
AUR. 

Alpha blocker vs 
placebo or no 
treatment. 

9 Improved voiding with 
AB vs placebo and 
reduced incidence of 
repeated AUR.  

2014 Lam et al (608) Short term: types 
of catheters.  

Silver alloy/oxide; 
Nitrofurazone; 
Minocycline + 
rifampicin all vs 
standard catheter. 

26 Reduction of CAUTI: 
no difference with 
silver alloy; weak 
evidence that 
nitrofurazone reduced 
risk of 
CAUTI/bacteriuria; may 
cause more discomfort 
than standard 
catheters.  

2015  Kidd et al 
(395) 

Short term use of 
SPC vs IUC. 

IUC vs SPC; IUC 
vs IC. 

25 SPC vs IUC: ASB, 
recatheterisation and 
pain reduced in SPC 
group;   IUC vs IC: 
inconclusive re: UTI, 
ASB, pain. 

 

ASB = asymptomatic bacteriuria 
SPC = suprapubic catheter 
IUC = indwelling urethral catheter 
IC = intermittent catheterisation 
AUR = acute urinary retention 
CAUTI = catheter associated urinary tract infection 
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 INTRODUCTION 

Continence promotion, education, and primary pre-
vention involves informing and educating the public 
and health care professionals that urinary (UI) and 
faecal incontinence (FI), can be treated successfully 
in most cases, can always be managed, and can of-
ten be prevented.  Other bladder disorders, with links 
to incontinence, such as bladder pain syndrome/inter-
stitial cystitis (BPS/IC) and pelvic organ prolapse 
(POP), can also be treated and managed success-
fully and they are often included in continence aware-
ness programmes.   

The taboo for talking about disorders of the bladder 
and bowel is easing in most cultures. (1)  Government 
funded initiatives have increased and practice guide-
lines have been developed.   The multidisciplinary ap-

proach to clinical management and research is con-
sidered the most effective and impactful way to pro-
vide care and advance knowledge.  Popular maga-
zines, local and national papers, radio, and television, 
in most developed countries regularly cover health 
topics for men and women relating to UI, FI, BPS and 
POP. Many countries run national or local public 
awareness campaigns, often spearheaded by a na-
tional continence organisation and the internet is in-
creasingly being viewed as a convenient source of 
health information for a growing number of consum-
ers.   

This chapter updates the 2013 International Consul-
tation on Incontinence (ICI) chapter in these areas: 
primary prevention, continence awareness and pro-
motion, help-seeking behaviour, models of care and 
service delivery and education along with the recom-
mendations in each area.  The majority of information 
available primarily relates to UI and less on Fi, 
BPS/IC and POP.  Since these conditions are preva-
lent but often ignored by sufferers and professionals, 
the first topic addresses population-based primary 
prevention research.  Although there is evidence-
based research to support strategies to promote con-
tinence in certain populations, further research is 
needed to substantiate the benefits of primary pre-
ventative strategies, including long term follow-up.  
The second section reviews continence awareness 
by discussing health promotion and help-seeking 
(care-seeking) behaviours (HSB) for these condi-
tions.  Progress continues to be made in the promo-
tion of continence on a worldwide basis yet there is 
inadequate evidence for the rapid translation of 
awareness into behavioural change and using exist-
ing knowledge to trigger help-seeking behaviour. In-
formation is provided about continence promotion 
programmes and advocacy through worldwide organ-
isations. Although a great deal of published infor-
mation on building public and health care profes-
sional awareness of incontinence, is available, there 
is minimal information about the impact of these ef-
forts on changing healthcare policy and public and 
professional attitudes and knowledge about conti-
nence. The third section discusses service delivery 
and models of continence care. The committee high-
lights the work of the 2014 Multidisciplinary Conti-
nence Care Service group. The final topic addresses 
education of professionals in these areas (i.e., UI, FI, 
BPS/IC and POP) including the development and use 
of medical guidelines and care pathways. The com-
mittee found information about recent practice and re-
search initiatives in all of these areas but found very 
little evidence-based research to support widespread 
dissemination and translation. An attempt was made 
to review current information of education of the pubic 
on these conditions. A listing of all guidelines re-
leased since 2007 on UI, FI, POP and BPS is pro-
vided.  

 PRIMARY PREVENTION 

Literature Search is found in Appendix 1. 
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1. BACKGROUND 

According to the World Health Organisation primary 
prevention, “refers to actions aimed at avoiding the 
manifestation of a disease”. (2) These actions include 
interventions to improve health by changing the im-
pact of social and economic determinants on health, 
providing people information about how to reduce 
risks of disease and clinical preventive services, and 
community and individual-level interventions to re-
duce risks. Primary prevention of UI in adults is im-
portant because of its prevalence across the lifespan, 
its financial and societal costs, and impact on the 
quality of life (QoL) of affected adults. A consensus 
statement released in 2011 by a panel of experts, A 
Healthy Bladder, reinforced the ongoing need for pri-
mary prevention efforts to be addressed not only by 
healthcare professionals, but also by policymakers 
and funding bodies. (3) 

A driving force for developing primary prevention in-
terventions for UI is epidemiological evidence of the 
global aging phenomenon.  The World Health Organ-
isation and the National Institute of Health in the 
United States (U.S.) estimated that there will be 1.5 
billion people aged 65 years and over by 2050, rep-
resenting 16% of the world’s population.  The most 
rapid rate of growth of this age group will occur in less 
developed countries with 250% growth rate as com-
pared to 71% in developed countries 
(https://www.nia.nih.gov/research/publication/global-

health-and-aging/living-longer).  

This rise in the number of older people is also ex-
pected to result in higher numbers of people living 

with increased burden from chronic non-communica-
ble diseases that are associated with UI (i.e., diabe-
tes, neurological disorders, and some cancers).  

These global aging estimates have significant impli-
cations to healthcare utilization, costs for UI across 
the lifespan, and education of clinicians to treat these 
conditions. (4) For example, estimates of lifetime 
risks for surgery for stress UI (SUI) in women is 20% 
by the age of 80 years (5) and the economic burden 
of urgency UI (UUI) is projected to increase by 25% 
by 2024. (6) In the U.S., the prevalence of UI in-
creased in six years from 35.8% to 38.6% in older 
adults who have complex medical problems, yet 
treatment rates remained low. (7) Previous research 
has identified multiple risk factors for UI and many of 
these factors may be modifiable (8) including environ-
mental, (9) psychological (10) and lifestyle and be-
havioural. (11) (12) Research has also found associ-
ation between specific toileting behaviours and pres-
ence of lower urinary tract symptoms (LUTS), pre-
dominantly UI, in employed women, (12) female 
nurses, (13) (14) and women visiting a urogynaecol-
ogy clinic. (15) 

Recent research linked socioeconomic and health 
conditions in early childhood to impact on health later 
in life. (16) This includes intrapersonal factors such 
as reduced physical activity, obesity, smoking, expo-
sure to stress, and development of mental health 
problems, i.e., depression. The origins of these fac-
tors appear to be complex and multi-level, that is, 
there are both intrapersonal and environmental 

mechanisms or intrapersonal and societal mecha-
nisms leading to manifestation of negative health out-
comes.  

 
Figure 1: Primary Prevention Model. 
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Since the Fifth ICI, there has been a heightened 
awareness that some social determinants are associ-
ated with the incidence and progression of UI. For ex-
ample, research has observed a direct association 
between UI and obesity (17) and both UI and obesity 
are also associated with lower socioeconomic status. 
(18) UI has also been associated with depression in 
women in their 40s (19) and reduced physical activity. 
(20) In addition, racial disparities exist in patterns of 
UI, (21) primary prevention of UI in nursing home 
(NH) residents, (22) and women’s level of knowledge 
about UI and other urinary symptoms. (23) Some 
women are disproportionally affected by UI due to its 
impact on emotional and spiritual aspects of their 
lives. (24) Increasing screening may help initiate dis-
cussions between healthcare providers and adults 
about urinary symptoms and their prevention.  Uro-
logic health has been proposed as a priority during 
the well women visit. (25) 

Use of an assessment questionnaire in primary care 
wellness visits with women 40 years and older in-
creased discussion about UI and FI. (26)  Thus the 
goal for the emphasis on reducing risk of UI is to re-
duce disease burden and improve QoL in both the 
short and long term.  

Development of primary prevention interventions for 
individuals and populations remain in the nascent 
stage. (27) (28) Evidence based information or clini-
cal guidelines for preventing incontinence are not 
widely available. (29) There are no systematic re-
views of population-based primary prevention inter-
ventions. Efforts are underway to develop founda-
tional knowledge about multi-level factors including 
individual, social, physical and environmental factors 
that will aid in the development and testing of inter-
ventions to prevent UI in women. (30)  A primary pre-
vention model was proposed that demonstrates the 
multi-stage approach to individual and population 
based education, case finding, intervention, embed-
ded change, and outcomes, see Figure 1.  

Professional organisations have developed events or 
organized information to heighten the public’s aware-
ness of the importance of bladder health, such as the 
American Urogynecologic Society’s Bladder Health 
Week (http://www.augs.org/p/cm/ld/fid=708 ), de-
signed to educate women about pelvic floor health; 
the International Continence Society’s (ICS) World 
Continence Week (https://www.ics.org/public/wcw); 
Continence Foundation of Australia public toilet map 
(https://toiletmap.gov.au/); and Canadian Continence 
Foundation factsheets and patient pamphlets 
(http://www.canadiancontinence.ca/EN/bladder-
health-leakage-control-problems.php?EN/bladder-
health.php). Efforts on the behalf of the Asia-Pacific 
Continence Board that represents countries in the 
Asia-Pacific rim and of the American Urological Asso-
ciation (AUA) are underway to designate November 
as Bladder Health Month 
(https://www.auanet.org/press-media/press_re-
leases/article.cfm?articleNo=462). Evaluation of the 
effectiveness of these programmes is not available. 

2. PREVENTION OF UI IN SPECIFIC 
POPULATIONS 

2.1. Women During Pregnancy and 
Postpartum 

A review of studies that were conducted to prevent UI 
during pregnancy and postpartum up to 2012 pro-
vided recommendations about UI prevention inter-
ventions. The authors who used the International 
Consultation on Urological Diseases steps for grad-
ing evidence made the following recommendations: 
advise to women to stop smoking before and during 
(Grade B), maintain normal weight before pregnancy 
(Grade B), aim to achieve normal weight post preg-
nancy (Grade B), advocate for occasional low inten-
sity training  during pregnancy (Grade B), avoid con-
stipation during pregnancy (Grade B) and postpartum 
(Grade C), perform pelvic floor muscle (PFM) training 
during pregnancy and postpartum (Grade A), and use 
warm perineal packs during delivery (Grade B). The 
authors also noted that Cesarean section cannot be 
recommended (Grade D). (31)  

Women in the second trimester of pregnancy were 
randomized into an intervention group (individually 
supervised PFM exercise intervention) and control 
group. Both groups received written information on 
how to perform PFM exercises. No differences were 
observed between the two groups at two and 12 
months post-partum. (32) In a randomized, controlled 
trial (RCT) 70 pregnant women were randomized to 
an intervention group (supervised 6-week PFM exer-
cise programme with instruction from a trained mid-
wife) or control group (regular prenatal care). Fewer 
women in the intervention group developed SUI by 
the end of the study than did women in the control 
group (OR, 3.05, 95%CI, 1.07-8.70, p = 0.018). (33)  
Research is needed to increase the number of 
women willing to participate in PFM exercises. For ex-
ample, in one study 95% of the women wanted pro-
fessional information about these exercises but only 
one in three women were willing to participate in su-
pervised PFM exercises postpartum. (34) Results 
from an online survey of 507 postpartum women who 
ran a minimum of once a week revealed that birth 
spacing of less than 2 years or having vaginal deliv-
ery increased odds of postpartum SUI (OR, 1.71 
95%CI, 1.00-2.91). Women who had cesarean sec-
tion delivery had increased odds of abdominal sepa-
ration OR, 2.20 95%CI, 1.05-4.70.), while antenatal 
weight training decreased odds of SUI (OR, 0.46 
95%CI,0.21-0.98). (35)  

2.2. Men Post-prostatectomy  
A meta-analysis of preoperative PFM exercises for UI 
after radical prostatectomy found that additional PFM 
exercises did not improve resolution of UI after radical 
prostatectomy at 3, 6, or 12 months. (36)  
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2.3. Community-dwelling Older Adults 
Community based continence education workshops 
have been found to increase knowledge of conti-
nence issues and continence related QoL in older 
women.  In a study of 51 women who attended a 2.5 
hour workshop, there was an increase in continence 
knowledge that was sustained for three months after 
the workshop. (37)  The authors concluded that learn-
ing self-management strategies were important to im-
prove pelvic floor health and that education in a public 
forum may be beneficial for these patients. This ques-
tionnaire was developed in the U.S. and 92% of re-
spondents were White and the median age was 69 
years.  

A multisite randomized controlled trial was conducted 
with women 55 years and over (N= 647) in which 
women were followed 3 months, 1, and 2 years after 
delivery of the intervention. The intervention con-
sisted of bladder health information by either 2-hour 
face to face instruction or 20-minute DVD with the 
same information. Investigators found both methods 
equally effective. There was no change in self-re-
ported UI at 2 years. (38) (39)  

A continence questionnaire, the Continence Index, 
was developed to predict future UI in older women. 
Factors that emerged as the strongest predictors of 
UI included body mass index, sneezing, belief of de-
veloping future UI, difficulty in stopping urine stream, 
and remembering names. (40)    

A cluster randomized trial was conducted in the 
United Kingdom (UK).  Clustering was performed at 
the organisational level and women were 60 years or 
over who had UI at least weekly. The three interven-
tions tested involved: continence education, self-
management including a UI risk reduction tool, and a 
combination of education and self-management. A 
control group received information about memory 
loss, polypharmacy and osteoporosis.  Women in the 
combined intervention group reported the highest 
rate of UI symptom improvement (66% versus 11% in 
control group). (41) A multi-national study to de-
crease stigma from UI and falls in older women has 
been reported in the literature; preliminary results are 
not available. (42) 

3. PREVENTION OF FAECAL 
INCONTINENCE 

Prevalence of FI in adult women and men is similar 
(median 8.1% range 2.3%-16.1% and 8.9% range 
2.0%-20.7% respectively). (43)  Dual incontinence 
was reported as more prevalent in women: 6% 
95%CI, 5.0-7.1% versus 1.9% 95%CI, 1.4-2.7%. (44)  
FI prevalence increases with age (43) and is often un-
der-reported. (44) Consultation for help with FI and 
physician screening are relatively low with many con-
sumers unaware of available treatment and physi-
cians reporting time as a barrier to screening. (45) 

Risk factors associated with FI are reported by Com-
mittee 16: FI: Conservative Treatment.  Prevention of 
FI remains important, research is needed to deter-
mine the effectiveness of population-based interven-
tions focusing on increasing awareness about risk 
factors for FI. 

Summary 

Primary prevention of urinary and fecal incontinence 
is in its nascent stage but changing global de-
mographics are driving the need to develop effective 
primary prevention interventions across the human 
lifespan. Foundational evidence has demonstrated 
that modifiable risk factors exist across multiple lev-
els: intrapersonal, environmental, and societal.  High 
quality RCTs are needed in both men and women 
across the lifespan to develop evidence for the effec-
tiveness of population and individual-level primary 
prevention intervention for UI and FI. 

Levels of Evidence/Recommendations 

• Pelvic floor muscle exercises can prevent UI in 
pregnant and postpartum women. (Level of Evi-
dence: 1) 

• Education designed for community-dwelling 
older women can prevent UI. (Level of Evidence: 
1) 

• No recent RCTs or case-control studies were lo-
cated for prevention of FI. (Level of Evidence: 4) 

• Pelvic floor muscle exercises should be provided 
to pregnant women. (Grade of Recommenda-
tions: A) 

• Education to older women to prevent UI should 
be provided. (Grade of Recommendations: A) 

 CONTINENCE AWARENESS, 
PROMOTION AND ADVOCACY 

Literature Search is found in Appendix 1. 

1. BACKGROUND 

According to the World Health Organisation, health 
promotion is, “the process of enabling people to in-
crease control over, and to improve, their health. It 
moves beyond a focus on individual behaviour to-
wards a wide range of social and environmental inter-
ventions” (http://www.who.int/topics/health_promo-
tion/en/)  

Efforts to promote awareness about incontinence and 
its treatment can be enhanced by adopting evidence-
based theories and methods from the field of health 
promotion and by heightening awareness of the 
World Health Organisation social determinants of 
health. (46) Health promotion frameworks can be 
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used to plan and evaluate the effectiveness of strate-
gies and programmes used to promote continence.   

2. RAISING AWARENESS AND 
UNDERSTANDING 

Consumer education is a critical component of effec-
tive continence promotion.  Education of individuals 
with, or at risk of, UI and/or FI, their family members 
or informal caregivers, and healthcare professionals 
increases awareness about incontinence and the 
benefits of prevention and management. The goals of 
consumer education are elimination of stigma, pro-
motion of help-seeking, and reduction of suffering. 
(47) 

Using a quantitative descriptive design, Day et al (48) 
surveyed 50 community-dwelling women’s 
knowledge about UI. Findings revealed that the 
women had poor knowledge, principally in relation to 
UI risk factors (38.8%), prevention (40.5%), treatment 
(39.4%) and management (49.4%),  suggesting that 
women have unmet educational needs related to UI 
and indicating an area for improved consumer educa-
tion. (48)  According to a qualitative analysis of open 
ended questions from a survey of 1,458 women with 
UI in Washington State, women had a range of differ-
ent interpretations and understanding about the 
causes of UI, with many believing it was a normal part 
of being female. (49)  

An important aspect of continence promotion involves 
dispelling the pervasive myth that incontinence is an 
inevitable part of aging.  Spencer (50) described a 
pre-post evaluation of an education programme for 
women with UI and found education alone was insuf-
ficient to alter women’s beliefs. The researcher em-
phasized the need for more engagement about the 
topic, and to consider individualized learning needs. 

Clinicians play an important role in encouraging dis-
cussion and providing information about UI (51) and 
can empower an individual to make changes and set 
goals for UI self-management. (52)  

Muller’s review of findings from several epidemiolog-
ical surveys of community-dwelling adults with blad-
der control problems in the U.S. indicated that women 
look first to their doctors to serve as their primary pel-
vic health educators found that having a general prac-
titioner (GP) was one of many factors that increased 
help seeking for UI. (53)  Muller concluded that im-
proved patient-doctor relationships and public educa-
tion may foster healthcare seeking behaviour be-
cause the vast majority of women who had not sought 
healthcare for UI believed, at least in part, that there 
were no available treatments.  

In a convenience sample survey of 360 women in Is-
rael, researchers found that women who suffered 
from UI and those who were older generally had more 
knowledge about UI including causes and treatments. 
(54) Another small focus group study with African 

American and Latina women in the U.S. demon-
strated general misconceptions about causes of pel-
vic floor disorders, symptom and treatments. (55) 
Participants were eager to gain more information, 
particularly to share with their daughters, and identi-
fied placing family demands before their own health 
needs as a barrier to seeking care.  An online survey 
study of 1,092 adolescent and young women aged 
19-30 years enrolled at a university in the U. S. re-
vealed that those in the 25-30 year age cohort were 
more likely to have received information about UI, FI, 
and POP. (56) 

Some countries governments provide support for 
continence promotion but much of the health promo-
tion effort related to continence issues is undertaken 
by professional bodies, non-governmental conti-
nence organisations, and advocacy groups. The ICS 
provides information about peak bodies and advo-
cacy organisations that are active in the area of health 
promotion, advocacy and represent the interests of 
people with, or at risk of, incontinence (http://www. 
ics.org/SiteLinks.aspx).  Through the activities of 
these organisations and with the engagement of ex-
ternal stakeholders such as educational, health-care, 
and community service providers, these organisa-
tions aim to increase community awareness and un-
derstanding about incontinence, reduce social 
stigma, and raise public awareness about risk factors 
and options for managing incontinence.  

Consumer knowledge about FI is also generally lim-
ited. Patel et al (57) conducted a content analysis of 
comments from 89 community-dwelling adults with FI 
to examine their continence literacy. The findings in-
dicated that while many consumers had a significant 
emotional component to their experience of FI their 
knowledge about terms to use to describe their con-
dition was often limited. (57) (58) (59) (60) 

As part of a larger study that used a postal and inter-
net survey conducted with members of a National 
Crohn’s and Colitis Support Group, Norton and Dibley 
(61) investigated factors that influenced help-seeking 
in people with inflammatory bowel disease (IBD) re-
lated FI, and their needs or desire for continence ser-
vices. The most commonly cited reasons for not seek-
ing help were: a lack of knowledge about from whom 
to seek help, how to seek help, and where to seek 
help.  

2.1. Use of the Internet and Social Media 
The internet is frequently searched for health infor-
mation, and coverage of relevant health topics is 
growing.  The benefits of acquiring health information 
via the internet include its wide accessibility, anonym-
ity, and informality with eight in ten internet users in 
the U.S. looking online for health information. (62)  

Amante et al (63) investigated access to care and use 
of the internet to search for health information using 
data from the 2011 National Health Interview Study 
(NHIS).  Of 32,139 adult respondents, 43.55% 



 

 
CONTINENCE AWARENESS, PROMOTION AND ADVOCACY  2435 

 

(13,997) reported searching the internet for health in-
formation.  These authors suggested that a main rea-
son for the widespread use of the internet to obtain 
health information was users did not consider their 
questions severe enough to warrant the effort or time 
to obtain routine, urgent, or emergent clinical atten-
tion.    

Evaluations of internet based information about in-
continence suggest the internet may prove to be a 
useful tool for consumer education and public health 
outreach particularly in light of the reluctance of those 
affected by stigmatized illnesses such as inconti-
nence to seek treatment or to ask health care profes-
sionals for information.(64) (65) (66) For example, in 
a study of  208 people attending GP appointments in 
the UK conducted by Al-Shammary et al (64) the ma-
jority of people who used the internet felt able to dis-
cuss UI with their GPs or with the practice nurse, sug-
gesting that information gleaned from the internet 
helped consumers make decisions about seeking 
help. Forty-five percent of respondents used the in-
ternet before consultation for the purpose of self-di-
agnosis. Mazloomdoost et al (65) evaluated the use 
of social networking and internet use as a source of 
information about pelvic floor disorders among 
women who presented to a clinical practice for female 
pelvic medicine and reconstructive surgery. The ma-
jority (75%) reported high internet use, with 53% us-
ing the internet or social networking to learn about 
their pelvic floor condition. Saiki and Cloyes (66) con-
ducted a content analysis of publicly archived blog 
texts from 19 women living with UI. The findings re-
vealed a focus on securing social connection and a 
place in the human community. Thus, blogging may 
offer women with UI a means by which they can 
safely disclose their condition and socially connect.  

Some researchers have questioned the quality of 
continence information on the internet and social net-
works, and have suggested that validation is needed. 
(67) (68) (69) In 2001, Diering et al (70) evaluated the 
content, credibility, and function of 15 websites with 
UI content that had been developed by professional 
health care organisations for use by healthcare pro-
viders. The researchers concluded the internet 
served as a useful resource for ‘state-of-the-art’ 
knowledge about UI that health professionals can use 
to update their knowledge but also cautioned users to 
critically evaluate content.  Using the World Health 
Organisation ‘Health on the Net’ (HON) principles, 
Saraswat et al (68) evaluated 150 websites using 17 
commonly used terms for ‘female UI’ in English, 
French, German and Spanish, and compared website 
sponsors. The total number of websites for each term 
was variable, however ‘female sling surgery’, had the 
most websites (18 million), followed by ‘incontinence 
surgery’ (9.8 million). The most commonly encoun-
tered sponsors were physicians/surgeons (37%), fol-
lowed by commercial sites (30%), government organ-
isations or educational institutions (20%), and non-
profit organisations (5%). The findings highlight the 
importance of assessing the quality and validity of in-

ternet health information, particularly as many web-
sites also act as a platform for advertising.  An evalu-
ation by Dueñas-Garcia et al (67) of 13 patient-fo-
cused websites addressing treatment options for 
POP and stress UI also raised concern about the 
quality of information available to consumers.  Using 
the DISCERN instrument, a validated instrument to 
assess the quality of written consumers health infor-
mation relating to treatment options, the researchers 
reported available English-language professional 
websites written to inform patients about manage-
ment choices for SUI and POP omit key components 
of quality patient information. (67)   

Sajadi and Goldman’s (71) study to assess the quality 
of incontinence resources available among social 
networks, also showed that most websites providing 
UI information were not certified by an accrediting 
body.  Using the term ‘incontinence’, the researchers 
searched for information on Facebook, Twitter, and 
YouTube, to evaluate its usefulness.  Their conclu-
sion was that while social networks have great poten-
tial for consumers with incontinence to connect with 
each other and find medically informative resources, 
there was insufficient useful UI content, especially 
from healthcare professionals and incontinence or-
ganisations. Social network sites are a key future 
source of information for consumers about inconti-
nence, and medical professionals and societies 
should target these avenues to reach and educate 
consumers.  Healthcare professionals, Continence 
organisations, and recognised advocacy organisa-
tions have a key role to play in assisting consumers 
to find reliable information about UI by providing de-
tails of reputable web sites and by playing a role in 
interpreting findings from high quality research and 
reframing them for consumption by the general pub-
lic.   

Although the internet has changed how many people 
access health information, internet access is far from 
universal, especially in developing nations, among 
older and poorer sections of society in developed na-
tions, and among people with low levels of education 
and lower socioeconomic status. (72) 

In both developing nations and in countries with lim-
ited health systems and dispersed populations, inno-
vative methods are needed to disseminate infor-
mation about incontinence, such as through commu-
nity nursing infrastructures and lay health workers.  

Summary 

Based on survey and qualitative data regarding con-
sumers’ understandings and knowledge of inconti-
nence, the general public has limited knowledge 
about incontinence. The effectiveness of strategies to 
promote awareness about incontinence and its treat-
ment can be enhanced by adopting evidence-based 
theories and methods from the field of health promo-
tion, and should be underpinned by awareness of the 
social determinants of health. Consumers increas-
ingly access the internet for health information but the 
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quality of information about incontinence may be var-
iable. Clinicians and continence promotional bodies 
play an important role in helping consumers find high 
quality reliable information.  The majority of publica-
tions on Continence Promotion and Programmes are 
qualitative or mixed methods designs and the Oxford 
Level of Evidence does not recognize. 

 

Levels of Evidence/Recommendations 

• Continence promotion is required to address 
broad gaps in knowledge about incontinence 
(Level of Evidence 3) 

• Strategies to promote awareness about inconti-
nence and its treatment can be strengthened by 
the use of evidence based theories and methods 
from the field of health promotion, including the 
social determinants of health (Level of Evidence 
4)) 

• The internet represents an important source of 
information about incontinence, however the 
quality of information may be variable (Level of 
Evidence 3) 

 HELP-SEEKING (CARE-
SEEKING) BEHAVIOUR 

Literature Search is found in Appendix 1. 

1. BACKGROUND 

Help-seeking for UI is not well-understood likely due 
to the lack of rigorous exploration of this behaviour. 
Despite increased awareness among healthcare pro-
viders and consumers of healthcare, a survey com-
paring help-seeking behaviours conducted sixteen 
years apart (1991 and 2007) revealed that there had 
been virtually no increase in the proportion of women 
seeking help for LUTS. (73)  

A Model of Pathways to Treatment (74) offers a 
framework to explore the existing literature on the 
barriers and facilitators to seeking care and sex-dif-
ferences in help-seeking.  This model proposes four 
sequential time intervals in the process of receiving 
treatment: 1) appraisal, 2) help-seeking, 3) diagnos-
tic, and 4) pre-treatment. During the first time interval 
the person detects bodily changes. These changes 
may be appraised as a normal change or abnormal, 
a symptom of an underlying condition. If the person 
decides the bodily change is abnormal, s/he is moti-
vated to seek help from a healthcare provider for one 
of two reasons: 1) concern that the change is from a 
serious underlying condition; or 2) due to the conse-
quences of the change. During this time interval, the 
person considers seeking help from a healthcare pro-
vider based on the outcomes of their appraisal of the 

symptoms and their self-management. Situational, 
contextual, and social factors can play a role during 
this phase in creating facilitators and barriers to seek-
ing help. Once the person makes the first consultation 
from a healthcare provider, the diagnostic process 
begins, and afterwards, treatment is initiated.  

For the purpose of this section, two time intervals are 
the focus of this section: 1) detection and appraisal of 
bodily changes related to UI; and 2) self-reported rea-
sons to discuss symptoms with a healthcare provider. 
Using non-health professional and indirect resources 
(such as blogs, chat groups, and website) was con-
sidered to be self-management, not help-seeking be-
haviour. 

The research questions are:  

a) What factors act as barriers/facilitators to 
help- seeking for UI? 

b) Do sex differences exist for help-seeking for 
UI ? 

2. FACTORS THAT ACT AS 
BARRIERS / FACILITATORS TO 

HELP-SEEKING  

Since the 5th ICI edition, multiple descriptive studies 
were located noting that intrinsic and extrinsic factors 
can act as barriers/facilitators to help-seeking for UI. 
More information about help-seeking behaviours in 
women across the adult lifespan than for men was re-
trieved.  

Intrinsic factors associated with barriers/facilitators:  

Findings from a qualitative research study has de-
scribed a process that takes place and influences de-
cisions to seek treatment (or not), whereby adults af-
fected by chronic, non-life-threatening conditions, 
weigh the perceived costs and benefits of treatment 
(in terms of discomfort and inconvenience as well as 
financially) against the effect of the condition on QoL. 
(75) In semi-structured interviews with 22 older peo-
ple, three themes emerged: “being brushed aside,” 
“putting up with it,” and "something has to be done.” 
(76) The authors noted that an important trigger for 
seeking help for incontinence was healthcare provid-
ers’ confirmation of continence problems. Thus the 
role of healthcare professionals acting as facilitators 
to help-seeking care was emphasized. 

An integrative literature review of help-seeking be-
haviours for UI symptoms among non-institutional-
ized women of all ages indicated that less than 38% 
of women sought help for their UI symptoms. (77) In 
women with UI, some (n=119, n=27.4%) said they do 
not report UI because it is a small or insignificant 
problem and that they can self- manage it.18 This per-
ception can change over time with worsening of 
symptoms and increased continence pad use. For ex-
ample, female patients from a urogynaecology prac-
tice with SUI reported that UI was perceived as a 
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problem about 4.7+ 5.4 years after its onset. In this 
study, women waited an average of 13.28+ 12.3 
years to seek help. (78) In a population-based study, 
the rate of help-seeking was associated with increas-
ing age (i.e. women over 70 years: 1.2 versus women 
between 50-59 years: 0.02). (79)   

Fifty-eight men and women participating in the Bos-
ton Area Community Health Survey (BACH) also par-
ticipated in focus groups about urinary symptoms, 
their attitudes and beliefs about the symptoms, and 
help-seeking behaviour. Worsening and longevity of 
symptoms, fears of underlying serious disorder, and 
increasing bother were reasons that prompted them 
to seek help. (80) Characteristics of women who 
sought help for UI participating in a longitudinal study 
in France included talking with others (i.e., family or 
friends) and having severe UI, mixed UI, weak social 
support, and neurologic disease. (81) Communica-
tion issues after women decided to seek treatment 
from physicians for UI was identified as a barrier to 
receiving care. This finding resulted from focus 
groups with an ethnically diverse sample of women in 
the U.S. The women also had expressed frustration 
with the level of information about UI and its treat-
ment. (82) 

3. KNOWLEDGE, ATTITUDES, AND 
BELIEFS ABOUT UI  

Women’s knowledge, attitudes, and beliefs about UI 
have been long thought of as both barriers and facili-
tators to help-seeking behaviours.  Many women be-
lieve UI is a normal part of aging (83) (84) (85) (86) 

and did not seek help for what they perceived as a 
non-problem. Other women who participated in a sur-
vey in Korea noted that they were embarrassed by 
being incontinent and did not seek help, but women 
who did not have UI said they would consult with a 
healthcare provider should they develop it. (83) In an-
other study, women (61.9%) have also reported one 
reason for not seeking help for UI was that they hoped 
UI would spontaneously disappear (similar to findings 
by Buurman and Lagro-Janssen, (87) but interfer-
ence with prayer and sexual, physical, and social ac-
tivities were reasons to seek help. (88)  Using the 
Theory of Planned Change, researchers found that 
help-seeking intention can be predicted. They also 
found that high perceived self-efficacy in managing 
symptoms could act as a barrier to seeking help. They 
postulated that women viewed themselves as man-
aging well and not needing help from others. (89)  

Women (age range 42-94 years) who had high liter-
acy levels had significant knowledge deficits and a 
poor understanding of pelvic floor disorders, including 
UI.  Although this study had a small sample (N=36), 
the authors drew implications about women’s ability 
to give informed consent because of the complexity 
of pelvic floor disorders and the difficulty in under-
standing them. (90)  In another study, knowledge def-
icits about UI were found to exist in women across all 

ages, income levels, and races. (91)  A study of high-
school and college age athletes in the U.S. found that 
more than 25% of the young women surveyed expe-
rienced UI during strenuous physical activity, but 90% 
had never reported their symptoms to anyone.  Fur-
ther, 91% had never heard of PFM exercises, indicat-
ing a lack of knowledge about UI and pelvic floor func-
tioning. (92)  

Reasons women who were postpartum gave for not 
seeking help were: low priority, belief it was normal 
part of childbirth, and feeling ashamed. (87)  Among 
women with gynaecological cancers who experi-
enced concomitant LUTS, the failure to seek help was 
attributed to a perception that the LUTS were not per-
ceived by the women as serious enough symptoms 
to warrant attention and to their lack of awareness of 
treatment options. (93)  

Racially diverse women (i.e., African American and 
Caucasian) in telephone surveys in the U.S. reported 
that they did not seek help for UI because they be-
lieved there were no available treatments. (94)  An-
other study with an ethnically diverse group of women 
(median age 34 years) found that the women held 
similar attitudes about UI. No differences were found 
among the women based on ethnicity in agreeing that 
good treatments for UI existed (OR, 0.91; 95% CI, 
0.33–2.6). (95)  Authors of a systematic review on 
perceptions about female UI however concluded that 
similarities existed among women from different ra-
cial and ethnic groups in terms of managing UI but 
their perceptions about UI differed. (96)  

From the literature reviewed, knowledge deficits 
along with varying attitudes and beliefs that normalize 
UI or created emotional responses of embarrassment 
(97) (98) (99) about UI acted as barriers to help-seek-
ing.  

Level of severity and bothersomeness of UI symp-
toms and consequences of symptoms 

UI severity in women between 58-70 years was the 
main reason for reporting UI to a healthcare provider. 
(81)  Women had greater odds of getting treatment 
for UI when their symptoms had become more fre-
quent (adjusted OR, 3.16, 95% CI, 1.15–8.67) and 
bothersome (adjusted OR, 1.09, 95% CI, 1.01–1.18) 
in the prior year. (100)   Another study found however, 
that bother from UI mediated the relationship be-
tween UI severity and help seeking behaviour. Thus 
women who perceived bother sought help for UI re-
gardless of the level of severity. (101)  Bother, as well 
as concern about a serious underlying condition, was 
also a reason to seek help for women between 45 -
65 years living in Iran while neglect, embarrassment, 
an assumption that UI was caused by aging, and eco-
nomic issues acted as barriers to seeking help. (102) 
The literature revealed that more severe UI and 
bother from UI can act as facilitators to help-seeking.  

It is difficult however to generalize findings among 
studies because different definitions for help-seeking 
and instruments were used, although it appears there 
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are common findings including age, type and severity 
of UI, and feelings of embarrassment are significantly 
related to barriers to seeking care. (103) 

In a study conducted with men (N=1240), with a mean 
age 63.3+12.7 years, who sought help for LUTS at a 
urology clinic, subjects were asked by a physician be-
fore evaluation to select the most bothersome symp-
tom.  Nocturia accounted for 32.9% of initial com-
plaints and it persisted in approximately 50% of men 
over time. (104)  

Men over 50 years old (n=18) who had visited their 
GPs were asked to participate in semi-structured in-
terviews about reasons they sought help with LUTS 
symptoms. The researchers found that men could be 
grouped into 3 categories: those who were concerned 
about cancer, those who found the symptoms a nui-
sance, and those who were prompted to seek help 
after seeing public information about LUTS. (105)  

4. EXTRINSIC FACTORS THAT ACT 
AS BARRIERS/FACILITATORS TO 

HELP-SEEKING FOR UI  

Women with low incomes (i.e., $30,000 USD annu-
ally) were less likely to discuss UI with a healthcare 
provider, even though they had health insurance, 
than women at higher income levels. (18) The authors 
of the study noted that other factors such as high co-
payment and family and job responsibilities hindered 
making and attending healthcare appointments. (18) 
Costs of care and inconvenience created barriers for 
American Indian older women (average age 77.7 
years + 9 years) living in southwestern U.S.  Incon-
venience and fear, as measured by the Barriers to In-
continence Care Seeking Questionnaire (BICS-Q), 
created barriers for Latina women as compared to 
Caucasian and African American women, (106) indi-
cating that cultural and social factors play a role in a 
woman’s decision and ability to seek care. El-Azab 
and colleagues (107) found that encouragement from 
husbands as well as having severe UI, and the desire 
to be able to pray, were associated with an increased 
likelihood of help-seeking behaviour in Middle East-
ern women. 

Social and cultural attitudes were cited as barriers to 
help-seeking (3) and this issue appeared to cross 
many cultures. For example, in one study, social re-
jection indicated higher level of intention to seek care 
among Chinese women (age range 40-65 years), 
(36) thus acting as a facilitator to help-seeking. The 
effect of stigma influenced attitudes towards help-
seeking in women who were visiting at a health care 
centre who also responded to a survey. The re-
searchers found that internalized stigma, social isola-
tion, and internalized shame had a direct negative ef-
fects on help-seeking attitudes. (108)  Other social 
factors lead women to hiding incontinence. Women 
reported fear of smelling like urine, fear of not being 

supported by those close to her, and being discrimi-
nated against were reasons not to seek help for UI. 
(109)  Social factors however can facilitate help-seek-
ing.  Help-seeking for LUTS in Taiwan increased from 
23.1% in 2000 to 38% in 2009. (110)   The authors 
noted that the rapidly aging society and concerted ef-
forts by the government and other organisations to in-
crease awareness of LUTS were driving factors to 
this increase in help-seeking. Research ideas solic-
ited from citizen juries composed of women who lived 
in New Zealand included research to make help-
seeking and receiving treatment for UI easier for 
women. (111)  

5. SEX DIFFERENCES FOR HELP-
SEEKING BEHAVIOURS FOR UI 

No studies that directly compared sex differences in 
help-seeking behaviours for UI were located. Teunis-
sen and colleagues (112) interviewed 56 men and 
314 women aged 60 years and older who were living 
independently in the community with “uncomplicated 
UI”.   Men reported higher UI impact scores than 
women, despite their UI being less severe than that 
of women.  The most important effect of UI reported 
by men was, ‘‘being out of control,” while most women 
considered, ‘‘feeling compelled to take several pre-
cautions’’ to be the most important consequence of 
UI.   

To better understand the experience of the social 
context of UI, men and women participating in BACH, 
were recruited to participate in focus groups. Both 
men and women who had UI feared detection by oth-
ers; men were concerned about being perceived as 
going to the toilet too frequently as compared to 
women in the same study who reported concerns 
about cleanliness and caring for her body. (113) 

An internet survey administered to men and women 
aged 40 years and over in the U.S., the UK and Swe-
den, noted that of the men and women who reported 
LUTS, less than a third of respondents reported seek-
ing treatment. (114)  Eighty-three percent of men and 
89% of women who had multiple symptoms including 
storage + voiding + post-micturition LUTS also had 
high rates of bother. Correlates for treatment seeking 
for both sexes included bother.  Women, however, 
were more likely to report bother from storage symp-
toms and with combined symptoms (e.g., storage 
plus voiding or post micturition). In another study of 
men, 44% of those who reported having UI had 
sought help and of those, 57% sought help within 6 
months of onset of symptoms. The authors noted that 
perhaps men reported these symptoms earlier than 
women because of higher level of bother and nega-
tive impact on QoL. (115) Secondary analyses of a 
dataset of adults between 20-94 years who had heart 
failure revealed sex and age differences. Younger 
men were more likely to report UI than younger 
women while the rate of help-seeking was similar be-
tween older men and women. (116)  
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Sex-differences in help-seeking behaviour can exist 
and research to determine the barriers and facilitators 
that are shared and differ between the sexes are 
needed to develop effective strategies to encourage 
early help-seeking for UI.  

Summary 

The lack of an accurate denominator to determine the 
rate of adults who have UI undermines efforts to de-
termine the proportion of adults with UI who seek help 
from healthcare providers for it. UI affects health-re-
lated quality of life (HRQoL) and is associated with 
activity impairments when compared to continent 
adults, (117) thus eliminating and minimizing barriers 
and reinforcing factors that facilitate help-seeking 
across the lifespan and culture and are sex-specific 
should be a priority in UI research.   

The literature reviewed supported the Model of Path-
ways to Treatment in that adults reported that they 
decided that bothersome or severe UI led them to 
seek help from a healthcare provider for UI symptoms 
and their consequences. Respondents to surveys 
also reported that extrinsic factors created significant 
barriers. Help-seeking is a complex behaviour with 
multiple factors including social and cultural ones, 
playing a role.  Inclusion of qualitative methods to bet-
ter understand how men and women who have UI 
think about and make meaning of bodily changes 
such as urinary leakage and how they think about the 
symptoms and their consequences is needed to cre-
ate foundational research that will lead to help-seek-
ing interventional research. Common terminology 
and validated instruments are essential to advance 
knowledge. Analyses that examine sex-differences in 
factors that act as barriers and facilitators to help-
seeking are also needed. 

 

Levels of Evidence/Recommendations 

• No RCTs or case-control studies for help-seek-
ing behaviour were located (Level of Evidence 4) 

• Recommendation: No recommendation was 
possible based on the level of evidence provided 
by the available research. 

 CONTINENCE PROMOTION 
PROGRAMMES 

Literature Search is found in Appendix 1. 

1. BACKGROUND 

Continence promotion programmes vary across 
countries and cultures, but all share the same aim of 
increasing awareness and understanding about in-
continence. Efforts to raise awareness of continence 

issues need to consider the age, gender, and culture 
of target populations and the key health messages 
that are being delivered. It is necessary to consult 
with relevant groups when planning programmes in 
order to meet the needs of these groups and to en-
hance health seeking behaviours. Continence promo-
tion programmes need to provide key health mes-
sages in the delivery of information about the risk fac-
tors and the management options for incontinence, 
and identify gaps in current information available to 
different target groups. Different populations likely 
have different informational needs.  

Examples of successful campaigns include the com-
munity-based interactive continence promotion work-
shops conducted in pre-post evaluative study of 90 
women in Canada, which were well-received by par-
ticipants and which changed knowledge, attitudes, 
skills, and increased rates of help-seeking behav-
iours. (118)  A similar study reported pre and post-
evaluation findings from 50 women who attended a 
nurse-led educational workshop. Symptom and QOL 
scores significantly improved from baseline to 3 
months (Pelvic Floor Impact Questionnaire: mean dif-
ference=14.2, p=0.005, 95%CI  4.7–23.8; Pelvic 
Floor Distress Inventory: mean difference=17.4, 
p<0.001, 95%CI 8.3-26.5). (37)   

Newman (119) conducted a survey of 422 women in 
the U.S. in order to understand the current patient-
professional relationship that could improve commu-
nication about continence issues. Respondents indi-
cated they wanted more information about inconti-
nence, and for healthcare professionals and organi-
sations to supply this information to them. 

2. CREATING PUBLIC AWARENESS 

The use of the internet to find information about UI 
and its treatment was discussed earlier in this chap-
ter. The internet can also be used to create public 
awareness. In addition to the internet, public aware-
ness can be increased through print media, television 
and radio, telephones, and other mobile devices. 
(120)  Specialised health publications developed for 
different groups in the population have the potential 
to offer valuable channels for dissemination of evi-
dence-based continence advice.   Media channels 
can also be engaged to disseminate information 
about incontinence.  Journalists often use a “media 
hook,” i.e., an interesting story that will take priority 
over other news on the television, radio, or in the 
newspaper or magazines.  In addition, having a 
spokesperson affected by incontinence or finding a 
celebrity willing to speak for the cause can help in-
crease awareness. (59)  These individuals can act as 
“influence leaders” or” ambassadors” for organisa-
tions. 

Continence services play an important role in raising 
public awareness about incontinence. A study that 
evaluated health education and public awareness 
programmes in the UK from 1993 to 1996 in two 
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health authorities found the availability of a conti-
nence service significantly increased information on 
how to deal with urinary symptoms. (121) This finding 
highlights the need for clinicians to provide health 
promotional information about incontinence as part of 
their service.  

3. HEALTH LITERACY 

Health literacy related to UI was considered an im-
portant component to the delivery of consumer edu-
cation.  The terms “continence” or “incontinence,” “in-
terstitial cystitis,” or “painful bladder syndrome,” and 
“pelvic organ prolapse” may be poorly understood 
(122) and simpler terms may achieve greater public 
recognition across many languages and cultures.  
The use of “overactive bladder (OAB)” in advertising 
has increased reporting of the condition to primary 
care professionals in the U.S.  Palmer and Newman 
(123) reported on a U.S. health promotion project to 
determine the needs of senior citizens concerning 
bladder control issues.   Focus groups of older adults 
attending health seminars in urban, community and 
church settings were conducted.  The primary objec-
tive of the project was to determine older adults’ un-
derstanding about general health and their beliefs 
about UI.  The 82 participants were predominantly Af-
rican-American women representing all socio-eco-
nomic levels.  These older adults expressed confu-
sion when asked if “overactive bladder, bladder con-
trol issues, and UI” were the same condition.  An eval-
uation of Australia’s National Continence Manage-
ment Strategy in 2006 suggested that consumer ed-
ucation would be strengthened by identification of the 
most appropriate terminology within key messages to 
strengthen awareness raising strategies. (124) (125) 
For example, public education trials have shown im-
provements in understanding about terminology for 
prostate disease (108) and sexual health and sexual 
function. (126)  

 In the UK, campaigns and consumer literature often 
avoid clinical terms in favor of lay terms that focus on 
the need to use the toilet often, worrying that one may 
not make it to the toilet on time or have “leaking” of 
urine or feces.  In the area of bowel disorders such as 
FI, people found it difficult to find the right words to 
discuss their symptoms. (60)  The International Foun-
dation for Functional Gastrointestinal Disorders 
(IFFGD) in the U.S. reported that people with FI will 
often report having diarrhea to their physician, but do 
not disclose symptoms of FI.  Without the physician 
or nurse asking direct questions about the ability to 
control gas, liquid, or solid stool, FI may not be de-
tected.   

Lack of understanding about terminology and physi-
ology may lead to difficulties with communication be-
tween patients and providers.  A survey of 138 
women attending continence clinics in the UK, Aus-
tralia, and Italy found over 20% of women were un-
sure of the meaning of basic continence terminology 
commonly used by health care providers. (127)  

Terms tested in the study included “daytime fre-
quency, nocturia, urgency, UUI, SUI, and hesitancy.”  
Two studies further highlighted confusion and lack of 
knowledge about LUTS.  Smith and colleagues (128) 
conducted focus groups with women who experi-
enced overactive bladder (OAB), and found high lev-
els of misunderstanding about symptoms and physi-
ology, and miscommunication between patients and 
providers.  These findings were most pronounced 
among the older women who participated in this 
study.  Senekjian and colleagues (122) corroborated 
these findings and recommended that public health 
campaigns about UI and other pelvic floor disorders 
should use terminology targeted to consumers who 
may have basic understanding.  

Hougardy et al (129) reported a double-blind RCT in 
which 129 women in Belgium were randomized to re-
ceive an informational leaflet with explanatory infor-
mation about urodynamic consultation or to a group 
that did not receive such information.  No significant 
differences in overall satisfaction between groups 
were found regarding understanding the procedure 
and reducing patient anxiety.  

By contrast, a pre-post survey of 151 women in Can-
ada who had received both written and verbal infor-
mation about urodynamic investigation prior to the 
procedure found that 78.1% felt they understood the 
indications for the testing. (130)  Fewer felt they un-
derstood what the procedures would involve (68.2%) 
or that they had enough information about the tests 
(64.9%). Many women expressed anxiety or embar-
rassment about undergoing the procedure.  A Swe-
dish population-based study found that the distribu-
tion of a brochure on UI to the general public was well 
received and can be an efficient method to spread 
knowledge and encourage self-management. (131) 
Another study found that although recall about diag-
nosis information presented during an initial physician 
visit can be variable, the visit had enhanced under-
standing about available treatment options. (132) 

4. PROGRAMME EVALUATION  

Evaluating the effectiveness of health promotion pro-
grammes is a complex endeavor. Evaluation meth-
ods should be established a priori to implementation 
of the continence promotion programme.  Evaluation 
should include both quantitative measurements and 
qualitative measures. According to the findings of a 
RCT of 145 family members regarding their satisfac-
tion with an intervention to improve incontinence and 
mobility care for their relative in a NH, open-ended 
questions rather than “direct satisfaction” questions 
regarding continence care may elicit detailed and rel-
evant information about the programme.(133) Health 
promotion evaluation methods include process eval-
uation, impact evaluation, and outcome evaluation.  

Research-based evidence for the effectiveness of 
programmes aimed at raising awareness of conti-
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nence issues or at improving help-seeking behav-
iours is rare. (134) A number of studies have consid-
ered the effectiveness of leaflets or brochures in rais-
ing awareness about UI and about treatment options. 
While the studies were generally supportive of this in-
formation, evidence was contradictory in some areas 
and far from conclusive.  In a quasi-randomized con-
trolled study of 1,175 participants, Wagg et al (135) 
reported that a self-help standard treatment leaflet 
was as effective as structured help from a continence 
nurse in reducing bothersome urinary symptoms in 
women. An Australian study evaluated whether an in-
formation leaflet influenced the help-seeking behav-
iours of 111 people with UI who had reported being 
bothered by UI, and who were from a broad cross 
section of patients from acute, subacute, and commu-
nity settings. Of the 111 people who were able to be 
contacted, 44.1% indicated the leaflet had influenced 
their decision to seek help. (136)  In a subsequent 
study using a similar design, O’Connell and Gaskin 
(137) evaluated the effects of an information leaflet 
on the health seeking behaviours of 55 people re-
cruited from the waiting rooms of primary care prac-
tices in Australia. When interviewed two weeks later, 
59% reported they had taken action to manage their 
UI, and 67.7% reported having done so as a result of 
the leaflet.  

An early health promotion project called ‘Dry Expec-
tations’ was developed and implemented in six ethni-
cally diverse, predominantly minority, and inner city 
senior centres in the U.S. (138)  The programme was 
designed for an older population.  The project con-
sisted of three phases: orientation and training of key 
staff members/peer educators at the centres (train-
the-trainer model); educating seniors through four 
one-hour weekly sessions involving visual aids and 
completion of bladder records and quizzes; and fol-
low up sessions with senior staff/peer educators to 
reinforce the previous training.  The programme was 
very well received by the participants and approxi-
mately 80% felt they had more control over their blad-
der by the end of the last session. 

Tuckett et al (139) synthesized evidence from inter-
vention programmes or actions that provided infor-
mation or attempted to raise awareness about men’s 
bladder and bowel health. The reviewers identified 
twelve RCTs and two before-and-after studies were 
identified. Because of the broad nature of the eligibil-
ity criteria, the studies addressed: (i) PFM exercises 
for prostate cancer, (ii) post micturition dribble, (iii) 
LUTS: (iv) evidence-based guidelines for the man-
agement of UI and/or FI. However, none provide spe-
cific outcome data to determine the relative effects of 
education or awareness raising activities. The review-
ers concluded ‘there is little quantitative evidence for 
the effectiveness of interventions to improve men’s 
awareness of bladder and bowel health.” (139) 

Summary 

Based on findings from qualitative and case series re-
search, terms used by clinicians may be poorly un-
derstood by consumers. One RCT evaluated different 
methods of obtaining information about satisfaction 
with continence care, (133) showing strong support 
for open-ended questions. Two RCTs, (140) (129) 

one quaisi RCT (135) and four case series studies 
(131) (136) (137) (130) evaluated the effects of edu-
cation using promotional material. Results were in-
conclusive. According to the findings of a synthesis of 
evidence, little is known about the effectiveness of 
educational and awareness strategies using various 
methods to raise awareness about bladder and bowel 
health among men. (139) 

 

Levels of Evidence/Recommendations 

• Continence promotion programmes need to ac-
commodate varying levels of health literacy and 
access to health information in different popula-
tions (Level of Evidence: 4) 

• Public health campaigns about incontinence and 
other pelvic floor disorders need to use terminol-
ogy targeted to consumers’ understandings 
(Level of Evidence: 4) 

• Satisfaction surveys about continence care could 
yield relevant and detailed information by using 
open-ended, rather than closed-ended questions 
(Level of Evidence: 1) 

• Evidence for the use of leaflets or brochures in 
raising awareness about UI and different treat-
ment options is inconclusive (Level of Evidence: 
1). 

 CONTINENCE ADVOCACY 

Literature Search is found in Appendix 1. 

1. BACKGROUND 

Advocacy is defined as the act or process of defend-
ing or maintaining a cause or proposal. Advocacy, as 
it pertains to incontinence, involves assisting individ-
uals to find necessary health care and treatment.  Or-
ganisations composed of professional and public 
members promote continence advocacy as a core 
mission.  

2. CONTINENCE ADVOCACY 
WORLDWIDE 

A central goal of most continence advocacy organi-
sations is raising public awareness and understand-
ing about the types of incontinence, risk factors for 
incontinence, and available treatments, services, and 
management products.  These organisations provide 
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a public voice for an unheard consumer population in 
political and health-care governance, development, 
and planning processes.  In recent years, consumers 
and clinicians have been involved in identifying and 
prioritizing important areas of research relating to in-
continence in order to inform research development 
and funding decisions. (141) (111) In addition, 
through advocacy organisations, consumers of health 
care have become more closely involved and influen-
tial in the activities of clinical professional organisa-
tions. 

Another major role adopted by many continence or-
ganisations is the direct provision of information sup-
port to those affected by incontinence and their care-
givers.  The types of information provided include in-
formation about symptoms, risk factors and associ-
ated conditions, treatments and management strate-
gies, and availability of, and access to, health and so-
cial services.  Such information is provided through a 
variety of sources, including consumer-oriented mag-
azines, internet-based information resources, tele-
phone support lines (often staffed by qualified nursing 
or counseling staff), and printed media such as leaf-
lets and booklets on a wide variety of topics.  Other 
innovative strategies have included outreach work 
through travelling information roadshows and events. 
(142) Organisations also provided emotional sup-
ports to people with incontinence by putting them in 
touch with others similarly affected either through di-
rect contact at meetings or through internet discus-
sion forums. 

Continence organisations reviewed varied in scale 
and in nature, from small consumer or clinician 
groups that focus on quite specific bladder symptoms 
or conditions, to large and well-funded national or-
ganisations that address bladder problems as a peak 
body.  Often the founding and development of such 
organisations resulted from the dedication of a small 
group of consumers, clinicians, or both, that worked 
to promote awareness and understanding of inconti-
nence among the public and healthcare providers 
and to provide optimal services and support to those 
affected.   These organisations represented a wide 
diversity of models, including consumer-led, com-
pany-sponsored, consumer-only, professionals-only, 
and organisations which have deliberately set about 
trying to bring together all relevant stakeholders in a 
relatively democratic model.  Globally, these organi-
sations played a dynamic role in building both public 
and professional awareness of this underserved and 
underreported condition. 

Funding  
The degree of funding available inevitably affected 
the level and scope of work.  In some countries, such 
as Australia and to a lesser degree New Zealand, 
continence support organisations have government 
support for their work.  In other countries such as the 
U.S. and UK, financial support generally came from 
charitable donations from individuals and founda-

tions, or through the support of the pharmaceutical in-
dustry and continence products manufacturers.  Most 
continence organisations believe that more funding 
from any source will improve advocacy work but there 
is no evidence to support this. 

Summary 

Advocacy is necessary for people who have inconti-
nence and many organisations have advocacy as 
their mission. A wide range of models of continence 
advocacy, including collaborative models that bring 
consumers and different groups of health profession-
als together, existed. Little research regarding formal-
ized evaluation on the effectiveness of these organi-
zations was located. 

 

Levels of Evidence/Recommendations 

• Evidence for the impact of continence advocacy 
worldwide was based on opinion (Level of Evi-
dence: 4) 

• Worldwide Advocacy (Grade of Recommenda-
tion: None) 

 MODELS OF CARE, DELIVERY 
AND ACCESSING CARE 

Literature Search is found in Appendix 1. 

1. BACKGROUND 

A large cross-sectional community mail survey of 
women with UI in France, Germany, Spain, and the 
UK found that many women preferred to be treated 
for UI by their primary care providers, despite easy 
access to specialized services. (143)  Appropriately 
trained continence nurses and physical therapists ap-
peared able to provide quality UI care for women. In 
other studies, women were satisfied with care pro-
vided by continence nurses. (144) (145) (146)  In the 
U.S., the health care of older adults who experience 
UI and FI was provided by PCPs.  Drennan and col-
leagues (147) interviewed thirty-two caregivers about 
their strategies for managing older adults with UI and 
dementia.  They recommended that professionals, 
especially those in primary care, should be more pro-
active in questioning patients about UI and toileting 
habits to identify counter-productive and harmful 
strategies.  Need exists to consider specialist roles, 
responsibilities, and protocols to guide appropriate 
referrals and ensure good collaboration.   

Implementation of integrated service mandates can 
be challenging due to infrastructure limitations and 
other barriers.  To oversee all these problems, a 
study aimed to provide an evidence-based specifica-
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tion for the procurement and organisation of conti-
nence care was conducted.  Evidence was gathered 
through a systematic literature review and semi-struc-
tured interviews resulting in the Optimal Continence 
Service Specification (OCSS). (148)  

2. NEED FOR SERVICES 

No published studies directly compared the effective-
ness of specific delivery systems for continence 
care.  Although the Optimal Continence Service 
Specification (OCSS) produced guidance to service 
delivery, evaluation of effectiveness of services re-
mains under-investigated.  

Knowledge and attitudes about UI and care may in-
fluence consumer choices regarding services.  Some 
studies suggest that as QoL worsens, care-seeking 
increases. (149)  In some cultures, particularly those 
where living with extended family is more common, 
UI may be viewed as a family issue rather than a dis-
order affecting just one family member. (150)  Family 
support was often seen as an important component 
when dealing with UI. (151) 

In some studies, many women preferred to take an 
active role in their own UI care.  For example, a sur-
vey of 265 Norwegian women with UI, O’Donnell and 
Hunskaar (152) found that 60% of women wanted to 
be actively involved in their UI care decisions, com-
pared to only 38% for their general health care needs. 

(153)  This finding may also have been influenced by 
the context of care and educational level of the 
woman (152) or associated with the desire for ade-
quate clinical information rather than for active treat-
ment decision-making. (154) 

3. MODELS OF CARE 

Continence care was defined by the Canadian Conti-
nence Foundation as “all measures directed toward 
the prevention, improvement and or management of 
UI” (http://www.canadiancontinence.ca/pdf/en_dec2
000vol_1.pdf).  A report on continence care services 
worldwide noted that services were scattered, incon-
sistent and considerable discrepancies exist in their 
funding.  The report concluded that accessible (and 
affordable) continence care and multidisciplinary 
teamwork were needed. (155) 

In response to this report, a modular service specifi-
cation was designed, the OCSS. (148) The modules 
were: 1) case detection, 2) specialist assessment and 
treatment, 3) case coordination, 4) caregiver support, 
5) community-based support, 6) use of containment 
products, and 7) use of technology (Figure-2). The 
key recommendations are detailed in Table-1.   

 

 

Table-1: Optimal Continence Services Specification Recommendations  

1. Ensure ease of access by the establishment of robust referral pathways from detection of incontinence 
through to appropriate assessment and treatment;  

2. Shift the responsibility of basic continence care away from PCPs to continence nurse specialists (CNSs) 
in primary care where available, where CNSs are unavailable, train existing healthcare professionals such 
as primary care-based nurse practitioners, community nurses, physician’s assistants or, in developing 
countries, local community healthcare workers, to provide evidence-based continence care;  

3. Where possible, use a case coordinator to ensure collaborative working, especially to help delay or prevent 
admission of patients to permanent care settings; given the general trend to more integrated clinical path-
ways, in particular concerning patients with multiple comorbidities, it is necessary to strike a balance be-
tween specialization and holistic case management approaches;  

4. Promote use of self-management tools and techniques; provision of information on the use of containment 
products;  

5. Emphasize shared decision making between healthcare provider and patient/caregiver; and educational 
campaigns on the nature of the illness and treatment strategies;  

6. Integrate specialists with other parts of the care pathway and ensure they play a key role in quality gov-
ernance, training and the dissemination of best practice;  

7. Use a comprehensive assessment of user, product, and usage related factors to assess the needs of 
patients and caregivers with regards to containment products. This process should be standardized, valid 
and easily reproducible. The final decision regarding choice of product should remain with the end-user: 
the patient and/or their informal or professional caregiver;  

8. Use of technology should be integral to the delivery of continence care. Technology should enable self-
care and connect patients, caregivers and enable providers to monitor progress and troubleshoot prob-
lems;  

9. For payers: in order to provide the highest quality continence care, ensure care standards are incentivized. 
This can be achieved through stipulating the achievement of targets on certain outcome and operational 



 

 
2444  COMMITTEE 21. PRIMARY PREVENTION, CONTINENCE PROMOTION, MODELS OF CARE AND EDUCATION 
 

measures, careful use of quality-related financial incentives, emphasis on clinical governance and optimal 
pricing that is most strongly correlated to the true cost of providing a service;  

10. Establish accredited programmes of training for: 

• Nurses wanting to become CNSs and  

• Other health or social care professionals such as social workers wishing to improve their competence 
in delivering continence care. 

 

There are many factors that can persuade health care 
planners about the importance of adequate invest-
ment in community continence services.  For in-
stance, in the UK in 2015 NHS England launched a 
national policy document entitled Excellence in Con-
tinence Care which provided a framework for com-
missioners and health care providers to develop con-
tinence services that reduce health related harm and 
costs, were commissioned for dignity and value and 
ensures that appropriate outcomes were measured. 
(https://England.nhs.uk. Search for excellence in con-
tinence care).  

The provision of continence care and services in each 
country depended on the organisation and infrastruc-
ture of its health services.  Because UI is prevalent 
and affects men and women of all ages who receive 
medical care from a variety of health care providers 
(e.g., PCP, family physician, geriatrician, gynaecol-
ogist, nurse practitioners), there will seldom be one 

point of entry to continence care.  A major barrier to 
facilitating continence services models was the lack 
of studies that compared effectiveness of specific 
continence care delivery systems.  A range of exist-
ing service delivery models were located in the litera-
ture and described below.   

3.1. Single Specialist 
This service, the most common model in developed 
countries, was led by a consultant or specialist physi-
cian (i.e., urologist, gynaecologist or urogynaecol-
ogist). It focused on a “urodynamic unit” that provided 
medical or surgical treatment with a nurse continence 
advisor or continence nurse specialist acting as an in-
tegrated part of the service.   

 
Figure 2: Components of a Multidisciplinary Continence Care Service (148) 
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3.2. Nurse Specialist or Advisor 
Examples of nurse-directed models of incontinence 
care were described in the literature.  Farrell and col-
leagues (156) studied a step-wise care delivery 
model that included continence advisor and nurses.  
This model was effective as the traditional medical 
model.  In Australia, New Zealand and the UK, a na-
tional network of Continence Nurse Advisors (CNAs) 
or Continence Nurses liaise, integrate services, and 
guide individuals through the referral route most ap-
propriate to meet their needs.  The efficacy of Conti-
nence Nurse Practitioners (CNPs) in the UK was re-
ported by Matharu and associates (157) who studied 
450 women over 40 years of age who underwent uro-
dynamic studies in the UK after seeing a trained 
CNP.  In women diagnosed with bladder overactivity, 
the CNP prescribed medications to 79% of patients 
and PFM training to 64.8% of the women.  In those 
with urodynamic SUI, 88% had appropriately been 
prescribed PFM training.  Nurses assessed and as-
signed women to appropriate conservative treat-
ments, resulting in shortening waiting times for urody-
namics and specialist assessment.  

Choi (83) performed a case-controlled intervention 
study with primary care patients (male and female) 
who had LUTS in China. An intervention group 
(N=360) received a nurse-led continence care pro-
gramme and a control group (N=360) received usual 
care by their PCPs. Outcome measures included 
symptom severity, HRQOL, self-efficacy, global 
health, and self-reported health service utilization at 
12-months. The intervention group had significant im-
provements in LUTS severity and HRQOL, although 
improvements in the amount of urine leakage were 
not significantly different between the two groups. A 
higher proportion of intervention group (as compared 
to control group) reported increased self-efficacy 
(43.48% vs. 66.83%), improved global health condi-
tion (17.74% vs. 41.5%), having doctor consultation 
(18.5% vs. 8.06), having medication due to LUTS 
(26.50% vs.11.29%) and having non-drug therapy 
due to LUTS (59.5% vs.9.68%).  

Despite evidence for active intervention, emphasis of-
ten remains on urine containment and passive UI 
management rather than on active therapy.  An audit 
of the continence services in the UK revealed that ra-
tioning of pads and absorbent products was wide-
spread, with most patients limited to four pads per 
day. (158) In addition, 59% of the continence services 
surveyed provided pads for children under the age of 
four, which was outside of the published national 
guidelines. These findings indicated need for im-
proved implementation of continence services, espe-
cially in relation with rationing and use of pads and 
products. 

There is a long history for the efficacy of specialist 
NCA in the delivery of community continence care. 
(159) (160) (161) (162) In the U.S., urology nurses 
have been trained as “teachers” to successfully im-
plement behaviour modification programmes to 

groups. (163) Nurse providers played an important 
role in the evaluation and management of POP, a 
condition which is often associated with concomitant 
UI. (164) 

Lee (165) reported findings from a study investigating 
the introduction of nurse consultants (NC) in Hong 
Kong. The study focused on a range of patient out-
comes including UI. A total of 280 patients, 140 in 
each cohort under NC or non-NC care, participated in 
the study. The study showed that patients under NC 
care had favourable patient health and service out-
comes compared with those under non-NC care. The 
NC cohort also reported a high level of patient satis-
faction. 

Holtzer-Goor (166) conducted a study investigating 
cost-effectiveness of inclusion of a nurse specialist in 
the treatment of UI in primary care in the Netherlands. 
A decision analytic model was developed comparing 
the current care pathway for UI in the Netherlands 
with the pathway as described in the OCSS. (148) 
The new care strategy was operationalised as the ap-
pointment of a continence nurse specialist (NS) lo-
cated with the GP. With the new care strategy, a 
QALY gain of 0.005 per patient was achieved while 
saving €402 per patient over a 3- year period. Alt-
hough no health gains were achieved in both groups, 
the authors concluded that a NS in the GP practice 
would likely reduce UI, improve QoL, and reduce 
costs. 

3.3. Multidisciplinary Resource and Referral 
Centre 

Multidisciplinary clinics, as service models, have 
been shown to provide comprehensive continence 
care.  The Continence Foundation of Australia (CFA), 
funded by the Australian Government, employed 
CNAs to answer the National Continence Helpline 
and to provide advice to consumers and health pro-
fessionals, including referral advice. (167)   Evalua-
tion of this service indicated availability and uptake of 
information, as well as increased traffic to the Bladder 
and Bowel website and the National Public Toilet 
Map. There had also been a general increase in the 
number of consumers seeking help for their inconti-
nence.   

Multidisciplinary services should initially focus on a 
step-wise approach to evaluation and management. 
This need not be limited to tertiary level centres, but 
can be incorporated into care in local communities 
when providers with expertise are available. (168) 

3.4. Primary Care 
Although most primary care practitioners recognize 
that UI is common, only a minority had an organized 
plan for its evaluation and management, and few 
PCPs reported feeling very comfortable dealing with 
UI.  Over 70% of GPs in Canada felt fairly confident 
in managing UI. (169) Most family physicians referred 
patients for specialist care, with few referrals to com-
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munity services. Respondents thought that conti-
nence services were scarce, with long waiting times, 
and that such services were generally overstretched.  
They also believed that although high-quality conti-
nence care was a personal priority, it was not a prior-
ity focus for their practice partnerships or networks. In 
terms of the highest ranked areas for improvement in 
UI management were: increased awareness and un-
derstanding among physicians (ranked first by 28.5% 
of respondents), followed by dedicated incontinence 
clinics or nurses for referral (17.7%) and improving 
patient awareness and understanding (12.0%)   

Early attempts by the U.S. Agency for Health Care 
Policy and Research, now known as the Agency for 
Healthcare Research and Quality (AHRQ), to use 
physician group interventions to raise awareness 
through UI guidelines failed to improve screening and 
management rates in the primary care setting. (170)   
Yazdany (171) prospectively randomized patient 
charts (n=88) to carry a chart-alert sticker (e.g., “Do 
you leak urine?”) that reminded resident physicians to 
ask about UI in their general gynaecology clin-
ics.  Overall, resident physicians’ inquiry rate about UI 
increased from 4% to 34%.   

Quality of primary care delivered by nurses was found 
to be similar to physicians, with nurses providing 
more health advice and achieving higher levels of pa-
tient satisfaction compared to doctors. (144) A RCT 
in the Netherlands compared usual care for UI in GP 
clinics to those that included a nurse specialist. (172) 
(173) Short-term outcomes revealed better conti-
nence rates in those patients seen in clinics that in-
volved care by the nurse practitioners.  The results 
were not sustained at the one-year follow-up with 
both groups having equivalent continence out-
comes.  A focus group analysis with the nurse practi-
tioners revealed that they felt competent to provide 
the needed services and appreciated by patients. 
(174) In addition, nurses thought they added value to 
the practice, particularly since many of the GPs were 
seen as lacking interest in UI.   

The first point of contact for persons with UI is usually 
the primary care practitioner but ongoing manage-
ment requires a care delivery model (see Figure-2) 
based on a chronic care approach that has been used 
successfully in other chronic conditions (e.g., diabe-
tes, CHF, asthma). (175)    

4. OTHER SERVICE MODELS  

In a structured literature review, Chin and colleagues 
found that primary care clinics for continence led by 
nurses and allied health professionals were common 
across the world. (176) Although there were a num-
ber of differences that were culture specific, there 
were also a number of key factors that predicted qual-
ity care across all cultures.  These included identifica-
tion and recruitment of appropriate patients, improv-
ing access to care, enhancing engagement with pri-

mary care providers, using small teams with ade-
quate training, developing structured referral lines, 
and working to employ evidence-based practices in-
cluding guidelines and treatment protocols.  

Group intervention models for delivering first-line 
treatment for UI has long been found feasible (41) 
(177) (178) (179) and these models may be an 
equally effective and potentially cost-saving ap-
proach. (180) Another study has shown that non-
medical lay instructors can be taught how to instruct 
patients in proper PFM exercises. (181) This train-
the-trainer model may be useful to help disseminate 
behavioural therapy on a more widespread basis.  

Internet based services are becoming available. Bjork 
(182) conducted telephone interviews amongst 21 
women with SUI who participated in a RCT study 
comparing two treatment programmes based on in-
structions for PFM training. One programme was in-
ternet-based and included email support by an uro-
therapist; the other programme was delivered by 
post. Neither programme had face-to-face contact. A 
supportive patient-provider relationship was devel-
oped in the internet-based programme, despite the 
lack of face-to-face contact which has promise in in-
creasing access to care and empowering women. 

4.1. Setting Specific Models  
Continence promotion, education, and treatment may 
occur in a variety of clinical settings, particularly in re-
lation to other associated clinical conditions.  For ex-
ample, UI occurs commonly after acute stroke.  Re-
habilitation nurses who work with post-stroke patients 
could play an important role in continence care, how-
ever research shows this may not happen regu-
larly.  Heart failure is another common clinical condi-
tion, particularly among older adults, that is associ-
ated with UI.  A study of 182 heart failure patients with 
at least monthly UI revealed that 83% had not asked 
for help with their incontinence symptoms and 64% 
were interested in learning more. (183)  Many pa-
tients, particularly those with concomitant diabetes, 
were contemplating changing their behaviours and 
seeking care for UI. These findings indicate that this 
group may be receptive to education and interven-
tions that improve urinary symptoms.  

A multinational qualitative study examined data from 
focus groups of rehabilitation nurses in the UK, Swe-
den and China. (184)  They found that only a superfi-
cial assessment of continence was routinely per-
formed by most nurses in this setting.  The authors 
noted a focus on containment and social continence 
although process models of practice were seen in all 
countries.  In line with these findings is the conclusion 
of Edwards (185) who investigated patients aged 65 
years and older with a fragility fracture as a result of 
a fall.  Of 3184 patients, 63% (2009) were assessed 
for urinary continence following a hip fracture and 
41% (817) of these identified a problem.  Twenty-one 
percent (1187) of 5642 patients with non-hip fragility 
fractures were assessed and a problem was found in 
27% (316). Hip fracture patients were more likely 
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(p<0.0001) to receive a continence assessment and 
have problems detected. Only about half of those with 
problems had any intervention or a referral to a conti-
nence service. Admission to hospital for non-hip frac-
ture patients was a strong predictor of being as-
sessed (p<0.0001).  Edwards concluded rates of as-
sessment and action for those who fall and have con-
tinence problems are low despite current national 
guidelines.  

Acute care, where older adults comprised the largest 
segment of the population being admitted to it, was 
reviewed. This setting provides care to manage short- 
term, but urgent, health problems and UI was preva-
lent. A prospective cohort study of 577 patients (mean 
age 82 +/- 6.9 years) admitted to general medical 
wards of three acute care hospitals in Brisbane, Aus-
tralia, found UI rates of 43.8% (243/555) premorbid, 
36.7% (176/479) during admission, and 35.3% 
(187/530) at discharge. (186) Moreover, of 438 pa-
tients at the time of discharge, 38 (12.8%) had new 
onset UI. One group of patients with a high risk for 
developing UI in hospital are female hip fracture pa-
tients. In an older study, secondary analyses of data 
from 6,516 hospitalised women with a fractured hip 
revealed 21% became incontinent during hospitalisa-
tion. (187) Similar findings were reported for elderly 
patients admitted to hospitals in Israel, (188) Switzer-
land, (189) and Italy. (190)  

Zisberg and colleagues (188) conducted a prospec-
tive cohort study of 352 patients aged 70 and older 
who were continent prior to admission to an acute 
care hospital. They found, 17.1% developed UI dur-
ing their hospitalization, and in a multivariate analy-
sis, the use of a urinary catheter or diaper were asso-
ciated with the development of UI (4.26 95%CI 1.53-
11.83 and 2.62 95%CI 1.17-5.87 respectively).  
Zurcher and colleagues (189) surveyed 78 elderly in-
patients in a Swiss hospital and found 41 (51%) 
screened positive for UI, yet only 10 (24%) of nursing 
records documented the presence of UI. Moreover, 
the use of absorbent pads was the only intervention 
documented. The number of patients who declined to 
be asked about their continence status was minimal 
(n=5).  

Other research on UI in acute care drew attention to 
an overreliance on continence aids, and inadequate 
attention to identifying and addressing potentially 
contributing factors. For example, Ostaszkiewicz and 
colleagues (191) conducted a point-prevalence sur-
vey of 447 hospitalised older adults in acute and sub-
acute care settings in Australia and found 60% with a 
continence product or device, however, 50 (41%) pa-
tients with an absorbent pad denied having experi-
enced UI or FI in the preceding 24 hours. By contrast, 
113 patients (16%) who reported UI or FI in the same 
period had no continence product or device. 

4.2. Elder Services (Long Term Care or 
Nursing Homes)    

Long term care for frail elderly persons is provided in 
a variety of types of institutional settings throughout 

the world. Continence care in these settings is de-
pendent upon many factors, including: type of resi-
dent care need (those requiring long-term skilled and 
personal care, short-term rehabilitation, post-hospi-
talization care); physical environment; the organisa-
tional culture and leadership commitment to providing 
high quality care; the number, education, and motiva-
tion of direct care staff; access to physicians with in-
terest in and understanding of continence care; and 
financial and regulatory incentives to provide appro-
priate continence care.  

Despite UI being a quality indicator in U.S. NHs, sig-
nificant barriers to translating research on prompted 
voiding and other interventions into practice existed. 
(192) This issue is especially concerning given the 
current and future growth in the frail elderly popula-
tion.  Available evidence indicated that the focus was 
too often on containment and use of pads or absor-
bent products compared to active continence promo-
tion or treatment.  A Cochrane review supported this 
finding, and noted that none of the studies reviewed 
focused on attempts to maintain continence in facility 
residents. (193) A systematic review of systematic re-
views on the most frequently used behavioural inter-
ventions used in long-term care indicated limited evi-
dence for short-term effectiveness. (194) Barriers for 
improving continence care were considered multi-
level and included: lack of knowledge about UI, be-
liefs about UI, high work load, low commitment from 
co-workers, and lack of institutional support. (195) 
Multiple strategies were seen as necessary in order 
for quality improvement in continence care to occur. 
These included creating a sense of urgency about the 
problem and a sense of solidarity among co-workers 
and facility administration. Managerial oversight and 
communication about the evidence of performance 
before and after the quality improvement program, 
and use of evidence to make decisions about how to 
modify the programme were considered essential to 
programmatic success. (192) 

Little evidence was available to determine how older 
adults who received the interventions perceive and 
respond to them. (196)  Higher registered nurse to 
patient ratio was identified as a facilitator or better 
continence care. (197)  

An innovative model described the development of in-
dividualized continence profiles for use with NH resi-
dents (198) that could help NH staff identify residents 
who may benefit from various forms of assessment 
and interventions.  Another model previously worked 
to involve NH residents more actively in their fluid in-
take and continence care.  After a 12-week interven-
tion, overall hydration status improved and time spent 
in saturated incontinence absorbent products de-
creased significantly in a cohort of 153 NH residents 
who participated in the intervention. (199)  Distance 
learning techniques were successfully used to teach 
and implement programmes and strategies for man-
agement of UI in NH. (200) 
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5. MODELS IN DEVELOPING 
NATIONS  

Continence services are a relative luxury, to which 
countries with a low per capita income are unlikely to 
devote scarce resources, especially while other pop-
ulation health issues have precedence.    

The potential demand for UI services in developing 
nations far outstrips the resources that are available. 
The provision of services will depend on dedicated 
healthcare professionals with support by government 
or industry, and by a local continence organisation to 
educate a new generation of service providers who 
will carry the services to remote communities.  In-
creased use of advanced communication technolo-
gies can help to disseminate continence promotion 
materials among nurses and other health profession-
als worldwide. (201)  

Summary 

A range of service delivery models exist; single spe-
cialist, nurse specialist or advi-sor, multidisciplinary 
resource and referral cen-tre, primary care and other 
models (acute or subacute care, elder services at 
home or in long term care and models in developing 
countries). Within this spectrum the evidence sup-
ports nurse-led community services leading to higher 
health-related QoL and in some instances higher cure 
rates. The multidisciplinary referral settings are re-
porting also favorable outcomes.  There remains dis-
crepancy between availability of guidelines for differ-
ent healthcare delivery settings and actual daily prac-
tice. The Optimum Continence Service Specification 
has shown that within a 3-year period, this model of 
care can be cost-effective, especially when societal 
costs are taking into account.  Further research on 
cost-effectiveness and patient-level effec-tiveness of 
models of continence care in a vari-ety of healthcare 
delivery settings is urgently needed. 

 

Levels of Evidence/Recommendations 

• Effectiveness of service delivery models. (Level 
of Evidence:  4) 

• A care delivery model should be based on the 
principles as described in the Optimum Conti-
nence Service Specification. (Grade of Recom-
mendations: C)  

• Increased emphasis is needed on non-physician 
models of care (nursing, nurse practitioner, con-
tinence advisor, physiotherapy, physician assis-
tants, etc.).  (Grade of Recommendations: C) 

• Despite the proliferation of guidelines, there is in-
creasing evidence that practicing clinicians and 
nurses (in the community, acute care, and in long 
term care) are not consistently following 

them.  Implementation models should be devel-
oped on how to translate guidelines into practice. 
(Grade of Recommendations: C) 

 EDUCATION 

Literature Search for Medical Literature is found in 
Appendix 1. 

1. BACKGROUND 

Professional education regarding continence occurs 
in a wide variety of settings ranging from undergrad-
uate education in medicine, nursing, physiotherapy 
and other related disciplines, through the full contin-
uum of graduate education and ongoing professional 
education.  This includes both formal education incor-
porated into established curricula or clinical experi-
ences, and informal types of education such as on-
the-job training and point-of-care instruction.  Educa-
tion may be directed toward generalists or specialists 
and will differ based on the topic of interest and the 
target learners.  The focus of educational topics can 
range from evaluation and care of individual patients 
or clinical conditions, to population health and health 
policy.  Examples of clinical education could include 
surgical skills training for surgical residents and fel-
lows, community and ambulatory care, bedside, or 
operating room care for nurses, or biofeedback train-
ing for physical therapists.  This section reviews pro-
fessional education on continence from a broad per-
spective across disciplines and specialties. 

2. MEDICAL EDUCATION 

2.1. Generalists (family physicians/general 
practitioners/primary care physicians)  

Physicians (general, primary care, and family physi-
cians) traditionally have been viewed as having a 
gate-keeping role in continence provision since they 
are often the most likely first point of contact when 
adults seek professional help for their incontinence.  
Most physicians have received little education or for-
mal training about incontinence, fail to screen for it, 
and view the likelihood of successful treatment as 
low, leading to most physicians avoiding the topic with 
patients.  At the same time, there are no data confirm-
ing the benefits of screening as a method to reduce 
the burden of suffering from UI.  An earlier postal sur-
vey noted that only 18% of respondents said provid-
ers asked them to complete a questionnaire about 
bladder control during routine office visits, and a ma-
jority (69%) felt it would be very helpful in prompting 
discussion if their physician or health care profes-
sional provided a form for them to check off symp-
toms of incontinence. (119)  

Traditionally, UI and FI formed a very small part of the 
undergraduate medical curriculum.  Education on UI 
has been fragmented across different organ systems, 
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with training scattered among gynaecology, urology, 
and geriatric medicine.  Bladder and pelvic floor anat-
omy is poorly covered in preclinical training and rele-
vant physiology is rarely mentioned.  One study found 
that exposure to issues of pelvic floor dysfunction in 
women was extremely limited in medical education, 
with more than 80% of medical students receiving no 
formal training in this area during the first two years 
of training. (202)   A national survey of medical school 
Deans in the UK in 2008 found that information on UI 
was included as part of education on geriatric syn-
dromes in essentially all schools, although the re-
sponse rate to the survey was 61%. (203) 

A survey of programme directors for internal medicine 
residency training programmes in the U.S. was con-
ducted to determine whether they believed their resi-
dents should master thirteen core competencies 
identified to be central to women’s health care (includ-
ing UI). (204)    Although almost all believed it was an 
important goal, there was a large discrepancy among 
programme directors whether residents actually 
achieved this level of learning.   

There is very little available literature on knowledge 
among family doctors on FI.  A study explored GPs 
awareness of surgical treatment options for FI. (205)   
A postal questionnaire was mailed to 1,100 GPs in 
the Yorkshire region in the UK, and a response rate 
of 48.5% was achieved.  The questionnaire assessed 
basic knowledge of FI and treatment options. Overall 
knowledge was poor, with the majority unaware of 
available investigations, treatments, and specialist 
centres.  The authors recommended better commu-
nication between specialist centres and GPs, as well 
as continuing medical education (CME) programme 
implementation. 

Several studies examined physician attitudes about 
diagnosis and management of UI and associated 
conditions.  In one survey of 55 PCPs in the U.S., 
most indicated that they understood UI and that it was 
a common condition among patients in their practice. 
(206)   Although 56% of these physicians felt comfort-
able asking about UI, only 19% felt comfortable mak-
ing a correct diagnosis, and only 11% felt comfortable 
providing actual treatment for UI to their patients.  
These providers thought that differentiating types of 
incontinence was difficult (59%) and that managing 
UI was difficult (69%).  Lack of familiarity with screen-
ing tools and treatment algorithms were also cited as 
barriers.  Time did not appear to be the driving factor 
with only 26% reporting that time was a major limita-
tion.  In a similar survey study of family practitioners 
in Canada, 24.1% reported receiving no training in UI 
management beyond their residency. (169)  Although 
53.8% reported proactively discussing UI with their 
patients, and 70% felt confident managing the condi-
tion, the majority still referred their patients to special-
ist providers.  They did not tend to refer for commu-
nity-based services due to perceptions about lack of 
available resources and long wait times. 

Case-based curricular materials have been shown to 
be effective in urology residency education (207) One 
Canadian study surveyed urology residents in train-
ing, and found that there was a desire for more struc-
tured education in patient-provider communication 
skills. (208) In another project, training about UI was 
included with a number of other geriatric syndromes. 
(209) Those internal medical residents who received 
the information via internet-based methods had better 
overall test results than those who completed paper-
based training.  A recent survey of residency pro-
gramme directors in paediatrics in the U.S. found the 
vast majority (85%) did not require clinical experience 
in paediatric urology although 65% did have some di-
dactic education. (210) 

Some models of physician education have incorpo-
rated training on UI into modules on quality care.  For 
example, the Assessing Care of Vulnerable Elders 
(ACOVE) project in the U.S. includes UI as one of the 
target conditions. A recent study investigated imple-
mentation of this information into community-based 
physician education within practice groups. (211)  
These authors found that dissemination of this infor-
mation was well received by PCPs, and some in-
tended to make changes in their practice related to 
this new knowledge. Similar studies have also found 
that PCPs specifically educated about UI assessment 
and interventions were more likely to recommend 
care for UI to their patients. (212) (213)  Collaborative 
practice by physicians and nurse practitioners yielded 
better overall outcomes for the ACOVE quality assur-
ance measures, including those for UI. (214) 

2.2. Specialist Physician 
There was little new published evidence on medical 
specialist training in the form of effective training in-
terventions. Specialist training in incontinence is not 
always adequate. Both UI and FI still may be per-
ceived as exclusive to “super-specialists,” potentially 
alienating colleagues. 

Even among subspecialists, training may not be 
ideal. Marsh and colleagues (215) surveyed 100 gy-
naecologists and urologists in the UK and found wide-
spread inconsistent and inappropriate diagnosis of 
BPS/IC.  A survey of general gynaecologists showed 
a wide variation in comfort dealing with issues related 
to UI and prolapse. (216) Most felt comfortable with 
basic surgical procedures for UI and straightforward 
anterior and posterior prolapse, but less comfortable 
with complex clinical scenarios including apical pro-
lapse and treatment of UI after prior failed proce-
dures.  Of note, newer graduates and younger sur-
geons tended to have a much more limited repertoire 
of surgical options that they used in their practice.  
Another study of recent general gynaecology resi-
dency graduates found most performed midurethral 
slings for incontinence and felt comfortable doing 
basic anterior and posterior repairs for prolapse, how-
ever, few actually did other more complex urogynae-
cological procedures in practice. (217) 
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Some gynaecology programmes include education 
on basic cystoscopy to detect for potential intraoper-
ative injuries during hysterectomy or other pelvic sur-
gery.  However, not all graduates intended to use this 
diagnostic tool, with higher rates reported by urogy-
naecology fellows compared to general gynaecol-
ogists. (218)  An initiative to train community gynae-
cologists in this technique was located. (219) 

Structured training and curricula have been devel-
oped for a variety of surgical procedures used to treat 
UI and POP. (220)  Inclusion of this training in resi-
dency will lead to increased numbers of physicians 
who are qualified to offer this type of care to patients 
suffering from UI.  A variety of models have been de-
veloped to help teach some basic skills such as cys-
toscopy or methods for grading the degree of POP.  
One option includes the use of cadaver labs. (221)  
Others options have used inanimate objects to repli-
cate the female pelvis and teach basic anatomic con-
cepts. (222) (223)   

In the U.S., subspecialty certification in Female Pelvic 
Medicine and Reconstructive Surgery (FPMRS) be-
gan in 2013.  This certification is offered through joint 
sponsorship by the American Board of Urology and 
The American Board of Obstetrics and Gynecology.  
During the first three years, candidates who met strict 
criteria were allowed to take the certification exami-
nation without necessarily having completed a formal 
fellowship training experience.  However, starting in 
2016, only candidates who have completed a fellow-
ship approved by the Accreditation Council on Grad-
uate Medical Education (ACGME) will be eligible for 
FPMRS certification.  All successful candidates will 
require ongoing maintenance of certification (MOC).  
Audits of surgical logs among those completing 
FPRMS certification show they tended to be doing 
more complex surgical cases for UI and POP com-
pared to their general urology colleagues undergoing 
general urology recertification. (224) (225) 

Continued emphasis on quality education for special-
ist physicians is needed worldwide. (226)    Many cur-
rent and recent FPRMS fellows indicated in survey 
research that they are interested in gaining experi-
ence in global healthcare, and potentially incorporat-
ing international work into their practice. (227) 

In addition to the FPRMS fellowship and certification 
pathway, there are also unaccredited fellowship op-
portunities in women’s health.  Most of these are of-
fered collaboratively through academic departments 
of internal medicine, family medicine and obstetrics 
and gynaecology.  These programmes provided the 
opportunity to gain specialized training in the nonsur-
gical aspects of women’s health care including UI and 
associated conditions.  However, knowledge about 
these opportunities for professionals was generally 
low, and the programmes lacked formal accreditation. 
(228) 

A study of gynaecologists in Germany found that 
most considered their specific post-graduate training 
in urologic issues and urogynaecology to have been 

inadequate.  The vast majority of general gynaecol-
ogists in this study referred their patients with voiding 
or incontinence issues to subspecialists in urology or 
urogynaecology. 

Duty hour limitations have been imposed on resi-
dency training in the U.S., Europe, and many other 
regions.  There has been concern that this could have 
a detrimental effect, particularly on surgical specialist 
education. (229) (230)  However, although one sur-
vey demonstrated obstetrics and gynaecology resi-
dents performed substantially fewer numbers of 
some types of surgical procedures, those for UI and 
POP did not appear to be negatively affected. (231)  
Similar studies have shown no appreciable decrease 
in surgical case volume among urology residents. 
(232) (233) 

Approximately 10% of graduating urology residents 
did not currently meet the nationally recommended 
standard for surgical case experience for male ure-
thral reconstruction, penile operations, or surgery for 
male UI. (234) 

Linking education on UI to geriatrics may be limiting 
for some specialists.  A recent survey of surgical train-
ees in the UK demonstrated that in general, they felt 
inadequately prepared to provide care for older adults 
with complex clinical geriatrics issues. (235) Script 
concordance models have been developed to assess 
clinical reasoning skills related to care for UI in older 
adults. (236)   A recent study using script concord-
ance found that compared to expert surgeons, gen-
eral gynaecologists who had large practice volume 
for procedures related to incontinence and prolapse 
did better than new residency graduates and those 
who had been in practice the longest. (237) Ongoing 
education and utilisation of evidence-based training 
with incorporation of guidelines have been suggested 
as a strategy to maintain high quality standards of 
treatment, particularly for surgical care of UI. (238) 

Due to an ever expanding geriatric population, there 
is a recognized need for expansion in the workforce 
among urology, reconstructive surgery, and other 
specialties that provide care for UI and associated 
conditions. (239) (240) (241) There is a particular 
need for expansion of the workforce in academic urol-
ogy to accommodate increased education of special-
ists, including those in FPMRS. (242)  This is true in 
Europe as well as in the U.S. (243)  However, funding 
for graduate medical education including faculty ex-
pansion is an important barrier to expanding the edu-
cational pool in fields like urology, particularly in the 
U.S. (244) 

Urology and gynaecology residency training opportu-
nities have been expanding worldwide including in 
developing nations in Asia, Africa and the Middle 
East. (245) (246) (247)  There has also been an in-
crease in efforts to improve education about diagno-
sis and treatment of genitourinary fistulae. (248) 
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Increased training and utilization of nurse practition-
ers, physician assistants, and other advanced prac-
tice providers in urology and gynaecology has been 
incorporated in some clinical practices, particularly in 
the U.S. (249) This may be a particularly effective 
method to address workforce shortages in some ar-
eas.  Development of specific educational programs 
and competencies for these types of providers will 
also be important for these types of practitioners. 
(250) 

3. NURSING EDUCATION 

Literature Search is found in Appendix 1. 

Nurses play a significant role in the area of inconti-
nence since they are the largest single group of 
health care professionals around the world and they 
are often the first to become aware that a person is 
experiencing incontinence.  There have been a num-
ber of recent studies that explore the use of new in-
novative methods of education provision for nurses.   

The continence education process should start at an 
undergraduate level and continue through updates or 
enhanced learning post qualification.  McClurg et al 
(251) undertook a survey of all UK Higher Education 
Institute’s to establish the amount of undergraduate 
continence related education within relevant health 
care programmes including adult, mental health, 
learning disabilities and children’s nursing, midwifery, 
occupational therapy, and physiotherapy. The mean 
number of hours was 4.7, with adult nurses receiving 
the most education totaling 7.3 hours. However, 41 
out of 294 responders reported no continence related 
education in their undergraduate programme.   

3.1. Generalist Nurses 
Innovative methods of improving knowledge among 
nurses have undergone recent evaluation.  An im-
portant study undertaken by Cheater and colleagues 
(252) added to the debate by examining the value of 
audit and feedback, and educational outreach, which 
in the past has often focused on doctors’ behaviours 
rather than nurses’. In this study, the researchers un-
dertook a cluster-randomized trial to evaluate 194 
nurses in 157 family practices with 1,078 patients with 
a diagnosis of UI.  They found that when compared to 
educational materials alone, there were no improve-
ments in care for either educational outreach or audit 
and feedback (all groups did improve, but differences 
between groups were not significant).   

Ostaszkiewicz (253) described a nursing leadership 
model to enhance continence care in older adults.  
Evaluation of the programme suggested improved 
management and assessment of incontinence for in-
dividuals sustained after a two-year period. Leader-
ship programmes have proved effective in a number 
of areas in nursing provision.  Within these more re-
cent studies, the use of innovative methods of 
knowledge transfer and education are beginning to 
be adopted, and such methods used in other areas of 

professional education may be well suited to UI and 
FI. 

Education related to UI may often be linked to training 
about other concomitant disorders or conditions. For 
example, training on prevention and treatment of 
pressure ulcers or dermatitis may include significant 
components related to UI. (254) (256) (257)  Training 
about improved mobility and care following a stroke 
in the geriatric population has also shown this educa-
tional link. (258) (259)  These findings can facilitate 
efforts to disseminate information about continence 
care and promotion to a wider audience of nurses 
who have direct patient contact.  

Although advanced practice registered nurses 
(APRNs) have sufficient knowledge and positive atti-
tudes about treating UI in women, many have diffi-
culty applying them into practice in the clinical setting. 
(260)  These authors suggested that increased expo-
sure to these topics in clinical experiences during 
training for graduate nurses is needed. 

Programmes have focused on nurse education for 
continence care in specific settings, such as the NH. 
(261)  Competency-based UI education with use of 
case examples has been used successfully in the 
training of generalist nurses. (262)  Experiential activ-
ities have also been used with good results. (263)  In-
terprofessional, simulation training has also been 
shown to be effective for teaching continence assess-
ments in geriatric medicine. (264)  

3.2. Specialist Nurses  
Educational courses on incontinence are available for 
nurses in the UK, U.S., Europe and Australia, and 
have appeared in Asia, notably Hong Kong and Sin-
gapore. These courses vary from two to four weeks 
of face to face didactic courses to distance learning 
courses lasting 12 months that lead to a post-basic 
nursing certificate and, in some cases, post-graduate 
degrees.   

In the UK, education programmes are documented at 
the Association for Continence Advice website 
(http://www.aca.uk.com/education_modules.php) 
and comprise information on 1 day courses, as well 
as diploma courses, degree modules and masters 
level study.  Such databases of courses offer an ex-
cellent overview for students and providers.  Like-
wise, the Continence Foundation of Australia 
(http://www.continence.org.au/pages/continence-
courses.html) provides nurses access to information 
and links to educational organisations that provide a 
variety of programmes which focus on or incorporate 
both UI and FI content in the curriculum. Many can be 
continued through to post-graduate tertiary educa-
tion.  A number of these programmes can be under-
taken externally and therefore are popular with 
nurses in rural and remote areas, as well as nursing 
students practicing in other countries.  Clinical sup-
port complements the theoretical components.  Lack 
of funding was a barrier to access to education with 
up to 71% of specialist nurses in the UK reporting that 
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they were unable to access funding or study leave 
from their employers for these courses. Many nurses 
were self-funding or accessing education through 
professional associations (All Party Parliamentary 
group, (2013), Continence Care Services England 
2013, Survey Report, www.appgcontinence.org.uk). 

Internationally, inconsistency in the provision of spe-
cialist education to prepare nurses to practice as ex-
perts in the field of incontinence existed.  Innovative 
internet-based learning programmes incorporating 
modern information and communication technology 
(e-learning) may offer one way of providing standard-
ized programmes of study to practitioners.  

A Minimum Standards in Continence Care has been 
developed by the UK Continence Society to set re-
quired standards and a competency framework for 
education and training of all health care professionals 
(HCPs) to ensure that they have attained the training 
requirements to work within their designated role. 
(265) However, without standardized education, 
these recommendations can be difficult to implement 
and monitor. 

Beitz and Snarponis (266) described an innovative 
on-line learning programme which included conti-
nence nursing.  As with physicians, it was unlikely that 
improving nursing knowledge alone will translate into 
improved clinical practice or into the ultimate goal of 
improved patient outcomes.  De Gagne et al (267) 
have demonstrated how e-learning UI educational 
courses in South Korea were useful to support nurses 
in isolated and rural areas who had limited resources.  

Improved education of school-based nurses regard-
ing normal bowel and bladder habits of children may 
have helped to improve paediatric continence and 
promote healthy elimination patterns. (268)  Although 
61% of school nurses surveyed reported they had 
never received training on the topic, many (43%) had 
been asked to provide information to their teacher col-
leagues.  

In the U.S., there were no academic or clinical profi-
ciency requirements to be considered a continence 
nurse practitioner or specialist. (269)  In 1993, the 
Wound Ostomy Continence Nurses (WOCN) Society 
developed the first certification programme for conti-
nence care nurses in the U.S.  This nursing organisa-
tion published a position statement on the role of con-
tinence nurses (270) and core curricula for conti-
nence management (http://www.wocn.org/, accessed 
December 8. 2016).  The Society of Urologic Nurses 
and Associates (SUNA) certified different educational 
levels of nurses in the area of urology and in urody-
namic testing.   This organisation published the 
Scope and Standards of Practice with Competencies 
of the Urologic Registered Nurse and Advanced 
Practice Registered Nurse that includes care of the 
urologic patient with UI and POP.  The norm is that 
most “continence” nurses in the U.S. obtain their 
knowledge and skill through self-motivated activities. 
(271)  SUNA has published a core curriculum in uro-
logic nursing [Newman, Wyman, Welch, 2017 

https://suna.org/core-curriculum-urologic-nursing, 
accessed December 8, 2016] 

To date, most of the focus on UI education has been 
at the baccalaureate and advanced degree levels 
while some discussion has focused on whether spe-
cialty training in wound, ostomy, and continence nurs-
ing should be at the doctoral level.  In the U.S., the 
new Doctor of Nursing Practice (DNP) degree may 
help to fill this training gap. (272)  

A study of 231 vulnerable elders with complex dis-
ease and enrolled in a ‘Special Needs Plan’ in the 
U.S. showed the benefit from a nurse care manage-
ment programme with nurse practitioners in addition 
to physician care, as opposed to those who received 
care from a physician alone. (213)  This model has 
continued to develop and requires further evaluation  

Albers-Heitner and colleagues. (273) evaluated the 
cost-effectiveness of involving UI nurse specialists in 
primary care compared to care-as-usual by GPs.  
From 2005 until 2008, an economic evaluation was 
performed alongside a pragmatic multicentre RCT 
that compared patients with UI receiving care by 
nurse specialists with patients receiving care-as-
usual by GPs in the Netherlands. One hundred 
eighty-six adult patients with SUI, UUI, or mixed UI 
were randomly allocated to the intervention and 198 
to care-as-usual; they were followed for 1 year.  Main 
outcome measures were ‘QALYsocietal’ (Quality Ad-
justed Life Years based on societal preferences for 
health outcomes), the EuroQol-5D, ‘QALYpatient’ 
(based on patient preferences for health outcomes) 
(EuroQol VAS), and ‘Incontinence Severity weighted 
Life Year’ (ISLY) based on patient-reported severity 
and impact of UI (ICIQ-UI SF).  Health care resource 
use, patient and family costs, and productivity costs 
were assessed. Compared to care-as-usual, nurse 
specialist involvement yielded slightly more favorable 
cost-effectiveness results.  Based on these results, 
the authors recommended adopting the nurse spe-
cialist intervention in primary care.    

One area of specialist nursing that has limited re-
search into outcomes of continence care and educa-
tion is midwifery.  There are a large number of women 
that develop bladder and bowel issues throughout 
pregnancy and postpartum yet no available evidence 
was located on the impact that midwifes can have on 
early detection, intervention, or prevention. 

3.3. Nursing Assistants 
A cross-sectional study via postal survey to gather 
self-reported data from nurses and NAs in NHs was 
conducted in Taiwan. (274)  Results indicated UI-
related knowledge scale and practice behaviours dif-
fered significantly in both groups.  The authors rec-
ommended that enhancing staff competence in in-
continence care was needed in both levels of nursing 
to improve NH residents with UI. Educational efforts, 
particularly in the NH setting, must involve not only 
professional nurses, but NAs and other staff, as well. 
Blekken et al (275) have recently reported on a pilot 
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study to trial methodology prior to a cluster RCT on 
the feasibility, acceptability and adherence of two ed-
ucational programmes for care staff concerning NH 
patients’ FI.   

4. OTHER ALLIED HEALTH 
PROFESSIONALS 

4.1. Physiotherapists or Physical 
Therapists   

Physiotherapists (PTs) have long played a part in 
continence care and the management of UI.  In some 
countries, patient self-referral to specialised PTs has 
become commonplace.  Physiotherapist’s involve-
ment in UI appeared to be either on the basis of indi-
vidual interest or through association with women’s 
hospitals or obstetric departments, rather than as part 
of a general physiotherapy practice. (276)  As such, 
they tend to be highly motivated and enthusiastic. 

Generalist PTs have been encouraged to be more 
aware of the risk factors for incontinence in males and 
females, to identify patients with risk factors and to 
assist them in seeking further advice or treatment.  
Throughout the world national physical therapy or-
ganisations have established continence physiother-
apy sub-groups. (277)  The International Organisa-
tion of Physical Therapists in Women’s Health repre-
sents over 20 member countries with PTs practicing 
continence and women’s health physiotherapy and 
offers professional development programmes.  A 
number of specialist continence PTs also treated men 
and children. Universities in many countries offer 
short courses or post-graduate continence education 
programmes to PTs that may range from post-gradu-
ate degree courses to Masters and PhD pro-
grammes. (278) 

The Scope of Practice for continence PTs may in-
clude PFM training, bladder training, management of 
sexual dysfunction, anorectal dysfunction and treat-
ment of pelvic pain syndromes, FI and male conti-
nence issues. 

Regulatory issues mentioned were often linked not 
only to quality of care, but also to reimbursement for 
clinical care and services.  Reimbursement policies 
for services frequently determine which professionals 
are able to provide continence care.  In the Nether-
lands, for example, the government paid for up to 14 
visits to a physiotherapist for incontinence therapy.  In 
the U.S., patient’s visits to a physiotherapist were typ-
ically restricted by the need for referral and cost.  In 
some countries, physiotherapists had to prove a cer-
tain level of specialist education to ensure full insur-
ance reimbursement. 

4.2. Pharmacists  
In Australia, pharmacists have been avid consumers 
of continence education programmes.  In 2004, the 
Pharmacy Guild launched an educational and promo-
tional programme for their members with appropriate 

outcome evaluation measures.  The public sees phar-
macists as important and approachable sources of 
health information, especially information on medi-
cines that may cause or exacerbate UI and FI.  Many 
retail pharmacies displayed health promotion litera-
ture on a range of subjects, including UI. Pharmacists 
may also advise the consumer on appropriate conti-
nence products.  Educational seminars for pharma-
cists were reported to be generally well received.  
There were a growing number of CME programmes 
for pharmacists on the internet, either through new 
products or through sites such as www.worldwide-
learn.com. 

Summary 

Although there are a wide variety of educational pro-
grammes available across disciplines and specialties, 
overall education on continence and associated top-
ics lags well behind other clinical topics in most pro-
fessional educational settings.  Many health care pro-
viders do not receive formal education on UI, FI, or 
other continence-related topics as part of their gen-
eral education.  These topics are included in some 
general practice education settings, but most often 
these are limited to the graduate level of instruction 
such as graduate nursing programmes, medical and 
surgical residency or fellowship.  There is an ongoing 
need to continue to expand and evaluate educational 
offerings on topics related to continence and bladder 
and bowel health across all levels of training and for 
both generalist and specialist professionals. 

 

Levels of Evidence/Recommendations 

Professional education of UI, FI and POP is not evi-
dent based on the materials reviewed.  (Levels of Ev-
idence: 3-4) 

• There is a need for research on both educational 
content and methodology across all disciplines, 
particularly as the emphasis on primary care ed-
ucation increases and the opportunities for expo-
sure to targeted content decreases 

• There is a need to identify the extent to which 
education, particularly at the undergraduate 
level, translates to actual practice in clinical set-
tings 

• There is a need for research on content develop-
ment and delivery to teach and assess basic clin-
ical skills including those that every professional 
should acquire (e.g., History gathering and phys-
ical examination, development of care plans, uri-
nary catheter placement) as well as specialized 
skills (e.g., surgical technique, urodynamic as-
sessment, pessary placement) 

• There remains a need for research on educa-
tional methodology and modes of instruction for 
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continence care including active-learning experi-
ences, modular education, self-directed learning, 
distance-learning, online learning. 

• (Grade of Recommendations: D) 

5. IMPACT OF CLINICAL 
GUIDELINES 

Literature Search is found in Appendix 1. 

In the past several years, there has been an explo-
sion in the rate of development and publication of clin-
ical guidelines for UI and associated conditions.  
Since the last ICI, at least 20 different guidelines or 
consensus recommendations have been published 
regarding UI and associated conditions (see Table 2).  
Many of these have been developed by professional 
organisations focused on urologic, gynaecologic, ger-
iatric, or related fields.  Some have been created and 
disseminated on behalf of national governing bodies.  

Several older guidelines have recently been updated 
using evidence-based methodology. 

Most of the guidelines target physician practice, alt-
hough some do include recommendations specific to 
PTs, nurses, or other health care professionals.  Dif-
ferent guidelines focus on specific clinical areas, and 
some are gender specific.  Some only examine issues 
related to either the assessment or the treatment of 
UI.  Some of the treatment-centred guidelines are 
specific for either surgical therapy or conservative 
therapy.  Others look at clinical conditions in specific 
patient populations including those with underlying 
neurological disorders, women with POP, or patients 
who have previously undergone surgical treatment 
for UI. There can be some confusion, particularly 
when guidelines present conflicting or even contra-
dictory recommendations about specific issues of 
evaluation or management.  Table-1 lists the pub-
lished guidelines from 2007 through 2016.   

 

Table 2 Guidelines, Practice Recommendations, and Consensus Statements 

Year Citation Topic Professional Organization Location 

2016 Takahashi, et al Female LUTS Consensus Panel Japan 

2016 Tse, et al Management of Adult, Non-
Neurogenic OAB 

Urological Society of Australia and 
New Zealand (USANZ);  
Urogynaecological Society of 
Australasia (UGSA) 

Australia and 
New Zealand 

2015 Bauer, et al Standardization of 
Urodynamics in Children 

International Children’s Continence 
Society (ICCS) 

International 

2015 Chang, et al Treatment of Daytime 
Incontinence in Children 

ICCS International 

2015 Dumoulin, et al Improving Pelvic Floor 
Muscle Training Adherence 

International Continence Society 
(ICS) 

International 

2015 Italian Society of 
Colorectal Surgery, 
et al 

Diagnosis and Treatment of 
Faecal Incontinence 

Italian Society of Colorectal 
Surgery 

Italy 

2015 Maeda, et al Sacral Neuromodulation for 
FI and Constipation 

European SNS Bowel Study Group International 
(Europe) 

2015 Paquette, et al Treatment of FI American Society of Colon and 
Rectal Surgeons 

U.S. 

2015 Rao, et al Biofeedback for Anorectal 
Disorders 

European SNS Bowel Study Group U.S. 

2014 American 
Urogynecologic 
Society (AUGS) and 
American College of 
Obstetrics  and 
Gynecology (ACOG) 

Evaluation of 
Uncomplicated Stress UI in 
Women Before Surgical 
Treatment 

American Neurogastroenterology 
and Motility Society and the 
European Society of 
Neurogastroenterology and Motility 

U.S. 

2014 Bernards, et al Physiotherapy for Stress UI Dutch Expert Consensus Panel Netherlands 

2014 Fisher Continence Care for Adult 
Stroke Survivors (Acute & 
Rehabilitation Settings) 

Consensus Panel Canada 
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Year Citation Topic Professional Organization Location 

2014 Qaseem et al Nonsurgical Management 
of UI in Women 

American College of Physicians 
(ACP) 

U.S. 

2014 Tabbers, et al Evaluation and Treatment 
of Functional Constipation 
in Infants and Children 

European Society for Pediatric 
Gastroenterology, Hepatology, and 
Nutrition; and North American 
Society for Pediatric 
Gastroenterology 

International 

2014 Vitton, et al Treatment of FI French National Society of 
Coloproctology 

France 

2014 Wald, et al Management of Benign 
Anorectal Disorders 

American College of 
Gastroenterology 

U.S. 

2013 Aigmueller, et al Management of 3rd and 4th 
Degree Perineal Tears after 
Vaginal Birth 

Austrian Urogynecology Working 
Group 

Austria 

2013 ACOG Cesarean Delivery on 
Maternal Request 

ACOG U.S. 

2013 Lucas, et al Surgical Treatment of UI European Association of Urology 
(EAU) 

International 
(Europe) 

2013 Merseberger, et al Robotic and Single Site 
Surgery in Urology 

EAU International 
(Europe) 

2013 Smith A, et al Management of UI in 
Women 

National Institute for Health and 
Clinical Excellence (NICE) 

United 
Kingdom 

2012 Bauer, et al Congenital Neuropathic 
Bladder and Bowel 
Dysfunction in Children 

ICCS International  

2012 Gormley, et al Diagnosis and Treatment of 
OAB (non-neurogenic) in 
adults 

American Urological Association 
(AUA)/ Society of Urodynamics, 
Female Pelvic Medicine & 
Urogenital Reconstruction (SUFU) 

U.S. 

2012 Haylen, et al Terminology and 
Classification of 
Complications Related to 
Native Tissue Female 
Pelvic Floor Surgeries 

International Urogynecological 
Association (IUGA) and ICS 

International  

2012 Lucas, et al Assessment and 
Nonsurgical Management 
of UI 

EAU International 
(Europe) 

2012 Mori, et al Normal Pressure 
Hydrocephalus 

Japanese Society of Normal 
Pressure Hydrocephalus 

Japan  

2012 National Clinical 
Guideline Centre 

UI in Neurological Disease National Clinical Guideline Centre United 
Kingdom 

2012 Swain, et al Management of LUTD in 
Neurological Disease 

NICE United 
Kingdom 

2012 Winters et al, Urodynamics in Adults AUA & SUFU U. S. 

2011 Hanno et al Interstitial Cystitis / Bladder 
Pain Syndrome 

AUA/SUFU U. S. 

2011 Thüroff, et al Urodynamics in Adults EAU International 
(Europe) 

2011 Vayssière, et al Instrumental Delivery French College of Gynaecologists 
and Obstetricians 

France  
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Year Citation Topic Professional Organization Location 

2010 Aubert et al Primary Nocturnal Enuresis French Expert Consensus Panel France 

2010 Dmochowski et al Surgical Management of 
Stress UI in Women 

AUA U.S. 

2010 Drutz, et al Training for Female Pelvic 
Medicine and 
Reconstructive Pelvic 
Surgery (Education) 

IUGA International 

2010 Fritel, et al Adult Female Stress UI  French College of Gynaecologists 
and Obstetricians 

France 

2010 Hermieu, et al Treatment of Non-
Neurological UI in Women 

L'Association Francaise d’Urologie France 

2010 Lovatsis, et al Evaluation and Treatment 
of Recurrent UI after Pelvic 
Floor Surgery 

Canadian Task Force on 
Preventive Health Care 

Canada 

2010 NICE LUTS  NICE United 
Kingdom 

2010 NICE Nocturnal Enuresis 
(Management of 
Bedwetting in Children and 
Young People) 

NICE United 
Kingdom 

2010 Radziszewski et al LUTS UI and OAB in 
Women 

Consensus Panel Poland 

2010 Schröder, et al EAU Guidelines on UI EAU International 

2010 Singh, et al Urodynamic Practice in the 
UK 

United Kingdom Continence 
Society 

United 
Kingdom 

2010 Smith LN, et al Rehabilitation after Stroke Scottish Intercollegiate Guidelines 
Network 

Scotland 

2010 Zesiewicz, et al Treatment of Nonmotor 
Symptoms of Parkinson 
Disease 

American Academy of Neurology U.S 

2009 Fowler, et al Bladder Management in 
Multiple Sclerosis 

Consensus Panel United 
Kingdom 

2009 Polish Society of 
Obstetrics & 
Gynecology 

Prevention of UI and POP 
in Women Undergoing 
Hysterectomy 

Polish Society of Obstetrics & 
Gynecology 

Poland 

2009 Velazquez Sanchez 
Mdel, et al 

Diagnosis and Management 
of UI 

Consensus Panel Mexico 

2009 Yamaguchi, et al Clinical Guidelines for OAB Japanese Urological Association 
and the Neurogenic Bladder 
Society 

Japan 

2008 Garcia-Gonzalez, et 
al 

Diagnosis and Treatment of 
UI in the Elderly Population 

Consensus Panel Mexico 

2008 Ghoniem, et al Evaluation and 
Management of Stress UI in 
Women 

IUGA International 

2008 Nishizawa UI in the Elderly Population Japanese Expert Consensus Panel Japan 

2008 vanPinxteren UI in all Patients  Dutch College of General 
Practitioners 

The 
Netherlands 

2007 ACOVE Management of Faecal 
Incontinence in Adults 

ACOVE Consensus Panel / 
American Geriatrics Society  

U.S. 
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Year Citation Topic Professional Organization Location 

2007 NICE Management of FI in Adults NICE United 
Kingdom 

 

Since the last ICI, there has been extensive expan-
sion of development and dissemination of guidelines, 
practice recommendations, and structured treatment 
programmes for UI and FI focused on both general 
UI, (265) (279) (280) (281) (282) (283) (284) general 
FI, (285) (286) (287) (288) geriatric UI, (289) and spe-
cific underlying conditions that can influence conti-
nence.  Some examples include OAB and neurogenic 
detrusor overactivity, (290) (291) (292) urinary ur-
gency and incontinence in men, (293) UI associated 
with various neurological conditions, (294) (295) 
treatment of post-stroke incontinence, (259) (296) 
(297) (298) normal pressure hydrocephalus, (299) 
Parkinson disease, (300) (301) multiple sclerosis, 
(302) (303) prevention of pressure ulcers, (304) UI 
associated dermatitis (305) and urinary catheter man-
agement. (306) 

Within the realm of obstetrics and gynaecology, there 
are new guidelines on the management of third and 
fourth degree perineal tears during vaginal delivery, 
(307) (308) instrumental delivery techniques, (309) 
and terminology for native tissue repairs for POP. 
(310)  In paediatrics, there are new guidelines on 
evaluation and treatment for congenital conditions af-
fecting the bladder and bowel, (311) (312) use of uro-
dynamics in evaluation of UI in children, treatment of 
daytime incontinence, (313) and constipation. (314) 

Guidelines have also been developed regarding diag-
nostic and therapeutic options in order to define best-
practice.  This includes urodynamics, (315) (316) 
(317) clinical assessment methods and nonsurgical 
therapies for UI, (318) (319) service specifications for 
care, (148) pelvic floor physiotherapy, (320) (321) 
(322) biofeedback for FI, (323) various surgical pro-
cedures for UI, (324) (325) laparoscopic and robotic 
single site surgeries, (326) sacral neuromodulation, 
(327) and vaginal oestrogen use. (328)   

5.1. Screening 
There has also been an increased interest in the con-
cept of screening for UI as a public health effort.  
Screening evaluation, diagnosis and treatment for UI 
among of all women ≥ 65 years of age has been 
maintained as one of the 2016 Physician Quality Re-
porting System (PQRS) measures in the U.S. (329)  
This quality assessment tool is linked to provider pay-
ment from Medicare in an effort to increase screening 
and enhance clinical outcomes for patients.  In Eu-
rope, the URINO trial was designed to examine out-
comes of having primary care providers offer treat-
ment for UI to older community-dwelling women who 
had not sought out care on their own. (330) (331) 
Clinical outcomes including symptom severity and 
number of leakage episodes significantly improved in 
the intervention group compared to controls. 

Several survey instruments designed to screen for UI 
have also been developed, tested, and reported re-
cently.  This includes a symptom screening tool for UI 
due to OAB. (332) and a brief self-administered 
screening tool. (333)  Population studies using 
screening instruments have shown high prevalence 
rates of UI (41%) with 72% of women reporting at 
least moderate to severe symptoms, and 73% report-
ing at least 2 years duration of symptoms. (84) 

Guidelines have also been developed for different 
care settings. In the U.S., the Centres for Medicare 
and Medicaid Services (CMS) issued F-Tag 315 in 
2005.  This guideline provides recommendations for 
bladder management in the long-term care setting.  
DuBeau et al (334) assessed the knowledge and atti-
tudes of NH staff (including directors of nursing and 
NH surveyors) following revised U.S. government 
guidelines on continence care (Tag F315 - 
http://www.cms.hhs.gov/transmittals/down-
loads/R8SOM.pdf).  They used a questionnaire in a 
convenience sample of 558 staff attending work-
shops.  The authors reported striking deficiencies in 
knowledge amongst staff and identified managerial 
structures as barriers to guideline implementation.  
They suggested such barriers need to be overcome 
in order to improve the quality of continence care. 
Nursing journals have published recommendations 
on ways to enhance implementation and compliance 
with the U.S. government regulatory guidelines. (305) 

Some guidelines have focused on education rather 
than on care delivery.  The International Urogynaeco-
logical Association (IUGA) issued a set of guidelines 
specific for training in the area of female pelvic medi-
cine and reconstructive pelvic surgery. (335)  Other 
professional organisations have issued similar infor-
mation under the headings of ‘consensus state-
ments,’ ‘recommendations,’ and ‘curricula.’ 

Many of the published guidelines focus on younger, 
healthy, community dwelling adults.  

Guidelines for evaluation and treatment of UI and FI 
in children and the geriatric population or those with 
significant comorbidity need to be developed.  These 
will need to take into account issues such as cognitive 
impairment, which can influence continence status in 
older adults. (336)   Fung, (337) in a study in a large 
academic Veterans Affairs medical centre in the U.S., 
used guidelines to develop condition-specific comput-
erized templates to serve as guides for clinicians to 
ask questions and perform elements of a physical 
exam for two specific medical conditions: UI and falls.  
This study demonstrated that a set of templates can 
be developed within an existing electronic heath rec-
ord system that can be used to prompt a clinician to 
obtain elements of a history and to perform physical 
examination. 
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The UK’s National Institute for Health and Care Ex-
cellence (NICE) (2013) national guideline on UI in 
women [National Institute for Health and Care Excel-
lence (NICE), 2013] recommends that invasive treat-
ment for OAB and/or SUI symptoms should only be 
offered after evaluation from a multidisciplinary team.  

5.2. Audits and Assessments of Guidelines 
A number of published studies have examined the 
degree to which clinicians actually follow published 
guidelines.  Many of these have focused on primary 
care providers. 

A postal survey of Dutch GPs found that most ad-
hered to guidelines when making the diagnosis of UI. 
(172) However, implementation of other measures 
and treatments were less robust.  At least 25% re-
ported difficulty adhering to the guideline due to lack 
of time, staff, diagnostic tools, competency in care de-
livery, and perceived low motivation on the part of pa-
tients.  Others have questioned the utility of this spe-
cific guideline when viewed from the perspective of 
urologists. (338)  They proposed future research to 
determine if recommendations for referral to special-
ists are adequate and if they will be implemented in a 
manner that will benefit patients.  Another study with 
Dutch GPs identified therapeutic nihilism among the 
physicians and low motivation on the part of patients 
as major barriers to guideline implementation. (112)   
Other barriers included lack of time, difficulty explain-
ing therapeutic options, limitations in patient mobility, 
and increased patient comorbidities. 

A survey of primary care clinicians in the UK revealed 
that 56.8% agreed or strongly agreed that the 2006 
NICE guideline on UI in women reflected their current 
practice. (339)  However, more than half of clinicians 
indicated that they had not changed their practice to 
be fully compliant with the guideline.  In another 
study, GPs in the UK identified knowledge limitations, 
time constraints, and access to resources on UI as 
important barriers to better implementation of the 
guidelines. (340) (341)  Survey data revealed wide 
variation in opinions regarding specific recommenda-
tions in the NICE guidelines for evaluation and treat-
ment female UI. (342)  Recent data on compliance 
with the NICE recommendations for evaluation of 
LUTS in men in the UK found that the majority did not 
receive management according to the guidelines, 
(343) especially for older men compared to young 
men. 

Adherence to the new NICE guideline for FI also ap-
peared to be less than ideal.  In a study of more than 
5,350 cases, no documented focused history was 
taken in more than one-third of hospitals, one-half of 
primary care clinics, and three-quarters of care 
homes. (344) Less than half of all subjects had a doc-
umented plan for care for an identified bowel-related 
cause for clinical FI.  The effect of FI on QoL was 
poorly documented, particularly in hospital settings. 

Adherence to guideline recommendations may also 
be less than optimal among specialist providers.  Is-
mail (345) examined records of women undergoing 
sling surgery for treatment of SUI at an academic 
medical centre in the UK.  Only 45.3% of the patients 
had documentation in the medical record that they 
had previously tried conservative therapies.  Docu-
mentation of underlying risk factors was highly varia-
ble.  A similar study among urologists in Spain 
showed that compliance with guideline recommenda-
tions was less than ideal. (346) 

Attitudes and adherence to new guidelines such as 
preoperative use and utility of urodynamics for UI 
(347) and evaluation and treatment of paediatric con-
stipation (348) have been variable.    Even adherence 
to recommended nomenclature for some pelvic floor 
conditions has been less than optimal. (349) 

Studies have also examined the degree of awareness 
and adherence to guidelines among specific patient 
populations.  Ismail (345) reported on the results of a 
survey of 223 women in the UK who had recently de-
livered their first child.  According to the NICE guide-
line, these women should have been taught PFM ex-
ercises in the antenatal period.  Although 95% re-
ported awareness of the importance of the exercises, 
many did not have accurate information and only a 
small minority actually practiced them. 

Adherence to guidelines for geriatric syndromes 
which influence continence status is also not particu-
larly strong.  For example, there are multiple barriers 
that can influence UI management in home health 
care settings. (350)  A study of the national guidelines 
in the UK and Wales for older adults who have suf-
fered a fall demonstrated that only 63% of 3,184 pa-
tients who fell and suffered a hip fracture, and only 
21% of those with a fragility fracture not associated 
with a fall were assessed for concomitant UI. (185)   
Only half of those identified as having a UI problem 
were actually referred to a continence centre or pro-
vided any type of intervention. 

Guideline recommendations are not without contro-
versy.  In a retrospective database analysis of 6,276 
women, Agur et al (351) noted that of women believed 
to have pure SUI based history alone, at least 25% 
were found to have other forms of voiding dysfunction 
based on urodynamics.  They concluded that the rec-
ommendation in the NICE guideline to avoid urody-
namic testing in women with pure SUI symptoms 
might be unwise and could miss other important find-
ings, which could influence care.  

There are even more limited data on whether adher-
ence to guidelines actually leads to substantive 
changes in measurable continence outcomes. (352)  

In cases where organized services were available, 
overall quality outcomes were better compared to ar-
eas where these services were not offered.(353)  

An audit of the NICE guideline in the UK revealed that 
patient age may be associated with differential imple-



 

 
PUBLIC EDUCATION  2459 

 

mentation of guideline recommendations for UI eval-
uation and treatment. (354)  In this study, data from 
7,846 women treated at either acute hospitals or pri-
mary care trusts in the UK, revealed that elderly 
women were significantly less likely to receive guide-
line compliant care compared to younger women.  Ac-
tual levels of adherence by the care providers varied 
widely depending on the specific recommendation 
being evaluated.  Levels of guideline adherence also 
appeared to differ between specialists providing care 
in acute hospital settings compared to GPs in the pri-
mary care trusts.  In response to this finding, an edi-
torial analysis asked rhetorically if lack of adherence 
to published guidelines for UI may actually represent 
a form of ageism on behalf of clinical providers and 
patients. (355) 

Summary 

Overtime, there has been a dramatic increase in the 
development and dissemination of guidelines, con-
sensus statements and best practice recommenda-
tions.  These are generally created and disseminated 
by professional organisations focused on both pri-
mary and specialty care.  Methodology varies based 
on the sponsoring organisation, but most follow es-
tablished principles using evidence-based tech-
niques.  There has been increased interest in the de-
velopment and use of guidelines over recent years.  
Since the last ICI, there has been a substantial in-
crease in both general guidelines regarding UI and FI, 
and in those targeting specific clinical situations such 
as UI or FI associated with neurological disorders, fol-
lowing childbirth, or after treatment for fistula or other 
conditions.  Methods of dissemination are variable, 
and clinician awareness of guidelines can be a chal-
lenge.  It can also be difficult to make clinical choices 
in cases where different guidelines may provide con-
flicting recommendations.  Data from audits also indi-
cated that clinical practitioners do not always adhere 
to guidelines.  Future work will need to continue to 
assess existing and new guidelines, methods of 
guideline dissemination, ways to improve awareness 
of guidelines, and techniques to continually improve 
practice. 

 

Levels of Evidence/Recommendations 

Effectiveness of guidelines in clinical practice. (Lev-
els of evidence: 3 to 4) 

• There is a need to continue to evaluate the qual-
ity and relevance of existing clinical guidelines, 
particularly in the context of updating these ma-
terials or creating new guidelines based on 
emerging evidence. 

• There is a need for additional research on guide-
line dissemination, awareness and adoption 
among clinicians. 

• There is a need for assessment of multiple guide-
lines on similar topics to determine the extent to 
which they agree or conflict on specific points, 
and ways to resolve these differences to guide 
professional practice. 

• There is a continued need for evaluation re-
search to explore impact of guidelines on clinical 
care both at individual and population levels.  
This evaluation strategy needs to include impact 
on a wide range of outcomes, including inci-
dence and prevalence of disease, treatment out-
comes, prevention efforts, costs, and health care 
policy. (Grade of Recommendations: C) 

 PUBLIC EDUCATION 

Literature Search is found in Appendix 1. 

1. BACKGROUND 

Education of the lay public and patients is a crucial 
part of overall efforts in education and continence 
promotion.  In the creation and discussion about this 
section, the committee recognized that a number of 
different terms are often used interchangeably when 
referring to this population.  These terms include pub-
lic education, layperson education, patient education, 
client education, consumer education, etc.  These 
terms can have important distinctions depending on 
the perspective of those involved.  For example, ‘pa-
tients’ may indicate those receiving care or suffering 
from a particular condition such as UI.  The term ‘cli-
ents’ implies that people are receiving some type of 
services from a professional provider.  And the term 
‘consumer’ implies that the person is using either 
goods or services related to their UI.  For simplicity, 
the term ‘public education’ will be used to summarize 
the information in this section. 

Patient education consists of healthcare profession-
als teaching patients about their disease and offering 
therapeutic instruction, particularly information about 
self-management strategies, drugs, adaptation of 
their dosage and side-effects. (356)  Patient educa-
tion regarding normal and abnormal bladder function 
has been found to be helpful in the establishment of 
healthy bladder habits. (357) 

However, there was very little evidence to highlight 
the benefit of patient education for people with blad-
der and bowel conditions and the difference it may 
make to their outcomes.  Most patient education stud-
ies found did not meet the quality criteria for inclusion.  
There are also inherent issues with generalisability of 
data as there are no standardised methods, tech-
niques, or delivery for patient education or even any 
agreement on the content on education. 

There have been several studies assessing patients 
level of knowledge regarding specific treatments e.g. 
bladder retraining, PFM training, etc, however almost 
all of these are conference abstracts that have not 
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been developed into full peer reviewed papers. 
Brown et al (358) assessed women’s knowledge of 
vaginal pessaries. Few patients had heard about pes-
saries from any source other than a physician or other 
health care provider and patients who indicated they 
would decline pessary use reported a lower level of 
education. Educational efforts alone may not be ade-
quately sufficient to yield successful outcomes.  An-
other study showed that intensive education about UI 
related to radical prostatectomy for cancer did not 
lead to better continence outcomes following surgery. 
(359)  According to findings from a focus group study, 
obtaining information from people who have UI and 
their carers may have usefulness in helping these in-
dividuals in developing self-management tools 
women could use on their own in the future. (52)  

The Prolapse and Incontinence Knowledge Question-
naire (PIKQ) was developed and validated by Shah 
et al (360) as a reliable method of assessing patient 
knowledge of UI and POP.  In several of the studies 
reviewed assessing education given to female pa-
tients was used pre and post intervention to assess 
gain in knowledge. 

Recently there has been a substantial increase in 
publications related to public education for inconti-
nence.  These have broadly focused on several areas 
including knowledge and perceptions about inconti-
nence and associated conditions, development and 
dissemination of public education or programmatic ef-
forts related to continence, and the availability and 
quality of social media and electronic applications for 
public education on continence and related topics. 

A survey of visitors to a public education website with 
information on UI collected self-reported data from 
374 people and found that 13% had not spoken with 
a healthcare provider about their UI symptoms, and 
75% were not using any type of active approach to 
address their symptoms. (361)  A systematic review 
of published studies examined perceptions of both 
patients and staff about factors facilitating or serving 
as barriers to uptake of behavioural therapies. (196) 
It reported that the main patient factors identified to 
help enhance adoption of these treatments included 
having realistic goals and expectations and gaining a 
sense of control.  For care staff, a sense of teamwork 
and experience with success were enabling factors.  
Barriers for patients included fear of accidents and 
convenience of treatment, while staff identified staff 
education and perceptions of treatment effectiveness 
as barriers.  Another scoping study has identified a 
number of theoretical paradigms that can be used to 
influence education efforts to enhance adherence to 
behavioural therapies. (362) 

Studies on perceptions about UI and future health 
have shown mixed results.  One study of 786 people 
in Spain identified that 50% felt their UI was normal 
for their age, and 71.5% expected it to worsen with 
time and increasing age. (363) However, 80% also 
expected improvement with treatment.  People used 

a variety of coping strategies, and this increased with 
increasing UI severity. 

Innovations in public education treatment pro-
grammes for UI and associated conditions incorpo-
rated technology applications. (364)  Delivery of a 
PFM programme via the internet was found to be 
more effective at one year among those with initial 
short term improvement in symptoms, increasing 
age, and among those who continued regular PFM 
exercises. (365)  Other researchers have shown a 
mobile app was effective in helping train women with 
SUI about PFM exercise, and could be useful to en-
hance education about the condition. (366)  Another 
study of 41 women demonstrated that an avatar 
based online educational programme was effective in 
improving health related quality 

Summary 

Public education directed toward patients, clients and 
consumers is an important part of the overall spec-
trum of information and dissemination of continence 
promotion.  This can take many forms ranging from 
the provision of health information between health 
care providers and individual patients to public ser-
vice announcements and other mass media commu-
nications.  Although there has been a recent increase 
in public education efforts, research in this area is still 
in its relative infancy. 

 

Levels of Evidence/Recommendations 

Effectiveness of public education efforts through var-
ious channels including individual education, public 
media and mass communications (Levels of Evi-
dence 3 to 4) 

• There is a need for additional focused research 
on methods to enhance patient and public edu-
cation about UI, FI, and POP, both at an individ-
ual and broader public level. 

• Research is needed to examine methods to im-
prove efficiency of public education including 
group training, mass marketing and other tech-
niques 

• The role of technology in public education for 
continence promotion should be examined in 
more depth 

(Grade of Recommendations:  C) 

 CONCLUSIONS 

Continence promotion involves many different com-
ponents including primary prevention strategies, 
health care advocacy, and methods of encouraging 
help-seeking behaviours.  It also includes develop-
ment of models to enhance provision of and access 
to health care in a wide variety of settings ranging 



 

 
APPENDIX 1. LITERATURE SEARCH  2461 

 

from community programmes, to facility-based and 
institutional programmes, to widespread governmen-
tal initiatives.  Education, of both health care provid-
ers and the public remains a cornerstone of success-
ful continence promotion.  Although there has been 
an increase in attention to these topics in recent 
years, additional work will be needed to actively ad-
vance our knowledge and to foster future progress. 

APPENDIX 1. LITERATURE 
SEARCH 

The literature search to identify material for this chap-
ter, additional to that reviewed for the last (5th) con-
sultation, was conducted as follows: 

Primary Prevention:  Online databases Pub Med, Ci-
nahl, Pychinfo, and Medline were searched, with fo-
cus on literature published in and after 2010. Search 
terms used (aware* OR educat* OR promot* OR in-
struct* OR interven* OR teach* OR learn* OR lifestyle 
OR behav* OR change*) AND prevent* AND (incon-
tinen* OR continent* OR continence*) NOT continen-
tal Sort by: Relevance Filters: Publication date from 
2011/01/01; Adult: 19+ years 

Continence Awareness, Promotion and Advocacy: 
Online databases Pub Med, Cinahl, Pychinfo, and 
Medline were searched, with focus on literature pub-
lished in and after 2010. Search terms used: ‘aware-
ness’, ‘consumer’, ‘education’, ‘urinary incontinence’, 
‘faecal incontinence’, ‘incontinence’, ‘continence’, 
‘continence awareness’, ‘continence promotion’, 
‘health education’, ‘public education’, ‘public aware-
ness’, ‘pelvic organ prolapse’, health literacy, health 
promotion’, ‘outcome measures’ 

Help-seeking (care-seeking) behaviour: Search of 
pubmed/embase/cinahl/psyc/psychlit/eric/biosis/Sco-
pus/cochrane/WOS/JBI was conducted for the years 
2011 to 2016. The search terms for each search 
were: PUBMED: (((health*[tw] OR care[tw] OR 
help[tw]) AND (acceptance[tw] OR accepting[tw] OR 
accept[tw] OR seek[tw] OR seeks[tw] OR seeker[tw] 
OR seeking[tw])) OR "Patient Acceptance of Health 
Care" [Mesh] OR "help-seeking"[tw] OR "care-seek-
ing"[tw]) AND ((incontinen*[tw] OR continen*[tw]) 
NOT continental) AND ((Adult[Mesh]) OR adult*) 
CINAHL/PSYC/ERIC: ((TX (health* OR care OR 
help) N5 (acceptance OR accepting OR accept OR 
seek OR seeks OR seeker OR seeking)) OR (MH 
"Help Seeking Behaviour") OR (TX "help-seeking" 
OR "care-seeking" )) AND (TX ( incontinen* OR con-
tinen* ) NOT continental) AND (MH "Adult+" OR TX 
adult*)        FROM 2011  EMBASE: health*:ab,ti OR 
care:ab,ti OR help:ab,ti AND (acceptance:ab,ti OR 
accepting:ab,ti OR accept:ab,ti OR seek:ab,ti OR 
seeks:ab,ti OR seeker:ab,ti OR seeking:ab,ti) OR 
'help-seeking':ab,ti OR 'care-seeking':ab,ti OR 'help 
seeking behaviour'/exp OR 'patient acceptance of 
health care'/exp incontinent OR incontinence OR 
continence NOT continental 'adult'/exp OR adult*#9 
AND #10 AND #12 AND [2011-2016]/py WOS: 

((health* OR care OR help) AND (acceptance OR ac-
cepting OR accept OR seek OR seeks OR seeker OR 
seeking)) OR TOPIC: ("help-seeking" OR "care-seek-
ing")  Refined by: TOPIC: (incontinence OR inconti-
nent OR continence OR continent) AND TOPIC: 
(adult* OR man OR woman OR men OR women) 
Timespan: 2011-2016. Indexes: SCI-EXPANDED, 
SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-
SSH, ESCI, CCR-EXPANDED, IC. SCOPUS: 
(TITLE-ABS-KEY((health* OR care OR help) AND 
(acceptance OR accepting OR accept OR seek OR 
seeks OR seeker OR seeking)) OR TITLE-ABS-
KEY("help-seeking" OR "care-seeking")) AND 
(TITLE-ABS-KEY(incontinence OR incontinent OR 
continence)) AND (adult* OR man OR woman OR 
men OR women) AND ( LIMIT-TO(PUBYEAR,2016) 
OR LIMIT-TO(PUBYEAR,2015) OR LIMIT-
TO(PUBYEAR,2014) OR LIMIT-
TO(PUBYEAR,2013) OR LIMIT-
TO(PUBYEAR,2012) OR LIMIT-
TO(PUBYEAR,2011) ) 

BIOSIS: You searched for: TOPIC: (((health* OR care 
OR help) AND (acceptance OR accepting OR accept 
OR seek OR seeks OR seeker OR seeking)) OR 
TOPIC: ("help-seeking" OR "care-seeking")) Refined 
by: TOPIC: ((incontinence OR incontinent OR conti-
nence OR continent)) AND TOPIC: ((adult* OR man 
OR woman OR men OR women)) AND 
PUBLICATION YEARS: (2015 OR 2014 OR 2013 
OR 2012 OR 2011 OR 2016 ) Timespan: All years. 
Indexes: BCI. COCHRANE: '((health* OR care OR 
help) AND (acceptance OR accepting OR accept OR 
seek OR seeks OR seeker OR seeking)) OR "help-
seeking" OR "care-seeking" in Title, Abstract, Key-
words and (incontinence OR incontinent OR conti-
nence OR continent) in Title, Abstract, Keywords and 
adult* OR man OR men OR woman OR women   JBI: 
(((health* or care or help) and (acceptance or accept-
ing or accept or seek or seeks or seeker or seeking)) 
or "help-seeking" or "care-seeking").tx. (incontinence 
or incontinent or continence or continent).tx. (adult* 
or man or men or woman or women).af.  Abstracts for 
the retrieved citations were reviewed in Covidence 
and the full text of each included papers was re-
viewed. No interventional research studies or system-
atic literature reviews for help-seeking or care-seek-
ing since 2013 were found.  

Continence Promotion Programmes: Online data-
bases Pub Med, Cinahl, Pychinfo, and Medline were 
searched, with focus on literature published in and af-
ter 2010. Search terms used: ‘awareness’, ‘con-
sumer’, ‘education’, ‘urinary incontinence’, ‘faecal in-
continence’, ‘incontinence’, ‘continence’, ‘continence 
awareness’, ‘continence promotion’, ‘promotion pro-
gramme’, ‘health education’, ‘public education’, ‘pub-
lic awareness’, ‘health literacy’, ‘health promotion’ 

Continence Advocacy:  Online databases Pub Med, 
Cinahl, Pychinfo, and Medline were searched, with 
focus on literature published in and after 2010. 
Search terms used: ‘awareness’, ‘consumer’, ‘urinary 
incontinence’, ‘faecal incontinence’, ‘incontinence’, 
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‘continence’, ‘continence promotion’, ‘promotion pro-
gramme’, ‘public awareness’, ‘advocacy’, ‘consumer 
awareness’, ‘continence advocacy’ 

Models of Care, Delivery and Accessing Care:  Online 
databases Pub Med, Embase, Medline and Cochrane 
were searched, with focus on literature published in 
and after 2010. Search terms used: ‘urinary inconti-
nence’, ‘faecal incontinence’, ‘incontinence’, ‘conti-
nence’, ‘models’, ‘service’, ‘delivery’, ‘economics’, 
‘strategy’. 

Education: Online databases Pub Med, Cinahl, Pych-
info, and Medline were searched, with focus on liter-
ature published in and after 2010. Search terms used: 
‘continence’, ‘continuing education’, ‘curriculum’, ‘ed-
ucation’, ‘faecal incontinence’, ‘graduate education’, 
‘fellowship’, ‘health education’, ‘incontinence’, ‘pelvic 
organ prolapse’, ‘professional education’, ‘residency’, 
‘resident’, ‘student’, ‘training’, ‘urinary incontinence’. 

Nursing Education:  Databases searched – Embase, 
Cinhal. Medline, Cochrane, ERIC, Web of 
Knowledge.  Search terms (including variations and 
/or) – education, urinary incontinence, faecal inconti-
nence, continence, health education, allied health 
professional, physiotherapist, bladder and bowel, 
nursing, care assistants. 

Impact of Clinical Guidelines:  Databases: PubMed, 
CINAHL, Embase. Terms: (Continence or Inconti-
nence or Bladder or Bowel) AND (Clinical Guideline 
or Guidelines or Consensus or Best Practice or Au-
dit). Language:  English 

Public Education: Databases: PubMed, Medline, Em-
base, Google scholar. Terms:  patient education or 
patient knowledge public education, layperson edu-
cation, client education, consumer education AND  
(Continence or Incontinence or Bladder or Bowel) 
Language:  English 
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  INTRODUCTION  

The average lifespan of a woman is now over 80 
years, and rising for all almost all Organisation for 
Economic Co-operation and Development (OECD) 
countries (1). This is good news, but it raises a num-
ber of fiscal questions for governments and health 
care systems. Older adults are at greater risk for a 
range of health conditions, including urinary inconti-
nence (UI), overactive bladder (OAB), pelvic organ 
prolapse (POP), and faecal incontinence (FI). We 
also face the aging baby boomers and many coun-
tries are still recovering from the 2008 recession. The 
growing demand for health care, coupled with a de-
sire to contain health care costs, has resulted in a 
heightened interest in maximizing value. Economic 
tools are useful for understanding value in health 
care, defined as outcomes gained for unit of money 
spent. By enumerating the costs and benefits, payers 
can make informed decisions about treatment options 
in order to maximise a population’s health.  

The management of UI, OAB, POP, and FI has 
evolved over the past decade, driven in part due to 
advances in treatment, but also in part to a greater 
willingness among patients to talk to their clinician 
about their issues (2). Stress incontinence can be 
readily cured by a variety of conservative and surgical 
options, but benefits can erode over time. Similarly, 
drug and device companies have developed new 
treatments for overactive bladder, but these may re-
quire prolonged administration with longstanding 
treatment costs. Conservative measures such as 
bladder training, also require patient adherence to 
achieve success.  

The news from the Economics Committee is mixed. 
On one hand, economic evaluations of existing treat-
ments are increasingly the focus of studies. The bad 
news is that these analyses are not readily transpar-
ent and thus new studies often create more confusion 
and uncertainty. In this chapter we summarize eco-
nomic methods frequently used in health care. We 

then present a critical analysis of recent publications. 
Throughout this chapter, we focus on the economics 
of UI, POP, and FI, and thus we have organized the 
chapter accordingly. 

 BACKGROUND 

1. HEALTH CARE PRODUCTION 

When a person with incontinence (and to some extent 
prolapse) decides to seek medical care, they will have 
already incurred some costs, related to pads or laun-
dry, and to managing the condition at home. He or 
she will then have a basic consultation, tests will prob-
ably be ordered, and a treatment may be initiated. 
These are the costs of treatment. The incontinence 
may increase the risk of a urinary tract infection, or 
the person may slip and fall on the way to the toilet. 
These are the costs associated with treating the con-
sequences of incontinence (3, 4). 

Self-management costs, treatment costs and conse-
quence-related costs vary a great deal across and 
within countries. Part of this variation reflects inherent 
differences in the price of inputs, such as labour, 
needed to produce medical care. It also reflects the 
different ways that governments regulate health care 
(5). These contextual differences affect every eco-
nomic analysis and places the burden on researchers 
to describe explicitly where, when, and how the eco-
nomic data were obtained so that the results are in-
terpretable. The regulatory context also affects pa-
tients, whether that is in access to care or in their 
costs of health care goods and services.  

Health care costs are incurred when resources are 
used to produce goods or services. The production 
cost for most health care products is often not well 
understood because there is no market. More often 
there is a “charge” stated on a bill, or the total amount 
paid by a third party, whether that is the government 
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or an insurance company. Costs, charges and pay-
ments are not equivalent and are often substantially 
different for the same good or service. For example, 
hospital accounting systems in the US focus on billing 
and payments. The charges listed on the bill usually 
overstate costs, on average by a factor of three, and 
charges are rarely paid in full by the payer. For exam-
ple, in a study of the costs of surgery for female faecal 
incontinence in the US (6), hospital “charges” were 
defined as the amount on the hospital bill, but the hos-
pital “costs” were defined as the amount that the hos-
pital actually received in payment. Only after under-
standing this definition can one make sense of the 
fact that hospital “charges” for FI surgery rose from 
$48 million to $57 million over 3 years, but the hospi-
tal “costs” increased only slightly from $23 to $24.5 
million over the same 3 years (6). 

Many health care systems use accounting software 
to track inputs (labour and capital) and then estimate 
the cost of care. Yet again, there is considerable var-
iation in how these systems are employed and the va-
lidity of the results. Consequently, many researchers 
prefer to use payments as the estimate for cost, when 
available. Researchers have developed imperfect 
methods for adjusting charges with a hospital-specific 
ratio of costs to charges to better estimate costs (7). 
Charges, however, are not always available. Inte-
grated health care systems, including Canada and 
the U.K, do not routinely generate bills, and in these 
circumstances, researchers have developed meth-
ods for generating pseudo-bills and cost estimates (8-
10). 

When researchers need to estimate the cost, they 
can choose from a range of approaches from “gross 
costing” to “micro costing” (11). These terms are sim-
ilar to the phrases “top-down” and “bottom-up.” Ac-
counting and billing systems use activity based micro-
costing methods, whereby detailed estimates of time 
and products (inputs) are combined with unit costs to 
estimate total costs. Micro-costing (or “bottom-up”) is 
challenging to perform because a single inpatient 
stay or outpatient procedure might have hundreds or 
thousands of inputs. For example, Morris et al. (12) 
performed over 3621 observations to determine ex-
penditure on urinary faecal or mixed incontinence in 
a one month study of 29 patients in a sub-acute care 
facility. Even when there are a limited number of in-
puts, the cost can vary by location or the time of pur-
chase if input prices fluctuate. 

At the other end of the spectrum, gross cost methods 
(“top-down”) identify a limited number of important 
characteristics such as the Health Care Resource 
Group (HRGs) in the U.K., Diagnosis Related Groups 
(DRGs) in the U.S. or Australia, and length of stay. 
However, gross costing lacks precision; this can be 
problematic if the study seeks to understand the cost 
of close substitutes. For example, in Australia the 
DRG for Tension Free Vaginal Tape and Colposus-
pension is the same, even though the production 
costs differ. 

Accounting systems typically only reflect the re-
sources used by the provider to produce care. These 
systems do not usually track patient costs, such as 
co-payments or travel costs. If researchers want to 
estimate societal costs, which are often of most inter-
est (11, 13), one must include patient-incurred costs. 
This distinction is important for urinary incontinence, 
since most patients incur the costs for routine care 
(e.g., pads and protection). In the year 2000, routine 
care costs in the U.S. were $1347 per person for uri-
nary incontinence and $1554 for people with OAB 
(14). 

Thus, the perspective can dramatically affect the con-
clusions. For example, a study from the US analysed 
Medicare claims for the treatment of urinary inconti-
nence among women aged 65 or older for 3 years 
(1992, 1995, 1998) including outpatient, inpatient and 
emergency department visits (15). Such Medicare 
claims nearly doubled over the time frame, from $128 
million to $234 million, largely due to increased num-
bers of women treated by office visits and ambulatory 
(day only) surgery for items such as collagen injec-
tions. When the per capita changes were analysed, 
and inflation was considered, costs had actually de-
clined by 15%. However, the editorial comment fol-
lowing this article points out that Medicare claims 
have a payer’s perspective, do not quantitate pad us-
age, and did not, until recently, track pharmaceuti-
cals. Since we know that overactive bladder is more 
common as age increases, medical treatment is likely 
to be increasingly important in the over 65 age group, 
so that the conclusion of a 15% drop in per capita 
Medicare expenditure is not likely to be valid repre-
sentation of costs in general. The editors pointed out 
that the article was mainly representative of patients 
with stress incontinence as a result. Such methodo-
logical issues are important. 

In the example described above, the “perspective” 
was that of Medicare claims. In other words, Medicare 
was the “payer”, not the patient. This highlights the 
fact that costs can be evaluated from several different 
perspectives. The four most commonly used per-
spectives are: 1) overall society costs, which includes 
all aspects of care and treatment (which this commit-
tee recommends), 2) the payer, such as Medicare, 3) 
the provider, such as a hospital or managed care 
plan, and 4) the patient. 

In general, health economists prefer the use of a so-
cietal perspective (11, 13). This facilitates compari-
sons across illnesses and across different countries. 
More focused analyses are sometimes also done to 
consider other perspectives, but this is usually clear 
in most papers. 

2. INTERNATIONAL ISSUES 

Patients often incur considerable costs paying for 
routine care products and treatments. However, the 
proportion of costs incurred by patients varies from 
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country to country. For example, in Sweden, the na-
tional health insurance covers routine care products. 
In the UK, age-dependent patient subsidies are avail-
able for pads. In Germany and Spain, pad costs are 
reimbursed if prescribed by a doctor (16). In Australia, 
low-income patients can apply for a subsidy to reim-
burse most of their routine care products, but wealth-
ier patients must pay all the costs. In the US, such 
products are rarely covered by insurance (16). 

Coverage for treatment also varies across countries. 
In the UK, most patients use the National Health Ser-
vice (NHS) so that all office visits, tests, outpatient 
visits and surgical treatments are free to the patient. 
Pharmacotherapy does attract a small out-of-pocket 
payment per prescription. In Australia, about 70% of 
patients only have government insurance, similar to 
the UK NHS, but 40% of patients also have private 
insurance providing more generous coverage. In the 
US, adults over age 65 and those with a disability are 
covered by the Medicare program. This provides cov-
erage for inpatient, outpatient and pharmacotherapy, 
although patients are generally responsible for siza-
ble co-payments and nursing home care is capped. 
Those not covered by Medicare often have private in-
surance or Medicaid (a health insurance program for 
people with low incomes). 

In the Netherlands, all legal residents are obliged to 
purchase a basic health policy (the purchase of a 
complementary policy covering extra health services 
remains voluntary). The government establishes 
what is in the basic package and under what condi-
tions people are entitled to care.  

Nursing home coverage is another area where there 
is widespread variation in costs, quality and cover-
age. In the US, Medicaid is the primary payer for long 
term care, but because the programme is for low-in-
come adults, many people have to spend most of 
their assets before they qualify. Many of the high 
quality programmes do not accept Medicaid, because 
Medicaid payments are too low, thus the US has dif-
ferentiated markets by quality. In Australia, low-in-
come patients who have no private superannuation 
(pension fund) can receive the “old age pension” 
which covers long-term care, albeit in lower-calibre 
facilities than would be chosen by those who could 
afford better (similar to the Netherlands system). In 
Japan, generous long-term benefits are provided to 
long term institutional residents, so that out of pocket 
payments are reduced. 

3. COSTS RELATIVE TO TIME 

3.1. Inflation 
Costs change over time and researchers need to ac-
count for this variation in their analysis. The easiest 
way is to present the costs relative to a specific year 
(e.g., 2012). Costs borne in past years should be in-
flated. In many countries, the governments publish in-
flation indices. In the US, inflation is represented in 
the Consumer Price Index (e.g., www.stats.bls.gov). 

In the UK, the Health Service Cost Index or the Retail 
Price Index, published by the NHS Executive, Leeds, 
UK, can be used to adjust the costs of health care 
services (www.statistics.uk.gov).  

Caution is needed because general inflation relates 
to the cost of a consistent set of goods over time, e.g., 
over time, the goods must be of the same quality, and 
thus the costs observed five years ago can be ob-
served today. If so, then the inflation index is informa-
tive. However, medical goods change rapidly, as 
does their quality. For example re-usable laparo-
scopic equipment has been replaced by disposable 
equipment, and newer drugs have emerged. This 
makes it difficult to determine whether any change in 
price is due to inflation or due to changes in quality. 
Consequently, many researchers recommend 
against using price indices that are developed specif-
ically for medicine because these do not take quality 
into account. General consumer price indices are 
usually preferred for inflation adjustment. 

3.2. Discounting 
We choose to invest in health care now to reduce the 
probability of costlier problems in the future. Cancer 
prevention is the prototypical example, where we in-
vest in cancer screening now with the hopes that if we 
have cancer, we will find it earlier and it will lead to 
fewer serious problems. Economic analyses must in-
clude these future costs. Discount rates, typically of 
3-4% per annum, are used to estimate the net present 
value of future costs. By examining future costs and 
benefits, we can work to ensure that prevention ef-
forts add value. 

Cost-effectiveness models for incontinence must 
consider future costs. Drug treatments, for example, 
incur future costs. People have time preferences for 
money and future costs should be discounted to rep-
resent present value. There is some debate about the 
appropriate discount rate (17-19), but most interna-
tional studies use a discount rate of 3-4% per annum 
(20).  

3.3. Efficacy over Time 
Economic models need to adjust for future changes 
in costs and efficacy. Surgery has a large up-front 
cost, and may at first appear more cost effective than 
pharmacotherapies, but often surgical efficacy wanes 
over time. For example, in Adang et al. (20) dynamic 
graciloplasty is portrayed as having a stable success 
rate over time in the treatment of faecal incontinence. 
In fact, we now know that dynamic graciloplasty has 
a very poor success rate over 10 years, so that the 
estimated data from Adang et al. are not accurate. 

In summary, health care costs vary across countries 
and over time. This variation needs to be taken into 
account in the economic analysis. Sensitivity anal-
yses are often useful because they enable us to in-
vestigate how different assumptions and input param-
eters can influence the results. As we describe in the 
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next section, explicitly describing these contextual is-
sues is crucial for readers. 

4. TYPES OF ECONOMIC ANALYSIS 

4.1. Cost Effectiveness Analysis 
A typology of economic models for health and medi-
cine has emerged. With the exception of cost of ill-
ness studies, these economic models are designed 
to provide information about a choice (or set of 
choices). The current gold standard is cost-effective-
ness analysis, in which the benefits and costs are 
compared in an incremental cost-effectiveness ratio 
(ICER). The ICER can be depicted as 

 

ICER= Average CostA - Average CostB 

Average QALYA - Average QALYB 

 

The subscripts A and B are used to denote alternative 
treatment choices and QALY represents quality ad-
justed life years. It is easiest to consider two choices, 
but the following framework generalizes to more than 
two. If there are more than two treatment options, 
then each pair-wise comparison needs to be calcu-
lated to identify the optimal choice. 

Historically, CEA was a generic term in which any out-
come could be used, while cost-utility analysis (CUA) 
was reserved for when outcomes were measured us-
ing quality adjusted life years (QALYs). Over the past 
decade, CEA and CUA have become synonymous. 
Hereafter, we use the term CEA to imply outcomes 
measured in QALYs. Well-known texts discuss stand-
ard techniques for conducting a CEA (11, 13). 

QALYs reflect quantity and quality of life. The quality 
adjustment is based on utilities. The power of CEA is 
that it can capture all potential benefits of an interven-
tion and allow comparisons across health conditions, 
thereby promoting allocative efficiency.  

4.2. Cost Benefit Analysis (CBA)  
A CBA measures outcomes in money. When out-
comes are valued as a currency, the optimal choice 
can be easily found by addition and subtraction (i.e. 
the end result is not a ratio). However, it is difficult to 
monetize health outcomes, and many researchers 
and policymakers are averse to placing a monetary 
value on life. CBA is widely used in many fields, such 
as environmental economics, but rarely used in 
health.  

One approach for measuring outcomes in money is 
by asking patients what is the most they would be will-
ing to pay. This approach, known as contingent valu-
ation, has attracted some attention, including work in 
urinary incontinence (21). 

4.3. Cost Minimization Analysis (CMA)  
CMA assumes the outcomes are equivalent and only 
focuses on the costs. CMA has been argued as ap-
propriate when considering patent versus the equiva-
lent generic drugs. In practice, rarely are CMA con-
ducted because treatments are rarely equivalent. 

4.4. Cost Consequence Analysis (CCA)  
In this analysis, outcomes are measured by as-
sessing whether a treatment changes health care uti-
lization (i.e. hospitalization averted or emergency visit 
averted). These analyses alone are incomplete and 
can be misleading. However, when combined with a 
CEA, they can provide information on the mecha-
nisms underlying changes in costs. Often research-
ers hypothesize that a new treatment will increase ap-
propriate utilization or decrease inappropriate utiliza-
tion; this analysis can be helpful in this regard. 

4.5. Cost of Illness (COI)  
COI studies describe the costs related to a condition 
for a given population over a period of time (e.g., 
year). All COI studies include health care costs re-
lated to the condition. The inclusion of lost productiv-
ity (i.e. employment effects) varies and is more con-
troversial. While some studies have attempted to 
place a cost on pain and suffering, such calculations 
are now discouraged. COI studies are not designed 
to inform decision makers about how to allocate 
scarce resources for treating conditions.  

4.6. Summary 
There are a number of economic tools that are com-
monly used in health care. Most new treatments offer 
additional benefits at an additional cost. The CBA and 
CEA were designed to determine how much money it 
costs to improve outcomes. Although the CEA is the 
preferred method, accurately measuring utilities can 
be challenging. We will discuss these issues in more 
depth because different methods for utility elicitation 
can have a very profound effect on the interpretation 
of the CEA. 

 

5. MEASURING OUTCOMES 

5.1. Introduction 
The book by Gold and colleagues (11) is often used 
as guidelines for conducting CEA in health. The au-
thors recommend using QALYs as the outcome in the 
CEA. However, this book also notes that analysts 
could use a clinical outcome measure. For inconti-
nence, clinical outcome measures include 24-hour 
pad test, a voiding diary, or urodynamics. These out-
comes are attractive for clinicians because they often 
use these measures in clinical practice. Clinical out-
comes can be very valuable in identifying when a 
treatment is efficacious. However, using clinical out-
comes in a CEA can yield results that are limited in 
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scope and potentially biased. A treatment might have 
improved a person’s quality of life, but had little effect 
on the clinical outcome measure. The converse is 
also possible. Moreover, a CEA with one clinical out-
come measure is not comparable to another CEA us-
ing a different clinical outcome measure. A clear ad-
vantage of QALYs is that they are generalizable 
across conditions.  

5.2. Health Status and Quality of Life 
Measures 

There are a number of frequently used and highly re-
garded general health status measures, such as the 
SF-36, which describe a person’s current health 
state. Instruments that assess how a person per-
ceives or feels about their health state are called 
health related quality of life (QOL) measures. Some 
of these measures are generic while others are dis-
ease-specific. A number of disease specific quality of 
life measures exist for OAB and incontinence, such 
as the Incontinence Quality of Life questionnaire (I-
QOL) (22). These measures describe a person’s 
quality of life specific to incontinence. Generic and 
disease specific quality of life measures are difficult 
to include in an economic evaluation because they 
were not designed for that purpose. In the past dec-
ade, there has been considerable effort placed on de-
veloping mapping algorithms that enable researcher 
to use the SF-36 or I-QOL and then “map” these 
scores onto a preference based valuation scale for 
CEA models (23-25). 

5.3. Utility Measurement 
As noted above, QALYs denote the relationship be-
tween the value of a given health state and the length 
of time a person lives in that health state. The value 
of a given health state is measured in utilities, which 
represent the preference for a given health state rel-
ative to other health states.  

To understand utilities, consider the following: most 
people would prefer to be healthy over a given time 
rather than suffer constant urinary or faecal inconti-
nence. Utility measurement refers to valuing these 
preferences on a perfect health-death scale with end 
points of 1.00 and 0.00, where 1.00 is perfect quality 
of life (best imaginable) and 0.00 is death equivalent 
quality of life. For example, the measured utility for 
urinary incontinence may be 0.60. If treatment im-
proves this to 0.70, then the value of the treatment is 
0.70 – 0.60 = 0.10. If this utility gain is maintained 
over time, say for 10 years, then the gain is 0.10 x 10 
= 1.00 QALY. Because utilities are measured on an 
absolute scale (perfect health to death), they can be 
used across different health states and therefore can 
be used to compare the effect of interventions in dif-
ferent health fields, or different interventions within 
the same field. For example, the QALYs gained from 
treatment for incontinence could be compared with 
those gained from treatment for depression. Where 
treatment costs (including costs to the patient) are 
known, the treatment providing the lowest incremen-
tal cost-per-QALY gained is preferred as this ensures 

society gains the greatest benefit from the health care 
dollar. 

Direct and indirect methods have been used to elicit 
utilities (26). The most common direct elicitation 
methods for valuation include time trade off (TTO), 
standard gamble (SG), and the visual analog scale 
(VAS). For description of these methods, see our pre-
vious chapter in this ICI series (27). Indirect utility elic-
itation is frequently used in clinical research because 
it is easy. Most indirect measures rely on multi-attrib-
ute utility (MAU) instruments, which decomposes 
health related quality of life into health domains (e.g., 
mobility and emotions). Respondents provide esti-
mates for each attribute, which are then ‘valued’ 
based on pre-defined weights and summarized into a 
single utility score. The most commonly used MAU 
instrument is the EQ-5D. 

• EQ-5D was developed by the Euroqol team from 
7 European countries (28, 29). It has 5 items 
measuring Mobility, Self-care, Usual Activities, 
Pain/Discomfort and Anxiety/Depression. The 
upper bound is 1.00, lower bound is –0.59; a 
negative value represents a health state that is 
worse than death. This instrument is widely in 
many languages and it is very brief. It is currently 
the most widely used utility measure in urinary 
incontinence. 

• Quality of Well-Being Scale (QWB) has three di-
mensions (Mobility, Physical Activity, and Social 
Activity), with 3–5 levels each, and 27 illness 
symptoms (30). The QWB requires trained inter-
view administration (15–35 minutes), although a 
shorter version is available; a self-report version 
is under development. The upper bound is 1.00, 
lower bound is 0.00  

• Health Utilities Index (HUI) uses 12 items that 
measure 8 domains (Vision, Hearing, Speech, 
Ambulation, Dexterity, Emotion, Cognition and 
Pain). The upper bound is 1.00, lower bound is –
0.36 (31).  

• 15D is a generic, comprehensive, standardized, 
self-administered measure of HRQOL that can 
be used both as a profile and single index score 
measure (32). The 15D was created in Finland. 
It has 15 items measuring Mobility, Vision, Hear-
ing, Breathing, Sleeping, Eating, Speech, Elimi-
nation, Usual Activities, Mental Function, Dis-
comfort & Symptoms, Depression, Distress, Vi-
tality and Sexual Function (28). The upper bound 
is 1.00, lower bound is 0.11. The 15D has been 
used in urinary incontinence studies (33-36). 

• Assessment of Quality of Life (AQoL) includes 
five dimensions: Illness (not used in utility com-
putation), Independent Living, Social Relation-
ships, Physical Senses and Psychological Well-
being (37). The upper bound of the utility score 
is 1.00, and the lower bound is –0.04.  
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• Rosser Index has two dimensions measuring 
disability and distress, and measured 29 health 
states (38). The upper bound is 1.00, and the 
lower boundary –1.49.  

• Mapping algorithms. Scientists have developed 
algorithms to map health status and quality of life 
instruments to utilities. Perhaps the best known 
is the SF-6D, which maps the SF-36 or SF-12 to 
a utility score (23). The SF-6D measures physi-
cal functioning, bodily pain, mental health, phys-
ical role, emotional role, social functioning, and 
vitality. The bounds for the SF-6D are 1.00, and 
0.30 for the worst possible health. There have 
also been new mapping algorithms for mapping 
the I-QOL to utilities using AQoL and EQ-5D 
weights  (24, 39). There is also a mapping of the 
King’s Health Questionnaire to utility weights, 
and the OAB-q questionnaire (40, 41). While 
these mapped algorithms have shown respon-
siveness, a significant difference does not imply 
a meaningful difference. For example, a 10 point 
increase from baseline has been suggested to 
represent a minimally important difference on the 
OAB-q (42). 

• Proxy report. People with incontinence may not 
be cognitively able to complete a MAU or go 
through a utility elicitation process. Some of the 
MAUs, such as the HUI, have been validated for 
use with proxies. Although not always possible, 
if proxies are expected then proxies should be 
gathered for all cases, even those patients who 
complete the utility measure themselves, so that 
the method is applied in a standard, consistent 
fashion. 

6. DECISION ANALYSIS 

Decision analysis is a quantitative probabilistic tool 
for resolving problems when there is uncertainty with 
regards to treatment options. For example, Albo and 
colleagues (43) compared Burch colposuspension to 
fascial sling for stress incontinence. They concluded 
that the fascial sling yielded a higher rate of success-
ful treatment, measured as a composite outcome, but 
also resulted in greater morbidity. Even in well-de-
signed multi-site clinical trials, the results may be am-
biguous. Decision analysis may be used to overcome 
this ambiguity.  

Decision analysis can be boiled down into five steps. 
The first step involves identifying the structure of the 
problem and this requires the listing of all decision al-
ternatives, all clinical outcomes, and a sequence of 
events. After completing step one, step two involves 
assigning probabilities to all chance events (e.g., 
death). Step three involves quantifying the benefits 
(e.g., QALYs) for all outcomes. The fourth step in-
volves the mathematical calculation of expected utility 
for each strategy (or this can be taken from published 
data). Step four will often identify the preferred strat-
egy. The final step involves conducting sensitivity 

analysis to check that the model is robust across a 
range of clinically meaningful possibilities. 

Every decision model involves some assumptions. 
Frequently, assumptions are needed to incorporate 
clinical trial data in the model. For example, a com-
mon assumption is that the effect shown in a clinical 
trial is generalizable to the broader population—treat-
ing women with TVT will result in effects like those 
seen in Lier and colleague’s paper(35) (discussed 
later in the chapter). Some assumptions may seem 
trivial, but it is best to delineate each assumption 
along the way. Published decision analysis should in-
clude a table of assumptions along with other data in-
puts; frequently this is the first table in the decision 
analysis. 

The clinical question and the structure of the problem 
(step 1) should provide guidance on the decision 
model. Frequently decision trees are used because 
they are simple and address the question at hand. 
Decision trees are so named because they look like 
a tree with a trunk, branches and leaves.  

6.1. Decision Tree 
In a decision tree, there is a distinction between a de-
cision node and a chance node. A decision node is a 
point where a choice is made by the decision maker 

(typically a physician or patient). For example, for a 
woman with stress incontinence, the choice to oper-
ate (yes or no) would be represented with a decision 
node. A choice must have at least two options and 
more than two choices are permitted. However, each 
choice must be mutually exclusive. A patient cannot 
choose both operation and no operation. A chance 
node is a point where chance determines fate. For 
example, the decision maker chooses to operate or 
not operate, and hopefully the treatment is success-
ful, but treatment success or failure is a chance node. 
Not only must chance nodes be mutually exclusive, 
but they must also be collectively exhaustive (one of 
the chances must happen and the sum of probabili-
ties for all of the chances must add to 100%). 

 

 
Figure 2 

Adherent

Non-
Adherent

cure

no 
cure

no cure

cure
survive

operative
death

Surgery

Drugs

10%

90%

10%

90%
90%

10%

98%

2%

20 QALY20 QALY

20 QALY20 QALY

2 QALY2 QALY

2 QALY2 QALY
0 LY

Stress UI

2 QALY2 QALY

.1*20+.90*2=3.8



 

 
BACKGROUND  2487 

 

In addition to chance and decision nodes, there are 
terminal nodes. These nodes are the final outcome 
for the pathway taken. Figure 1 shows a hypothetical 
decision tree for treating a patient with stress inconti-
nence. In this hypothetical situation, we structure the 
model to have two options: surgery or drugs. The 
choice under examination is surgery versus medical 
management. Surgery carries some risks—a small 
probability of operative death, for example, in the 
case of clam cystoplasty for refractory detrusor over-
activity. The decision nodes are represented by 
squares while chance nodes are represented by cir-
cles. The terminal nodes are cure, no cure, operative 
death or non-adherence, which is the same as no 
cure. This is a hypothetical decision model, and most 
decision models are much more complex. Clearly this 
model could be expanded to include behavioural 
treatment and each decision node could be expanded 
to consider all relevant alternatives (autologous sling, 
Burch colposuspension, tension-free vaginal tape, 
trans-obturator tape). 

For the next step in the decision model, one must in-
clude probabilities at each chance node. We must 
identify the probability that the disease is cured after 
operation. Researchers should review the published 
literature to find this probability and ideally some in-
formation about the distribution around this probabil-
ity (e.g., probability= 58% with a 95% CI 51-68%).  

After including probabilities, one must place values 
next to the terminal nodes. These values must be a 
single outcome and QALYs are preferred, although 

life years (unadjusted for quality) are used for some 
diseases. With outcomes and probabilities, one can 
then “run” the decision tree. Because there is one de-
cision node with two options, we will be computing 
expected values for the two options. Running the 
model involves starting at each end node and working 
left or backwards. The expected value for the surgical 
survival node is 3.8 QALYs (see Figure 2).  

 

The expected value for the surgical operative death 
node is 0. When we combined a 10% chance of op-
erative death (0 QALYs) and a 90% chance of sur-
vival (3.8 QALYs), we find the expected value of sur-
gery is 3.42 (Figure 3). If we do the calculation for the 
lower branch, we get the expected value for drug ther-
apy is 3.76 QALYs. Because 3.76 >3.42, we would 
recommend surgery over drugs IF the sensitivity 
analysis shows this result to be robust. The decision 
tree in the example focuses on QALYs for UI treat-
ment and it ignores cost differences, but it could be 
easily modified to include cost information.  

6.2. Markov Model 

The decision tree, as shown above, assumes the 
chance of having an event is constant over time. Our 
knowledge about urinary incontinence suggests oth-
erwise. A person, for example, could get surgery for 
stress incontinence, but over time, we need to include 
the potential for surgical failure. Markov models are 
preferred for incorporating changes in health states 
over time. At their core, Markov models are mathe-
matical techniques, derived from matrix algebra, that 
describe the transitions a cohort of patients make 
among a number of mutually exclusive health states 
over time. The model works by making calculations 
for each period of time (i.e. cycle). Figure 4 shows a 
very basic four-state Markov model. At each time, a 
person has to be in one (and only one) of the states. 
But with each change in time (cycle), the person can 
move to another state, shown with arrows, depending 
on the possible states and a probability. If the person 
dies, they are shown to enter the death state. The 
person cannot leave this state. 
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Some aspects of the Markov model construction are 
similar to a decision tree. Setting up the model is quite 
similar. One must identify the health states and the 
transition probabilities. What is quite different is that 
one must determine the cycle length—the rate at 
which you allow people to change states. The cycle 
length should be a clinically meaningful period of time 
and this choice is also frequently affected by the avail-
ability of data. There may be publications showing an-
nual failure rates for surgery and so one could choose 
an annual cycle.  

For a Markov model, one needs to know the value for 
each state. Again, QALYs is the preferred metric. 
When the model runs, the program tracks the amount 
of time each person spends in each state. Transitions 
to other states are handled by transition probabilities 
(i.e. the likelihood of cure or failure). Decisions, such 
as the decision to change from one treatment to an-
other, can affect transition probability. Models can 
use cohort simulations where a large hypothetical co-
hort of patients is run through the model. This does 
not provide information on the distribution of expected 
values. Monte Carlo simulations run each patient 
through the model a large number of times (e.g., 104). 
In doing so, this provides a distribution and variance 
information on patients.  

With Markov models, sensitivity analyses remain a 
crucial step to test the robustness of the model. Re-
cent advances in sensitivity analyses and in the 
graphical presentation of data general require the use 
of specific software. Although some people program 
Markov models into a spreadsheet, such as Excel, 
specialized software such as TreeAge, can stream-
line decision analysis and provide many advanced 
features that would be very difficult in Excel. 

6.3. Summary 
Decision trees and Markov models are decision mod-
els are two of the more common types of models used 
in decision analysis. Over the past decade, there has 
been considerable discussion on how to best present 
results from decision models. Readers will probably 
encounter cost effectiveness acceptability curves 
(CEACs), which are designed to present CEA results 
for decision makers. According to Fenwick and 
Byford (44),   

“Care must be taken when interpreting the infor-
mation provided by a CEAC. A CEAC simply pre-
sents the probability that an intervention is cost-ef-
fective compared with the alternative for a range of 
values of λ. That is, the probability that the ICER 
falls below the maximum acceptable ratio. State-
ments concerning CEACs should be restricted to the 
uncertainty of the estimate of cost-effectiveness. 
The information from a CEAC should not, in general, 
be used to make statements about the implementa-
tion of the intervention.” 

As implied by Fenwick and Byford (44), questions of 
implementation introduce other issues, such as the 

underlying production function, that must be ad-
dressed separately. It does not generally hold that 
statements about cost-effectiveness under ideal situ-
ations will necessary hold across a range of imple-
mentation scenarios. 

Another critical point raised by Fenwick and Byford 
(44), is the need to include uncertainty. The past dec-
ade has also seen an increasing number of inconti-
nence-related papers presenting ICERs without any 
information on the underlying uncertainty. Some pa-
pers reported no significant difference in cost and no 
significant difference in outcome; they then compute 
the ICER and despite not including uncertainty they 
conclude that one treatment is more cost-effective 
than the other. Scientists must do a better job provid-
ing information on uncertainty with the ICER.  An ex-
ample of a CEAC is shown in Figure 5. 

7. WITHIN TRIAL ANALYSIS 

Clinical trials increasingly measure costs and benefits 
as secondary end points. In the analysis, the marginal 



 

 
BACKGROUND  2489 

 

difference in costs can be computed as well as the 
marginal difference in outcomes. If one treatment 
yields significant improvements in outcomes at a sig-
nificantly lower cost, then it dominant and an ICER is 
not necessary. The ICER is computed when one 
treatment is more effective and more expensive. 
Computing an ICER is straightforward, however, is 
necessary to also compute the confidence interval. 
An ICER without a confidence interval is as useless 
as an odds ratio or hazard ratio without a confidence 
interval. Bootstrapping is frequently used to estimate 
the confidence interval. The International Society for 
Pharmacoeconomics and Outcomes Research 
(ISPOR) has issued guidance on within trial analysis 
(45). 

8. BOOTSTRAPPING 

Bootstrapping is a resampling method that enables 
researchers to estimate parameters based on the ob-
served data. Bootstrapping is particularly useful when 
estimating a confident interval for an ICER. The ICER 
involves dividing the mean difference in costs by the 
mean difference in utilities. Statistical software can 
easily determine whether two samples have different 
mean costs or different mean utilities (e.g., t-test). 
Bootstrapping is one way to calculate the confidence 
interval around the ratio of these two differences. 
Bootstrapping involves randomly drawing cases from 
the sample and replacing the case back in the sam-
ple. Resampling is done until the original sample size 
is met. The same process is then done again and 
again, typically 4000 times. Thus, by resampling, the 

analyst can calculate the ICER 4000 times, thereby 
providing a distribution around the ICER. 

9. BUDGET IMPACT ANALYSIS 

Providers and payers often have questions that are 
not directly addressed by a CEA based on a societal 
perspective. Budget impact analysis (BIA) was devel-
oped to inform a decision maker on how alternative 
technology will affect their budget. A BIA will often fo-
cus on the decision maker’s costs and over a short 
time frame (e.g., 1-3 years). Other parameters in the 
model, such as patient characteristics or input costs, 
can also be tailored specifically for the decision 
maker. Making decision based solely on a BIA can 
lead to suboptimal societal results (46). Hence, sci-
entists advocate that a BIA be done in conjunction 
with a CEA so that decision makers are informed 
about the broader social implications of their decision. 
ISPOR (www.ispor.org) has published guidelines for 
conducting a BIA (47). 

10. KEY STEPS IN A CEA 

This section highlights ten key issues that must be 
addressed in a CEA. These ten principles, summa-
rized below, comprise an appropriate minimum 
standard for performing and reporting CEAs. The 
principles were identified from guidelines established 
by the Panel on Cost-Effectiveness in Health and 
Medicine convened by the United States Public 
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Health Service (11). Each principle should be explic-
itly addressed in every study. 

1. The Research Question must be clearly stated. 
All CEAs must compare at least two different 
treatments or interventions. One of these should 
include the current standard practices. For ex-
ample when comparing surgeries for stress in-
continence, one of the comparators should be a 
longstanding method, avoid comparing two new 
methods side by side. 

2. The Time Frame over which costs and benefits 
are measured should be long enough to capture 
the economic impact of an intervention and fu-
ture health outcomes. Pharmacology studies of 
12 weeks duration give very little real economic 
information, and surgical complications/ failures 
seldom emerge in less than 1-2 years. 

3. Perspective: The choice of perspective should 
be clear. Total society perspective (all payers) is 
the gold standard. Other perspectives, such as 
the payer or patient perspective, may be useful 
but must be stated clearly. 

4. Probabilities are needed for each “chance” 
event, such as chance of cure or chance of an 
adverse event. The best sources of probabilities 
come from meta-analyses of randomized clinical 
trials, or if not available use data from individual 
clinical trials.  

5. Costs: Units of expense and unit costs should 
be described in detail. Information on the source 
(e.g., charges, payments) and year of the cost 
data should be presented. If the costs were in-
flated and/or converted from another currency, 
then this must be described.  

6. Outcome Measure: Measures of effectiveness 
depend on the type and objectives of analysis. 
Quality adjusted life years are the gold standard, 
as described previously in this chapter. 

7. Analytic Model: Each intervention being as-
sessed must be described and possible courses 
of events identified, including the expected 
course of disease, treatments, complications, 
and outcomes. This may be performed using a 
spreadsheet/ clinical trial path, or Decision Tree, 
or Markov Model. 

8. Discounting: Discounting is necessary to calcu-
late the present value of money and health states 
that will occur in the future. Future costs and util-
ities should be discounted to present value; 3 % 
per year is a recommended starting point. 

9. Incremental Analysis: The purpose of a CEA is 
to describe the relative value of one health care 
strategy compared to another. An incremental 
cost-effectiveness ratio (ICER) is the incre-
mental cost divided by the incremental effective-
ness of intervention A compared to intervention 
B, and is calculated as follows. 

ICER=  Avg. CostA- Avg. CostB 

Avg. UtilityA – Avg. UtilityB 

Averages should be used rather than other 
measures of central tendency, such as medians, 
because it is important to include the effect of 
outliers. The leverage of the outliers should be 
tested in a sensitivity analysis. 

10. Sensitivity Analysis and Uncertainty: A sensi-
tivity analysis should allow the reader to under-
stand whether the conclusion of the analysis 
would hold true if either the Costs or the Proba-
bilities (of cure or complications) were to vary 
substantially. Probabilistic sensitivity analysis 
with Monte Carlo simulation is the preferred ap-
proach and is required by some journals. 

 SUMMARY OF RECENT 
ECONOMIC ANALYSES  

This section reviews recent literature on the econom-
ics of UI, FI and POP. Among modelling studies, we 
find that very few studies estimate lifetime costs and 
benefits. When comparing treatments that have very 
different initial treatment costs, this can create a bias 
towards treatments that have lower initial costs (be-
havioural or pharmacological treatment), as opposed 
to treatments that are initially expensive (surgical).  

In the last edition of this chapter, we found a number 
of studies that computed the ICER and then claimed 
that one treatment was cost-effective without present-
ing any information on uncertainty. An ICER without 
uncertainty is akin to an odds-ratio without a confi-
dence region. We are pleased to see an increasing 
number of studies including probabilistic sensitivity 
analysis.  

1. BEHAVIOURAL THERAPIES  

A number of medical and surgical treatments for uri-
nary incontinence exist with evidence supporting 
short-term efficacy. While some women opt for these 
approaches, many prefer conservative/ behavioural 
therapy, at least as a first-line treatment, because it is 
non-invasive and there are virtually no adverse side 
effects. Conservative/ behavioural therapy, (hereafter 
referred to as behavioural therapy) covers a class of 
techniques for preventing incontinent episodes 
through behaviour change. The most common be-
havioural treatment is pelvic floor training (with or 
without biofeedback). Behavioural approaches also 
include cognitive behaviour training techniques to re-
duce the likelihood of an accident. There is consider-
able variation in behavioural techniques and their use 
of professional staff. Some modalities use intensive, 
one-on-one clinician-led training with direct verbal 
feedback often involving physical examination of the 
pelvic floor, while other options are more focused on 
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group training or self-care techniques. The level of in-
tensity is important as it not only affects the efficacy, 
but it also affects the cost of the intervention, with 
more intensive interventions generally being more ef-
fective and more expensive than less intensive op-
tions. 

Since the last edition, we found seven new published 
articles evaluating economic aspects of behavioural 
techniques (48-56). There is strong evidence that be-
havioural programs are more expensive than usual 
care. The more intensive programs cost approxi-
mately $150 to $344 (2015 USD). However, it re-
mains unclear if behavioural programs provide value 
in part because there is heterogeneous adherence to 
these treatments. Some of these studies reporting im-
provements in pad tests, pads used per week, post 
void residual, functional impairment measure, and the 
ICIQ (see Arnold et al., (49)). However, effects were 
not robust when measured with generic quality of life 
measures, such as the EQ-5D. This raises questions 
whether these generic instruments are sensitive to 
small but important changes.  

Future research should consider coupling disease-
specific end points with the EQ-5D. Future research 
should also consider strategies to provide the least 
expensive interventions as a first-line treatment fol-
lowed by more intensive options for non-responders. 
This is a proven way to allocate limited resources. Be-
havioural economic programs, which create incen-
tives to adhere, may also be useful given the hetero-
geneous adherence to these treatments. 

2. SURGERY FOR STRESS 
INCONTINENCE 

Our review of the literature identified 35 new papers 
related to the economics of surgery for stress inconti-
nence. We note a couple of challenges in comparing 
studies. First, most studies lacked end point data be-
yond 12 month on costs or effectiveness. The ran-
domized trial by Boyers et al (57) tracked end points 
for 12 months; the longest follow-up was 3-years in 
the Markov model conducted by Sand et al. (58).  

Second, many studies compared alternative surgical 
treatments. For example, Ciftci et al. (59) compared 
commercially purchased slings versus hand-made 
slings, while Laudano et al. (60) compared tension 
free vaginal tape (TVT) versus colposuspension. 
Thus, in general, given the follow-up time frame and 
the restricted set of treatment comparisons, it makes 
it very difficult to make statements about the cost-ef-
fectiveness of surgical treatments compared to phar-
macotherapy or behavioural treatment.  

Among the 35 studies, not all address questions that 
were directly relevant for our review. Feng et al. (61) 
looked at the use of pre-operative urodynamic testing 
for sling surgery and concluded that there are times 
when it is overused and other times when it is un-

derused, both of which could affect the cost and ef-
fectiveness of care. Subak et al. (62) tracked women 
who had colposuspension and sling surgery and 
found that self-management costs decreased 72% 
($625 per woman year) and that savings was corre-
lated with decreasing UI frequency. Finally, we ex-
cluded some studies from further review because 
they dealt with issues of surgical timing (cf. Cher-
mansk et al. (63) and Richardson et al. (64)). 

Among the relevant studies, Richardson et al. (65) 
compared mid-urethral sling (MUS) surgery to PFMT 
and a pessary in a decision tree. They created their 
tree based on published information. They concluded 
that surgery was more expensive and more effective, 
yielding an ICER of $32,132 / QALY. They varied in-
put parameters in one-way and two-way sensitivity 
analyses. They noted that surgery remains cost-ef-
fective at less than $50,000/QALY until the adher-
ence to PFMT and pessary > 40.5% and 43.5%, re-
spectively. The 1-year model was computed based 
on cure rate of 90.8% for the MUS. We see two limi-
tations with this study. First, a longer follow-up time 
could be important, especially if the effectiveness of 
MUS changes after one year. Second, a Monte Carlo 
simulation would have provided considerable more 
information on the level of uncertainty around these 
cost-effectiveness thresholds. 

Boyers et al. (57) conducted a randomized trial to as-
sess the costs and effectiveness of a single-incision 
mini sling to standard mid-urethral sling (MUS). 
These two types of slings are what economists call 
close-substitutes, and the potential cost saving for the 

mini-sling is related to having local anaesthesia ver-
sus general anaesthesia. As one might expect with 
close substitutes, there were no significant differ-
ences in quality of life outcomes, as measured with 
the King’s Health Questionnaire (mean difference: -
0.003; 95% CI: -0.008 to +0.002). They also found no 
significant differences in costs, unless they included 
costs related to lost productivity (returning to work 
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earlier with the mini sling). While the authors calculate 
the ICER, they did not produce confidence intervals 
around the ICER. Thus, their conclusion that the mini-
sling is cost-effective is not warranted. Rather, it is 
likely that such an analysis would have produced an 
ICER with very wide confidence intervals, suggesting 
little confidence that one treatment is more cost-effec-
tive than the other. 

Kunkle et al. (66) used a decision tree to assess the 
cost-effectiveness of mid-urethral sling versus bulk-
ing agents for women without urethral hypermobility. 
They used published data when available and as-
sessed uncertainty with a Monte Carlo simulation. 
They concluded that MUS was not cost-effective as a 
first-line treatment for women without urethral hyper-
mobility. They further note that “when MUS costs less 
than $5132, it becomes a cost-effective first-line treat-
ment, and when it costs less than $2035, it is cost 
saving.” Unfortunately, only costs and effects through 
1 year were included. Bulking agents generally have 
a limited lifetime, so a longer time frame is critical, 
creating concerns that the conclusion is flawed. 

In prior Committee reports, we reviewed many stud-
ies comparing invasive surgeries (Burch colposus-
pension) to less invasive surgeries (slings). Interest-
ingly, that question seems to be largely answered, 
with authors typically citing Manca (67). In contrast, 
this time our review identified a number of studies 
comparing the costs of close substitutes (e.g., a com-
mercial sling versus a hand-made sling) (59, 68). Alt-
hough we can observe different prices for the treat-
ment, these differences tend to be obscured by natu-
ral variation in practice patterns. So while a hand-
made sling may be less expensive than a commercial 
sling, these cost differences tend to be quite small 
and are not easily observable when costs of care are 
summarized over time (e.g., cost per discharge). 

Unfortunately, we found a number of articles that pre-
sented weak evidence, made unwarranted conclu-
sions, were unclear in presentation, or made errors in 
calculations. One notable error identified in more than 
one study is the order of operation in calculating the 
ICER. The numerator of the ICER is the mean differ-
ence in costs between the two treatments. The de-
nominator is the mean difference in the QALYs be-
tween the treatments. These mean differences must 
be calculated prior to dividing costs by QALYs. It is 
incorrect to divide the cost of treatment A by its 
QALYs and then divide the cost of treatment B by its 
QALYs. These ratios cannot be directly compared 
(see Figure 6).  

3. SURGERY FOR URGE 
INCONTINENCE AND REFRACTORY 

OAB 

There are two primary treatments for urge urinary in-
continence and refractory OAB: sacral nerve stimula-
tion (SNS) and Botulinum Toxin A. Since the previous 

Committee report, two additional papers were pub-
lished comparing cost-effectiveness of SNS to Botu-
linum Toxin injection (69, 70), and to oral medical 
treatment (70). In addition, two publications looked at 
economics aspects of different SNS test phases (71, 
72). 

Aboseif et al. (73) retrospectively reviewed the US 
costs related to SNS for a period extending from one 
year pre- to one year post-implantation. In a hetero-
geneous group of patients, also including patients 
with urinary retention and chronic pelvic pain, a one-
year SNS treatment reduced outpatient doctor visits 
and diagnostic and therapeutic procedure costs 92%, 
along with a 30% reduction in drug costs (73). This, 
however, did not include the costs of the neuromodu-
lation implant itself, nor the surgical implantation 
costs. QALYs were not ascertained. 

Because there is no standard protocol for Botulinum 
Toxin A injection, a different protocol using 200 units 
every 14 months was evaluated in the Arlandis study, 
which proved cost-effective on the ICER < € 
30000/QALY threshold (74). The data are consistent 
with a cost-effectiveness analysis in Canada and Italy 
(69, 70). A Markov model was used to estimate long-
term costs and outcomes. Sacral neuromodulation, 
injection with Botulinum toxin and optimal medical 
therapy were included in the analysis. Hassouna et 
al. (70) estimated cost effectiveness over a 10-year 
period and demonstrated that SNS became cost-ef-
fective compared to Botulinum toxin injection at 5 
years. In the Italian study, SNS became cost-effective 
from the third year onwards, with ICER of 21258.72 
€/QALY, and was economically dominant at year 10 
(69). At long-term follow up, the most influential vari-
ables appeared to be the frequency of Botulinum 
toxin injections, IPG longevity (reflecting the quality of 
lead placement, e.g., the closer the lead is placed to 
the nerve, the lower amplitudes are necessary for the 
effect) and hospitalisation costs for both procedures. 

The Canadian study also compared to SNS to optimal 
medical therapy. In Canada SNS was cost-effective 
at the 2-year period and dominant at 5 and 10 years. 
The incremental cost of SNS was -$2233 and -
$11447 at 5 and 10 years respectively, with added 
QALYs of 0.94 and 1.76 compared to optimal medical 
therapy. 

In summary, the different mid- to long-term cost-ef-
fectiveness analyses support a therapeutic pathway 
starting with SNS compared to Botulinum toxin injec-
tion (69, 70, 74, 75). Reducing need for hospitalisa-
tion (e.g., local instead of general anaesthesia) and 
optimal lead placement (e.g., less need for revision, 
lower amplitude for stimulation) appear important in-
fluencing factors. 

Kantartzis and colleagues (72) analysed different op-
tions for SNS in a cost-effectiveness decision analy-
sis model: unilateral PNE, bilateral PNE, unilateral 
permanent lead test, bilateral permanent lead test 
and full implant with test phase. No intermittent treat-
ment was used as reference case. Full implant with 
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test phase appeared the most expensive ($31,824) 
with effectiveness of 4.113 QALYs. However unilat-
eral and bilateral test with permanent electrodes had 
lower costs ($6,038 and $7,702, respectively) and ap-
peared more effective (4.201 and 4.321 QALYs, re-
spectively), making these the preferred strategies. 
This was because the pulse generator is the most ex-
pensive part of the treatment procedure. The base 
parameters in the model were success rate of unilat-
eral and bilateral tests with permanent electrode 
(67% and 87%) (SDW4). However, a single institution 
analysis in the US reported a success rate of 90% for 
stage I and showed that with these numbers a single 
stage implant would be cost-effective over staged 
procedure, according to specific reimbursement data 
(71). Break-even point was found at 68.6% success, 
based on Blue Cross/Blue Shield reimbursement and 
at 95% success rate for Medicare. The cut-off level is 
different for different reimbursement systems and 
thus most likely different for different countries. How-
ever it would be interesting to conduct such strategy 
in different countries and settings to obtain the indi-
vidual cut-off level. 

4. PHARMACOTHERAPY 

Although pharmaceutical companies must show that 
a new drug is safe and efficacious prior to approval 
and marketing, the requirement for evidence of cost-
effectiveness (i.e. whether the new drug is cost-effec-
tive compared to another treatment), varies from 
country to country.  

The U.S. Food and Drug Administration does not re-
quire economic data in its review of a new drug. In-
stead it leaves economic questions to the purchasers 
(e.g., insurance companies, government purchasers 
or individuals), similar to the Netherlands. In the UK, 
however, the National Institute for Health and Clinical 
Excellence (NICE) requires economic review. Alt-
hough there is not a strict threshold, they have denied 
approvals for new drugs that have an incremental 
cost effectiveness ratio greater than £30,000 per 
QALY. However, there is some pressure to reduce 
this threshold (76). In Australia, manufacturers must 
prove cost-effectiveness, but there is no explicit 
threshold to be listed on the Pharmaceutical Benefit 
Scheme (whereby patients pay a subsidized cost for 
the drug). However, only therapeutic efficacy and 
safety must be shown for it to be available in Australia 
as a non-subsidized “private” prescription. Many pur-
chasers (as in Australia) have formularies, or lists of 
medications that they are willing to pay for, and the 
economic evaluation is frequently part of the request 
to place the new drug on the formulary. 

In the next sections, we review the literature since the 
prior Committee publication in 2012 on the econom-
ics of drugs for incontinence and overactive bladder. 

4.1. Stress Incontinence  
We identified no cost-effectiveness articles for stress 
urinary incontinence (SUI) in the past 5 years since 

the prior ICI report in 2012. This is consistent with the 
lack of available pharmacological therapies for stress 
incontinence. (NOTE: Duloxetine did not receive US 
FDA approval for SUI. It is approved by the European 
Medicines Agency, an Agency of the European Un-
ion, for depression, anxiety and diabetic peripheral 
neuropathy.)  

4.2. Urge Incontinence and OAB 
There are several commonly used pharmacological 
treatments for overactive bladder and urgency urinary 
incontinence, including oxybutynin (Ditropan) as a 
tablet or as Oxytrol patches; tolterodine (Detrol), da-
rifenacin (Enablex), trospium (Sanctura), solifenacin 
(Vesicare), fesoterodine (Toviaz), and more recently 
introduced mirabegron (Myrbetriq). There have been 
few CEA/CUAs on medications since the prior ICI re-
port and most have been funded or performed by 
drug developers, creating potential conflicts of inter-
est. Other common limitations include using an incon-
tinence-specific utility measure, limited time frame 
and limited comparison treatments. While industry-
funded studies often include experts in performing 
CEA and sound methods, they must be interpreted 
carefully for the possibility of bias. For example selec-
tion of assumptions included in the models or anal-
yses like probability of events (e.g., drug response, 
likelihood of transitioning to a different treatment 
strategy, probability of side effects or adverse 
events), timeframe, costs and perspective. Each of 
these parameters can dramatically affect the analysis 
and the outcome.  

Several analyses presented incremental analyses 
compared to no treatment, rather than to the next 
least costly treatment which makes the intervention 
appear more cost-effective (lower “ICER”). Most anal-
yses that include sensitivity analyses find that the 
analysis is most sensitive to utilities. This can be dra-
matically affected by choice of measure and availabil-
ity of primary data (vs. other assumptions). In the past 
five years, researchers have developed mapped al-
gorithms that link scores on the I-QOL to the AQOL 
or EQ-5D utility scores. In our review, we found sev-
eral analyses that used these mapping algorithms. 
This might be valid, but until we understand these 
mapping algorithms more, it also raises some con-
cerns about how we should interpret the magnitude 
of change. These mapped algorithms are showing 
greater increases in QALYs and therefore they result 
in lower ICER.  

Two studies funded by a pharmaceutical company 
evaluated the cost-effectiveness of solifenacin com-
pared to oxybutynin immediate release from the per-
spective of the UK National Health Service and com-
pared to trospium from the perspective of the German 
National Health Service over a 1-year period (77, 78). 
In the first study, the outcome was based on willing-
ness to pay for incontinence improvement, a less 
generalizable outcome than a general health-related 
QOL measure, which may overstate the cost-effec-
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tiveness (minimize the ICER) or bias the results in fa-
vor of the drug arm. They found that solifenacin had 
an ICER of £15,053 (without UI pads in the model) or 
£12,309 (with UI pads; £2010). In the second study of 
solifenacin compared to trospium, investigators used 
the EQ-5D to estimate QALYs. The ICER was 
€19,839 for lower dose trospium (40 mg) and €16,657 
for higher dose trospium (60 mg) (€2012) compared 
to solifenacin. In Monte Carlo simulations, 96-99% of 
cases produced an ICER below €30,000/QALY. 
While both studies showed that solifenacin was cost-
effective compared to a comparator drug by current 
thresholds, analyses were sensitive to utility values 
and drug effectiveness and should be interpreted with 
care.  

Nilsson et al. (79) developed a decision model to 
compare the class of newer anticholinergic drugs (i.e. 
solifenacin, tolterodine, fesoterodine, darifenacin, ox-
ybutynin patch), to oxybutynin immediate-release, 
and to no treatment (placebo effect) over a 1 year 
time period in Sweden. Data from the Swedish Pre-
scribed Drug Registry provided primary data on utili-
zation, considered a proxy for treatment effective-
ness. Treatment response was defined as proportion 
of patients filing a second prescription within 120 
days, which may reflect treatment adherence rather 
than treatment effectiveness. Utilities were assessed 
with the King’s Health Questionnaire (KHQ), an in-
continence-specific QOL measure that maps to utility 
scores. No treatment was dominant; oxybutynin im-
mediate release was cost-effective compared to no 
treatment, yet newer anticholinergics were cost-effec-
tive compared to oxybutynin immediate release. In 
one-way sensitivity analyses, the model was most 
sensitive to price of pads and frequency of very seri-
ous adverse events (dementia). Thus, treating UI with 
newer medications was found to be cost-effective. 
However, the cost-effectiveness declines for patients 
with less severe symptoms or higher risk of adverse 
events. This model assumes that all newer anticho-
linergic medications have equivalent efficacy. And 
while they conducted a sensitivity analysis, they did 
not compute a Monte Carlo simulation to understand 
the mean differences with regard to the uncertainty. 

Mirabegron, a ß3-agonost, is a newer OAB medica-
tion that should not increase anticholinergic burden or 
the risk of dementia. There have been a few studies 
looking at the cost-effectiveness of mirabegron com-
pared to other medicines. Wielage and colleagues 
(80) developed a Markov model in the US, while CEA 
models for Mirabegron were also submitted to NICE 
for UK review (81, 82). NICE reviewed the models 
and published a lengthy review (83). Despite the con-
cerned raised in the NICE review, Mirabegron ap-
pears to hold promise as a new treatment for OAB 
and urge incontinence.  

The cost-effectiveness of percutaneous tibial nerve 
stimulation (PTNS) versus extended release toltero-
dine for the treatment of OAB over a 1-year timeframe 
was assessed using modelling (84). Percutaneous 
tibial nerve stimulation therapy included 12 sessions 

over 3 months followed by maintenance therapy. The 
primary outcome was the ICER, with less than 
$50,000 per QALY gained considered cost-effective. 
One-way sensitivity analyses and Monte Carlo simu-
lation assessed the robustness of the model. The 
analyses showed that PTNS added significant cost to 
the management of OAB with modest improvement in 
quality of life. For every 100 patients treated with 
PTNS the costs increased by $303,480 and resulted 
in an additional 4.3 quality adjusted life-years gained 
compared to tolterodine ER. The ICER was $70,754 
per QALY gained. The ICER was most affected by 
utility for incontinence and probability of continuing 
PTNS beyond 12 months. In Monte Carlo analyses, 
PTNS was cost-effective only 21% of the time. The 
investigators concluded that PTNS was not cost-ef-
fective for treating OAB compared to tolterodine ER. 
However, in clinical practice, PTNS is usually em-
ployed for patients who failed pharmacotherapy. 

A multi-site randomized, controlled trial, the Anticho-
linergic versus Botulinum Toxin, Comparison Trial for 
the Treatment of Bothersome Urge Urinary Inconti-
nence (ABC) is being conducted in the US and in-
cludes a within-trial cost-effectiveness analysis (85). 
This trial compares the change in UUI episodes over 
6 months, tolerability and cost effectiveness between 
women receiving daily anticholinergic therapy plus a 
single intra-detrusor injection of saline versus a single 
intra-detrusor injection of 100 U of Botulinum toxin A 
plus daily oral placebo tablets. They will collect pri-
mary data on direct and indirect costs and utilities (us-
ing the OAB-Q and SF-12) to estimate QALY and cal-
culate ICER. This type of CEA, that uses primary data 
and current economic analysis methodology, has the 
potential to improve our understanding of new thera-
pies and better guide patient care and resource allo-
cation. 

Data were inconsistent on the cost compared to cost 
saving of treating UUI/OAB with medication. A cross-
sectional study using data from an internet-based 
questionnaire of a nationwide sample of 75,000 
adults (US National Health and Wellness Survey) 
evaluated the impact of treating urge and mixed UI on 
healthcare resource utilization, productivity, activity 
impairment and associated costs (86). UUI/MUI re-
spondents were categorized as OAB treatment users 
or non-treatment users (who never used treatment 
and whose condition reportedly interfered with life ac-
tivities or was difficult to manage). Outcome 
measures included healthcare utilization and Work 
Productivity and Activity Impairment questionnaire-
based scores. Direct and indirect costs were esti-
mated using labour and medical expenditure data 
sources ($2008). Treatment (vs. non-treatment) 
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users were more likely to be female (81% vs. 70%), 
older (mean = 63 vs. 53) and reporting more moder-
ate-to-severe OAB (71% vs. 53%; all p < 0.05). Ad-
justing for covariates, treatment users had signifi-
cantly lower activity impairment, more provider visits 
and higher total direct costs ($27,291 vs. $21,493) 
per year. Thus, treatment for UUI/MUI may help with 
symptom management and lessen activity impair-
ment but has higher costs compared to never users.  

A case-control study with case defined as diagnosis 
of OAB, >1 UI episode per day and prescribed anti-
cholinergic therapy and control as no OAB matched 
in a 1:3 ratio based on sex, age, and observation 
time, used retrospective medical and pharmacy 
claims data to analyse patient comorbidities, as well 
as track health care resource utilization (HRU) and 
direct payer costs ($2013) (87). OAB was significantly 
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associated with increased HRU rates of hospital ad-
missions, outpatient visits, prescriptions filled, and di-
agnostic tests performed. After adjustment for covari-
ates, total health care cost was 33% higher for OAB 
cases than non-OAB controls, resulting in an in-
creased cost of $2,821 per year. OAB patients who 
initiate anticholinergic therapy use significantly more 
health care resources than patients without OAB.  

In contrast, a third study performed by a pharmaceu-
tical company concluded that OAB treatment was 
cost-saving compared to no OAB pharmacotherapy 
in vulnerable elderly OAB patients. Costs of treating 
OAB with fesoterodine compared to no OAB pharma-
cotherapy from the US payer perspective was as-
sessed using a decision analytic cost model (88). Vul-
nerable elderly OAB patients were defined as age 
≥65 years with 2-15 UUI episodes/day and at risk of 
deteriorating health by a score of ≥3 on the Vulnera-
ble Elders Survey (VES)-13. Fesoterodine treatment 
response was defined as no UUI episodes over 1 
year. OAB-related costs included OAB drug costs, 
healthcare resource use (inpatient hospitalization, 
outpatient visits, and physician office visits), and 
OAB-related co-morbidities (falls/fractures, urinary 
tract infections, depression, and nursing home admis-
sions; $2013). Treating OAB patients could save 
$1616 per patient vs. no OAB pharmacotherapy. In 
univariate sensitivity, results were most sensitive to 
changes in fesoterodine efficacy followed by annual 
costs of inpatient hospitalization.  Some of the rea-
sons for this conflicting finding may be that the analy-
sis did not include cognitive impairment, assumed a 
low prevalence of UUI (13.5%), used a high probabil-
ity treatment response (51% no UI episodes at week 
12).  

OAB medication adherence may be an important fac-
tor in decreasing absenteeism. A retrospective claims 
database of 27 large US employers was used to eval-
uate employee urinary antispasmodic (UA) medica-
tion persistence and adherence, the impact of salary 
and co-payments on adherence, and the impact of 
UA adherence on medical, pharmacy, sick leave, 
short- and long-term disability, workers' compensa-
tion costs, work absence days, and turnover (89). 
Persistence (days until first ≥ 30-day gap in UA med-
ication supply) and adherence were assessed con-
trolling for demographics, job-related factors, co-pay-
ments, and pre-index employee benefit utilization. In-
creased co-payments and co-payments as a percent-
age of salary were associated with lower adherence. 
Employees with ≥ 80% adherence had lower medical, 
sick leave, and short-term disability and higher overall 
drug costs than employees with less than 80% adher-
ence, although the effects could be related to an omit-
ted variable. Thus, there is some weak evidence to 
suggest a potential economic benefit to employers 
from increased UA adherence.  

A retrospective study of 3094 actively working pa-
tients initiating first treatment with antimuscarinics 
(fesoterodine, solifenacin or tolterodine) from 31 pri-

mary care centres was done in Spain (90). The com-
parison of fesoterodine versus solifenacin and tolter-
odine showed a higher adherence (medication pos-
session ratio; 90% vs. 87% and 86%, respectively), 
higher treatment persistence (40% vs. 35% and 
34%), fewer days of sick leave (5 vs. 10 and 9 days) 
and costs corrected for covariates (€371 vs. €703 and 
€683 in €2014; all p < 0.05). While it is not clear how 
sick leave and productivity were assessed, the results 
suggest that initiating treatment with fesoterodine to 
treat OAB (compared with solifenacin or tolterodine) 
had fewer days of sick leave, resulting in lower costs 
due to lost productivity. 

5. INCONTINENCE COSTS RELATED 
TO NURSING HOMES  

The economics of incontinence and nursing homes 
focus on two separate, but related issues: 1) the cost 
of nursing home admissions attributable to inconti-
nence, and 2) the cost of treating incontinence that 
develops while in the nursing home.  

Additional nursing home admissions cost is often a 
major component in the total cost of urinary inconti-
nence. In a 2001 study (15) the cost estimate was 
$2.4 billion in 1995 dollars. In a 2004 study (14), the 
cost estimate was $4.0 billion in 2000 dollars. In a 
2006 study (91), the attributable fraction (AF) statis-
tics from published data was shown to be $6.0 billion 
in 2004 dollars. The Attributable Fraction (AF) statis-
tics are obtained by using incontinence prevalence 
rates for those admitted to nursing homes, as com-
pared to those who were not admitted to nursing 
homes. The research supporting the AF statistics is 
not consistent. While Thom et al. (92) found a rela-
tionship between UI and nursing home admission, 
more recent studies have found otherwise. Holroyd-
Leduc et al. (93) conducted a population-based pro-
spective cohort study (from 1993-1995) in over 6,500 
elderly (>age70) patients. After adjusting for con-
founders, UI was not an independent predictor for 
death, nursing home admission, or functional decline. 

A recent, noteworthy study by Fong et al. (94) found 
that additional limitations on activities of daily living 
were associated with nursing home admission. There 
was a noticeable increase in nursing home admis-
sions after 3 ADLs. Interestingly, bathing was the 
most critical factor (not toileting). While toileting/ in-
continence has a role in nursing home admissions, it 
is less important than bathing (see Figure 7). Eco-
nomic models may have overstated this attributable 
fraction and more conservative cost estimates are 
now warranted. 

Once a person is admitted to a nursing home, labour 
costs are a major component of caring for incontinent 
patients. These costs are studied via time/motion ob-
servation, correlated with severity and type of incon-
tinence. In 49 long-term care facilities in North Caro-
lina, US, it was found that the incremental labour 
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costs (per shift) were $3.31 for patients with occa-
sional UI and $5.61 for patients with frequent UI (95), 
in keeping with Morris et al. (12). Bliss et al. (96) ad-
dressed the cost/effectiveness of incontinence-re-
lated treatment of skin condition in 16 US nursing 
homes. Four regiments of different moisture barriers 
were applied. Time and motion measurements in-
cluded skin products and time spent. Using acrylate 
barrier film spray achieved cost savings of between 
$854 to $1,862 per resident, with better skin protec-
tion than the use of an ointment or cream. 

In summary, NH must manage patients with inconti-
nence, resulting in an additional cost. While this is 
clear, less clear is whether incontinence is a risk fac-
tor for NH admission. Most recent research would 
suggest that this link is tenuous at best. 

6. PROLAPSE TREATMENTS, COST 
IMPLICATIONS 

Pelvic organ prolapse (POP) is prevalent, with 3-6% 
of middle-aged and older women reporting sympto-
matic and/or bothersome POP (97, 98). Surgeries for 
POP are also common, with the lifetime cumulative 
risk POP surgery was 12.6% (95% CI 12.4-12.7) by 
age 80 years in the US. The age-specific annual risk 
for POP increases progressively until ages 71 and 73 
years when the annual risk is estimated as 4.3 per 
1,000 women (99). The annual economic costs of pel-
vic organ prolapse surgeries are significant and are 
expected to grow over the coming decades because 
of our aging population. In the previous chapter, we 
reported the annual treatment cost of surgery for POP 
in the U.S. was over $1 billion in 1997 US$ ($1.012 
billion; 95% CI .775-1.251 billion) (100). The annual 
treatment costs of operations for pelvic organ pro-
lapse are substantial and similar to other surgical in-
terventions for women (breast cancer, gynecologic 
cancer, urinary incontinence). 

Several newer surgical approaches for POP have be-
come commonly used in the past 5 years, including 
laparoscopic sacrocolpopexy, robotic sacrocol-
popexy, and vaginal mesh. These new modalities 
may include very costly capital investment in equip-
ment (such as robotic systems), use expensive dis-
posable instruments, use costly mesh kit products, 
take longer operative time, and/or be associated with 
adverse events and future procedures. They may 
also be associated with shorter hospital stay and 
more rapid recovery. Therefore, cost-effectiveness is 
well suited for these modalities and there have been 
several economic analyses in the past 5 years. 

Similar to other surgical procedures, costs for pro-
lapse surgery are largely driven by length of stay 
(LOS) and less affected by operative time and equip-
ment. A single site study with one surgeon described 
costs, operative times, and LOS for 91 open and 73 
robotic consecutive sacrocolpopexies (101). Direct 
costs were determined with their hospital procure-
ment database and robot costs and maintenance 

were included. Median operative times for open and 
robotic approaches were 166 and 212 minutes (P < 
0.001), respectively, and length of stay was 3 versus 
2 days (P < 0.001). The median cost for the open and 
robotic procedures was $7,804 and $6,668 (P = 
0.002), respectively. Thus robotic sacrocolpopexy 
takes slightly longer to perform but costs less than the 
open procedure in total due to higher LOS costs. 

A retrospective cross-sectional and longitudinal study 
from the 2001 to 2011 US National Inpatient Sample 
included women undergoing inpatient prolapse re-
pairs (102). In multivariate analyses, African Ameri-
cans had 9% (95% CI 5%,13%) longer LOS com-
pared with Caucasians and the uninsured had 15% 
(95% CI, 1%,30%) longer LOS compared with those 
privately insured. Comorbidities associated with 20% 
increase in LOS and costs were congestive heart fail-
ure, pulmonary circulation disorders, metastatic can-
cer, weight loss, coagulopathy, electrolyte/fluid imbal-
ance, and blood loss/deficiency anaemia (P < 0.001). 
Over the 10 years of the study, mean LOS declined 
from 2.4 days (95% CI: 2.4, 2.5) to 1.8 days (95% CI: 
1.7,1.9; P < 0.001), yet mean total cost increased 
from $6233 (95% CI: $5859, $6607) to $9035 (95% 
CI: $8632, $9438; P < 0.001). Paradoxically, inpatient 
surgical costs for prolapse increased despite de-
creasing LOS. With the study design, the reason for 
this finding could not be elucidated.  

Two cost-minimization studies compared robot-as-
sisted vs. open sacrocolpopexy(103) and laparo-
scopic sacral colpopexy (LSC) vs. total vaginal mesh 
(104) In the first study, direct costs over 30 days from 
the hospital perspective at a single site in the US were 
included (103) Operative time was similar for robotic 
and open surgery (226 versus 221 minutes, respec-
tively) but postoperative LOS was less for robotic vs. 
open (1.0 versus 3.3 days, p <0.001). This studied 
observed 10% cost savings for robot-assisted versus 
open sacrocolpopexy ($10,178 versus $11,307), with 
the largest drivers of cost identified as the number of 
institutional robotic cases done annually, LOS and 
cost per hospitalization day in the postoperative pe-
riod. The second study used primary cost data from a 
randomized trial of LSC versus TVM and included 
prices from privately- and publicly-conducted proce-
dures in Australia and women’s opportunity cost of 
time form the societal perspective (104). In this trial, 
there were no differences in outcomes at 2 years on 
two POP QOL measures, suggesting that cost-mini-
mization analysis may be an appropriate study de-
sign. Mean total economic costs were significantly 
lower in the laparoscopic group compared with total 
vaginal mesh ($4013; 95% CI, 3108, 4918; similar for 
public and private models). Labour costs were signif-
icantly greater for laparoscopic but were offset by 
lower consumable, inpatient, opportunity, and reoper-
ation costs compared with total vaginal mesh. There-
fore, laparoscopic sacrocolpopexy has lower eco-
nomic cost than total vaginal mesh. 

A meta-analysis and systematic review (105, 106) 
nicely summarized several CEAs comparing robot-
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assisted to laparoscopic sacrocolpopexy. Overall, the 
studies show that robot-assisted was costlier than 
laparoscopic with similar clinical outcomes. The first 
study included studies that directly compared the out-
comes of robot-assisted and laparoscopic with a 
sample size in each group more than 15, and the fol-
low-up duration longer than 3 months (105). Seven 
studies (4 retrospective, 2 randomized clinical trials, 
1 prospective study) with data on 264 robot-assisted 
and 267 laparoscopic procedures were included. The 
mean operative time was longer in the robot-assisted 
group (246 vs 206 minutes; P<0.001) and the esti-
mated blood loss, incidence of intraoperative/postop-
erative complications and in the two groups were not 
statistically different. The costs of robot-assisted were 
significantly higher than laparoscopic in each of three 
studies (P<0.01 for all). Thus, the clinical outcomes 
of prolapse surgery were similar with robot-assisted 
and laparoscopic, but robot-assisted was more 
costly.  

A systematic review included only randomized con-
trolled trials (2 trials, n = 156) comparing laparoscopic 
and robot-assisted sacrocolpopexy (heterogeneity 
between the two studies precluded a meta-analysis) 
(106). In one trial (Paraiso), laparoscopic was faster 
than robot-assisted sacrocolpopexy (199 ± 46 vs. 
265 ± 50 min; p < .001) (107), yet no difference was 
found in the second trial (ACCESS; 225 ± 62.3 vs. 
246.5 ± 51.3 min; p = .11) (108). Costs for using the 
robot were significantly higher in both studies, how-
ever, in the ACCESS trial, only when purchase and 
maintenance of the robot was included (laparoscopic 
$11,573 ± 3191 vs. robot-assisted $19,616 ± 3135; 
p < .001). In the Paraiso study, robot-assisted was 
more expensive even without considering those costs 
(laparoscopic US$ 14,342 ± 2941 vs. robot-assisted 
16,278 ± 3326; p = 0.008). Both studies observed 
longer operating time and higher pain scores through 
1 month in the robotic groups. There were no differ-
ences in anatomical outcomes, pelvic floor function, 
or quality of life. In these small, randomized studies, 
robotic surgery significantly increased cost compared 
to the conventional laparoscopic sacrocolpopexy with 
no improvement in outcome.  

For the surgical correction of apical prolapse, the ab-
dominal approach is associated with better out-
comes; however, it is more expensive than the trans-
vaginal approach. A decision-analytic model was de-
veloped to assess the cost-effectiveness of ab-
dominal sacral colpopexy (ASC) vs. sacrospinous lig-
ament fixation (SSLF) to determine if the improved 
outcomes of ASC justify the increased expense 
(109). The model included post-operative SUI with 
possible mid-urethral sling placement, prolapse re-
currence with possible re-operation, and post-opera-
tive dyspareunia. Cost-effectiveness was defined as 
an ICER of less than $50,000 per QALY. At the base-
line, ASC is more expensive than SSLF ($13,988 vs 
$11,950; $2013) and more effective (QALY 1.53 vs 
1.45) with an ICER of $24,574/QALY at 2 years. ASC 
was not cost-effective if the rate of post-operative 

stress incontinence was above 36% after ASC or be-
low 28% after SSLF, the rate of recurrent prolapse 
was above 15% after ASC or below 4% after SSLF, 
or the rate of post-operative dyspareunia was above 
59% after ASC or below 19% after SSLF. In this 
study, abdominal sacral colpopexy was a cost-effec-
tive alternative compared with sacrospinous ligament 
fixation. Of note, is that SSLF can be considered a 
cost-effective alternative as the post-operative out-
comes of SSLF improve. 

To assess the cost-effectiveness of a mesh-aug-
mented anterior vaginal wall repair compared with a 
non-mesh fascial plication repair, Jacklin and Duckett 
(110) used a 5-year timeframe from the UK national 
Health Service perspective (£2008-9) with data de-
rived from systematic reviews and recent publica-
tions, and utilities assumed to be similar to those for 
urinary incontinence. In the base case, the ICER for 
mesh-augmented anterior repairs was £15 million per 
QALY. Sensitivity analysis found no plausible model 
inputs that could make a mesh repair cost-effective 
by conventional criteria because of the extra costs as-
sociated with the price of the mesh, treating mesh 
erosion and low difference in reoperation rate for 
mesh anterior wall repairs. 

A few studies explored pre-operative evaluation or 
prophylactic procedures with prolapse repair surgery.  
Richardson et al. (111) used decision analysis mod-
elling to compare the cost-effectiveness of mid ure-
thral sling to prevent occult stress urinary inconti-
nence in women undergoing abdominal sacrocol-
popexy. They evaluated 3 treatment approaches (1) 
abdominal sacrocolpopexy alone with deferred option 
for mid urethral sling, 2) abdominal sacrocolpopexy 
with concomitant mid urethral sling and 3) preopera-
tive urodynamic study for selective mid urethral sling) 
over 1-year ($2010 US Medicare reimbursement). 
Utilities were from general HRQOL in population-
based studies, but assumed a large impact of SUI 
(0.71 compared to 0.93 with no SUI) that may have 
biased the analysis toward the sling intervention. 
They found that universally performing mid urethral 
sling at abdominal sacrocolpopexy was the most 
cost-effective approach compared to abdominal sac-
rocolpopexy alone (ICER $2,867 per QALY). Univer-
sal mid urethral sling dominated the preoperative uro-
dynamic study strategy (less costly and more effec-
tive). The cost-effectiveness of abdominal sacrocol-
popexy plus mid urethral sling was robust to sensitiv-
ity analysis with a cost-effectiveness ratio consist-
ently below $20,000 per QALY. This study concluded 
that universal concomitant mid urethral sling is the 
most cost-effective prophylaxis strategy for occult 
stress urinary incontinence in women undergoing ab-
dominal sacrocolpopexy and preoperative urody-
namic study is not cost-effective. 

A retrospective study of mid-urethral sling at a single 
site assessed the value of preoperative assessment 
(electrocardiogram, chest x-ray, basic metabolic 
panel, complete blood count, coagulation studies and 
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urinalysis) in 101 women (112). They evaluated ap-
propriateness of tests based on guidelines from the 
American Academy of Family Physicians and addi-
tional costs of inappropriate tests ($2014 US Medi-
care reimbursement). Overall 76% of coagulation 
profiles, 73% of complete blood counts, 47% of basic 
metabolic panels, 39% of chest x-rays and 21% of 
electrocardiograms ordered did not have an appropri-
ate clinical indication, with 6-22% under-ordering of 
appropriate tests. The estimated total from overused 
tests was $18 per patient. At this site, preoperative 
testing was both over- and under-used in women un-
dergoing sling surgery leading to increased health 
care costs. 

Two studies examined endometrial evaluation prior to 
prolapse surgery (113). A decision analytic model 
was used to compare the cost-effectiveness of endo-
metrial biopsy, transvaginal ultrasound and no 
screening for endometrial cancer in asymptomatic, 
postmenopausal women prior to uterine morcellation 
in minimally invasive supracervical hysterectomy and 
sacral colpopexy for pelvic organ prolapse treatment. 
The cost per-patient was $8800, $9023, and $9112 
over 5 years for no screening, endometrial biopsy, 
and transvaginal ultrasound, respectively ($2012 US 
dollars) with 0.39 and 0.38 days of life saved for en-
dometrial biopsy and transvaginal ultrasound, re-
spectively, compared to no screening. The ICER was 
$207,348 for endometrial biopsy (dominated trans-
vaginal ultrasound) compared with no screening. The 
analysis was robust to sensitivity analyses. Another 
decision analysis evaluated the cost-utility of preoper-
ative endometrial evaluation before Le Fort col-
pocleisis in asymptomatic women ($2012 US Medi-
care costs) (114). From a health plan perspective and 
willingness-to-pay thresholds of $50,000 and 
$100,000, no evaluation was superior to both biopsy 
and ultrasound. At a 64% probability of cancer, bi-
opsy is more cost-effective than no evaluation and ul-
trasound. Thus, pre-operative screening for endome-
trial cancer is likely not cost effective in asympto-
matic, postmenopausal women.  

Thus, by standard thresholds, abdominal sacral col-
popexy (ASC) may be cost-effective compared to 
sacrospinous ligament fixation (SSLF) and perform-
ing a mid-urethral sling with ASC may be cost-effec-
tive compared to ASC alone. Mesh-augmented ante-
rior vaginal wall repair was not cost-effective com-
pared with a non-mesh fascial plication repair and 
pre-operative screening for endometrial cancer be-
fore prolapse surgery is likely not cost effective in 
asymptomatic, postmenopausal women. 

7. ECONOMIC CONSEQUENCES OF 
FAECAL INCONTINENCE  

7.1. Cost of Illness 
Faecal incontinence is a debilitating condition associ-
ated with significant impairment in quality of life. Even 
minor symptoms can lead to deterioration in general 

health, physical functioning, and emotional well-be-
ing. Social isolation can occur for fear of having acci-
dents, leading to a loss of productivity and ability to 
perform activities of daily living (115, 116).The costs 
associated with treating faecal incontinence vary 
based on the population studied. For instance, the 
non-surgical costs of managing faecal incontinence is 
higher in nursing home residents when compared to 
the adult working population although in the latter 
group, lost productivity, may account for a greater 
proportion of total costs (117). There is significant var-
iation in costs (across countries and providers) mak-
ing it difficult to extrapolate the results of cost-effec-
tiveness studies to a local health care system.  

Early studies assessing the cost of faecal inconti-
nence focused on inpatients with faecal incontinence 
(118), patients with self-reported faecal incontinence 
(119), and patients with obstetric injury(120). All of 
these studies collected data retrospectively from da-
tabases and lacked a validated measure of severity.  

Deutekom et al. (116) collected prospective data from 
253 Dutch patients with faecal incontinence to assess 
the direct medical and non-medical costs of treatment 
from a societal perspective. Severity of incontinence 
was measured using the St Mark’s continence score 
but QALYs were obtained and therefore the relation-
ship between cost, severity and quality of life was not 
explored. However, the study did produce novel data 
on the proportion of absenteeism, productivity loss 
and need for paid and unpaid care for patients with 
faecal incontinence, from the perspective of a Neth-
erlands population. Lost productivity occurred in 
15.4% of patients who worked, with absenteeism due 
to symptoms of incontinence occurring in 1.7%. The 
cost of non-surgical treatment was estimated to be 
€2169 per patient per year. Costs associated with lost 
productivity were found to account for more than half 
the total costs associated with the management of 
faecal incontinence.  

In 2012, Xu et al. (121) performed a patient survey to 
collect self-reported data regarding the sociodemo-
graphic characteristics, clinical symptoms and utiliza-
tion of medical and non-medical resources for faecal 
incontinence. Patients were identified from outpatient 
records at a single tertiary care centre and mailed 
questionnaires. The results therefore relate to a self-
selected cohort of patients that may have had more 
severe symptoms of faecal incontinence than com-
pared to the general population. Unit costs were 
based on US Medicare reimbursement rates, national 
average medication cost and estimates from other 
relevant sources (e.g.. continence pad cost). Analysis 
included medical and non-medical costs and lost 
productivity. The analysis was conducted from a so-
cietal perspective. The mean cost per person for the 
conservative management of faecal incontinence 
was $4110 per year (median $1594; IQR $517-5164). 
Medical costs accounted for $2353 per year (median 
$1176; IQR $294-2438), non-medical cost $209 per 
year (median $75; IQR $17-$262) and lost-productiv-
ity cost $1549 per year (median 0$; IQR $0-813). 
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There was a correlation between the severity of fae-
cal incontinence and medical costs.  

7.2. Prevention 
Surgery for anal fistulae often results in damage to 
the anal sphincters and subsequent impairment of 
continence. The clinical outcomes of two sphincter-
preserving treatments, anal fistula plug and endo-
anal advancement flap, was studied by Adamina et 
al. in 2010 (122). The primary end point was fistula 
healing, defined by absence of need for further drain-
age, abscess formation and an external fistula open-
ing on physical examination at six-months follow-up. 
Only patients with anal fistula of cryptoglandular 
origin were studied.  

A micro-costing analysis of treatment costs was per-
formed with adjustments for inflation and sensitivity 
analysis were performed. Non-medical costs and lost 
productivity costs were not assessed. The primary 
end point, healed fistula, was found to be lower than 
in the majority of published studies on the two tech-
niques adopted. As cost-effectiveness was based on 
healing and complication rates, with no direct meas-
urement of faecal incontinence the cost-effectiveness 
for adopting each surgical strategy to prevent epi-
sodes of FI remains unclear. The study concluded 
adopting a strategy of anal fistula use saved $1,588 
per healed fistula.  

Tan et al. (123) studied the cost-effectiveness of pri-
mary sphincter repair versus delayed sphincter repair 
for anal sphincter injury, in the prevention of faecal 
incontinence. Clinical data were identified from a lit-
erature review of studies published between 1976 
and 2006 that described at least one of the measured 
outcomes (probability of functional success/failure 
and quality of life). A decision tree analysis over a ten-
year horizon was constructed with QALYs derived 
from the SF-6D (23). The study concluded that pri-
mary sphincter repair was the most cost-effective 
strategy being associated with a gain of 5.72 QALYs 
for a cost of £2750 compared with delayed sphincter 
repair, which yielded a QALY gain of 3.73 for a cost 
of £2667.  

Langill et al. (124) conducted an industry-sponsored 
study to examine the costs of managing faecal incon-
tinence using a faecal management system (Flexi-
seal, Convatec, USA) compared with traditional 
methods (absorbable pads, cleansers etc.) in the in-
tensive care unit. The use of a faecal management 
system was associated with lower daily material 
costs, nursing time for managing faecal incontinence, 
and annual cost savings when compared to patients 
managed traditionally. A further study by Pittman et 
al. (125) also reported saving medical costs from the 
use of a bowel management system when compared 
to traditional care with greater clinician satisfaction 
with the device. 

7.3. Treatment  
Recent cost-effectiveness analyses have primarily fo-
cused on sacral nerve stimulation (SNS) as a first-line 
surgical treatment for patients with faecal inconti-
nence. 

7.3.1 SNS Versus Conservative Treatments 
Dudding et al. (126) assessed the cost-effectiveness 
of SNS versus maximal conservative treatment from 
a societal perspective over a seven-year time hori-
zon. Data collected prospectively on consecutive pa-
tients undergoing two-stage SNS, under general an-
aesthetic, at a single UK institution, over a ten-year 
period were entered into a Markov decision model. 
Clinical effectiveness was measured by reductions of 
incontinence episodes measured by repeat bowel 
habit diaries. Medical and lost productivity costs were 
estimated using the UK national tariff and health re-
source group (HRG) codes and data previously pub-
lished by Deutekom and colleagues (116). No data on 
caregiver costs were collected. Cost effectiveness 
was measured as ICER with the QALY calculation de-
rived from the SF-6D (127). Sensitivity analysis was 
performed to assess robustness of the model and 
rates were discounted by 3.5%. The ICER for SNS 
was £25,070 per QALY gained. This equates to 
£1038 more per year to treat patients with SNS for a 
median reduction in 286 incontinent episodes (£3.63 
per episode reduced). However, this calculation was 
based on a self-selected group of patients undergo-
ing SNS that had all failed to benefit from conserva-
tive treatment. The ICER of £25,070 per QALY 
gained was within the £30,000 per QALY threshold 
recommended by the UK National Institute of Clinical 
Excellence as an effective use of UK NHS funding 
with proper justification. When lost-productivity costs 
were also considered the ICER decreased to £12,959 
per QALY gained. The cost-effectiveness of SNS is 
likely to deteriorate over a longer time-horizon due to 
battery depletion and the need to remove and re-im-
plant a new pulse generator. 

Brosa et al. (128) assessed the clinical and cost ef-
fectiveness of sacral nerve stimulation versus maxi-
mum conservative treatment from a hospital perspec-
tive. Only patients with an intact anal sphincter, in-
cluding those that had previous repair, were included. 
All procedures were performed under local anaes-
thetic. Despite a high failure rate of peripheral nerve 
evaluation, in patients with an anatomically intact anal 
sphincter, SNS appeared cost effective when com-
pared with maximal conservative treatments. SNS 
had a cost of €16,181 per QALY gained; for those 
with a deficient sphincter, SNS cost €22,195 per 
QALY gained. Both ICERs were within the €30,000 
threshold accepted in Spain. The greatest cost asso-
ciated with SNS was related to the high upfront cost 
of the permanent device. The authors proposed that 
the cost-effectiveness of SNS is improved by per-
forming the procedure under local anaesthetic. While 
the results are largely consistent with Dudding’s work 
(126), this study has some limitation worth noting. 
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Costs were evaluated over a five-year time horizon, 
but future costs were not discounted. In addition, a 
detailed description of the Markov model used was 
not provided and it is unclear how the QALY values 
were determined. Finally, there was potential conflict 
of interest as two of the authors worked for Medtronic 
(device manufacturer for ‘InterStim’ sacral neuromod-
ulation equipment), and “four authors received an un-
restricted grant from Medtronic”. 

The relationship between the Markov model devel-
oped in the above paper by Brosa et al. (128), and a 
patient cohort study published by a similar group of 
authors (129) also from Spain in the same year, is 
unclear. In the paper from Munoz-Duyos et al. (129) 
only patients with an intact anal sphincter, including 
those that had previous anal sphincter repair, were 
included. Patient-level cost data were given for 57 
temporary evaluations all performed under local an-
aesthetic in 47 patients, giving a success rate of 61%. 
This success rate is lower than most published stud-
ies of sacral nerve stimulation. Permanent SNS de-
vices were implanted in 29 patients, who were fol-
lowed for a median of 3 years. The study was re-
ported on an intention to treat basis over a five-year 
time horizon. Only treatment costs were evaluated. 
The actual Markov model was not provided. Costs 
were not discounted. No sensitivity analysis was per-
formed. It is unclear how the QALY were determined, 
as no QALY tests were administered, and data aris-
ing from calculating QALYs from SF36 were quoted 
as being derived from the paper by Brosa et al. (128). 
Thus it appears that this report from Munoz-Duyos 
was perhaps related to or overlapped with the Brosa 
paper (128, 129).  

Mitchell et al. (130) performed a cohort analysis of 
age and sex matched patients undergoing temporary 
single electrode helical wire placement under general 
(GA) and local anaesthesia (LA). Although not statis-
tically significant, a greater proportion of patients had 
success in the GA group (77% versus 64%). Sample 
size was limited (n=111), limiting the precision of the 
estimated result. A £130 cost saving was found with 
the local anaesthetic procedure (general anaesthetic 
£743 versus local anaesthetic £613). However, as 
this cost was not correlated with clinical effectiveness 
the conclusion of the study, that temporary wire inser-
tion under local anaesthetic is more cost effective is 
unjustifiable.  

Dudding and Nugent (131) compared the use of a 
permanent quadripolar electrode for temporary test-
ing as part of a staged implant versus the helical wire 
electrode as part of a two-stage procedure. Estimates 
of top-down cost, clinical outcome and complication 
rate related to temporary, staged and permanent sa-
cral nerve stimulation was calculated using published 
data from multiple sources. These data were then 
used to formulate a basic decision analysis model. It 
was concluded that on an intention-to-treat basis, by 
adopting a staged implant strategy, a saving of 
£27.78 per patient can be made over a two-stage pro-
cedure. 

7.3.2 SNS Versus Other Treatments for Fae-
cal Incontinence 

Three recent studies have assessed the cost-effec-
tiveness of sacral nerve stimulation in comparison 
with other surgical treatments. First, Indinnimeo et al. 
(132) used a decision analysis model to compare a 
surgical treatment pathway for faecal incontinence 
with and without sacral nerve stimulation. Data were 
obtained from published studies and from "expert" 
panel consensus. Readers should note that one of 
the authors worked for Medtronic Italia and that some 
data on SNS were taken from a review in which the 
majority of patients were implanted using an open 
surgical rather than percutaneous technique. Treat-
ment success was defined as the cessation of the pa-
tient to seek further treatment due to a satisfactory 
reduction of incontinent episodes with the therapy. 
Cost-effectiveness was based on medical costs, dis-
counted by 3% over a five-year time-horizon. Sensi-
tivity analyses were performed to assess robustness 
of the model. The cost of test sacral nerve stimulation 
was disproportionately high (€6,430) in relation to the 
alternative therapies and calculations based on this 
rate may not be applicable in other health systems. 
The ICER was €28,285 for those with sphincter de-
fects and €38,662 those with intact sphincters which 
the authors cite as being within the €40,000 accepta-
bility threshold of the Italian NHS. Multiple flaws in the 
model, however, lead to uncertainty in the validity of 
these estimations. First, treatment success was 
based on published outcome at 6-month follow-up 
and it was assumed that loss in efficacy over time for 
each treatment was equal. Second, it was also as-
sumed that all patients with a structurally deficient 
anal sphincter, defined as damage up to 120 degrees 
in radial extent affecting the partial or full length of the 
internal and/or external anal sphincter, should un-
dergo sphincter repair. Pre-operative sphincter func-
tion was not considered. In practice, only patients with 
full-length defects and adequate residual muscle bulk 
and function would be considered for repair. Those 
with partial length defects or isolated internal anal 
sphincter defects are not usually considered for 
sphincteroplasty. Importantly, indications for sphinc-
ter repair or dynamic graciloplasty are end-stage fae-
cal incontinence in the presence of a substantial mus-
cular and / or neural defect of the anal sphincter. The 
assumption of the model that all patients, including 
those with an intact anal sphincter, would undergo dy-
namic graciloplasty or artificial bowel sphincter, 
sometimes as a first-line treatment is unrealistic and 
does not reflect current clinical practice. Finally, the 
use of sacral nerve stimulation is likely underesti-
mated with the total number of patients being treated 
with SNS calculated as 86 to 115 patients per year 
over a five year period in a population of 48 million. 
Colostomy was assumed to achieve 100% conti-
nence, however, in practice some patients with weak 
sphincters remain incontinent of mucus requiring con-
tinued pad usage and ongoing distress. 

Leroi et al. (133) performed a multi-centre cohort 
study comparing clinical outcome and cost of sacral 
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nerve stimulation versus alternative surgical or con-
servative treatments for faecal and dual incontinence. 
Alternative treatments were only considered once a 
trial of temporary sacral nerve stimulation had failed. 
Clinical efficacy was measured by prospective collec-
tion of continence scores over a two-year time-hori-
zon. There was a considerable drop-out rate in data 
collection over time with only 26 of 60 implanted pa-
tients with faecal incontinence achieving two-year fol-
low-up. There was also high loss to follow-up in the 
non-implanted groups (47%). Medical and non-medi-
cal costs were calculated by a top-down method from 
the French National Rate 2004/2005 and prospective 
collection of individual patient data from the initial 
medical consultation. Whilst the method states that 
lost-productivity costs were also calculated it is un-
clear on how this was achieved and whether they 
were included in the analysis. QALYs were derived 
from SF-6D (127). Costs were not discounted but a 
sensitivity analysis was performed. The median cost 
of treatment in those patients undergoing SNS was 
€14,973 over two-years compared to a median cost 
of €9648 in those patients undergoing alternative 
treatments. SNS was found to offer a marked health 
benefit but not found to be cost effective with an ICER 
of €90,082 per patient year of >50% improved conti-
nence. The cost per QALY was not estimated. The 
complicated design of this study, lack of clear descrip-
tion of the cost-effectiveness parameters, short time 
horizon and high loss to follow-up leads to question-
able validity of the results. In addition, the St Mark’s 
continence score was used to assess clinical effec-
tiveness and this tool may not be sensitive enough to 
detect all changes in health state. Alternative treat-
ments were only considered once a patient had failed 
a trial of SNS. However, nearly one-half of patients 
undergoing "alternative treatment" continued with 
conservative measures or had no treatment, with re-
sultant significant bias of cost reduction toward the 
non-implanted group. In addition, the complication 
rate associated with SNS implantation was higher 
than most other published studies with pain experi-
enced in 78% of patients and an infection rate of 9%. 

Van Wunnik et al. (134) examined the cost-effective-
ness of adding sacral nerve stimulation into the sur-
gical treatment pathway of those patients undergoing 
neosphincter procedures for faecal incontinence. A 
Markov-type model was developed that compared 
two groups of patients, all of whom were assumed to 
have failed optimal conservative treatment. In the first 
group protocol, SNM-, patients underwent either dy-
namic graciloplasty (DG; 50%) or insertion of an arti-
ficial bowel sphincter (ABS; 50%). In the second 
group protocol, SNM+, the majority of patients under-
went sacral nerve stimulation as the first-line surgical 
treatment with remainder undergoing either dynamic 
graciloplasty (10%) or insertion of an artificial bowel 
sphincter (10%). Modelling for treatment success and 
failure and revisional surgery was performed with fail-
ures in the sacral nerve stimulation group (before or 
after revisional surgery) progressing to the next treat-
ment line of dynamic graciloplasty, colostomy or no 

further treatment (faecal incontinence with no colos-
tomy and occasional colonic irrigation). No modelling 
of SNS to ABS was performed. For those patients un-
dergoing a first-line neosphincter procedure the next 
treatment line was colostomy or no further treatment. 
The complex model was run for five-cycles allowing 
the proportion of the cohort in each health state to be 
obtained and associated with a cost and utility score 
for each strategy. Medical costs were based on a ran-
dom subset of 25 patients per treatment method col-
lected from a local prospective faecal incontinence 
database using prices for 2009 and indexing for 2010. 
QALY assessment was derived from the EQ-5D 
questionnaire (135). Extensive sensitivity analysis 
was performed.  

The strategy of adopting SNS prior to consideration 
of ABS and DG (SNM+) was found to be more cost-
effective than the strategy of progressing direct to a 
neosphincter procedure without considering neu-
rostimulation (SNM-). Dominance was seen both in 
terms of clinical effectiveness and lower cost). The 
cost per QALY also favoured the use of sacral nerve 
stimulation with the SNM+ group yielding a cost per 
QALY of €3912 versus €5471 in the SNM- group. In 
terms of QALYs, the SNM+ and SNM- groups were 
comparable, perhaps reflecting the fact that the 
model placed some patients of the SNM+ group direct 
to a neo-sphincter procedure, and that in all treatment 
pathways the devices used have significant initial 
costs (an implantable pulse generator for SNS and 
DG and an implantable sphincter device for ABS). 
Despite this, the use of SNS was justified in the treat-
ment pathway for patients with faecal incontinence 
being more effective than DG and ABS for lower 
costs, mainly related to fewer short and long-term 
complications.  

Until 2013 there was insufficient evidence to recom-
mend the use of injectable bulking agents in routine 
clinical practice. However recent evidence regarding 
the medium-term outcomes of newer bulking agents 
have led to the inclusion as a comparative treatment 
option in cost-effective analyses (136-138). Likewise, 
the use of percutaneous tibial nerve stimulation for 
the treatment of faecal incontinence has increased in 
recent years based on reported evidence from a num-
ber of small case series. When compared to sacral 
nerve stimulation, the medical costs of percutaneous 
tibial nerve stimulation are cheaper (£5916 ($9465) 
versus £19320 ($30924)) when measured over a ten-
year horizon (139). However, in the absence of cost-
effectiveness analysis the relevance of these relative 
savings is unclear. The publication of a recent multi-
centre, double-blinded, randomized trial that reported 
no significant clinical benefit of percutaneous tibial 
nerve stimulation for faecal incontinence when com-
pared to sham therapy puts further doubt on the clin-
ical effectiveness of percutaneous tibial nerve stimu-
lation (140).  

In 2014, Bernstein et al. (141) published a cost-effec-
tiveness study comparing Non-Animal Stabilized Hy-
alouric acid and Dextranomer Co-polymer (NASHA-
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Dx), sacral nerve stimulation and conservative 
measures in the treatment of faecal incontinence. A 
Markov model was constructed based on outcomes 
obtained from the published literature, expert opinion 
and a survey of practicing physicians (undertaken at 
the 23rd International Colorectal Disease Symposium, 
Fort Lauderdale, Florida, 2012). This information was 
deemed to reflect US practice at the time of the study.  

Options for the analysis were to continue to receive 
conservative treatments, undergo NASHA-Dx or un-
dergo SNS over a three-year time horizon with no 
cross-over between treatment groups. Costs were 
considered from the perspective of the US health care 
payer and based on patient self-reported data derived 
from the single institution study previously published 
by Xu et al. (121). Discounting was 3% per annum. 
Lost productivity costs were not included. Behav-
ioural therapy, in the form of biofeedback, was in-
cluded as a downstream treatment option for those 
who had failed to benefit from the primary treatment. 
Measured end points included incontinence free days 
and QALYs. Results demonstrated that SNS was su-
perior to NASHA-Dx and conservative treatment with 
the greatest number of incontinence free-days (515 
vs 268 vs 129 days respectively). However, SNS was 
deemed to be not cost-effective due to an ICER of 
$103,066 per QALY gained when compared to con-
servative treatment and of $244,509 per QALY 
gained when compared to NASHA-Dx. NASHA-Dx 
was shown to be cost-effective with an ICER of 
$37,036 per QALY gained when compared with con-
servative treatments. Budget impact analysis con-
cluded that NASHA-Dx was significantly less expen-
sive to the health care system than SNS for patients 
who are candidates for either treatment.  

The study was based on costs from the US health 
care system, which has higher direct costs when 
compared to health systems from other countries. 
Recent meta-analysis has questioned the benefit of 
biofeedback in the management of faecal inconti-
nence (142) and therefore the addition of this therapy 
to the treatment pathway of those patients who had 
failed primary therapy may not represent current or 
future clinical practice. In addition to this, the analysis 
was based on a three-year time horizon and thus fa-
voured the NASHA-Dx strategy. Of the five published 
studies used to determine clinical effectiveness for 
NASHA-Dx, two reported on the same group of pa-
tients with short-term and three-year follow-up. The 
other studies only reported median-term follow-up 
(one study 24-month follow-up and two studies 12-
month follow-up).  

In the study with longest term follow-up published by 
Mellgren et al. (138), 112 of 136 patients who had un-
dergone NASHA-Dx were followed up at 36 months. 
Ninety seven (87%) of these patients had undergone 
greater than two injections of NASHA-Dx. It is not 
clear whether the requirement for multiple injections 
was factored into the cost analysis by Bernstein et al., 
although not all patients require multiple injections. 
Studies reporting the outcomes from treatment with 

alternative injectable bulking agents have demon-
strated that alternative injectable agents lose efficacy 
in the long-term (143) and therefore NASHA-Dx may 
be found to be less cost-effective when considered 
over a longer time horizon, especially if further treat-
ments are required.  

In late 2015, Pochopien et al. (144) reported on a pa-
tient-level simulation model comparing two sub-pop-
ulations, differentiated by the presence or absence of 
a surgically repairable sphincter defect. Medtronic 
sponsored the study and authors included Medtronic 
employees and members of an independent consul-
tancy group. The isolated, sequential and summative 
clinical and economic effects of sacral nerve stimula-
tion against alternative treatments of anal sphinctero-
plasty, NASHA/Dx and percutaneous tibial nerve 
stimulation were modelled with a lifetime horizon from 
the perspective of the UK National Health service. 
Clinical effectiveness, resource consumption and ef-
fect of treatment on quality of life were obtained from 
a systematic literature review with direct medical 
costs derived from the 2015/16 UK National tariff and 
National Institute of Clinical Excellence costing report 
2007. Extensive sensitivity analyses and discounting 
at 3.5% for cost and outcome were included.  

Sacral nerve stimulation was found to be cost-effec-
tive when considered as part of a sequence of inter-
ventions for treating faecal incontinence. The analy-
sis supported the use of SNS in patients with an intact 
sphincter who have failed to gain sufficient benefit 
from NASHA/Dx. A strategy of NASHA/Dx followed 
by SNS was found to be more cost-effective than per-
cutaneous tibial nerve stimulation followed by SNS in 
patients with no sphincter damage, generating sav-
ings of £2,522 per patient and 0.011 additional 
QALYs. In patients with anal sphincter disruption 
amenable to sphincteroplasty, anal sphincter repair 
followed by SNS was found to be more cost effective-
ness than anal sphincter repair alone. This strategy 
generated an additional 0.209 QALYs with an ICER 
of £13,482 per QALY gained. In almost all compari-
sons incremental cost-utility ratio for SNS was within 
the £30,000 per QALY threshold recommended by 
NICE as an effective use of UK National Health Ser-
vice resources.  

 SUMMARY AND FUTURE 
RESEARCH PRIORITIES 

In the years since the last ICI, some high-quality eco-
nomic analyses have been published. One driver for 
these studies is the requirement for CEA data from 
NICE along with detailed critiques. This is pushing for 
greater standardization among trials as well as higher 
overall quality. 

There were some new papers comparing onabotuli-
numtoxinA and sacral nerve stimulation. There were 
also a number of new papers related to OAB medical 
treatment, including new models published to support 
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the approval of mirabegron in the US (2012) and the 
EU/UK (2013).  

The Committee notes that evidence regarding cost 
effectiveness of outpatient therapies for stress incon-
tinence remains limited, aside from the recent eco-
nomic study of obesity treatment for this condition. 
However, the economic analysis of therapy for over-
active bladder syndrome requires greater effort, to 
encompass longer time frames and wider use of 
QALYs that can yield cost utility analysis (CEA). The 
Committee was disappointed to find that most of the 
recent economic studies of anticholinergic therapy 
did not include collection of raw QALY data.  

In the last 4 years, the implementation of Sacral 
Nerve Stimulation for refractory detrusor overactivity 
has been the subject of several economic analyses, 
which are indeed important. However, the Committee 
reiterates the need to collect primary data for QALY 
outcomes in future studies of this technique.  

In the field of prolapse, it is not yet known whether 
any currently available QALYs are sensitive to treat-
ment benefit, so that CEA may still not be feasible in 
this area. The recent POPPY study is to be com-
mended for including patient-level cost data and qual-
ity of life information about conservative treatment 
(145).  

As regards faecal incontinence, it is encouraging to 
see economic analyses of Sacral Nerve Stimulation. 
However, more data about long-term cost effective-
ness in faecal incontinence are urgently needed. 

As regards methodology, researchers need to con-
sider carefully how they construct the model parame-
ters for Decision Tree Analysis and Markov Models, 
so that “real life” assumptions are made. The gold 
standard remains Cost Effectiveness Analysis in par-
allel with Randomized Controlled Trials, and we urge 
all clinicians to consider cost and QALYs as important 
outcome measures.  

Finally, the committee encourages researchers to 
provide information on the uncertainty around an 
ICER. A solitary ICER is hard to interpret, much like 
an odds-ratio without a confidence interval. 

APPENDIX – SEARCH 
STRATEGIES 

We performed a comprehensive computerized medi-
cal literature search (PubMed) for the years 2007-
June 2016 to identify all economic, health-related 
quality of life and cost-effectiveness analyses pub-
lished on urinary incontinence, faecal incontinence or 
pelvic organ prolapse. Our initial search strategy was 
very broad and meant to be very sensitive but not 
specific. We performed a search for the following 
Medical Subject Headings (MeSH) and keywords: 
cost-effectiveness analysis, health care costs, qual-
ity-adjusted life years, costs and cost analysis, sick-

ness impact profile, or utilities and urinary inconti-
nence, overactive bladder, faecal incontinence, anal 
incontinence, uterine prolapse or pelvic organ pro-
lapse. The initial searches were reviewed to identify 
articles appropriate for more detailed evaluation. In-
clusion criteria were: urinary or faecal incontinence or 
prolapse as primary disease, data on costs available. 
Studies were excluded when they were a review or 
case-report.  
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RESEARCH 

L. BRUBAKER (CHAIR -US),  
I. NYGAARD (US), K. BO (NORWAY), ADAM P. KLAUSNER, M.D. (US), R. CARTWRIGHT (UK), 

T. BAVENDAM (US) AND T. BOONE (US). 
SATORU TAKAHASHI, M.D., PH.D. (JAPAN) 

 INTRODUCTION 
The goal of this chapter is to highlight challenges in 
the research focus in this consultation, as well as to 
facilitate production of high-impact, high-quality re-
search. This chapter highlights issues related to re-
search concerning prevention, improved aetiologic 
understanding, precise and personalised diagnosis 
and treatment. In addition, the chapter provides gen-
eral recommendations for optimal research in areas 
of interest for this consultation, including progress 
and research challenges in the field of urinary incon-
tinence. Finally, we present specific recommenda-
tions applicable to research for certain types of treat-
ments and certain subgroups patients.   

The report endorses consistent use of the methodol-
ogy and approved terminology that will facilitate re-
search and communication about research in the ar-
eas of this consultation.  Recognised published 
guidelines produced by the International Continence 
Society (ICS) (1-15) and other major professional soci-
eties(16-18) are useful examples of standardised termi-
nology that advances communication in research. 

In general, the Oxford Centre for Evidence-based 
Medicine Levels of Evidence and Grades of Recom-
mendation (http://www.cebm.net/levels_of_evi-
dence.asp) are not easily applied to research meth-
odology, challenges and priorities.  Therefore, the 
Research Committee of this consultation used the fol-
lowing categories.  

• High: Supported by strong evidence (multiple 
strong publications) 

• Medium: Supported by moderate evidence (lim-
ited/moderate level publications) 

• Low: Expert/Panel opinion. 

1.1. Defining the Research Question 
Effective engagement in research requires the inves-
tigator to carefully define the research question.   

The investigator(s) should take a deliberate approach 
to formulate the specific research question(s), based 
on a careful review of related clinical research and 
relevant studies that are well designed and clinically 

relevant. The research reviews provided by the 
Cochrane Incontinence Group 
(http://healthsci.otago.ac.nz/dsm/wch/obstet-
rics/cure) provide an excellent starting point for most 
major incontinence topics. Based on a thorough liter-
ature review, the investigator can then clearly de-
scribe the primary research question(s), summarise 
the background information, and formulate the ra-
tionale, objectives and hypotheses for the study.  
Once this is clearly laid out, preferably in writing, the 
research team should then carefully assess whether 
the research question can be feasibly answered.  It is 
far better to change direction at this point if it seems 
likely that the sample size cannot be obtained or that 
the research question cannot be answered with the 
resources available than it is to waste resources on 
an unfinished study.  Ultimately, the investigator(s) 
should formulate the simplest study design that will 
provide the highest quality of evidence to test the 
given hypothesis in a cost and time-efficient manner. 
Whenever possible, basic or translational research 
should occur as part of the clinical research study in 
order to advance discovering of underlying mecha-
nisms or pathophysiology. This balance between 
breadth and depth greatly increases the yield of the 
research effort. (19) 

1.2. Delineating Research from Clinical 
Practice 

Although it is beyond the scope of this section to re-
view the rules of conducting human subject research 
in depth and extensive coverage is available else-
where (20-24), all investigators should understand the 
difference between “research” and “clinical practice”.  
Research is defined as “systematic investigation de-
signed to develop or contribute to generalisable 
knowledge” (25) and participants accept risks to ad-
vance scientific knowledge and to benefit others. (26). 

2. RESEARCH ETHICS 

Ethical concerns about the performance of medical 
research became increasingly important in the 20th 
Century, highlighted by the atrocities of the Second 
World War and by several highly publicised studies. 
One of the most prominent of these was the 
Tuskegee study of syphilis conducted by the United 
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States Public Health Service from 1932-1972.(27) In 
this study, the investigators recruited poor, unedu-
cated, African-American share-croppers from the ru-
ral south to participate in a long-term study to evalu-
ate the natural history of untreated syphilis. Partici-
pants with syphilis were not told about their disease 
and treatment was withheld long after the develop-
ment of highly effective antibiotic cures in the 1940s. 
The study is frequently cited for multiple ethical 
lapses including the failure to inform patients of their 
disease, the use of coercive incentives (free health 
care), and the intentional recruitment of uneducated, 
often illiterate subjects.  

Stanley Milgram, a psychologist at Yale University, 
authored another important study that helped shape 
our current ethical approach to research.(28) Milgram 
wanted to understand why people often blindly follow 
authority even in the face of morally repulsive com-
mands. He set up an experiment in which a subject 
was told by an authoritative figure (part of the study) 
to administer shocks at progressively higher levels to 
individuals concealed behind a screen when they pro-
vided incorrect answers to simple memory questions. 
In the experiment, the individual behind the screen 
was actually part of the study and no actual shocks 
were administered. However, the subject (administer-
ing shocks) did not know this. In the end, 65% of the 
subjects were persuaded to administer potentially le-
thal shocks, even when presented with feedback of 
anguishing screams and simulated unconsciousness. 
The study has been cited so frequently, not because 
it answered important questions about human nature 
in the face of authority, but because of the unintended 
emotional effects on subjects, of whom many experi-
enced long-lasting psychological trauma.  

One of the greatest steps forward in modern history 
of research ethics came about through the publication 
of the 1979 Belmont Report on “Ethical Principles and 
Guidelines for the Protection of Human Subjects of 
Research”.(29)   These principles, including Respect 
for Persons, Beneficence, and Justice, are essential 
for ethical research and are briefly reviewed as fol-
lows: 

• Respect for Persons recognises the voluntary 
nature of research participation and includes in-
formed consent without undue influence.   

• Beneficence requires investigators to maximise 
benefits and reduce risks to the subject. The pri-
mary concern of the investigator should be the 
safety of the research participant and careful 
consideration of the risk/benefit ratio; this in-
cludes an ongoing responsibility to monitor re-
search and medical literature as the research 
proceeds.  The investigator needs to critically 
consider within the expert medical community if 
there is clinical equipoise for the proposed inter-
ventions in their trial.  Is one treatment no better 
than another?  Are the research risks reasonable 
in relation to anticipated benefits?  It is the re-
sponsibility of the investigator to ensure risks are 

minimized and potential benefits enhanced as 
well as that the knowledge gained outweighs the 
risks.(30) Of note, invalid research cannot be eth-
ical no matter how favourable the risk–benefit ra-
tio for study participants.   

• Justice requires that the benefits and risks be 
distributed fairly and not focus on individuals with 
limited access to health care, prisoners, or those 
with cognitive impairments. Justice is of particu-
lar concern in Phase I testing of pharmaceutical 
agents and in early investigation of surgical de-
vices/implants.  Payment offered for participation 
in such drug trials may be extremely attractive, 
and even coercive, to poor and disenfranchised 
subjects.  Early device studies may target coun-
tries with lax regulatory environments, even if 
there is little intent to market the device in the 
country in which testing occurs. 

At a minimum, an ethical research study should meet 
the following criteria: 

• the study should well planned, scientifically 
sound with clearly defined aims; 

• clinical research should be prospectively regis-
tered whenever possible; 

• the study should be feasible with a realistic 
chance for completion;  

• there should be a reasonable assumption that 
new knowledge will be provided at the end of the 
study; and 

• there should be an expectation that the results 
will be published to advance scientific 
knowledge. (20,30) 

Ethical Approval: An appropriate ethical board, such 
as an Institutional Review Board (IRB) must approved 
human subject research protocols; however, IRB ap-
proval should only be regarded as a minimal ethical 
standard for research.  Ultimately it is responsibility of 
the investigator to ensure the research is ethically ac-
ceptable, and the investigator must take responsibility 
for all aspects of the research, ensuring that the work 
is done rigorously and with the highest integrity.(31)  In 
the process of IRB approval, submitted research pro-
tocols are peer-reviewed by a multidisciplinary team 
that may include members of the scientific commu-
nity, clinicians, pharmacists, the public/patient 
groups, the legal profession, and individuals who can 
provide an ethical perspective. Each member of this 
team reviews the protocol from their particular per-
spective in order to provide the most comprehensive 
safeguarding of subject health and well-being. 

Informed Research Consent: Informed consent is an 
ethical cornerstone of human subject research.  In-
formed research consent must contain three ele-
ments: 1) it must be voluntary, 2) it must provide a full 
disclosure of relevant information including risks, 
benefits, and alternatives, and 3) it must be presented 
to an individual or surrogate who has clear decision-



 

 
RESEARCH AREAS OF INTEREST FOR THIS CONSULTATION  2517 

 

making capacity. Ethically, informed consent is based 
on the principle of autonomy in that the patient is 
given full authority to make a medical decision about 
his or her own body. The informed consent document 
should be written using terms that are meaningful to 
potential participants.(32,33)   

Specific requirements for informed consent vary de-
pending on institutional regulations as well as the 
type of study and its inherent risk. However, some 
general requirements include name of the investiga-
tors and contact numbers and a detailed description 
of any planned intervention and known side effects. 
The document should include a statement that the in-
dividual may decline participation with no subsequent 
consequence to any ongoing medical care and 
whether or not remuneration is provided. Additionally, 
there should be a statement about payment for med-
ical care required during the course of the study if 
there is an adverse event associated with the inter-
vention.  When relevant, the document should include 
a lay description of randomisation n understanding 
that the patient will be randomly assigned to treat-
ment. (32,33) 

Required Disclosures and Conflicts of Interest: Inves-
tigators who are involved in development and/or test-
ing drugs or devices developed by industry have the 
obligation to disclosure relationships with industry 
and financial disclosures related to supplemental per-
sonal income. It is acceptable for investigators to re-
ceive contracted financial support to perform re-
search and a principled partnership between industry 
and investigators has known benefits.(34)  Financial 
conflict of interest policies have been developed due 
to ethical concerns about potential biases that may 
influence trial design, conduct, over interpretation of 
positive results or not publishing negative re-
sults.(31,35)  It is strongly preferred that investigators 
engaged in research with industry sponsors have a 
research contract and/or receive funds through or 
through an appropriate entity with research oversight 
capabilities. Disclosure and transparency of these re-
lationships help maintain scientific integrity and pre-
serve public trust in the scientific process.(34)  An in-
vestigator’s institution may have additional disclosure 
requirements for conflicts of interest (including, but 
not limited to, conflicts in finances or conflicts of com-
mitment); investigators must be aware of all relevant 
regulations affecting their research.  This is a rapidly 
evolving area and investigators are encouraged to 
clearly understand and disclose such relationships. 
Online resources with detailed regulatory require-
ments are available through multiple research spon-
sors; a sample is included from the U.S. National In-
stitutes of Health.(36) 

Resolving ethical dilemmas: When available, ethics 
committees from hospital and/or institutional entities 
may be helpful to address challenging ethical dilem-
mas in research. The primary investigator maintains 
the sole responsibility to maintain the highest ethical 
standards for all aspect of research conducted under 
his or her name. When resolving an ethical research 

dilemma, it may be helpful to consider this pragmatic, 
simple test: “Imagine what you are preparing to do will 
be reported the next day on the front page of your 
local newspaper. If you are comfortable having col-
leagues, friends, and family know what you did, 
chances are you acted in an ethically responsible 
manner”. 

3. SCIENTIFIC INTEGRITY, RIGOR 
AND REPRODUCIBILITY IN 
BIOMEDICAL RESEARCH 

In order to address and emphasise the issues of rigor 
and reproducibility in biomedical research, the U.S 
National Institutes of Health (NIH) convened a joint 
workshop in 2014 in collaboration with the Nature 
Publishing Group and Science.(37) Invitees to the 
workshop were journal editors from the top 30 jour-
nals that most frequently published work from NIH-
funded investigators. The group was able to produce 
detailed guidelines on areas from statistical analysis, 
transparency in reporting, data and material sharing, 
and consideration of refutations. The group also ad-
dressed the need to establish best practice guidelines 
from several key research techniques that are highly 
subject to bias, mistakes, and shortcomings. These 
areas include image-based data (i.e. immunohisto-
chemistry or western blots) which can be manipulated 
or post-processed using commercially available im-
age processing software and biological materials 
which must be described with adequate detail neces-
sary for unique identification (i.e. antibodies, cell 
lines, and animals). 

 RESEARCH AREAS OF 
INTEREST FOR THIS 

CONSULTATION 

Over the years, there have been efforts to document 
the broader impact of urinary incontinence – beyond 
episodes of incontinence recorded on diaries or 
measuring the amount of urine on a pad after a pro-
scribed set of provocative manoeuvres. Multiple 
measurement tools were developed to determine 
quality of life impact, bother and family impact of uri-
nary incontinence. Some studies were on inconti-
nence without distinction of type of incontinence while 
some studies were limited to SUI or UUI and some 
included SUI, UUI and mixed UI.  

  

Despite evidence showing associations of UI with 
obesity, diabetes, cardiovascular conditions, depres-
sion and musculoskeletal conditions, research in the 
evaluation and treatment of UI more narrowly focused 
on UI as a ‘’quality of life’’ condition. UI is an important 
medical condition with tremendous quality of life im-
pact for the person and family members. A narrow 
‘’quality of life’’ focus may be limiting.  An expanded 
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approach should policies that impact research dollars 
and programmes/policies that could lead to improved 
continence care.  For example, UI is clearly associ-
ated with decreased physical activity. Recommenda-
tions for all priority health conditions include increas-
ing or maintaining physical activity. UI may be a pre-
ventable and treatable barrier to maintaining and in-
creasing physical activity and thus should be on the 
treatment algorithm for prevention and treatment of 
obesity, DM, cardiovascular disease, falls and frac-
tures.  

An expanded research focus should start with inclu-
sion of UI (and other LUTS) questions in prevention 
and treatment studies for the priority medical condi-
tions. A research priority must be to assess the effect 
of UI on prevention or treatment of priority conditions 
in addition, an expended research agenda should 
identify and address UI proactively in order to im-
proves the outcomes of the priority medical condi-
tions. Thus, collaborative, multi- and inter-disciplinary 
research must occur; researchers in urinary inconti-
nence must work with researchers focused on other 
key areas, including obesity, DM, cardiovascular and 
falls and fracture researchers. 

Our expanded research focus should also include im-
proved personalisation of prevention and treatments. 
It is possible that current treatment options would 
meet most people’s needs if our research broadened 
our perspective about causes and contributing factors 
to UI.  Research that provides a framework for sys-
tematically addressing all of the modifiable factors to 
individualise therapy for each patient, taking into ac-
count the patient’s community setting, beliefs, values, 
preferences and cognitive abilities.  A particular treat-
ment may be more effective if it were delivered in a 
context or method that worked better for that individ-
ual patient. For example, we have extensive experi-
ence with RCT for all forms of incontinence treatment 
and understand the degree of efficacy in a study pop-
ulation. However, there is limited experience in trying 
to understand why persons are responders and non-
responders to the intervention. There may be signifi-
cant contribution of factors unrelated to the lower uri-
nary tract/pelvic floor to treatment outcome that, if un-
derstood, could lead to better tailoring of treatment 
regimens.  

While most current UI treatments involve some de-
gree of behaviour change which is instituted and 
maintained by self-care or self-management, treat-
ment plans are generally implemented in a “protocol-
driven”, “one size fits” all manner. Research to under-
stand phenotypes that predict treatment response 
may result in better treatment outcomes. 

1. PREVENTION RESEARCH 

Research in prevention of urinary incontinence has 
been limited. The reasons for this are multifactorial 
and include the magnitude of the research needs to 

expand our understanding of the mechanisms under-
lying urinary incontinence to facilitate improved treat-
ment options; a more complete understanding of risk 
factors for UI, the lack of a lifespan perspective from 
childhood through adolescence, adulthood, middle 
age and older and the lack of understanding of what 
represents a healthy bladder and biological, behav-
ioural and interpersonal and environmental factors 
that contribute to bladder health. There is not clear 
consensus on the basic definition and performance 
parameters for a healthy bladder.(38)   

It is possible to have UI in spite of having healthy 
bladder habits and behaviours with continence in 
spite of what might be predicted to be unhealthy blad-
der habits. Even attempting to define a continent pop-
ulation at baseline is challenging. For example, would 
someone who experienced isolated episodes of child-
hood giggle incontinence with extreme laughing or 
stress incontinence with a sudden sneeze on a full 
bladder as a young adult be considered continent for 
primary prevention studies? In 2015, the National In-
stitutes of Health launched the Prevention of Lower 
Urinary Tract Symptoms (PLUS) Research Consor-
tium to begin to provide the foundational evidence to 
support future prevention intervention studies.(39) 

Experiences and beliefs shaped by caring for individ-
uals with incontinence may unduly influence expecta-
tions for quality, high-impact prevention research. For 
example, although success with and adherence to 
programmes for weight loss and pelvic floor muscle 
exercise programmes are limited, this does not mean 
that such efforts would not be effective prevention ef-
forts.  

2. GENOMICS, PROTEOMICS, 
TRANSCRIPTOMICS, 

METABOLOMICS – THE “OMICS” 
TECHNOLOGIES AND 

INCONTINENCE 

The awkward term “omics” refers to several technol-
ogies that attempt to measure the totality of biological 
molecules of a class at once, across a whole cell, or 
tissue. “Omics” studies have the potential for compre-
hensive assessment of a biological system, and the 
integration of “omics” technologies is known as sys-
tems biology.  The earliest true “omics” studies were 
in genomics, the measurement of all common genetic 
variation, and proteomics, the measurement of ex-
pression of all proteins. The use of the “omics” suffix 
has now been expanded to include all kinds of biolog-
ical molecules and subtypes of molecules, but the 
most common additional applications include tran-
scriptomics, the measurement of total gene expres-
sion, and metabolomics, the measurement of all me-
tabolites. These technologies share remarkable 
promise in leading us towards personalised and tai-
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lored therapies, but the misapplication of these tech-
nologies also reveals a number of shared pitfalls. 
Here we review each of the major technologies 
briefly, and then consider how they can or should be 
applied to the study of incontinence. 

2.1. Genomics 
Of the “omics” technologies, arguably the most ma-
ture is the genome wide association study or GWAS. 
GWAS has revolutionised the study of the genetics of 
common diseases. In a GWAS hundreds of thou-
sands of variants, distributed across the entire ge-
nome, are genotyped to find genetic regions or loci 
associated with a trait.  The first successful GWAS, 
identified a single susceptibility locus for macular de-
generation(40), but since that time the field has grown 
to include hundreds of new primary studies per year, 
and thousands of associated publications (Figure 1). 
The exemplar conditions, amenable to a GWAS ap-
proach, are those studied in the landmark Wellcome 
Trust Case Control Consortium study (41) (type 1 dia-
betes, type 2 diabetes, coronary heart disease, hy-
pertension, bipolar disorder, rheumatoid arthritis, 
Crohn's disease). Like incontinence, these conditions 
are all both common, and complex, with a combina-
tion of genetic, environmental, and lifestyle risk fac-
tors. 

 
Figure 1 Publications indexed in Scopus* (light 
bars), and NHGRI catalogued GWAS** (dark bars) 
January 2005-December 2013 

*Scopus records indexed with terms “Genome wide 
association study” or “Genome-wide association 
study”, available at http://www.scopus.com 

** National Human Genome Research Institute 
(NHGRI) database available at  
http://www.genome.gov 

The combination of multiple aetiological factors un-
derlying complex diseases has tended to complicate 
the discovery of risk variants for these conditions. The 
‘common disease common variant’ (CDCV) hypothe-
sis suggests that common variants will explain most 
of the genetic susceptibility for common diseases. As 
the Human Genome Project was being completed, 
the original formulation of this hypothesis suggested 
that genetic susceptibility would be explained by just 

a few common variants with moderate effect 
sizes.(42,43)  However, we now know that for the major-
ity of common diseases, the common susceptibility 
variants, at least as identified using GWAS, have typ-
ically small (0.7>Odds Ratio<1.3) or very small effect 
sizes (0.85>Odds Ratio<1.15).(44,45) Despite inclusion 
of more than 150,000 individuals in the largest obe-
sity GWAS consortium, a large majority of current 
identified statistically significant risk SNPs for obesity, 
are associated with OR of only 1.01-1.15., For most 
common diseases, rather than being just a few com-
mon variants responsible for genetic susceptibility, 
there may be hundreds each with tiny and interacting 
effects, many of which will always remain out of reach 
of detection by conventional GWAS.  

Despite the successful discoveries made using 
GWAS, the whole field has attracted criticism, per-
haps because expectations for GWAS in the early 
2000’s were not met.(46,47) A first major limitation is 
that a GWAS cannot fully explain the observed herit-
ability of complex conditions.(45)  The classic example 
is height, a condition with 80% heritability, and less 
than 10% of phenotypic variance is accounted for by 
known variants.(46) The missing heritability problem 
may arise from overestimation of formal heritability in 
twin studies, or from failure to detect signals from mul-
titude of rare or common risk variants with small ef-
fects, or from a number of other epigenetic or epistatic 
effects. Regardless, even with large sample sizes 
GWAS is currently not able to uncover the full genetic 
architecture of a condition. 

The second major limitation is that GWAS has had 
very mixed success at identifying causal variants.(47) 
Many SNPs identified in GWAS are intergenic, but 
even identification of genic SNPs may not directly 
help to uncover the underlying biology. As the causal 
variants altering a gene’s expression, or a protein’s 
structure are unlikely to be directly genotyped, one 
approach is to densely genotype or sequence a 
GWAS identified risk locus, in a process called fine 
mapping.(48)  

While some new genetic risk loci have recently been 
identified for incontinence in conference abstracts, 
the only published GWAS for incontinence to date, 
with a modest sample size by the standards of the 
field, did not identify any replicated risk loci.(49) This 
situation is likely to change as the size of incontinence 
GWAS consortia grows. 

2.2. Transcriptomics 
The original measurements of total gene expression 
were performed using cDNA microarrays. These al-
low efficient simultaneous measurement of active 
mRNA expression for all known and putative  genes 
and transcripts in a cell or tissue at any given mo-
ment. This has had broad applications that largely 
overlap and complement GWAS, including at the 
most general level providing insight into biological 
mechanisms, identification of subgroups of diseases, 
and in some cases prediction of disease outcome or 
treatment response. Although this technique has 
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been widely applied to investigation of bladder carci-
nomas(50) the difficulty of sampling healthy bladder tis-
sue has limited its application in functional urology. A 
number of studies have assessed whole genome ex-
pression in cultured human detrusor smooth muscle 
cells (51,52) or in cultured human urothelial cells(53,54), 
which both likely differ systematically from such tis-
sues in vivo. The technique has been successfully ap-
plied to urine sediment, which may over-represent se-
nescent or apoptotic cells.(55) Transcriptome data 
from healthy portions of the bladder for patients un-
dergoing cystectomy has also been measured either 
using microarrays(56)  (n=2) or more recently RNA se-
quencing(57) (n=2), with the latter experiment now 
publically available.(58) RNAseq has numerous ad-
vantages over microarray, including that it can cap-
ture expression of unknown mRNAs, and their vari-
ants, whereas microarrays are limited to detection of 
known sequences. To our knowledge RNAseq has 
not been used in functional urology.  

Only two studies have applied whole genome arrays 
to benign bladder biopsies. Gamper and colleagues 
first demonstrated the feasibility of the technique, tak-
ing three to four large biopsies (20 mm3) from healthy 
and unhealthy regions of the bladder for patients with 
interstitial cystitis (n=11).(59) Tseng and colleagues 
extended this work, extracting sufficient RNA from 
single biopsies from women with interstitial cystitis 
(n=10).(60) Both experiments focused on differential 
expression associated with ulcerated and non-ulcer-
ated areas of the bladder in interstitial cystitis, provid-
ing limited generalisable information for other bladder 
conditions. A single conference abstract has been 
presented employing these methods for inconti-
nence, but at the present time no publications have 
been reported. 

2.3. Proteomics and Metabolomics 
The proteome includes all the expressed proteins in 
a cell or tissue, whereas the metabolome generally 
included only the smaller molecules less than 1 kDa 
in size. Proteomics and metabolomics have special 
interest for biomarker discovery, and particularly with 
reference to incontinence, for biomarker discovery in 
urine. Many existing biomarkers in both urology and 
gynecology are themselves proteins (e.g. PSA and 
CA125). Both proteomics and metabolomics employ 
a range of different spectroscopy techniques. Mass 
spectrometry has been perhaps the most widely used 
method, but different techniques have demonstrated 
different disadvantages, with no single method 
providing a complete and reliable assessment of ei-
ther the entire proteome or metabolome. Although 
there are only around 20,000 human protein-coding 
genes, there are predicted to be more than 250,000 
human proteins, as each gene may code for multiple 
protein products. In contrast there are only around 
5,000 small metabolites, but the diversity of mole-
cules within this class, including small proteins, lipids 
and carbohydrates poses enormous challenges for 
their identification. Both proteomics and metabolom-

ics have been widely employed in urological oncol-
ogy, and over the last two years studies for functional 
urological conditions have also been reported as con-
ference abstracts. To our knowledge, at the present 
time no studies using these technologies for inconti-
nence or LUTS have been published however. 

2.4. Caution in “omics” Research 
Incontinence is an archetypical example of a common 
complex disease, with multiple subtypes and an array 
of complex potential causes. It has a wide range of 
environmental and life style risk factors, that might ob-
scure attempts to identify meaningful biological differ-
ences. Stress and urgency incontinence overlap 
much more commonly than expected by chance, sug-
gesting that they might have common environmental 
or genetic risk factors(61), but it is not a trivial problem 
to correctly assign women as having stress, urgency, 
or mixed incontinence either on the basis of symp-
toms(62) or laboratory testing. (63) Thus any “omics” 
study of incontinence faces substantial problems with 
case ascertainment, and potential problems with mis-
classification bias, which might further obscure bio-
logical signals. Although these technologies can be 
applied to any common trait, they been most success-
ful for conditions with tightly defined pathology. Incon-
tinence as a whole certainly does not have a single 
clear pathology, and even the subtypes have multiple 
potential causes.(64)  

The common pitfalls of clinical research described 
above tend to be magnified in “omics” research. Two 
particular problems need to be planned for in the de-
sign of all ‘omics studies, both relating to the lack of 
specific hypothesis.  Unlike most conventional clinical 
or basic research, driven by a defined hypothesis, 
“omics” research seeks simply to identify differences 
in any of a large number of molecules between cases 
and controls, or between different experimental con-
ditions. For some ‘omics technologies formal consen-
sus has been reached regarding adjustment of signif-
icance to account for the huge number of simultane-
ous measurements. In human genomics, a p value of 
58 is accepted as significant, corresponding to the 
predicted number of independent genetic loci. In 
other “omics”  fields different adjustments are consid-
ered, including the very conservative Bonferroni cor-
rection, and the more liberal False Discovery Rate 
method, which controls the significance threshold, 
such that a typical 10% of “significant” results are ac-
cepted as due to type 1 error. For all “omics” studies 
very careful consideration of sample size is needed 
at planning stage to account for loss of power from 
multiple comparisons. 

The related problem is of a need for external replica-
tion of “omics” results. Not only is there a risk of false 
positive results, but the problem of winner’s curse will 
also tend to magnify apparent effect sizes for the top 
“hits” from “omics” studies.(65,66) In GWAS the current 
default is for a two-stage design with a discovery pro-
cess using whole genome SNP arrays, and replica-
tion in independent samples, using either new arrays, 
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or SNP by SNP genotyping. For expression microar-
rays, concern about the accuracy of the technology, 
particularly for low abundance transcripts has led to a 
need for independent verification of results, typically 
using PCR. For other ‘omics technologies criteria for 
replication are less well established, and again need 
to be planned for in the design of projects. 

 BASIC SCIENCE RESEARCH 

1. USE OF LABORATORY ANIMALS 
FOR RESEARCH 

Drawing from the human ethical oversight construct, 
the development and implementation of a similar pro-
cess to ensure animal welfare is now common prac-
tice and required at all research institutions conduct-
ing research with animals. Animal use and welfare 
was under no federal regulation prior to 1966. Start-
ing in 1961, a group of veterinarians working in re-
search institutions began meeting in Chicago to for-
mulate the first guidelines governing animal care.  A 
Guide for the Care and Use of Laboratory Animals 
was prepared by this group and supported by the 
NIH.  However, there was no U.S. federal law govern-
ing animal welfare and the use of cats and dogs for 
research was increasing, often supplied by local ani-
mal dealers. A major article, with photographs, pub-
lished in Life magazine highlighted animal abuse, 
theft and neglect by these dealers galvanizing pas-
sage of the Laboratory Animal Welfare Act by Con-
gress in 1966.(71) In 1986 the term IACUC was coined 
in the Animal Welfare Act where the composition of 
each institutions IACUC committee was delineated.  
Each IACUC must ensure the use of animals for re-
search is performed in a humane manner compliant 
with federal guidelines and regulations.   

 TRANSLATIONAL RESEARCH 
(BENCH TO BEDSIDE) 

Definition: Translational research is the process of 
turning observations in the laboratory, clinic and com-
munity into interventions that improve the health of in-
dividuals and the public — from diagnostics and ther-
apeutics to medical procedures and behavioural 
changes.(72)  

  

Translational research is a critically important link be-
tween the bench and the bedside. Without effective 
translation, we lose the benefits of costly and innova-
tive biomedical research. Current impediments to 
support translational research include a severe lack 
of translational funding and the resources to facilitate 
a very complex translational medicine pathway.  Un-
fortunately, only about 2 percent of the current US 
federal funding goes to translational research.  “The 
translation of basic biological discoveries into clinical 

applications that improve human health is an intricate 
process that involves a series of complex steps:  the 
discovery of basic information about the pathogene-
sis of a disease; an assessment of whether that infor-
mation has the potential to lead to a clinical advance; 
development of candidate diagnostics, devices or 
therapeutics; optimisation of the candidates in pre-
clinical settings; regulatory assessment of the data to 
determine use for human use; testing in human clini-
cal trials; application for approval for widespread clin-
ical use; and ultimately, the assessment of approved 
diagnostics, devices, and therapeutics during wide-
spread use in real-world settings”.(73)  Initiatives to in-
tegrate the public and private sectors led to the for-
mation of the National Center for Advancing Transla-
tional Sciences (NCATS) at the US National Institutes 
of Health in 2012. NCATS research projects and initi-
atives focus on addressing scientific and technical 
challenges to reduce, remove, or bypass bottlenecks 
in the development of new treatments and tests that 
will ultimately improve human health. The aim of 
NCATS is to catalyse the scientific community to pro-
pose implementation projects including therapeutic 
target validation, chemistry, virtual drug design, pre-
clinical toxicology, biomarkers, efficacy testing, phase 
zero clinical trials, drug rescue and repurposing, 
novel clinical trial design and post-marketing re-
search. With translational research, the focus is on 
the result, not the process.  Translational research 
recognises that knowledge exists to change lives, but 
it must be tested, confirmed and applied. 

 CLINICAL RESEARCH  

Definition 

Many definitions for “clinical research” have been pro-
posed.  The National Institutes of Health (NIH) cur-
rently defines clinical research as research with hu-
man subjects that is:  

1.1. Patient-orientated Research 
Research conducted with human subjects (or on ma-
terial of human origin such as tissues, specimens, 
and cognitive phenomena) for which an investigator 
(or colleague) directly interacts with human subjects. 
Excluded from this definition are in vitro studies that 
utilize human tissues that cannot be linked to a living 
individual. It includes: (a) mechanisms of human dis-
ease, (b), therapeutic interventions, (c) clinical trials, 
or (d) development of new technologies.  

1.2. Epidemiological and Behavioural 
studies 

1.3. Outcomes Research and Health 
Services Research  

Patient-orientated research encompasses many 
study designs, from cross-sectional questionnaire 
studies to large-scale clinical trials.  The NIH defines 
a clinical trial as, “A research study in which one or 
more human subjects are prospectively assigned to 
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one or more interventions (which may include pla-
cebo or other control) to evaluate the effects of those 
interventions on health-related biomedical or behav-
ioral outcomes.”  Clinical trials of an experimental in-
tervention may be done in a small group of people to 
determine a safe dosage range and identify side ef-
fects (Phase I), in a larger population to determine ef-
ficacy and further evaluate safety (Phase II), in a very 
large population to compare effectiveness with other 
standard or experimental interventions and to collect 
information that will allow the interventions to be used 
safely (Phase III), and to monitor the effectiveness 
and safety of the approved intervention in the general 
population after it has been marketed (Phase IV).  

Challenges 

Conducting clinical research is challenging.  An Insti-
tute of Medicine workshop identified several key chal-
lenges as follows(74): 

• Prioritising of clinical research questions 

• The divide between clinical research and clinical 
practice 

• Globalisation of clinical trials 

• The cost of clinical trials 

• Narrow incentives for physician participation in 
clinical research 

• Shrinking clinical research workforce 

• Need to navigate administrative and regulatory 
requirements 

• Recruitment and retention of patients 

The next section focuses on some challenges that 
are of particular relevance to studies of urinary incon-
tinence and pelvic organ prolapse.   

2. INCLUSION AND EXCLUSION 
CRITERIA 

Inclusion criteria are often narrow; while results de-
rived from a homogenous pool of participants is more 
likely to demonstrate a difference from an experi-
mental intervention, the results also may be biased 
and applicable only in this homogeneous popula-
tion(75), making translation to the practicing clinician 
difficult.  Narrow inclusion criteria also may hamper 
the ability to meet recruitment goals. But, while broad 
inclusion criteria yield more generalisable results, 
these may also make it harder to attribute statistical 
significance to the intervention under study.   

In general, it is important to limit exclusion criteria to 
those that reduce risk to potential participants, and, 
especially in longer-term studies, to those factors that 
could hamper the potential for follow-up.  It is im-
portant to include individuals in whom the treatment 
would likely be used once widespread.  For example, 
in testing a new drug for urgency incontinence, that is 

excreted by the kidneys, it is important to exclude 
people with high serum creatinine levels, but equally 
important to include older individuals with multiple co-
morbidities in specific studies, as these are also likely 
to benefit from a drug for urgency incontinence once 
released.  

Additionally, inclusion criteria related to the condition 
of study must be considered in concert with the con-
sideration of the primary outcome measure.  If an in-
clusion measure defines “disease”, it is essential that 
the outcome measure does not include this same 
measure or cut-point as “success”.  For example, if a 
surgical trial comparing two treatments for pelvic or-
gan prolapse defines prolapse as >/= stage II (and 
excludes from enrolment only women with </= Stage 
I prolapse) and the primary outcome measure defines 
successful treatment as prolapse at or above the hy-
men, then women enrolled with maximal prolapse at 
points 0 or -1 may be considered successfully treated 
when in fact, their condition has not changed.  It is 
also important to note that a given condition, such as 
stress urinary incontinence, will be present or absent 
depending on which outcome measure is used to de-
fine it.  Avoid using one outcome measure to exclude 
women from a study and then a different outcome 
measure defining the same condition as the primary 
outcome measure.  

3. BLINDING (MASKING) 

While blinding of participants, health care providers 
and the research team is feasible in pharmaceutical 
trials (though not without problems), it may not be 
possible in trials of some surgical procedures, behav-
ioral or physical therapies, or health care delivery 
methods. In these studies, the only possible blinded 
person is often the assessor. It may be advantageous 
for the clinical staff to be aware of the assignment to 
allow them to monitor the health and safety of individ-
uals, since the potential effects of the treatment (side 
effects) will often be known in advance. Single blind-
ing ameliorates biased reporting of symptoms and/or 
side effects by participants. However, clinical staff 
can influence data collection and change other as-
pects of participants’ care when they know which 
study treatment subjects are receiving.  

It should be noted that blinding is not impossible in all 
surgical trials and should be considered when possi-
ble.  For example, in a trial comparing mid-urethral 
sling versus no treatment in continent women under-
going vaginal surgery for pelvic organ prolapse, sur-
geons made superficial suprapubic incisions in 
women randomly assigned to sham treatment and 
the incisions were dressed in the same way as the 
actual incisions in the group assigned to tension-free 
vaginal tape.(76)  At 12 months, only 10% of partici-
pants assigned to TVT were sure of their treatment 
group and 94% of these were correct, while 11% of 
participants assigned to sham treatment were sure of 
their treatment; 47% were correct. Of the remainder 
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who reported no treatment knowledge, 33% in both 
groups correctly guessed their treatment assignment. 

4. RANDOMISATION 

Stratified randomisation ensures equal distribution of 
subjects with a particular characteristic in each group 
when blocking is employed within strata. This is par-
ticularly important if certain participant characteristics 
are likely to influence the outcome.  For example, in 
incontinence research, variables such as prior failure 
of therapy, degree of pelvic organ prolapse or sever-
ity of incontinence might be considered important 
enough to stratify at randomisation, because unequal 
distribution of variables important to the outcome may 
create headaches during the data analysis. 

5. PARTICIPANT SAFETY 

Ensuring participant safety is paramount.  An inde-
pendent data safety monitor (DSM) or data safety 
monitoring board (DSMB) is important to evaluate the 
study on an ongoing basis to determine early evi-
dence of significant harm or benefit.(77,78) Depending 
on the size, complexity, and risks of a trial, the DSMB 
is comprised of experts needed to monitor interim 
data to ensure the safety of the participants. The 
DSMB should be established prior to initiation of the 
trial. In addition to reviewing results of the study for 
safety monitoring they may evaluate interim analyses 
to ensure that a treatment is not producing unac-
ceptable levels of side effects and/or efficacy.(32,77)  A 
priori stopping rules or boundaries are established to 
assess if the study should continue or be terminated 
due to futility (that is, no conclusion will be drawn due 
to low enrollment, few outcome events, or high drop-
out rates etc.), reaching an endpoint, or identifying in-
creased risks. Guidelines for stopping the study 
should be agreed upon, prior to the start of the trial.(31) 
Interim analyses (in particular those based on effi-
cacy) will have implications for the study power.  Spe-
cialist statistical advice and support will be essential 
to address these issues.(79,80) Investigators must not 
be aware of the results of interim analyses, however, 
since this may cause bias by influencing how vigor-
ously any given patient is recruited into or followed up 
in the study, and most importantly, runs the risk of a 
type II error (i.e. mistakenly concluding benefit when 
there is none). Nevertheless, emergency procedures 
for unblinding a patient’s allocation are required in 
case of a severe side effect or concomitant serious 
illness where knowledge of treatment assignment is 
essential for patient management and safety. 

6. ANALYSIS 

High quality data management is key to providing 
valid and ethical research results.(81) The analytical 
plan should be consistent with study aims and the a 
priori analytical plan should be included at the time of 

the protocol entry into a clinical trials registration sys-
tem. Currently, high tier journals will often request the 
statistical analysis plan and protocol at the time of the 
review of the report.  This section will not contain any 
technical details of statistical methods, which are 
available in standard texts.(82-84)  Instead we note 
some particular problems faced by research with 
longer-term follow-up in incontinence and pelvic or-
gan prolapse.   

The gold standard in analysing randomised trials is 
by intention-to-treat, according to the group to which 
subjects were randomised, regardless of the extent of 
compliance with the intended treatment.  Appreciable 
loss to follow-up in a trial (which is not the same as 
adherence with intended treatment, lack of efficacy, 
or the observation of adverse events) may present 
serious problems both in terms of generalizability of 
the findings to the wider population and, in the case 
of differential loss to follow-up across treatment 
groups, to the validity of the comparisons. Results 
should always be accompanied by a full and clear de-
scription of how the analysis handled deviations from 
intended treatment and missing outcome measures. 
For example, in a randomised trial comparing surgery 
and a urethral plug for urinary incontinence, in which 
participants are followed for 5 years and outcomes 
collected using patient-reported outcomes, how 
should data from participants that crossed over from 
one group to the other be handled?  It is more likely 
that participants in the urethral plug group, over the 
course of time, will request surgery than the opposite; 
if no adjustment is made, the two interventions may 
have the same effectiveness when analyzed by inten-
tion-to-treat methods.  Decisions in this regard re-
quire substantial thought.  The discussion should in-
clude how missing outcome data may have affected 
the conclusions.(85) Sensitivity analyses can be used 
to test the exclusion of, or assumptions about, miss-
ing values; practical examples of such analyses are 
becoming more common.(86)   

7. TRAINING AND CERTIFICATION 

Little training is needed to administer a pill.  The same 
is not true for surgical, behavioural and physiotherapy 
interventions. Competence varies widely and a learn-
ing curve can be substantial.  However, surgical or 
clinical expertise is rarely reported in clinical research 
studies. For example, in a systematic review of 99 
studies of open spine surgery, only 10% described 
surgical skill or experience, which raises the question 
of expertise bias in interpreting studies’ results.(87)  In 
addition to the actual intervention, other study proce-
dures can also be impacted by inconsistent experi-
ence.  The Urinary Incontinence Treatment Network 
demonstrated that multi-centre urodynamic studies 
require not only the development of specific proce-
dures and interpretation guidelines, but also continu-
ous quality improvement efforts.(88)  
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8. CHALLENGES IN CONDUCTING 
TRIALS IN DEVELOPING COUNTRIES 

Conduct of clinical trials in developing countries pre-
sents ethical, organizational, cultural and infrastruc-
tural challenges to researchers, pharmaceutical com-
panies, sponsors and regulatory bodies.(89) A balance 
between managing these challenges while yet con-
ducting the trials is important so that research can be 
encouraged and supported in order to bring maxi-
mum public health benefits to these communities, of-
ten underrepresented in research. Difficulties, as out-
lined by authors of an investigator-initiated trial, in-
clude “obtaining valid informed consent, ethical com-
pensation mechanisms for extremely poor popula-
tions, poor health infrastructure and considerable so-
cio-economic and cultural divides”.(89) Other chal-
lenges include appropriate translation of study meas-
ure, access to care at the conclusion of the trial, ad-
ministrative bottlenecks, equitable investigator (as 
well as participant) compensation, difficulty obtain 
skilled researchers, and regulatory bodies with differ-
ent standards from those of developed countries. 

9. TRIAL REGISTRATION AND DATA 
SHARING 

The International Committee of Medical Journal Edi-
tors (ICMJE) initiated a policy in 2005 requiring inves-
tigators to enter information about trial design into an 
accepted clinical trials registry at or before the time of 
first patient enrolment.(90)  This requirement, adapted 
by many journals, aims to restrict the practices of se-
lective publication and selective reporting of research 
outcomes, as well as to prevent unnecessary dupli-
cation of research effort. The ICMJE accepts registra-
tion in any registry that is a primary register of the 
WHO International Clinical Trials Registry Platform 
(ICTRP) or in ClinicalTrials.gov. The ICMJE encour-
ages registration of research with non-trial designs, 
such as observational studies, but does not require it 
at this time.  The ICMJE also encourages posting of 
clinical trial results in clinical trial registries but does 
not require it; such posting is not considered prior 
publication if the results are limited to a brief abstract 
or tables. 

Standards recommended by ICMJE are frequently 
adapted by medical journals and therefore play a ma-
jor role in guiding research conduct.  Thus, it is of in-
terest to note that at the time of this writing, the ICMJE 
posted proposed requirements for sharing clinical trial 
data and is inviting public feedback.  In an editorial, 
the Committee notes that “there is an ethical obliga-
tion to responsibly share data generated by interven-
tional clinical trials because participants have put 
themselves at risk”.(91)  The ICMJE recommendation 
continues: “As a condition of consideration for publi-
cation of a clinical trial report in our member journals, 
the ICMJE proposes to require authors to share with 

others the de-identified individual-patient data (IPD) 
underlying the results presented in the article (includ-
ing tables, figures, and appendices or supplementary 
material) no later than 6 months after publication.” 
The proposal also requires that authors outline a de-
tailed plan for data sharing at the time of clinical trial 
registration. While the outcome of this proposal isn’t 
known at the time of this report, it is clear that the tides 
are turning and data sharing is now viewed as more 
and more important, not only by journal editors, but 
by funding bodies (which often have specific require-
ments to this regard), investigators and research par-
ticipants. Nuances of data sharing should be consid-
ered in planning clinical trials (for example, in the con-
sent process, participants must be asked to provide 
consent to have de-identified data shared publicly).  
Investigators should stay abreast of changes in this 
rapidly evolving area.   

Many funding agencies around the world require pub-
lications resulting from such funding to be deposited 
in an open repository, so that they are freely available 
to all.  In general, authors submit the postprint (the 
manuscript after peer review and acceptance but be-
fore copy-editing, formatting or other journal-specific 
tasks) to a repository accessible online without 
charge.  A large number of journals now assist the 
author by automatically depositing the published con-
tent into a repository such as PubMed Central.  Some 
publishers will delay the release of their articles for a 
set time after publication, generally six to twelve 
months. 

10. REPORTING RESEARCH 
RESULTS 

The investigator has an ethical responsibility to take 
responsibility for all aspects of the research, ensuring 
that the work is done rigorously and to maintain the 
integrity of the research.(31) Investigators should ad-
here to published standards in reporting their re-
search results, in order to maximise quality and trans-
parency. Further, most journals require this.  Adher-
ence to these guidelines and the use of flow diagrams 
in particular is associated with improved quality in re-
porting of RCTs.(92)  The "Enhancing the QUAlity and 
Transparency Of health Research" (EQUATOR) Net-
work project (www.equator-network.org) provides a 
continuously updated platform of the many different 
guidelines now available for reporting the design, 
methods and results of different study types.  The 
most commonly used guidelines for clinical research 
are listed below: 

• Consolidated Standards of Reporting Trials(93):  
for randomized clinical trials 

• Strengthen the Reporting of Observational Stud-
ies in Epidemiology(94) —of note, these guide-
lines do not pertain only to prospective cohort 
studies, as sometimes assumed, but also to 
cross-sectional, case-control and retrospective 
studies. 
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• Standards for Reporting of Diagnostic Accu-
racy(95): for studies about the accuracy of diag-
nostic tests.  

• Preferred Reporting Items for Systematic Re-
views and Meta-Analyses(PRISM)(96): for sys-
tematic reviews 

• Standards for Quality Improvement Reporting 
Excellence (SQUIRE)(97): for studies about qual-
ity improvement in health care 

• Standard protocol items for clinical trials 
(SPIRIT) -this is an excellent resource in plan-
ning a clinical trial.(98) 

To improve guidelines adherence, a checklist accom-
panies each guideline. It is crucial that the reporting 
guidelines be considered during the planning phase 
of the study in order to ensure that all key elements 
are collected as required. 

Most of the guidelines contain additional separate 
items for certain types of studies.  In this section, we 
use the CONSORT guidelines as an example.  
CONSORT includes additional guidelines for report-
ing parallel group randomised trials, pragmatic trials, 
non-inferiority and equivalence trials, and cluster ran-
domised designs.(99-103)  The statement includes a 
checklist of items that covers a comprehensive set of 
characteristics of a clinical trial.  These include clear 
statements about the objectives of the trial, intended 
study population, planned comparisons and justifica-
tion for any subgroup or covariate analyses. The 
method and unit of randomisation should be stated.  
For all trials, specifications for the sample size calcu-
lation (primary outcomes, target differences, etc.) 
should be stated and justified. In addition, the preci-
sion actually obtained in a study must be presented. 
This requires confidence intervals as well as the ob-
served p-values, at least for primary outcomes but 
preferably for all outcomes. The principal confidence 
intervals should be for comparisons between the 
groups, rather than for differences in the outcomes 
within the trial groups.(82,104) Results should include a 
trial flow diagram, with numbers and reasons for the 
exclusion of eligible subjects, the number randomised 
and subsequent losses to follow-up.(105) Protocol de-
viations should be described and explained.(106)  
Harms of the trial should be described for each treat-
ment group.  Finally, the discussion should include a 
brief summary of the trial’s findings, possible expla-
nations for the results, interpretation of the findings in 
light of the literature, limitations of the trial including 
internal and external validity, and the clinical and re-
search implications of the study.(107) Some guidelines 
also include specific information that must be in-
cluded in publication abstracts.  These are particu-
larly important to follow, given that many readers rely 
solely on the abstract for their interpretation of a 
study.   

11. RECOMMENDATIONS ON STUDY 
CONDUCT AND STATISTICAL 

METHODS 

• The role of quality RCTs as providing the strong-
est level of evidence in incontinence research 
should be fully acknowledged by researchers, 
journal reviewers, and editors. HIGH  

• Careful attention to the planning and design of all 
research, especially RCTs, is of the utmost im-
portance. HIGH  

• Appropriate expertise in biostatistics and clinical 
trial design should be employed at the design 
phase of a RCT and thereafter on an ongoing ba-
sis. HIGH  

• The design, conduct, analysis and presentation 
of research should be fully in accordance with the 
applicable research guidelines. HIGH  

12. SPECIAL CONCERNS FOR 
SPECIFIC STUDIES 

12.1. Systematic Reviews  
Systematic review remains perhaps the most formal-
ised part of epidemiology, with a wealth of available 
guidance for the correct conduct and reporting of re-
views(96,108-112), and the creation of recommendations 
based on the evidence.(110) Without transparent re-
porting of systematic reviews, it is difficult for editors 
and readers to judge the quality of a review. One fun-
damental step that is frequently overlooked is pro-
spective registration of the review protocol in a data-
base such as PROSPERO. The types of studies in-
cluded should be pre-specified, along with all planned 
outcomes and analyses.  

Searches should encompass a range of sources, per-
haps including Medline, EMBASE and CINAHL. Im-
portantly, as many studies never reach publication ef-
forts should be made to search the grey literature. It 
is almost always helpful to directly contact primary 
study authors, for clarifications, additional information 
about methodology, and even additional data or anal-
yses where necessary. 

The screening and data extraction process should be 
planned in advance, and all reviewers should be 
trained to use the data forms, to achieve a high level 
of consensus. All screening and data extraction 
should be performed independently and in duplicate. 
Reference lists should be hand searched for all in-
cluded articles, applying the same standardised 
screening process, as this can pick up additional rel-
evant studies.  

Statistical methods are equally formalized for meta-
analysis. Fixed effects models [Mantel-Haenszel 
weighting (113) should be used for meta-analyses with 
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only two studies, or for three or more studies and low 
heterogeneity, but otherwise random effects models 
[Dersimonian and Laird weighting(109) should be used.  
Assessments of risk of bias in primary studies, and 
for the meta-analysis as a whole(111), are important 
particularly when formalising recommendations 
based on the pooled evidence, and should follow the 
most relevant scheme for the types of studies in-
cluded.(112) 

12.2. Quality Improvement Studies   
The SQUIRE (2.0) guidelines facilitate performance, 
analysis, and publication of quality improvement.(97) 
SQUIRE 2.0 is the inclusion of a glossary of key terms 
to help standardise definitions and clarify the use/mis-
uses of commonly employed phrases in the quality 
improvement literature. Terms such as “intervention,” 
“opportunity costs,” “process,” and “systems” are 
clearly defined. The guidelines also present infor-
mation about context (interpreting the work within its 
own unique environment), and studying the interven-
tion (evaluating the generalisability of the intervention 
as opposed to simply performing or doing it). The 
guidelines are presented in a printable 18-item table 
that takes potential quality improvement investigators 
through a step-by-step process for performing and 
publishing their work from abstract to conclusion. 

12.3. Observational Studies Using Routinely 
Collected Health Data 

Observational studies using routinely collected health 
data obtained for clinical and administrative purposes 
(often referred to as “database studies”) are increas-
ingly common, given the increased availability of 
health administrative data, disease registries, elec-
tronic health record data repositories, public health 
reporting data, etc. The major advantage of these 
studies, that the data are already collected, often on 
millions of people, is also the major drawback:  Be-
cause the data were collected without a specific a pri-
ori research goal in mind, the database may lack key 
information needed.  Further, the information col-
lected, especially in administrative data collected for 
billing purposes, may not be accurate; validation is of-
ten required. However, the potential of such data-
bases to enable efficient and cost-effective research 
is substantial. 

The REporting of studies Conducted using Observa-
tional Routinely-collected health Data (RECORD) 
Statement is an excellent resource for investigators 
planning and reporting such studies.(114) Below we 
summarize, based on this statement, some of the key 
recommendations for investigators planning studies 
using routinely collected health data.  Further detail is 
available in the full report. 

• Clarify whether the analyses were exploratory or 
confirmatory, and indicate whether the hypothe-
ses were generated before or after data analysis. 

• For studies that involve linkage of databases, 
display in detail the data linkage process. 

• Explicitly state the methods used to identify study 
subjects, including whether identification is 
based on single codes, algorithms (combinations 
of records or codes), linkage between data-
bases, or free-text fields. 

• Provide a complete list of codes and algorithms 
used to classify exposures, outcomes, confound-
ers, and effect modifiers. 

• Describe data cleaning methods at different 
stages of the study (for example, how were miss-
ing data and repeated measures handled?)  

• Clearly define how the final study population was 
derived.  

• Consider potential sources of bias: “(1) codes or 
algorithms to identify study populations, out-
comes, confounders, or effect modifiers (mis-
classification bias); (2) missing variables (un-
measured confounding); (3) missing data; and 
(4) changes in eligibility over time”.(114) 

Unmeasured confounding is particularly problematic 
in these types of studies.  The fact that an outcome 
was assessed in a very large population cannot make 
up for the absence of an important potential con-
founder in the database.  The investigator is better off 
looking elsewhere to answer the research question at 
hand.   Another problem frequently arising in studies 
using large databases are changes in composition of 
the database population or coding practices over 
time.  Such changes challenge the integrity of tem-
poral comparisons using the dataset. Finally, some 
journals require that the author attest to the reliability 
and validity of key variables used in a database be-
fore they will consider publication of these studies. 

12.4. Behavioural and Physiotherapy Trials 
Terminology:  The lack of consistent terminology se-
verely hampers our ability to build a body of literature 
about conservative interventions. The terms “behav-
ioural therapy”, “lifestyle intervention”, “conservative 
treatment”, “non-surgical treatment”, “physiotherapy”, 
“biofeedback”, and pelvic floor muscle exercise” are 
often used interchangeably and incorrectly to de-
scribe both the same, and different interventions. 
While such therapies are discussed elsewhere in this 
consultation, we here advance this committee’s opin-
ion about appropriate terminology, consistent with the 
most recently updated terminology manuscript (115):  

Behavioural interventions: According to Oxford Ad-
vanced American Dictionary the term behavioural is 
“the way someone behaves, especially towards other 
people”, and behavioural science is the study of hu-
man behaviour. We recommend that behavioural sci-
ence be limited to studies that evaluate how people 
do or do not behave as desired. 

Lifestyle modification interventions: Lifestyle 
modification interventions for UI are discussed else-
where in this consultation and have traditionally in-
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cluded diet modification, intake of caffeine and car-
bonated soft drinks, fluid restriction, weight loss, 
smoking cessation and advice of increasing general 
physical activity level. Behavioural science can be 
used to understand how and why people change life-
style to, for example, adhere to exercise and weight 
loss programs, but it should not be used as term to 
replace specific therapies such as physiotherapy or 
pelvic floor muscle training.  

Physiotherapy: Physiotherapy refers to assess-
ment, prevention and treatment given by an author-
ised physiotherapist (ICS physiotherapy committee 
www.icsoffice.org). It involves “using knowledge and 
skills unique to physiotherapists” and, “is the service 
only provided by, or under the direction and supervi-
sion of a physiotherapist” (WCPT 1999). This implies 
that the term physiotherapy should only be used in 
trials where the professional providing the interven-
tion is a physiotherapist. We recommend describing 
the actual intervention instead of using the term phys-
iotherapy: eg pelvic floor muscle training with or with-
out biofeedback, electrical stimulation, pelvic floor 
muscle training with vaginal cones or resistance de-
vice etc. This accurately describes the intervention 
and is neutral towards profession. Publications 
should report the actual profession of the interven-
tionist (e.g., physiotherapist, general practitioner, 
urogynaecologist, urologist, midwife, nurse, fitness 
instructor), rather than using the vague term, “thera-
pist”.  

Biofeedback: Biofeedback encompasses “a group of 
experimental procedures where an external sensor is 
used to give an indication on bodily processes, usu-
ally in the purpose of changing the measured qual-
ity”.(115,116)  Biofeedback equipment was developed 
within the area of psychology, mainly for measure-
ment of sweating, heart rate and blood pressure un-
der different forms of stress.  Today, a variety of bio-
feedback apparatuses are commonly used in clinical 
practice to assist with PFMT, and the biofeedback 
can be either visual, auditory or both. In many text-
books the term “biofeedback” has been used to clas-
sify a method as different from PFMT. However, bio-
feedback is not a treatment on its own. It is an adjunct 
to training.  For example, it may measure the re-
sponse from a single PFM contraction or provide vis-
ual feedback during attempts to relax the muscles. 
Hence, a more precise terminology is PFM training or 
relaxation with or without biofeedback.  

In addition to traditional biofeedback apparatuses, 
other instruments can offer valuable feedback. Vagi-
nal and anal surface EMG, urethral, vaginal or anal 
squeeze pressure measurements, ultrasound and 
MRI can all be used to make the patients more aware 
of muscle function, and to enhance and motivate pa-
tients’ effort during training.(117) 

Conservative interventions/treatments: Conserva-
tive interventions include all of the above, and this 
term includes everything except medication and sur-
gery. As several studies have found that more than 

30% of women with pelvic floor dysfunction are not 
able to perform a correct PFM contraction at the first 
consultation(118-121) it is mandatory to report how abil-
ity to perform a correct contraction was assessed be-
fore commencing an exercise trial. Also in electrical 
stimulation research one should report in which way 
response to the stimulation was assessed.  
 

Although there is level A, grade 1 evidence for some 
of the conservative interventions such as PFMT for 
SUI, a variety of new conservative methods to treat 
the condition are frequently suggested in clinical 
practice and in the literature. These new methods are 
often presented as being effective, but are usually a 
hypothesis based on theories, data from small exper-
imental laboratory studies/ small clinical series, or as-
sociations found in large epidemiological studies. If 
the clinicians like the approach, it soon enters clinical 
practice and textbooks without any further critical 
testing.(122) A model for how new therapies ideally 
should enter clinical practice has been proposed.(123) 
In this model the new idea should go through at least 
the 4 first stages before they enter practice: 

• Clinical observation and laboratory studies 

• Clinical exploration 

• Pilot studies 

• Randomised controlled trials 

• Refinement, e.g. dose-response issues 

• Active dissemination of the method if it has 
proven to be effective 

It is important that the patients participating in the 3 
first stages before the RCT are given full information 
that they are participating in an experimental treat-
ment, and that the clinician does not know if this new 
approach is effective. The patients also need to be 
informed if there are other proven effective treat-
ments available. 

12.5. Reporting of Trial Characteristics 
In addition to reporting the specific type of interven-
tion (e.g. PFMT with biofeedback compared to PFMT 
alone or electrical stimulation) and the profession ad-
ministering the intervention, the intervention needs to 
be described in such detail that other investigators 
can reproduce the intervention. This includes: 

• Ability to perform a correct PFM contraction. 

• Frequency: number of home training sessions 
and supervised training sessions (e.g. every day, 
3 times/week) 

• Number of repetitions and sets (e.g. 12 sets x 3 
times/ day) 

• Duration: length of each training session (e.g. 20 
minutes), and duration of the total training period 
(e.g., 3 months, 6 months) 
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• Intensity:  In exercise science, this is usually re-
ported as % of one repetition maximum for 
strength training. In pelvic floor muscle training it 
is often described as attempts to reach maximum 
contractions or utilising submaximal contrac-
tions. Another description of intensity is the hold-
ing time in seconds, e.g.: 6-8 sec  

• Adherence: the degree to which participants fol-
low the prescribed protocol, usually reported as 
a percentage of the total possible.  

Educational material provided, such as DVDs, bro-
chures and booklets should be described. 

Assessment: All devices used for assessments (e.g. 
manometers, dynamometers, ultrasound and EMG) 
must be described in detail, and their responsiveness 
(ability to detect small changes), reliability and validity 
should be reported.(124)  

12.6. Adherence vs Effectiveness  
It is important to note that adherence is not the same 
as the effectiveness of a programme, as it is possible 
to have high adherence, but still little effect of train-
ing.(125) Hence, when reporting the effect of conserva-
tive interventions it is ideal to measure also the expo-
sure variable that the treatment is expected to change 
(e.g. muscle strength, ability to relax etc). This varia-
ble should not be confused with the primary or sec-
ondary outcomes of the intervention (e.g leakage 
measured with pad testing, number of leakage epi-
sodes or QoL).  

In many areas of conservative interventions there are 
high quality RCTs, systematic reviews and meta-
analysis showing statistically significant and clinically 
relevant differences between the intervention and the 
untreated control group or other interventions. Of 
conservative therapies, PFMT for SUI/MUI has the 
strongest evidence to support its use; further, the 
more intensive the programme (more supervision, 
higher dosage of training) the better the effect. There-
fore, when comparing new methods and innovations 
with established PFMT, it is important to compare the 
new intervention with the current best evidence, 
meaning the effective arm of the reported RCTs. Un-
fortunately, it is common to compare new methods 
with an ineffective training protocol, thereby overesti-
mating the effect of the new method and claiming that 
it is equal to or better than “the old method”. When 
comparing different methods the dosage also needs 
to be the same in both treatment arms, e.g. when 
comparing PFMT with and without biofeedback, the 
number of supervised sessions, length of the ses-
sions, frequency of home treatment and duration of 
the intervention must be the same.  

12.7. Adverse Events and Cost 
There are few adverse effects or complications re-
ported after conservative interventions, but they do 
exist, e.g. in electrostimulation(126), and adverse ef-
fects or lack of adverse effect, and inconvenience to 
the patients should be reported. Although seldom 

harmful, conservative treatments are time consuming 
and can be costly for participants and paying parties 
because of the need for close follow up during the in-
terventions. Cost effectiveness studies are crucial to 
fully understand where conservative therapies fit in 
the treatment armamentarium. 

  

12.8. Outcome Measures 
The need for use of responsive, reliable and valid out-
come measures in research is covered elsewhere in 
this chapter. The RCTs published in conservative 
treatment have applied a huge variety of outcome 
measures, making systematic reviews and meta-
analysis difficult or impossible to conduct. Therefore, 
in future research it is important to use established 
and recommended outcome measures. In addition to 
description and use of responsive, reliable and valid 
primary and secondary outcome measures, future 
studies should include description and assessment of 
adherence to the intervention protocol, measurement 
of the independent variable (the intervention; e.g. 
strength training, relaxation training) and measure-
ment of the possible underlining mechanisms of how 
the treatment works. It is usually not possible to blind 
the participants or those providing the intervention, 
but the assessors of outcome should always be 
blinded to group allocation. 

12.9. Specific and Non-specific Effects 
There have been some concerns that the effect of 
conservative treatments can be attributed to non-spe-
cific effects such as the extra attention of the thera-
pist. The role of the therapist is to educate, motivate 
and empower the patient to be able to perform the 
actual program, secure high adherence, and mini-
mize participant drop out. In patient reported out-
comes and reports on quality of life it may be difficult 
to separate the effect of the attention and the actual 
effect. However, the effect of the attention is less 
likely to affect outcomes such as muscle strength, 
urodynamic assessments, pad testing and morpho-
logical changes measured by ultrasound and MRI. In-
vestigators blinded to treatment allocation should 
conduct all assessments in order to minimize bias. 
The logistics of this should be addressed during the 
planning phase of the study. In a high quality RCT, 
Dumoulin et al address the problem of attention in 
physiotherapy research.(127) Women with persistent 
UI, three months after childbirth were randomised to 
either two different training regimens or a control 
group receiving relaxation massage for the back and 
limbs for the same amount of time as the supervised 
training groups. 70% were cured on pad testing in 
both treatment groups while there was no effect on 
urine loss in the relaxation massage group. Partici-
pants in the massage control group had improvement 
in disease specific quality of life. 



 

 
CLINICAL RESEARCH  2529 

 

12.10. Power Calculations and Number of 
Participants 

Some of the RCTs on conservative treatments are 
flawed by small sample sizes, this being especially 
evident in electrostimulation studies and may account 
for negative effects caused by type II errors. It is im-
portant that future studies use results of previous pub-
lished studies to make appropriate power calculations 
that incorporate estimates of drop outs and loss to fol-
low-up to decide the optimal number of participants 
needed. Recruiting large numbers of participants may 
come at the expense of the rigor of the interven-
tion.(128) Weak interventions (e.g. non-optimal training 
dosages or suboptimal electrostimulation parame-
ters) are unlikely to be effective and do not yield the 
true effect of an intervention. In meta-analyses, add-
ing RCTs with large sample sizes but weak and inef-
fective interventions can dilute the effect of smaller 
RCTs with higher methodological and interventional 
quality (128).  

12.11. Long-term Studies 
To date there are no quality criteria for how to report 
long term follow-up studies or how to conduct meta-
analyses of long term studies. Challenges in long 
term follow-up studies include cross over to the more 
effective treatment after cessation of the original 
RCT, co-interventions during the follow-up period, re-
current events (e.g. new pregnancy), competing 
events (other diseases leading to incontinence) and 
loss to follow up. For conservative interventions it is 
expected that any training effect will diminish over 
time if no maintenance training is conducted or the 
pre- or co-contraction of the pelvic floor muscles has 
not reached an automatic level during the original 
trial. In order to control for as many of the above men-
tioned factors as possible, it is recommended that the 
long term follow up study should be planned together 
with the original RCT. Loss to follow-up and adher-
ence to the protocol during the follow-up period must 
be reported.(117,122-124,126-129)  

13. RECOMMENDATIONS FOR 
CONSERVATIVE TREATMENT 

TRIALS 

• Use correct terminology to describe the interven-
tion. HIGH 

• Report details of ability to perform correct con-
traction, dose-response issues and adherence. 
HIGH 

• Use recommended outcome measures with high 
responsiveness, reliability and validity. HIGH 

• Compare new methods with the best available 
intervention. HIGH 

• Use power calculation in planning of the study. 
Avoid large sample sizes and weak (ineffective 
dosages) interventions. HIGH 

• For long-term follow-up studies report cross-
over, co-interventions, recurrent and competing 
events, adherence in the follow-up period and 
loss to follow-up   

14. EXPERIMENTAL DEVICES AND 
MATERIALS 

Surgical research presents unique challenges to ef-
forts at optimising patient care. It is important to cre-
ate a pathway for real advances while simultaneously 
protecting patient safety. When new procedures are 
substantially different from prior operations there 
should be a broad based preliminary exploration 
leading to a comparative trial if warranted. At the 
same time, many minor modifications of surgical pro-
cedures are inappropriate for randomised trials and if 
required, surgical progress would be slowed.(130)  

It has been argued that the first patient in whom a 
procedure is performed should be randomised.(131,132) 
Alternatively, it has been suggested that case series 
for new procedures are allowed until the procedure 
finds its intended use and to avoid doing studies while 
those performing the procedures are on the “learning 
curve”. Typically, new surgical procedures for incon-
tinence have been reported as case series.(133,134) Not 
only do surgical case series provide the lowest level 
of evidence for treatment effects, case series may be 
“harmful”. An accumulation of “positive” case series 
may present a premature certainty about benefits of 
a procedure and make it even more difficult to per-
form randomised trials.(135,136) Influential members of 
the surgical community may endorse a new proce-
dure and if the procedure is considered better it may 
be difficult to get surgeons and patients to randomise 
or a trial may appear to be unethical with a “proven” 
procedure.(131,135,137) 

Therefore, devices often are widely adopted by clini-
cians based on anecdotal data, marketing, or small 
case series. This raises a unique problem for trials in 
this area: 1) Surgeon buy-in can be difficult to obtain 
as some surgeons (“early adopters”) may perceive 
that the newest therapy is best and thus be unwilling 
to randomise patients to receive the traditional ther-
apy, 2) Other surgeons (“late adopters”) may per-
ceive that the data available do not support use of the 
newest therapy and thus be unwilling to randomise 
patients, 3) Patients may be unwilling to be random-
ised to traditional therapy because they are influ-
enced by marketing forces propelling the newest de-
vices to the forefront, and 4) Device companies fre-
quently modify their materials or technique recom-
mendations; therefore, by the end of the 3-5 years it 
typically takes to complete the earliest outcome as-
sessment for a surgical randomised trial, the device 
tested is no longer the same as the device used in the 
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trial. Thus, the results may be discounted as being no 
longer applicable.    

An important area of concern in surgical and device 
studies is patient recruitment procedures. The proto-
col should detail the procedure for selection of con-
secutive patients who meet the inclusion criteria. All 
situations in which a patient meets the inclusion/ex-
clusion criteria but is not offered enrolment by the in-
vestigator should be documented. The number of pa-
tients who decline enrolment should be stated, along 
with the reasons. It is vital that clinician researchers 
do not “cherry pick” from their patients, that is, that 
they do not limit recruitment to those patients consid-
ered to have the greatest chance of cure or lowest 
chance of risk.  The study population should be as 
generalizable as possible. There should be a com-
plete accounting of all participants in the study includ-
ing the reasons for subject withdrawal. 

Participants must be well informed about what is 
known and not known about devices or procedures 
being tested.  They should not be led to assume that 
because a device is on the market, it is “safe and ef-
fective”, as gaining knowledge about this is the pur-
pose of the trial. 

15. SURGICAL STUDIES 

Cross-sectional studies of surgical procedures by 
type can provide estimates of prevalence, variation 
by age, race, and region as well as morbidity and 
mortality.(138,139) This type of information raises im-
portant health policy questions regarding physician 
practices, patient preferences for incontinence treat-
ment, and differential access to and the utilisation of 
care. Observational studies can provide important in-
formation about effectiveness and complications of 
surgical procedures, and also are very helpful in de-
signing and selecting potential randomised clinical tri-
als.  

The randomised controlled trial is the accepted “gold 
standard” for research of treatment effects. In all sur-
gical specialties, there has been growing concern re-
garding the limited number of randomised controlled 
trials for surgical procedures, poor methodological 
standards in those that have been performed, and a 
perception that surgeons are reluctant to rigorously 
test new surgical interventions.(131,135,140,141) 

The body of literature of surgical randomised trials in 
pelvic floor disorders is increasing.  Modern trials are 
beginning to overcome historical limitations including 
insufficient sample sizes, lack of blinding of the par-
ticipants and/or individuals assessing the outcomes, 
short follow-up, inclusion of limited number of sur-
geons only, poor description of the technique, and 
lack of standardised outcome measures. Multi-centre 
treatment networks appear effective in overcoming 
some of these limitations. Differential drop out after 
randomisation (or for cohort studies, after the inter-

vention) can introduce bias. Randomisation can oc-
cur in the operating room after the patient was anaes-
thetised, reducing this risk.(142,143)  

For studies of specific surgical procedures, the tech-
nique should be described in such detail that it could 
easily be reproduced in another study. Standardisa-
tion of the procedure may vary depending on the re-
search question.(144) Surgical trials using a small num-
ber of highly skilled surgeons are analogous to medi-
cal trials where only compliant patients are random-
ized, reflecting efficacy of the procedure in an ideal 
setting. It may be more generalisable to a mixture of 
skill level among surgeons in the community, and so 
reflect effectiveness of the procedure in usual prac-
tice.(136)  

Masking (blinding) of participants as to their assigned 
intervention and those assessing the outcome is par-
ticularly important for surgical trials for incontinence 
because there may be enthusiasm by the patient or 
surgeon for a new procedure, many outcomes are 
based on the patient’s own assessments such as 
symptom and quality of life scores, and the interven-
tion is primarily for improvement of symptoms.(130)  

Organizations and treatment networks have been es-
tablished to address many issues related to surgical 
interventions. Examples include the UK National In-
stitute of Clinical Excellence (NICE www.nice.org.uk), 
the Australian Safety and Efficacy Register of New In-
terventional Procedures- Surgical (ASERNIP-S 
www.surgeons.org/asernip-s). The NICE and 
ASERNIP-S provide systematic reviews of new oper-
ations, assessment of effectiveness, and recommen-
dations that the technique has sufficient data for 
widespread use, or that the techniques appear un-
safe, or that further audit/research are required be-
fore its widespread usage.  

16. RECOMMENDATIONS FOR 
SURGICAL AND DEVICE TRIALS 

• The safety and serious side effects of new oper-
ations must be completely defined with adequate 
follow-up so that risks can be weighed against 
efficacy. At a minimum, this requires more use of 
large scale, independent, prospective, multicen-
tre cohort studies when RCTs are not practical. 
HIGH 

• Safety and serious side effects of incontinence 
devices must be completely defined with ade-
quate follow-up, especially for use of implantable 
devices and biologic materials, so that risks can 
be weighed against efficacy. HIGH 

• Valid informed research consent is required in all 
trials of research surgical interventions; this re-
search consent is separate from the main surgi-
cal consent. HIGH 

• Reports of successful treatment should be lim-
ited to subjects with a minimum (not mean) of 
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one-year follow-up and should include a patient 
perspective measure. Specific assumptions 
about subjects lost to follow-up should be stated.  
HIGH 

• Whenever possible, randomisation for surgical 
trials should occur at the time of surgery to mini-
mise drop-outs and switch of procedure HIGH 

• Long-term follow-up of RCT cohorts in an obser-
vational cohort is recommended HIGH 

17. PHARMACOTHERAPY TRIALS  

Although many RCTs have been published in recent 
years on pharmacotherapy for urinary incontinence a 
great deal more remains to be learned. The trials 
have almost all been limited to 8-12 weeks of treat-
ment giving very little information about long-term 
safety and efficacy of drug therapy. Inclusion criteria 
are often stringent, such that the study population of 
healthy middle-aged people bears little resemblance 
to the patients for whom providers wish to prescribe 
medication. There is less than adequate information 
about special patient groups—men, children, neuro-
genic patients, and especially the frail elderly. Be-
cause incontinence creates such an impact on the 
older population, good studies to define the utility and 
safety of drug therapy are greatly needed in this 
group.  

An issue of special relevance in trials of pharmaceu-
tical agents (although germane to other treatment 
modalities) is the controversy regarding placebos in 
clinical trials. Regardless of whether a drug is effec-
tive or not, simply giving a drug to a patient may pro-
duce a beneficial response. To assess if a drug has 
an effect over and above the placebo response, it is 
usually tested against an inactive substance (pla-
cebo). In incontinence studies, the placebo effect 
may be quite large, anywhere from 30-50% in recent 
published studies. To account for this, investigators 
and regulators have generally demanded a placebo 
arm in most clinical trials of medication. While this 
may be acceptable to participants for short trials, it is 
neither ethical nor feasible to withhold treatment for 
longer periods of time.  Further, clinicians and pa-
tients generally want to know how a new drug com-
pares with established treatment.  

Masking, while desired in all types of trials, is espe-
cially important in pharmacological trials.  Further, it 
is feasible to do in such trials (as opposed to surgical 
or conservative interventions, in which masking may 
not always be possible) and thus should be priori-
tized.    However, the identical appearance of two pills 
does not guarantee that participants will be unaware 
of group assignment. Side effects common with anti-
cholinergic therapy, such as dry mouth, may unmask 
participants.  Studies should assess the degree to 
which masking was successfully maintained.  

18. RECOMMENDATIONS FOR 
PHARMACOTHERAPY TRIALS 

• As effective drug therapy is available for most 
forms of incontinence, active drug comparator 
arms are recommended for most trials. HIGH 

• Very little is known about the safety, efficacy and 
tolerability of drug therapy beyond 12-week tri-
als. A concerted effort is needed to create this 
type of information base.  Long-term follow-up of 
RCT cohorts in an observational cohort is recom-
mended HIGH 

19. COST ANALYSIS 

Economic and health policy outcomes are gaining in-
creasing importance, as policy makers deliberate the 
values of different therapies.  The financial burden on 
the health care system, the patient and patient’s fam-
ily of various treatment options makes cost an im-
portant outcome to measure.  We recommend that 
cost analyses be planned with clinical studies when-
ever possible.  Costs may be influenced by economic 
and political factors that are subject to change at any 
time; however, when basic units of work, time, and 
resources are carefully defined, models of costs re-
main useful even if market forces change in an un-
foreseen manner. 

In health and medicine, economic analyses are de-
scriptive and/or comparative. Descriptive data include 
the socioeconomic cost caused by the disease and 
its current treatment, whereas comparative data pro-
vide an economic evaluation of different treatment 
strategies and interventions where costs are com-
pared to health outcomes.  

There are several relevant types of cost analysis, 
some of which require a high level of expertise to con-
duct: 

• Cost of illness analysis (COI) typically quantifies 
the burden of medical expenses (direct costs) 
and the resulting value of lost productivity (indi-
rect costs) attributable to a specific condition 
such as an illness or injury.(145,146)   

• Cost effectiveness analysis (CEA) measures the 
costs and consequences of two or more diagnos-
tic or treatment pathways related to a single com-
mon effect or health outcome. It then summa-
rizes the results in ratios that demonstrate the 
cost of achieving a unit of health effect for differ-
ent types of patients and for variations of the in-
tervention.(147,148)  

• Cost utility analysis (CUA) is a form of cost effec-
tiveness analysis in which particular attention is 
paid to the quality of health outcome related to 
treatment. In CUA, health effects are expressed 
in terms of quality-adjusted life years 
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(QALYs).(118,149)  A QALY is a measure of health 
outcome that assigns to a given period of time a 
weighting that corresponds to the health-related 
quality of life during that period, and then aggre-
gates these weights across time periods. The 
QALY is important because it considers both 
quantity and quality of life.   

• Cost benefit analysis estimates the net social 
benefit of an intervention by comparing the ben-
efit of the intervention with the cost, with all ben-
efits and costs measured in dollars.(23,142)  Health 
outcomes are converted into monetary values 
using "willingness to pay" (the value an individual 
would pay for reduction in illness severity) or "risk 
of death" or "human capital" methods (an individ-
ual’s value to society based on productivity or fu-
ture wages).(144,146,150,151)  

  

20. RECOMMENDATIONS ON COST 
ANALYSIS IN INCONTINENCE 

• Cost analysis should be incorporated into clinical 
studies whenever possible.(148)  
HIGH 

21. RECOMMENDATIONS FOR 
SPECIFIC PATIENT GROUPS 

21.1. Men with LUTS 
When considering men with LUTS, one must con-
sider some unique factors that may influence urinary 
tract symptoms independently of any intervention, 
and so confound any data. These are the presence of 
the prostate gland that can cause bladder outlet ob-
struction (BOO), and the rarity of sphincter incompe-
tence except in men who have undergone surgery for 
benign or malignant prostatic disease. For short term 
outcomes after intervention studies, these factors are 
unlikely to be relevant, but longer term follow up, and 
large observational or epidemiological studies may 
need to take these factors and changes over time into 
account when analysing data. The prostate gland 
may complicate research outcomes as a result of out-
flow obstruction (either at baseline, or development of 
a new problem during follow up studies). Also, for pa-
tients with prostate cancer (either at the time of enrol-
ment, or during follow up of longer studies), it is likely 
that both the disease, and the treatment given (sur-
gery or radiotherapy) may alter urinary tract function 
and symptoms independently of any intervention in 
the study and thus confound the outcomes. , Overall, 
about 2/3 of men with LUTS have urethral obstruction 
and over 50 % have detrusor over-activity, although 
a much smaller number have urinary incontinence 
due to detrusor over-activity.(152)  

If prostate size is considered to be a variable that 
could affect outcomes, measurement of prostate vol-
ume should be made before and after treatment. The 
method used to measure volume and its reliability and 
validity should be provided if available or their ab-
sence indicated. Any associations between outcomes 
and change in prostate size should be tested for us-
ing appropriate methods and reported. Consideration 
should be given to stratifying participants by prostate 
volume when there is suspicion that response to ther-
apy may be size dependent.  

Insofar as about 2/3 of men with LUTS have bladder 
outlet obstruction (BOO), any research protocol in 
men should consider inclusion of a method to screen 
for it. At the least, maximum free urinary flow rates 
and measurement of post-void residual urine should 
be recorded before and after treatment and the effect 
of therapy on these parameters should be docu-
mented simultaneously with assessment of the pri-
mary outcome variables. Synchronous pressure-flow 
studies are generally desirable and should be in-
cluded whenever feasible. Several pressure-flow 
nomograms have been proposed to diagnose ob-
struction in men.  It is important to specify which if any 
nomogram is being used; the ICS nomogram is rec-
ommended.(153) 

Recommendations for Research in Men 

• Measurement of prostate size should be per-
formed before and after treatment (at the same 
time as continence outcome measures where 
possible) whenever prostate size is considered 
to be a potentially important variable, or to 
change during the intervention and follow up. 
HIGH 

• Maximum free flow rate and measurement of 
post-void residual urine should be recorded pre-
treatment and the effect of therapy on these pa-
rameters should be documented simultaneously 
with assessment of the primary outcome varia-
bles. HIGH 

• Participants should be stratified by prostate size 
at randomisation when size is considered to be a 
potentially important determinant of treatment 
outcome. LOW 

• Clinical evaluations of different male UI products, 
including strengths, limitations and efficacy in 
clinically relevant subgroups.  LOW 

21.2. Women with LUTS 
a) Hormonal effects:  

Our knowledge of hormonal influences on the lower 
tract remains limited. Randomised clinical trials and 
prospective cohort studies have demonstrated that 
hormone replacement therapy (HRT) does not im-
prove or may worsen incontinence.(154-156) It therefore 
seems appropriate that information about menstrual 
and hormonal status should be an integral part of the 
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baseline history. New studies designed to examine 
the influence of hormones on incontinence (if consid-
ered ethical by an appropriate review board) should 
include details of hormonal status (premenopausal, 
postmenopausal without HRT, post-menopausal with 
HRT), the route and type of HRT (oestrogen only, 
combined sequential, combined continuous), and 
whether or not oophorectomy has been performed. 

b) Obstetric History: 

The influence of vaginal childbirth on the structure 
and function of the female pelvis is the focus of much 
recent and ongoing research but the complex interac-
tions remain incompletely understood. While it is 
clear that childbirth, and particularly vaginal childbirth 
increases the risk of incontinence and pelvic organ 
prolapse, the potential effect of further childbirth on 
previous or current treatments of incontinence (espe-
cially surgery) has yet to be determined.  

Potentially confounding variables include: number 
and route of deliveries (vaginal/Cesarean), use of for-
ceps or vacuum, infant birthweight and head circum-
ference, duration of second stage of labour, use of 
episiotomy and any vaginal or perineal trauma, and 
epidural anaesthesia. The importance of these varia-
bles will depend upon the specific study design; for 
randomised studies the allocation process should 
balance these between groups, but consideration 
should be given to stratifying or minimising the ran-
domization against one or more of these important 
factors, depending on the exact intervention.  For ep-
idemiological or observational research each of these 
factors should be collected and included in univariate 
and multivariate analyses. 

c) Pelvic Organ Prolapse: 

The effect of pelvic organ prolapse on lower urinary 
tract function remains poorly understood. Pelvic or-
gan prolapse may potentially affect lower urinary tract 
function by obstruction of the urethral outflow, and 
thereby mask sphincter weakness (so called “occult” 
stress incontinence). Emerging evidence suggests 
that prolapse may contribute to the symptoms of OAB 
and correction of the prolapse may modulate these 
symptoms. Thus, it is important to include assess-
ment of pelvic organ prolapse in incontinence re-
search on women. A validated assessment method 
for prolapse should be used to identify the stage of 
prolapse; the Pelvic Organ Prolapse Quantification 
System (POP-Q)(9) is recommended. Research pro-
tocols should be developed, either excluding women 
with prolapse severity beyond a specified stage, or 
the analysis plan should include stratification for 
stage of prolapse in randomisation, and adjustment 
for prolapse stage in any analysis. For larger studies 
where regression analyses are planned, stage of pro-
lapse should be considered a mandatory factor for in-
clusion. Prolapse should be graded at the same time 
as the outcome assessment for incontinence and 
LUTS is performed.  

Recommendations for Research in Women 

• Specific information about menopausal status, 
hysterectomy, parity/obstetric history, and hor-
monal status should be included in baseline clin-
ical trial data and controlled for in specified anal-
yses in the research protocol. HIGH 

• High quality, symptom and bother scores 
(e.g.,ICIQ-FLUTS, KHQ, PISQ, ICIQ-FLUTSsex) 
validated in women should be employed when 
assessing outcomes HIGH 

• Standardised assessment of pelvic organ pro-
lapse (by POPQ) should be performed before 
treatment and at the time of other outcome as-
sessments in all research where prolapse and 
continence outcomes are being assessed. HIGH 

• Criteria for cure/improvement/failure from incon-
tinence treatment should be defined in the proto-
col based on patient perception as well as objec-
tive and semi-objective instruments such as val-
idated questionnaires, diaries and pad tests. 
HIGH 

• Assessment of the impact of treatment on sexual 
function should be performed with other outcome 
assessment when appropriate. MEDIUM 

21.3. Frail older and Disabled Men and 
Women 

There are a number of unique and pertinent research 
issues for this population. 

In the frail elderly, important variables include: 

• Demographic information: Advancing age, white 
race, and women (156-159) are associated with 
an increase risk of incontinence and each of 
these variables should be adjusted for in most 
analyses.  

• Medical Conditions: Medical conditions related 
and unrelated to the lower urinary tract have 
been shown to increase the risk of incontinence 
in older women and are especially important to 
assess in the frail older population.(158,160-162) 
Prior hysterectomy has also been suggested as 
a potential risk factor for incontinence in older 
women.(163,164) 

• Medication Inventory: Certain medications may 
exacerbate incontinence and therefore a com-
plete medication inventory is essential.(162,164-166) 

• Physical function: Mobility is often impaired in the 
frail elderly and impacts urinary control(167), 
therefore mobility should be assessed using val-
idated instruments such as the Bartel Orcats or 
ADL scales.(167,168) Data on walking aids or 
wheelchairs, gait speed, and manual dexterity 
may also be collected. 
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• Cognitive function: Cognitive function impair-
ment and/or dementia increase the risk of incon-
tinence.(169) The Mini-Mental Status Scale Exam-
ination(170) assesses global cognitive function, 
and the Confusion Assessment Method 
(CAM)(159) is a standardized assessment for de-
lirium. A battery of neuropsychological tests to 
measure subtle impairments in cognitive function 
include the Buschke Selective Reminding Test 
(verbal learning and memory)(171), the Digit Sym-
bol (incidental memory, visual scanning and mo-
tor speed)(172), and the Trails A (attention and vis-
ual.(173) 

Outcome measures should be selected for applicabil-
ity to the frail elderly. Commonly used self-reported 
measures of frequency of urinary symptoms, severity, 
or level of bother may not be possible in the cogni-
tively impaired frail elderly patient. Similarly, voiding 
diaries that have been shown to be valid and reliable 
in assessing urinary frequency, nocturia, and inconti-
nence episodes by type (149,173-175) may not be feasible 
or reliable. Motivated and trained staff, caregivers, or 
family members may be able to adequately collect di-
ary data; however, this has not been validated.  

In nursing home or inpatient settings, wet checks by 
staff at set intervals have been used in a number of 
studies. There are limitations to the measurement in-
cluding visually determining what is “wet” because of 
new absorbent materials and staff reports not always 
being reliable or valid, due to underreporting.(176,177) 
To overcome the limitation of defining wetness and 
underreporting, 24-hour pad weighing tests (178,179) 
may be used. Pad weighing tests and wet checks are 
feasible and can provide important outcome data if 
staff is well trained and checks are often.(14) New out-
come measures specific to the frail older population 
such as increased socialization or decreased care-
giver burden need to be developed.  

21.4. Children and Adolescents 
The conduct of clinical research in children is no more 
difficult than in adults, as parents and caregivers are 
often motivated and eager to participate. Four over-
riding issues separate paediatric research from the 
general recommendations. First, developmental 
physiology and psychology varies widely within the 
group referred to as children undergo many different 
stages: newborns, infants, toddlers, preschoolers, 
school age children, adolescents and young adults. 
They not only differ from older adults, but also un-
dergo rapid developmental changes within a short 
time. Because children are growing, any treatment, 
especially pharmacological and surgical therapy, may 
affect them profoundly in the long term. On the other 
hand, treatment in children can be more effective 
than in adults precisely due to this developmental 
flexibility. A specific aspect is the close interaction be-
tween the developing central nervous system and pe-
ripheral organs such as the bladder. In addition, the 
interaction between the urinary and gastro-intestinal 
system plays a special role in this age group. Second, 

compliance with therapy requires the inclusion of par-
ents, as children and even adolescents depend on 
caregivers to administer treatment in most studies. 
Third, reporting of symptoms and outcomes requires 
the assessment by both parents (proxy) and children. 
Symptoms reported by a caregiver may not be inter-
preted in the same way as the child, which is im-
portant to consider. Finally, the issue of informed con-
sent is complex with children, but this has been set-
tled by legal requirements in most countries.  

Urinary incontinence in children falls into four main 
categories: organic, i.e. neurogenic (myelomeningo-
cele and other less common neurogenic aetiologies) 
or structural; nocturnal enuresis, which can be either 
mono-symptomatic or polysymptomatic; non-organic 
daytime urinary incontinence, including detrusor over 
activity, voiding postponement and dysfunctional 
voiding without neurological disease. This issue of 
age groups is most crucial in children with mye-
lomeningocele. These children are often on medica-
tion beginning at a very young age and continuing for 
many years; the long-term safety of medications in 
children must be established in all age groups. We 
recommend that clinical studies have long-term (five 
years or more), open label extension arms to monitor 
safety, particularly focusing on normal growth and de-
velopment and the effects on treatment of liver and 
central nervous system function. Therapy for other 
causes of incontinence in children tends to start at a 
later age, i.e. the definitional age of incontinence (5 
years).  

Assessment of compliance with therapy is always dif-
ficult, and can also be so with children. Compliance 
with voiding diaries, a significant issue in the adult 
population, has to be monitored to achieve reliable 
results. The social and family interactions between 
the child and parent or caregiver, as well as own be-
havioral issues and disorders, can influence the ac-
curacy of data collection and treatment compliance, 
both positively and negatively.  

Outcome measures have been developed in children 
as in adults. Validated, age-specific symptom and 
disease-specific quality of life instruments are availa-
ble for most chronic disease for the paediatric popu-
lation, as well as generic instruments. Early efforts in 
this area have been reported for dysfunctional voiding 
and daytime incontinence. Invasive urodynamics can 
be used when deemed appropriate (specifically in the 
neurogenic population), but is usually not required in 
non-organic incontinence.  

21.5. Neurogenic Populations 
Neurogenic lower urinary tract dysfunction (NLUTD) 
is defined as a bladder disorder secondary to a known 
neurological lesion, disease or condition. This broad 
definition includes a very heterogeneous constella-
tion of neurological disorders and syndromes making 
the clinical diagnosis of NGB difficult in many cases.   
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Classification of NLUTD has three primary aims—to 
aid in discriminating or identifying an unknown under-
lying neurological disease process, to characterise 
the nature of the dysfunction so as to develop a treat-
ment plan, and to assess the risk of secondary effects 
(e.g. on the upper tract) which may influence the ne-
cessity and aggressiveness of treatment. The latter 
two are clearly relevant to research in neurogenic in-
continence and must be reflected in study design and 
patient description. 

It is difficult to find a classification system for NLUTD 
that serves both clinical and research demands that 
is satisfactory for each of the three aims. The pub-
lished NLUTD classification systems have been re-
viewed in detail in textbooks. Both the disease pro-
cess and the site of the neurological lesion(s) are rel-
evant in the study of NLUTD, yet even this information 
is inadequate to predict the functional lower urinary 
tract deficits for an individual patient. There is no one 
method that meets the broad needs of classification 
in this group. Typical or classic cases are often well 
described but it is especially difficult to describe 
mixed and incomplete lesions. Historically, classifica-
tion systems oversimplify or become extremely com-
plex to apply in routine clinical practice. 

A new classification system has been proposed by 
Powell to better define the neurogenic lesion or con-
dition affecting lower urinary tract function and 
thereby help direct treatment.(180) The SALE (Stratify 
by Anatomic Location and Etiology) classification sys-
tem for NLUTD is based on seven categories (six an-
atomical/aetiological and one future biomarker), each 
having a neurological defect (upholds basic defini-
tion) in a distinct anatomic location.  The system in-
corporates the presence or absence of bowel dys-
function and autonomic dysreflexia. The proposed 
classification divisions which would benefit research 
stratification including supra-pontine, pontine, supra-
sacral, sacral, lower motor neuron/neuropathy, and 
syndromes with no definitive neurological lesion de-
tected thus far.          

According to the European Urology Association 
guidelines for managing the neurogenic bladder, pri-
mary aims for treatment (also research) include pro-
tection of the upper urinary tracts, improve urinary 
continence, restore function and improve quality of 
life when possible.(181) Despite proper classification 
and guideline adherence, it must be acknowledged 
that the complexity of neurological diseases and var-
iations in individual behaviour almost always call for 
a customised approach to therapy, further complicat-
ing research in the neurogenic patient. All of these 
factors may complicate study design as it becomes 
difficult to create workable inclusion and exclusion cri-
teria that apply to other than a narrow segment of the 
neurogenic population. Ideally a broad population of 
potentially relevant participants would be enrolled in 
research studies with full characterisation of both the 
neurological condition and the nature of the lower uri-
nary tract dysfunction so as to allow for subgroup 

analysis. The new SALE system may provide a better 
classification scheme for NLUTD. 

Study planning is best undertaken with the coopera-
tion of urologist, neurologist, and other clinicians, who 
have a specific interest and special training in the 
neurogenic patient. Baseline data collected by history 
in subjects with neurogenic lower urinary tract disor-
ders should include: 

• bladder volumes by diary or examination (maxi-
mum voided or catheterised volume, post voiding 
residual urine, total capacity); 

• mechanism of bladder evacuation: normal (voli-
tional), spontaneous involuntarily (“reflex”), 
Credé, sterile intermittent catheter (SIC), clean 
intermittent catheter (CIC), intermittent catheter 
by second person, or suprapubic or urethral 
catheter; 

• use of external appliances (e.g., diaper or pad 
use, condom catheter, urethral catheter, su-
prapubic tube); 

• the typical time span of continence (continence 
interval) following last bladder evacuation and 
maximal continent bladder volume. 

• bowel function, sexual function, and specific neu-
rologic deficits 

• the evolution of the condition of (changes in) the 
upper tract should be included in the outcomes 
evaluation of treatment for NLUTD.  

Where possible these factors should be controlled for 
in analyses and stratified for in randomisation for in-
terventional studies, or patients with certain factors 
should be excluded. The details will depend on the 
research question to be asked. 

21.6. Outcome Measures for NLUTD 
Follow-up recommendations for patients with NLUTD 
are based on long-standing evidence suggesting in-
creased risk of bladder cancer as well as upper tract 
deterioration in this patient population. A study of can-
cer-specific mortality in a population of U.S. Veterans 
with Spinal Cord Injury demonstrated up to 70% 
greater bladder cancer specific mortality in patients 
with SCI as compared to those without the condition. 
In a study by El Masri regarding the issue of cysto-
scopic surveillance, the author stated, “Since the sec-
ond work war, integration of urological surveillance 
and timely intervention in the management of patients 
with SCI has reduced morbidity and mortality prolong-
ing survival.” (182) However, despite this observational 
data, strong evidence regarding the type and timing 
of surveillance in patients with NLUTD is lacking.  
Several organizations have set out to improve out-
comes by creating evidence-based guidelines for fol-
low-up and surveillance. Some of the more publicized 
of these include: 
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• European Association of Urology (EAU): “Guide-
lines on Neurogenic Lower Urinary Tract Dys-
function” P(183)  

• United Kingdom: National Institute for Health and 
Clinical Excellence (NICE) “Urinary Incontinence 
in Neurological Disease: management of lower 
urinary tract dysfunction in neurological dis-
ease”(184) 

• U.S. Veteran’s Health Administration Handbook 
on Spinal Cord Injury and Disorders (SCI/D) Sys-
tems of Care(185) 

• American Urological Association (AUA) and So-
ciety for Urodynamics Female Pelvic Medicine 
and Reconstructive Urology (SUFU): Guidelines 
for Urodynamics(186) 

• The Consortium for Spinal cord Medicine “Blad-
der Management in Adults with Spinal Cord In-
jury”(187)  

A comprehensive review of these guidelines is be-
yond the scope for this chapter; however, key areas 
included renal function testing, imaging, cystoscopy, 
and urodynamics. The most aggressive surveillance 
protocol came from the EAU guidelines that recom-
mended yearly renal function testing, imaging every 
6 months, and urodynamics at least every 1-2 years. 
The NICE guidelines recommended ultrasound sur-
veillance every 1-2 years, consideration of urodynam-
ics for high risk patients, and that surveillance cystos-
copy should not be performed. The variability in these 
guidelines, which are derived mainly from poorly 
done observational studies and are consensus 
based, speaks to a pressing research need for the ICI 
to encourage long-term evidence based studies on 
outcomes in patients with NLUTD and how these are 
affected by different forms of surveillance and man-
agement.  

Measuring quality of life outcomes in the NLUTD pop-
ulation has often lagged behind other lower urinary 
tract disorders due to the heterogeneity of the neuro-
logical conditions that are often grouped together (i.e. 
spinal cord injury with multiple sclerosis). Several pa-
tient-reported outcome measures (PROMs) have 
been specifically designed for measuring the quality 
of life in patients with neurogenic bladder. Costa and 
associates described the Qualiveen in 2001 to meas-
ure the quality of life in patients with spinal cord injury 
and it has been validated and is available in English, 
French, Dutch, Spanish and Italian. Clark and Welk 
contributed an excellent review of 16 PROMs for as-
sessment of quality of life and symptoms in neuro-
genic bladder patients (189). Selection of the appropri-
ate PROM for measuring quality of life outcomes is 
essential for clinicians and researchers working with 
the NLUTD population. 

The following summary highlights recommendations 
for research in the key areas of this Consultation. 

22. RECOMMENDATIONS FOR 
RESEARCH IN POPULATIONS 

AFFECTED BY NEUROLOGICAL 
URINARY AND FAECAL 

INCONTINENCE 

22.1. Pathophysiology of NLUTD 

• An area of high priority for research is the de-
velopment of a more directly informative classifi-
cation system which would include anatomical 
location and aetiology in association with corre-
sponding urinary, faecal and neurological symp-
toms, information from clinical neurophysiologi-
cal testing and urodynamic abnormalities as well 
as prognostic biomarkers 

• As such, the classification would describe a pa-
tient suffering from NLUTD and simultaneously 
inform about the most appropriate treatment, fol-
low-up regimen, and long-term prognosis  

22.2. Diagnostics 

• Studies to establish neurological populations and 
absolute indications for the use of invasive uro-
dynamics in NLUTD as a primary assessment 
tool and as specialized assessment tool. Also. 
establish its best application for follow-up of 
treatment modalities HIGH 

• Research to establish what is ‘urodynamic 
safety’ in NLUTD, preferably by population stud-
ied HIGH 

• Identify clinical predictors of urodynamic findings 
in NLUTD MEDIUM 

• To further develop patient reported outcome 
measures in NLUTD HIGH  

• Further research into neuroimaging and its asso-
ciation with clinical neurourological practice 
HIGH 

• Further development and standardisation is 
needed for the use of electrosensation test to be-
come established as a clinical test LOW 

• Research to produce high level evidence to de-
fine UTI’s in neurological patients HIGH 

• Need more evidence for the use of prophylactic 
antibiotics to reduce symptomatic urinary tract in-
fections after invasive UDS LOW 

22.3. Management of NLUTD 

• Research into mechanisms and prognosis of the 
development of bladder cancer in patients with 
NLUTD HIGH 

• It is currently not possible to state whether any 
IC method or catheter type is advantageous due 
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to the poor quality of available studies. Further 
research on the topic is strongly recommended 
HIGH  

22.4. Pharmacotherapy for NLUTD 

• Further research is needed to establish the effi-
cacy and safety of the newer antimuscarinics in 
NLUTD, long-term outcomes and safety, the effi-
cacy and safety of mirabegron in NLUTD, as well 
as combination treatments HIGH 

• Oral and intravesical cannabinoid agonists have 
shown promising results either in clinical or pre-
clinical studies, and should be further investi-
gated for optimal balance between efficacy and 
safety in NLUTD MEDIUM 

• Further research needed on pharmacotherapy 
for detrusor-sphincter dyssynergia, sphincter de-
ficiency and detrusor underactivity HIGH 

22.5. Minimally Invasive Treatments – 
Botulinum Toxin A 

• Further research is needed on long-term out-
comes and safety, administration techniques, the 
bio-equivalence of the various preparations, the 
concomitant use of anticholinergic drugs or β3-
agonists, mechanisms of action, and wider ef-
fects HIGH  

• Future research should also focus on PROs and 
patient satisfaction, tolerability issues, alternative 
techniques of application, ways to minimise post-
treatment voiding dysfunction in patients who 
void freely HIGH 

• Larger studies in select patient populations are 
also recommended HIGH 

22.6. Electrical Neuromodulation 

• Further studies on chronic pudendal nerve stim-
ulation must be carried out to identify the best 
stimulation parameters and to verify the long 
term results  

• The thalamus may be a promising target for the 
development of new therapies for lower urinary 
tract dysfunction. Further investigation on this 
matter is needed before its potential role can be 
elaborated. 

• IVES is a viable option to induce/improve bladder 
sensation and to enhance the micturition reflex in 
patients with incomplete central or peripheral 
nerve damage, but corroborating controlled evi-
dence is needed   

• Research to establish indications for sacral neu-
romodulation in the care of DSD in neurological 
urinary dysfunction.  

22.7. Surgery for NLUTD 

• Published data is inadequate to support a recom-
mendation on the use of bladder neck incision in 

patients with inadequate bladder emptying due 
to DBND, either as a first-line procedure or as a 
complementary approach to DBND recognised 
following permanent urethral stenting. Further 
studies are needed  

• Bladder augmentation using biomaterials or tis-
sue engineering is promising, but the preliminary 
results need to be confirmed by larger studies   

22.8. Specific Neurological Conditions 
Requirement for robust epidemiological research, in-
sight into mechanisms, studies on utility of diagnostic 
tests, assessment of urinary tract risk factors, and 
randomized trials to assess benefits and harms of 
therapy for specific neurological diseases. Urinary 
and faecal incontinence both suffer from limited high 
quality research, and faecal incontinence in particu-
lar. 

Priority Research Topics Include:  

• Systematic cataloguing of the specific brain cen-
tres pertinent to lower urinary tract control, and 
how they are at risk in given neurological dis-
eases  

• How medications for LUTS may influence spe-
cific neurological diseases or associated dys-
functions (e.g. blood pressure control)  

• The clinical relevance of functional brain imaging 
to clinical management  

• Indicators of neurological presentation or pro-
gression that may be first evident in urological 
clinics  

23. RECOMMENDATIONS FOR 
RESEARCH IN POPULATIONS 

AFFECTED BY FAECAL 
INCONTINENCE 

• Collect data on faecal incontinence whenever 
practical as part of research on urinary inconti-
nence 

• Develop techniques for diagnosing faecal incon-
tinence and its aetiologies using new and availa-
ble diagnostic technologies  

• Develop user-friendly measures and instruments 
for quantifying the severity of faecal incontinence 
and other components of anal incontinence sep-
arately and in total 

• Investigate the epidemiology of the different 
types and subtypes of bowel and anal inconti-
nence  

• Well designed and adequately powered studies 
are needed to evaluate faecal incontinence treat-
ment modalities currently available including: 



 

 
2538  COMMITTEE 23. RESEARCH 
 

o Effectiveness of lifestyle modifications in-
cluding weight loss, exercise, diet and eat-
ing pattern modifications, and supplement-
ing dietary fibre as an adjuvant or combined 
strategy 

o Comparative effectiveness trials of instru-
mented biofeedback training versus neuro-
modulation 

o Effectiveness of tibial nerve stimulation 
(transcutaneous and percutaneous) 

• Develop and test interventions for promoting 
care seeking and self-management of faecal in-
continence (and associated odour and urgency)  

• Develop and test interventions for increasing 
coping skills and health literacy related to faecal 
incontinence for patients and family caregivers 

• Evaluate tailoring the management of faecal in-
continence based on patients’ goals, peer sup-
port, and the use of current technologies such as 
mobile devices for delivering management and 
support interventions to patients and family care-
givers 

24. RECOMMENDATIONS FOR 
RESEARCH IN POPULATIONS 
AFFECTED BY BLADDER PAIN 

SYNDROME (INCLUDING 
INTERSTITIAL CYSTITIS) 

• Broadened the research scope to improve symp-
tom-based classification to identify the degree of 
bladder and non-bladder symptoms.   

• Develop a simple, non-invasive diagnostic test 
for BPS 

• Research that focuses identify bladder-specific 
pathology, a bladder pain syndrome-specific bi-
omarker 

• Establish patient databases in different regions 
and conduct longitudinal follow-up to understand 
the natural history of the disease and to examine 
the differences in disease natural history among 
regions.  

• Develop a practical multi-disciplinary care model 
and test it in various settings.  

• Develop an easy-to-use tool for non-specialists 
to readily identify co-morbid conditions that may 
impact on the need for additional consultation 
and suggest specific treatment pathways. 

25. RECOMMENDATIONS FOR 
RESEARCH IN POPULATIONS 

AFFECTED BY PELVIC ORGAN 
PROLAPSE 

Significant further research is required in most areas 
of the surgical management of prolapse including but 
not limited to: 

• Uterine prolapse and its various treatment options 

• Surgery for recurrent prolapse 

• Identifying risk factors for recurrent prolapse 

• Re-evaluation of prolapse quality of life question-
naires to ensure they are sensitive to change 

• The utilisation and incorporation of tissue engineer-
ing in pelvic organ prolapse surgery  

• Impact of POP surgery on bladder overactivity. 

• Impact of POP surgery on urinary voiding dysfunc-
tion 

• Impact of rectocele repair on symptoms of ob-
structed defaecation and faecal incontinence   

26. RECOMMENDATIONS FOR 
RESEARCH IN CHILDREN AND 

ADOLESCENTS 

• Long-term follow-up is of critical importance in 
the paediatric population in order to ascertain the 
effect of a treatment on normal growth and de-
velopment. HIGH 

• Research is needed to develop standardized 
outcome measures including validated, age-spe-
cific symptom and disease-specific quality of life 
outcome measures. MEDIUM 

• Research of problems specific to different age 
groups is needed. Especially, incontinence in 
preschool children and in adolescents is needed. 
HIGH 

• The transition and transfer from paediatric to 
adult care should be studied and evidence-
based recommendations should be formulated. 
HIGH 

• The specific incontinence problems of young 
adults aged 18-21 years need more attention in 
research. MEDIUM 

• Incontinence in children and adults with special 
needs is a neglected part of research and clinical 
care. These include individuals with intellectual 
disability, specific syndromes, autism spectrum 
and other disorders. HIGH 

• The interaction between brain and bladder 
and/or gut needs to be studied with new func-
tional and structural imaging techniques of the 
CNS. HIGH 
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• Treatment studies of daytime urinary inconti-
nence, including pharmacotherapy and urother-
apy, are needed. HIGH 

• The correlates of sleep in children with nocturnal 
enuresis needs to be elucidated in more detail. 
HIGH 

• Life span, longitudinal epidemiological studies 
from childhood to adulthood in a prospective de-
sign are required to procure representative data. 
HIGH   

27. RECOMMENDATIONS FOR 
RESEARCH IMPROVEMENT IN BASIC 

SCIENTIFIC RESEARCH 

Integrate data from reductionist experiments to inform 
the formulation of better systems-based approaches 
in the investigation of the pathology of the lower uri-
nary tract (LUT), the genital tract (GT) and the lower 
gastro-intestinal tract (LGIT). 

Encourage greater emphasis on basic research to 
characterise tissues receiving relatively little atten-
tion: ie the lower gastrointestinal tract; the bladder 
neck and urethra; the ureter, pelvic floor musculature.  

Generate research programmes for foetal and neo-
natal research in LUT and LGIT function.  

Use genome-wide bioinformatics and population 
health surveys to generate testable hypotheses re-
garding the physiological and pathophysiological 
functions of the LUT, GT and LGIT. 

Generate improved experimental approaches to in-
vestigate the pathophysiology of the LUT and LGIT 
by: 

• the development of animal models that accu-
rately describe human pathological conditions, 
including the greater use of large-animal models 

• the better use of reverse translational ap-
proaches for linking animal models to the human 
disease. 

• the use of human tissue from well-characterised 
patient groups. 

• the development of emerging areas such as: 
tissue engineering; proteomics and metabo-
lomics 

• increased collaborations between biological, 
physical and mathematical sciences. 

Develop centres of excellence or consortia of excel-
lence in LUT, GT and GIT research 

• integrate expertise from university departments, 
academic medical units and industry 

• encourage translational approaches to research.  

• develop inter-institutional research-training pro-
grammes to allow new researchers the oppor-
tunity to better interact and exchange ideas. 

Additional emphasis on the importance of research to 
medical trainees and science graduates through: 

• establishing research training as a core component 
of postgraduate clinical development 

• increased access to support funds, especially 
scholarships and personal awards 

• organisation of focused multidisciplinary research 
meetings, either stand-alone or as dedicated 
sessions during national and international con-
ferences 

• greater interaction between medical centres and 
Higher Education Institutions (HEIs). 

• allowing researchers-in-training better access   
to international meetings through reduced registra-
tion charges and improved travel grants. 

• inclusion in clinical meetings of point-counter-
point session(s) with both basic science and clin-
ical viewpoints. 

• development of research fora for exchange of 
ideas between active researchers and industry. 

• lobbying research-funding organisations about 
the medical and social importance of LUT and 
LGIT disorders. 

Increase emphasis on research into LUT and LGIT in 
HEIs through: 

• greater representation on grant-funding agen-
cies 

• encouragement of submission to high impact-
factor journals and recognition of research pub-
lished in specialty journals 

• more integrated teaching and training opportuni-
ties. 

 CONCLUSIONS 

The 2016 Consultation examined and classified avail-
able data in order to determine the level of evidence 
that supports our research for individual with urinary 
incontinence and closely related disorders, including 
pelvic organ prolapse. In order to meaningfully ad-
vance research in the focus area of this consultation, 
investigators are strongly encouraged to begin with a 
clear, relevant and impactful research question.  
Careful design, conduct and analysis of the research 
study is paramount. Prompt dissemination with ap-
propriate data sharing is strongly recommended in or-
der to benefit affected individuals and the broader re-
search community working in this field. 
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INTRODUCTION 
The 6th International Consultation on Incontinence met between September 13-15th 2016 in Tokyo and was 
organised by the International Consultation on Urological Diseases and the International Continence Society 
(ICS), in order to develop consensus statements and recommendations for the diagnosis, evaluation and treat-
ment of urinary incontinence, faecal incontinence, pelvic organ prolapse and bladder pain syndrome.  

The consensus statements are evidence based following a thorough review of the available literature and the 
global subjective opinion of recognised experts serving on focused committees. The individual committee re-
ports were developed and peer reviewed by open presentation and comment. The Scientific Committee, con-
sisting of the Chairs of all the committees then refined the final consensus statements.These consensus state-
ments published in 2017 will be periodically reevaluated in the light of clinical experience, technological pro-
gress and research. 
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1. DEFINITIONS 

The consultation agreed to use the current Interna-
tional Continence Society definitions (ICS) for lower 
urinary tract dysfunction (LUTD) including inconti-
nence, except where stated. These definitions were 
published in the journal Neurourology and Urodynam-
ics (2002; 21:167-178  and  2006; 25: and can be   
viewed on the ICS website: www.ics.org 

The following ICS definitions are relevant: 

1. LOWER URINARY TRACT 
SYMPTOMS (LUTS) 

LUTS are divided into storage and voiding symptoms. 

Urinary incontinence is a storage symptom and de-
fined as the complaint of any involuntary loss of urine. 
This definition is suitable for epidemiological studies, 
but when the prevalence of bothersome incontinence 
is sought, the previous ICS definition of an “Involun-
tary loss of urine that is a social or hygienic problem“, 
can be useful. 

Urinary incontinence may be further defined accord-
ing to the patient’s symptoms 

• Urgency Urinary Incontinence is the complaint 
of involuntary leakage accompanied by or imme-
diately preceded by urgency. 

• Stress Urinary Incontinence is the complaint of 
involuntary leakage on effort or exertion, or on 
sneezing or coughing. 

• Mixed Urinary Incontinence is the complaint of 
involuntary leakage associated with urgency, 
and also with effort, exertion, sneezing and 
coughing. 

• Nocturnal Enuresis is any involuntary loss of 
urine occurring during sleep. 

• Post-micturition dribble and continuous uri-
nary leakage denotes other symptomatic forms 
of incontinence. 

Overactive bladder is characterised by the storage 
symptoms of urgency with or without urgency in-con-
tinence, usually with frequency and nocturia. 

2. URODYNAMIC DIAGNOSIS 

• Detrusor Overactivity is a urodynamic observa-
tion characterised by involuntary detrusor con-
tractions during the filling phase, which may be 
spontaneous or provoked. 

Detrusor overactivity is divided into: 

o Idiopathic Detrusor Overactivity, defined 
as overactivity when there is no clear cause 

o Neurogenic Detrusor Overactivity is de-
fined as overactivity due to a relevant neu-
rological condition. 

• Urodynamic stress incontinence is noted dur-
ing filling cystometry, and is defined as the invol-
untary leakage of urine during increased ab-
dominal pressure, in the absence of a detrusor 
contraction. 

3. BLADDER PAIN SYNDROME 

Bladder pain syndrome is defined by ESSIC as 
chronic pelvic pain, pressure or discomfort of greater 
than 6 months duration perceived to be related to the 
urinary bladder accompanied by at least one other 
urinary symptom like persistent desire to void or uri-
nary frequency.  Confusable diseases as the cause 
of the symptoms must be excluded. 

4. PELVIC ORGAN PROLAPSE 

• Urogenital prolapse is defined as the sympto-
matic descent of one or more of: the anterior vag-
inal wall, the posterior vaginal wall, and the apex 
of the vagina (cervix/uterus) or vault (cuff) after 
hysterectomy. Urogenital prolapse is measured 
using the POP-Q system. 

• Rectal prolapse is defined as circumferential full 
thickness rectal protrusion beyond the anal mar-
gin. 

5. ANAL INCONTINENCE 

Anal incontinence defined as “any involuntary loss 
of faecal material and/or flatus and/or mucus” and 
may be divided into: 

• Faecal incontinence, any involuntary loss of 
faecal material 

• Flatus incontinence, any involuntary loss of gas 
(flatus) 

• Mucus incontinence, any involuntary loss of 
mucus only (not faeces) 

* At the time of this consultation, these definitions are 
not included in the current ICS terminology. 
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2. EVALUATION 

The following phrases are used to classify diagnos- 
tic tests and studies: 

• A highly recommended test is a test that should 
be done on every patient. 

• A recommended test is a test of proven value 
in the evaluation of most patients and its use is 
strongly encouraged during evaluation. 

• An optional test is a test of proven value in the 
evaluation of selected patients; its use is left to 
the clinical judgement of the physician 

• A not recommended test is a test of no proven 
value. 

This section primarily discusses the Evaluation of Uri-
nary Incontinence with or without Pelvic Organ Pro-
lapse (POP) and Faecal Incontinence. 

The recommendations are intended to apply to chil-
dren and adults, including healthy persons over the 
age of 65. 

These conditions are highly prevalent but often not 
reported by patients. Therefore, the Consultation 
strongly recommends case finding, particularly in 
high risk groups. 

A. HIGHLY RECOMMENDED 
TESTS DURING INITIAL 

EVALUATION 

The main recommendations for this consultation 
have been abstracted from the extensive work of the 
23 committees of the 6th International Consultation 
on Incontinence (ICI, 2016). 

Each committee has written a report that reviews and 
evaluates the published scientific work in each field of 
interest in order to give Evidence Based recommen-
dations. Each report ends with detailed recommenda-
tions and suggestions for a programme of research. 

The main recommendations should be read in con-
junction with the management algorithms for children, 
men, women, the frail older person, neurogenic pa-
tients, bladder pain, pelvic organ prolapse, and anal 
incontinence 

The initial evaluation should be undertaken, by a cli-
nician, in patients presenting with symptoms/ signs 
suggestive of these conditions. 

1. HISTORY AND GENERAL 
ASSESSMENT 

Management of a disease such as incontinence re-
quires caregivers to assess the sufferer in a holis- tic 
manner. Many factors may influence a particular indi-
vidual’s symptoms, some may cause incontinence, 
and may influence the choice and the success of 
treatment. The following components of the medical 
history are particularly emphasised: 

1.1. Review of Systems: 

• Presence, severity, duration and bother of any 
urinary, bowel or prolapse symptoms. Identifying 
symptoms in the related organ systems is critical 
to effective treatment planning. The use of vali-
dated questionnaires to assess symptoms are 
recommended. 

• Effect of any symptoms on sexual function: vali-
dated questionnaires including impact on quality 
of life are a useful part of a full assessment. 

• Presence and severity of symptoms suggesting 
neurological disease 

1.2. Past Medical History: 

• Previous conservative, medical and surgical 
treatment, in particular, as they affect the genito-
urinary tract and lower bowel. The effectiveness 
and side effects of treatments should be noted. 

• Coexisting diseases may have a profound effect 
on incontinence and prolapse sufferers, for ex-
ample asthma patients with stress incontinence 
will suffer greatly during attacks. Diseases may 
also precipitate incontinence, particularly in frail 
older persons. 

• Patient medication: it is always important to re-
view every patient’s medication and to make an 
assessment as to whether current treatment may 
be contributing to the patient’s condition. 

• Obstetric and menstrual history. 

• Physical impairment: individuals who have com-
promised mobility, dexterity, or visual acuity may 
need to be managed differently 

1.3. Social History: 

• Environmental issues: these may include the so-
cial, cultural and physical environment. 
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• Lifestyle: including exercise, smoking and the 
amount and type of fluid and food intake. 

1.4. Other Treatment Planning Issues: 

• Desire for treatment and the extent of treatment 
that is acceptable 

• Patient goals and expectations of treatment 

• Patient support systems (including caregivers). 

• Cognitive function: all individuals need to be 
assessed for their ability to fully describe their 
symptoms, symptom bother and quality of life im-
pact, and their preferences and goals for care. 
They must be able to understand proposed man-
agement plans and to discuss, where appropri-
ate, alternative treatment options. In some groups 
of patients, formal testing is essential e.g. cogni-
tive function testing for individuals for whom the 
clinician has concerns regarding memory deficits 
and/or inattention or confusion, and depression 
screening for individuals for whom the clinician 
has concerns about abnormal affect. Proxy re-
spondents, such as family and caregivers, may 
be used to discuss the patient’s history, goals of 
care, and treatment for individuals with dementia, 
but only if the individual is incapable of accurate 
reporting or weighing treatment decisions. 

2. PHYSICAL EXAMINATION 

The more complicated the history and the more ex-
tensive and/or invasive the proposed therapy, the 
more complete the examination needs to be. De-
pending on the patient’s symptoms and their severity, 
there are a number of components in the examination 
of patients with incontinence and/or pelvic organ pro-
lapse. 

Physical examination should be performed regard- 
less of whether the patient is a child, a woman, a man, 
someone with neurological disease or a frail elderly 
person. 

2.1. General status: 

• Mental status 

• Obesity (BMI) 

• Physical dexterity and mobility 

2.2. Abdominal/flank examination: for 
masses, bladder distention, relevant sur- 
gical scars 

2.3. Pelvic examination: 

• Examination of the perineum and external geni-
talia including tissue quality and sensation. 

• Vaginal (half-speculum/Sims) examination for 
pelvic organ prolapse (POP), which should be 
done in the vertical position 

• Bimanual pelvic and anorectal examination for 
pelvic mass,  

• Digital rectal examination to assess pelvic floor 
muscle function and the function of internal and 
external anal sphincter as well as puborectalis 
muscle. 

• Stress test for urinary incontinence. 

2.4. Neurological testing (see chapter on 
assessment) 

3. URINALYSIS 

In patients with LUTS, the possibility of a urinary tract 
infection should be evaluated, with appropriate test-
ing (ranging from dipstick to urine microscopy and 
culture when indicated as UTI is a readily detected, 
and easily treatable cause of LUTS, 

Conclusion 

For simple treatments, particularly non- invasive and 
inexpensive therapies, management may start with-
out the need for the further investigations listed be-
low. 

B. RECOMMENDED FURTHER 
ASSESSMENT PRIOR TO, OR 

DURING, SPECIALIST 
ASSESSMENT 

The tests below are recommended when the appro-
priate indication(s) is present. Some recom- 
mended tests become highly recommended in spe-
cific situations. 

This section should also be read in conjunction with 
the relevant committee reports. 

1. FURTHER SYMPTOM AND 
HEALTH-RELATED QOL 

ASSESSMENT 

1.1. Bladder Diary 
In patients with urinary symptoms the use of a blad-
der diary (examples in Annex 1) is highly recom-
mended to document the frequency of micturition, the 
volumes of urine voided, incontinence episodes and 
the use of incontinence pads. 

1.2. Questionnaires 
The use of the highest quality questionnaires (GoR 
A, where available) is recommended for the assess-
ment of the patient’s perspective of symptoms of in-
continence and their impact on quality of life. 
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The ICIQ is highly recommended (GoR A) for the 
basic evaluation of the patient’s perspective of urinary 
incontinence, with other GoR A questionnaires rec-
ommended for more detailed assessment. Further 
development is required in the areas of pelvic or-
gan prolapse, bladder pain syndrome, and for specific 
patient groups, as only GoR B questionnaires are cur-
rently available (see Assessment Chapter). 

2. RENAL FUNCTION ASSESSMENT 

Standard biochemical tests for renal function are rec-
ommended in patients with urinary incontinence 
when there is the possibility of renal impairment. 

3. UROFLOWMETRY 

Uroflowmetry with the measurement of post void re-
sidual urine is recommended as a screening test for 
symptoms suggestive of urinary voiding dysfunction 
or physical signs of POP or bladder distension. 
Uroflowmetry should be part of the initial assessment 
if the result is likely to influence management eg in 
older men with possible prostatic obstruction. 

4. ESTIMATION OF POST VOID 
RESIDUAL URINE (PVR) 

In patients with suspected voiding dysfunction, PVR 
should be part of the initial assessment if the result is 
likely to influence management, for example, in neu-
rological patients. 

5. IMAGING 

Although routine imaging is not recommended, imag-
ing of the lower urinary tract and pelvis is highly rec-
ommended in those with urinary symptoms whose in-
itial evaluation indicates a possible co- existing lower 
tract or pelvic pathology. Initial imaging may be by ul-
trasound, or plain X-ray. 

Imaging of the upper urinary tract is highly recom- 
mended in specific situations. These include: 

• Haematuria, 

• Neurogenic urinary incontinence e.g. myelodys- 
plasia, spinal cord trauma, 

• Incontinence associated with significant post-
void residual, 

• Co-existing renal disease such as pyelonephritis 
or reflux, or loin/kidney pain, 

• Severe pelvic organ prolapse, not being treated 

• Suspected extra-urethral urinary incontinence, 

• Children with incontinence and UTIs, where indi-
cated 

• Urodynamic studies which show evidence of 
poor bladder compliance or high pressure detru-
sor overactivity. 

6. INVESTIGATIONS IN FAECAL 
INCONTINENCE AND RECTAL 

PROLAPSE 

• Endoanal US or MRI prior to anal sphincter sur-
gery is highly recommended, even when obvious 
anatomic defects are not evident.  

• Defaecating proctography or dynamic MRI is rec-
ommended in suspected rectal prolapse which 
cannot be adequately confirmed by physical ex-
amination.  

• Anorectal manometry is useful to assess resting 
and squeeze anal pressures. The resting and 
squeeze pressures represent the function of the 
internal and external anal sphincter, respectively. 

7. ENDOSCOPY 

Although routine cysto-urethroscopy is not recom- 
mended, LUT endoscopy is highly recommended: 

• When initial testing is abnormal, e.g. haematuria 
and suggests other pathologies,  

• When pain or discomfort feature in the patient’s 
LUTS, these may suggest an intravesical lesion 

• When appropriate in the evaluation of vesicovag-
inal fistula and extra-urethral urinary inconti-
nence (in childbirth fistulae, endoscopy is often 
unnecessary). 

In anorectal conditions, proctoscopy or flexible sig-
moidoscopy should routinely be performed in the 
evaluation of patients with faecal incontinence. Co-
lonoscopy, air contrast barium enema or CT colog-
raphy is highly recommended in the presence of un-
explained change in bowel habit, rectal bleeding or 
other alarm symptoms or signs (see Basic Assess-
ment chapter). 

8. URODYNAMIC TESTING 

8.1. Urodynamic (multi channel pressure 
subtracted cystometry) evaluation is 
recommended 

• When the results may change management, 
such as prior to most invasive treatments for UI 
and POP, 

• After treatment failure, if more information is 
needed in order to plan further therapy, 
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• As part of both initial and long-term surveillance 
programmes in some types of neurogenic lower 
urinary tract dysfunction, 

• In “complicated incontinence” (for details please 
see relevant subcommittee reports). 

8.2. The aims of urodynamic evaluation are 
often diagnostic, but may also relate to 
prognostic factors, direct management 
or assess response to prior therapy, 
and also: 

• To reproduce the patient’s symptoms and corre-
late these with urodynamic findings 

• To assess bladder sensation 

• To detect detrusor overactivity 

• To assess urethral competence during filling 

• To determine detrusor function during voiding 

• To assess outlet function during voiding 

• To assess residual urine 

9. SMALL BOWEL FOLLOW-
THROUGH, CT ENTOGRAPHY OR 

CAPSULE ENDOSCOPY 

These tests are recommended in those with faecal in-
continence and the presence of unexplained diar-
rhoea or when Crohn’s disease is suspected. 

C. FURTHER DIAGNOSTIC TESTS 
TO BE USED AS APPROPRIATE 

1. ADDITIONAL URODYNAMIC 
TESTING 

Video-urodynamics may be useful in the manage-
ment of UI in children, in patients who fail surgery and 
in some neurogenic patients, to obtain additional an-
atomical information. Either X-ray or US imaging can 
be used depending on the needs of the individual pa-
tient. 

If a more detailed estimate of urethral function is 
required, then the following optional tests may give 
useful information: 

• Urethral pressure profilometry 

• Abdominal leak point pressures 

• Video-urodynamics 

• Electromyography of pelvic floor or urethral 
sphincter 

If initial urodynamics have failed to demonstrate 
the cause for the patient’s incontinence then the fol-
lowing tests are optional: 

• Repeated routine urodynamics or video-urody-
namics 

• Ambulatory urodynamics 

2. PAD TESTING 

Pad testing is an optional test for the routine evalua-
tion of urinary incontinence and, if carried out, a 24 hr 
test is suggested. 

3. NEUROPHYSIOLOGICAL TESTING 
AND IMAGING 

The information gained by clinical examination and 
urodynamic testing may be enhanced by neuro- 
physiological testing of striated muscle and nerv-
ous pathways. 

Appropriately trained personnel should perform these 
tests. The following neuro-physiological tests can be 
considered in patients with peripheral lesions prior to 
treatment for lower urinary tract or anorectal dysfunc-
tion. 

• Concentric needle EMG 

• Sacral reflex responses to electrical stimulation 
of penile or clitoral nerves. 

Imaging of the nervous system (and neighbouring 
structures, including spine, the abdominal cavity and 
pelvis) by MRI or CT, may confirm suspected involve-
ment of the nervous system, and the nature of the 
cause. 

4. FURTHER IMAGING 

Cysto-urethrography, US, CT and MRI may have an 
indication: 

• Suspected pelvic floor dysfunction 

• Failed surgery, such as recurrent posterior vagi-
nal wall prolapse or failed sling surgery 

• Suspected fixed urethra 

5. CYSTO-URETHROSCOPY 

This is an optional test in patients with complicated, 
persistent or recurrent UI (e.g. after failed SUI sur-
gery) 
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6. ANORECTAL PHYSIOLOGY 
TESTING 

Endocoil MRI has high accuracy for detecting anal 
sphincter injury but is second line after endoanal ul-
trasound. Patients with faecal incontinence may ben-
efit from assessment with MRI, particularly those with 

anorectal malformations and/or previous anal sphinc-
ter surgery. 

Defaecography may be useful and is recommended 
in patients with faecal incontinence, who have failed 
conservative therapies, and are possible candidates 
for laparoscopic ventral rectopexy. 
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3. MANAGEMENT CONSENSUS 
STATEMENTS 

The consensus statements are derived from the de-
tailed work in the committee reports on the man-
agement of incontinence in children, men, women, 
the frail elderly and neurological patients, as well as 
those with obstetric fistula, pelvic organ prolapse, 
bladder pain syndrome, and faecal incontinence. The 
management of incontinence is presented in algo-
rithm form with accompanying notes. 

The chapters analyze the evidence and give it a level 
of evidence (LoE) and this generates a GoR of rec-
ommendation (GoR) 

The Consultation recognises that no algorithm 
can be applied to every patient and each patient’s 
management must be individualised. 

There are algorithms for 

I. Urinary Incontinence in Children 

II. Urinary Incontinence in Men 

III. Urinary Incontinence in Women 

IV. Fistulae 

V. Pelvic Organ Prolapse 

VI. Urinary Incontinence in Neurological 
Patients 

VII. Bladder Pain Syndrome 

VIII. Faecal Incontinence in Adults  

IX. Urinary and faecal Incontinence in frail 
Older Men and Women 

These algorithms are divided into two for groups I to 
III, VII and X. The two parts, initial management and 
specialised management require a little further ex-
planation. 

Although the management algorithms are designed 
for patients whose predominant problem is inconti-
nence, there are many other patients in whom the al-
gorithms may be useful such as those patients with 
urgency and frequency, so-called “OAB dry 

Management definitions 

Management may be divided into 

• Conservative, all methods that are non-medical 
and non-surgical, some of which do not target the 
disease process 

• Medical (pharmacological) therapy 

• Surgical therapy 

• Conservative therapy includes 

o Lifestyle interventions e.g. weight loss 

o Bladder training 

o Pelvic floor muscle training (PFMT) 

o Containment products e.g. pads 

o Dependent continence strategies eg regular 
toileting 

Consensus does not exist as to the use of the term 
“behavioural therapy” as some state that this term 
only includes bladder training and PFMT, whilst oth-
ers consider that all conservative management con-
tains a behavioural element, for example wearing and 
changing pads constitutes a change in behaviour. 
Hence the consultations recommendations list the el-
ements of conservative management as relevant are 
intended for use by all clinicians including health care 
assistants/aides, nurses, physiotherapists, generalist 
doctors and family doctors as well as by specialists 
such as urologists, geriatricians and gynaecologists. 
The consultation has attempted to phrase the recom-
mendations in the basic algorithms in such a way that 
they may be readily used by clinicians in all countries 
of the world, both in the developing and the devel-
oped world. 

The algorithms for initial management 

are intended for use by all clinicians including health 
care assistants/aides, nurses, physiotherapists, gen-
eralist doctors and family doctors as well as by spe-
cialists such as urologists, geriatricians and gynae-
cologists. The consultation has attempted to phrase 
the recommendations in the basic algorithms in such 
a way that they may be readily used by clinicians in 
all countries of the world, both in the developing and 
the developed world. 

The specialised algorithms 

The specialised algorithems are intended for use by 
specialists. The specialised algorithms, as well as 
the initial management algorithms are based on evi-
dence where possible, and on the expert opinion 
of the 400 healthcare professionals who took part in 
the Consultation. In this consultation, committees as-
cribed levels of evidence to the published work on the 
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subject and devised GoRs of recommendation to in-
form patient management. 

It should be noted that these algorithms, dated April 
2017, represent the Consultation consensus at that 
time. Our knowledge, developing from both a re-
search base and because of evolving expert opinion, 
will inevitably change with time and relate to the 
unique context of individual patients seeking 
care. The Consultation does not wish those using the 
algorithms to believe they are “carved in tablets of 
stone”: there will be changes both in the relatively 
short term and in the long term. 

1. ESSENTIAL COMPONENTS OF 
BASIC ASSESSMENT 

Each algorithm contains a core of recommendations 
in addition to a number of essential components of 
basic assessment listed in sections I to III. 

• General assessment 

• Symptom assessment 

• Assessment of quality of life impact 

• Assessment of the desire for treatment 

• Physical examination 

• Urinalysis 

 

2. JOINT DECISION MAKING 

The patient’s desires and goals for treatment: 
Treatment is a matter for discussion and joint decision 
making between the patient and his or her health care 
advisors. This process of consultation includes the 
specific need to assess whether or not the patient 
wishes to receive treatment and, if so, what treat-
ments he or she would favour. Implicit in this state-
ment is the assumption that the health care provider 
will give an appropriate explanation of the pa-
tient’s problem and the alternative lines of man-
agement, and the potential benefits and risks of 
treatment. The assumption that patients almost al-
ways wish to have treatment is flawed, and the need 
to incorporate patient values and preferences is par-
amount. 

In each algorithm, treatments are listed in order of 
simplicity, the least invasive being listed first. This 
order does not imply a scale of efficacy or cost, two 
factors which need to be considered in choosing the 
sequence of therapy. The order is likewise not meant 
to imply a suggested sequence of therapy, which 
should be determined jointly by the treating health 
care provider and the patient, considering all the rel-
evant factors listed above. 

In the initial management algorithms, treatment is 
empirically based, whilst the specialised manage-
ment algorithms usually rely on precise diagnosis 
from urodynamics and other testing. 

The assumption is made that patients will be reas-
sessed at an appropriate time to evaluate their pro-
gress. 

3. USE OF CONTINENCE PRODUCTS 

The possible role of continence products to pre-
vent, contain and/or manage bladder and/or bowel 
leakage should be considered at each stage of pa-
tient assessment and treatment, to maintain dignity 
and social functioning, and/or to support self-man-
agement or care by others. 

Consider temporary use of continence products:  

• While treatment is awaited. 

• In addition to treatment; for example using pads 
and/or urinals when taking anti-muscarinics or 
carrying out pelvic floor exercises, until sufficient 
improvement is achieved. 

Consider permanent use of continence products: 

• When treatment is not chosen or not suitable for 
the individual 

• When treatment does not achieve (complete) 
cure 

• For intermittent use; for example when the pa-
tient has a cough, or needs to travel without reli-
able toilet access 

• For continuous use if incontinence is unpredict-
able and/or frequent or if complications related to 
incontinence (e.g. skin breakdown) are imminent 
or present 

Consider offering a mixture of continence products 
(disposable/washable; absorbent/non-absorbent) to 
optimise effectiveness and to reduce costs; e.g. dif-
ferent products for day and night; or for staying at 
home and for going out/travel/specific activities. 

Further guidance on management with continence 
products is given in Chapter 20 and at the ICI/ICS 
supported website: 

www.continenceproductadvisor.org 

At the foot of each of the treatment algorithms below, 
the phrase “Consider CONTINENCE PRODUCTS for 
temporary support during treatment”, emphasizes the 
importance of continence products for many sufferers 
of incontinence 
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I. URINARY INCONTINENCE IN CHILDREN 

A. INITIAL MANAGEMENT 

Children present specific management problems for a variety of reasons: assess-
ment requires help from their parents and caregivers; consent to treatment may be 
problematic; and cooperation in both assessment and treatment may be difficult. 

1. INITIAL ASSESSMENT SHOULD INVOLVE A DETAILED 
INVESTIGATION OF VOIDING AND BOWEL HABITS USING 

BLADDER/BOWEL DIARIES AND STRUCTURED AND 
VALIDATED QUESTIONNAIRES. 

The child’s social environment and general and behavioural development should 
also be formally assessed and recorded. Physical examination should be done to 
detect a palpable bladder, faecal loading and exclude anatomic and neurogenical 
causes. Urine analysis and culture is sufficient to exclude the presence of infection. 
If possible, the child should be observed voiding. 

 Referrals for specialist treatment are recommended for children who 
have complicated incontinence associated with: 

• Recurrent and febrile urinary infection 

• Voiding symptoms or evidence of poor bladder emptying 

• Urinary tract anomalies 

• Previous pelvic surgery 

• Neuropathy or neuropathic origin 

• Bowel dysfunction not responsive to treatment 

• Comorbid behavioural (e.g. ADHD and ODD) and emotional disorders. 

 Initial treatment is recommended for the remaining patients who have: 

• Nocturnal enuresis without other symptoms (monosymptomatic enuresis). 

• Daytime symptoms of frequency, urgency, voiding postponement, straining, in-
terrupted voiding, urgency incontinence with or without nighttime wetting. 

 

2. TREATMENT  

 Initial treatment for mono-symptomatic nocturnal enuresis should include: 

• Parental and child counselling and motivation 

• Review of bladder diary with attention to night-time polyuria  

• Age appropriate education and demystification or explanation 

 A choice between either bed wetting alarm (GoR A) or anti-diuretic hormone 
analogues of desmopressin (GoR A). It may be a parental and child choice if 
advantages and disadvantages are well explained. 

 Daytime incontinence should be managed holistically including: 

• Counselling, timed voiding, behaviour modification and bowel management 
when necessary (GoR B); 

• Antimuscarinics may be used if the child has OAB symptoms (GoR A)  
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INITIAL MANAGEMENT OF URINARY INCONTINENCE IN CHILDREN 
 

  
HISTORY / 
SYMPTOM 

ASSESSMENT 

CLINICAL 
ASSESSMENT 

TREATMENT* 

PRESUMED 
DIAGNOSIS 

Nocturnal enuresis 
(monosymptomatic) 

Daytime ± Nighttime 
wetting ± Urgency / 

frequency 

General assessment (see relevant chapter) 
• Physical examination: abdominal, perineal, ext. genitalia, back/spine, neurological 
• Assess bowel function -> if constipated, treat and reassess 
• Urinalysis ± Urine culture -> if infected, treat and reassess 
• Assess post-void residual urine by abdominal examination (optional : by ultrasound) 

SPECIALISED MANAGEMENT 

“Complicated” Incontinence associated with: 
• Urinary tract anomaly 
• Neuropathy 
• Pelvic surgery 
• Voiding (emptying) symptoms 
• Recurrent urinary infection 
• Bowel dysfunction not responsive to treatment 
• Comorbid behavioural and emotional disorders 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

• Explanation/education 
• Enuresis Diary 
• Alarm (A) 
• Desmopressin (A) 

Urgency 
Incontinence 

Recurrent Infection Dysfunctional 
Voiding 

Any other 
abnormality 
detected e.g. 

Post void 
residual 

Monosymptomatic 
Nocturnal Enuresis 

• Explanation/education 
• Fluid/voiding regimen (A) 
• Bladder training (B) 
• Antimuscarinics (A) 
• Alarm (bed wetting) (B) 

Failure Failure 
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I. URINARY INCONTINENCE IN CHILDREN 

B. SPECIALISED MANAGEMENT 

 Two groups of children with ‘‘complicated’’ incontinence should have spe- 
cialist management from the outset (Fig. 2). 

• Children whose incontinence is due to, or associated with, urinary tract anom-
alies and neuropathy. 

• Children without urinary tract anomalies, but with recurrent febrile infection 
and, proven or suspected, lower urinary tract dysfunction. 

 Children who fail the basic treatment, but who have neither neurogenic nor 
anatomical problems, should also receive specialist management. 

Children with comorbid behavioural and emotional disorders require referral to 
mental health services, as compliance and treatment outcomes are lower. 

Assessment and treatment should follow evidence-based practice guidelines 

1. ASSESSMENT  

 As part of further assessment, the measurement of urine flow (in children old 
enough), together with the ultrasound estimate of residual urine and ap-
pearance of the bladder wall and rectum are highly recommended. An evalua-
tion of the upper urinary tracts with ultrasound is also highly recom-
mended. 

Those who do not improve with treatment and have neither neurogenic nor an-
atomical problems should be reassessed using bladder diaries, symptom ques-
tionnaires, urinalysis, uroflowmetry and residual urine determination. 

If there are recurrent and febrile infections, upper tract imaging and possibly 
a VCUG should be considered. However, endoscopy is rarely indicated. 

 Urodynamics should be considered: 

• If the type and severity of lower tract dysfunction cannot be explained by 
clinical findings or in the presence of possible relevant neuropathy or urinary 
tract anomalies. (GoR B) 

• If invasive treatment is under consideration, for example, stress incontinence 
surgery if there is sphincteric incompetence, or bladder augmentation if there 
is detrusor overactivity. (GoR B) 

• If upper tract dilation exists and is thought to be due to bladder dysfunction. 
(Gor A) 

• Invasive urodynamic studies are generally not recommended if the child 
has normal upper tract imaging and is to be treated by noninvasive means. 
(Gor B) 

 Spinal Imaging (US/X-ray/MRI) may be needed if a bony abnormality or 
neuro-logical condition is suspected. (GoR A) 

2.  TREATMENT          

The treatment of incontinence associated with urinary tract anomalies is complex 
and cannot easily be dealt with in an algorithm. In many children more than one 
pathology demands treatment. If there are complex congenital abnormalities 
present, the treatment is mostly surgical and it should be individualised according 
to the type and severity of the problem (please see Children’s Committee Report). 

Care should be given by specialist children’s nurses and therapists. 

 Initial treatment should be non-surgical. 

• For stress urinary incontinence (SUI): pelvic floor muscle training (GoR C). 

• For OAB symptoms: fluid/voiding regimens and antimuscarinics (GoR A). 

• For voiding dysfunction: timed voiding, voiding re-education, pelvic floor 
muscle relaxation (+/- biofeedback), alpha-blocker therapy, and intermittent 
catheterisation (when PVR >30% of bladder capacity) (GoR A/B). 

• For bowel dysfunction: high fibre diet and laxatives as appropriate, and. 
transanal irrigation in severe cases (GoR A). 
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The child’s progress should be assessed and, if quality of life is still significantly 
impaired, or if the upper urinary tracts are at risk, surgical treatment is likely to be 
necessary. 

 If surgical treatment is required, then urodynamic studies are recommended 
to confirm the diagnosis. 

• For USI, colposuspension, sling surgery, bulking agent injection and AUS may 
be considered (GoR B). 

• For DO/poor compliance, botulinum toxin (for DO, and off-label) and bladder 
augmentation may be performed (GoR B). 

• If the child cannot do IC then a Mitrofanoff channel may be needed (GoR A). 
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SPECIALISED MANAGEMENT OF URINARY INCONTINENCE IN CHILDREN 
  

EXPERT HISTORY 
& PHYSICAL 

EXAMINATION 

CLINICAL 
ASSESSMENT 

TREATMENT* 

DIAGNOSIS 

Incontinence without 
suspicion of urinary tract 

anomaly 

Incontinence with 
suspicion of urinary tract 

anomaly 

• Urinalysis: if UTI,  treat and reassess (A) 
• Treat bowel dysfunction and reassess (A) 
• Renal / bladder ultrasound (A) 
• Assess post void residual (A) 
• Flow rates ± electromyography (A) 
• Behavioural Evaluation (B) 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

• Pelvic floor muscle training 
(A) 

Detrusor Overactivity / 
Poor Compliance  

UrodynamicStress 
Incontinence 

• Fluid/ voiding regime (A) 
• Antimuscarinics (A) 
• Bowel management 

including transanal irrigation 
(A) 

Failure Failure 

Medicine scan 

Consider: 
• Micturating cystogram (B) 
• Renal nuclear medicine scan (B) 
• if abnormal --> Urodynamics (A) 
• Cystourethroscopy (B) 
• Spinal imaging (A) 

Anatomical Causes of 
Urinary Incontinence 

• Timed voiding (B) 
• Pelvic floor relaxation ± 

biofeedback. (A) 
• Pharmacotherapy 
• Antimuscarinics (B) 
• α-blockers (B) 
• Intermittent cath. (B) 
• Bowel management including 

transanal irrigation (A) 
• SNS (B) 

• Correct anomaly (see: 
surgical treatment in 
children) (A) 

• Colposuspension (B) 
• AUS (B) 
• Sling (B) 
• Bulking agent injection (C) 

• Botulinum toxin (B) 
• Bladder augmentation (B) 
• SNS (B) 

• Mitrofanoff if IC fails (A) 

Failure 

Dysfunctional voiding  
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II. URINARY INCONTINENCE IN MEN 

A. INITIAL MANAGEMENT 

1. INITIAL ASSESSEMENT SHOULD IDENTIFY: 
 “Complicated” incontinence group  

Those with pain or with haematuria, recurrent infection, suspected or proven poor 
bladder emptying (for example due to bladder outlet obstruction), or incontinence 
following pelvic irradiation or radical surgery, are recommended for specialised 
management. 

Poor bladder emptying may be suspected from symptoms, physical examination 
or if imaging has been performed by X-ray or ultrasound after voiding. 

 Four other main groups of men should be identified by initial assessment as 
being suitable for initial management. 

• Those with post-micturition dribble alone, 

• Those with overactive bladder (OAB) symptoms: urgency with or without ur-
gency incontinence, together with frequency and nocturia 

• Those with stress urinary incontinence (most often post-prostatectomy), 

• Those with mixed urinary urgency and stress incontinence (most often post- 
prostatectomy) 

2. MANAGEMENT 

 For men with post-micturition dribble, this requires no assessment and can 
usually be treated by teaching the man how to do a strong pelvic floor muscle 
contraction after voiding, or manual compression of the bulbous urethra directly 
after micturition. (GoR B) 

 For men with stress, urgency or mixed urgency / stress incontinence, initial 
treatment should include appropriate lifestyle advice, pelvic floor muscle train-
ing, scheduled voiding regimens, behavioural therapies and medication.  In 
particular: 

• Lifestyle interventions (eg weight loss GoR B) 

• Supervised pelvic floor muscle training for men with post radical prostatectomy 
SUI accelerates recovery time(GoR B) 

• Scheduled voiding regimen for OAB (GoR C) 

• Antimuscarinic/beta 3 agonist drugs for OAB symptoms with or without urgency 
incontinence (GoR B) if the patient has no evidence of significant post-void 
residual urine 

• α-adrenergic antagonists (a-blockers) can be added if it is thought that there 
may also be bladder outlet obstruction. (GoR C) 

 Should initial treatment be unsuccessful after a reasonable time (for exam-
ple, 8-12 weeks), specialist advice is highly recommended. 

Clinicians are likely to wish to treat the most bothersome symptom first in men 
with symptoms of mixed incontinence. 

 

 

 

  



 

 
 

2565 

INITIAL MANAGEMENT OF URINARY INCONTINENCE IN MEN 
 

  
HISTORY 

CLINICAL 
ASSESSMENT 

MANAGEMENT* 

PRESUMED 
DIAGNOSIS 

Post-micturition 
dribble 

Incontinence on 
exertion (usually 

post-prostatectomy) 

• General assessment  (see relevant chapter) 
• Urinary symptom assessment and symptom score (including bladder diary or 

frequency-volume chart and questionnaire) 
• Assess quality of life and desire for  treatment 
• Physical examination: abdominal, rectal, sacral, neurological 
• Urinalysis ± urine culture -> if infected, treat and reassess 
• Assessment of pelvic floor muscle function 
• Assess post-void residual urine 

SPECIALISED MANAGEMENT 

“Complicated” 
Incontinence: 
• Recurrent or “total” 

incontinence 
• Incontinence associated 

with: 
o Pain 
o Haematuria 
o Recurrent infection 
o Prostate irradiation 
o Radical pelvic surgery 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

• Urethral milking (B) 
• Pelvic floor muscle 

contraction (B) 

URGENCY 
INCONTINENCE 
presumed due to 

detrusor 
overactivity 

DISCUSS TREATMENT OPTIONS WITH THE PATIENT 
• Lifestyle interventions 
• Pelvic floor muscle training ± biofeedback (B) 
• Scheduled voiding/bladder training in OAB (C) 
• Antimuscarinics/beta 3 agonist for OAB ± urgency incontinence (B)   
• α-adrenergic antagonists (if suspected bladder outlet obstruction) 

Failure 

Incontinence with 
mixed symptoms 

Urgency / 
frequency, with or 
without urgency 

incontinence 

any other abnormality 
detected e.g. significant 
post void residual 

MIXED 
INCONTINENCE 

Treat most 
bothersome 

symptom first 

STRESS 
INCONTINENCE 
presumed due to 

sphincteric 
incompetence 
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II. URINARY INCONTINENCE IN MEN 

B. SPECIALISED MANAGEMENT 

The specialist may first reinstitute initial management if it is felt that previous 
therapy had been inadequate. 

1. ASSESSMENT 

• Patients with “complicated” incontinence referred directly to specialised 
management, are likely to require additional testing, such as cytology, cys-
tourethoscopy and urinary tract imaging. 

If additional testing is normal then those individuals can be treated for inconti-
nence by the initial or specialised management options as appropriate. 

If symptoms suggestive of detrusor overactivity, or of sphincter incompetence per-
sist, then urodynamic studies are advisable in order to arrive at a precise diagno-
sis, prior to invasive treatment. 

2. TREATMENT 

When basic management has been unsuccessful and if the patient’s incontinence 
markedly disrupts his quality of life then invasive therapies should be considered. 

• For sphincter incompetence the recommended option is the artificial urinary 
sphincter (GoR B). Other options, such as a male sling, may be considered 
(GoR C). 

• For refractory idiopathic detrusor overactivity, (with intractable overactive 
bladder symptoms) the recommended therapies are: Botulinum toxin A (GoR 
B), and SNS (GoR C), 

• When incontinence has been shown to be associated with poor bladder emp-
tying due to detrusor underactivity, it is recommended that effective means 
are used to ensure bladder emptying, for example, intermittent catheterisation 
(GoR B/C). 

• If incontinence is associated with bladder outlet obstruction, then consideration 
should be given to surgical treatment to relieve obstruction (GoR B). α-blockers 
and/or 5α- reductase inhibitors would be an optional treatment (GoR C).  

• There is increased evidence for the safety of antimuscarinics for overactive 
bladder symptoms in men, chiefly in combination with an α-blocker (GoR B).  
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SPECIALISED MANAGEMENT OF URINARY INCONTINENCE IN MEN 
 

  
HISTORY/ 
SYMPTOM 

ASSESSMENT 

CLINICAL 
ASSESSMENT 

TREATMENT* 

DIAGNOSIS 

Post-prostatectomy 
incontinence 

Incontinence with urgency / 
frequency 

• Consider urodynamics and imaging of the urinary tract 
• Urethrocystoscopy (if indicated) 

“Complicated” Incontinence: 
• Recurrent incontinence 
• Incontinence associated with: 

o Prostate or pelvic irradiation 
o Radical pelvic surgery 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

If initial therapy fails: 
• Artificial urinary 

sphincter (B) 
• Male sling (C) (see 

chapter 13) 

URGENCY INCONTINENCE 
due to detrusor overactivity 

(during filling) 

• α-blockers, 5aRI (C) 
• Correct anatomic 

bladder outlet 
obstruction (C) 

• Antimuscarinics/beta 
3 agonists (B) 

with coexisting 
bladder outlet 
obstruction 

MIXED INCONTINENCE 
Treat major component 

first 

STRESS INCONTINENCE 
due to sphincteric 

incompetence 

Consider: 
• Urethrocystoscopy 
• Further imaging 
• Urodynamics 

If initial therapy fails: 
• Botulinum toxin A 
• SNS (B) 

• Correct anomaly 
• Treat pathology 

• Intermittent 
catheterisation 

• Antimuscarinics / 
beta 3 agonists 

with coexisting 
underactive 

detrusor (during 
voiding) 

Lower urinary tract 
anomaly/ pathology 
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III. URINARY INCONTINENCE IN WOMEN 

A. INITIAL MANAGEMENT 

1. INITIAL ASSESSMENT SHOULD IDENTIFY: 

 “Complicated” incontinence group. 

Those with pain or haematuria, recurrent infections, suspected or proven voiding 
problems, significant pelvic organ prolapse or who have persistent incontinence or 
recurrent incontinence after pelvic irradiation, radical pelvic surgery, previous in-
continence surgery, or who have a suspected fistula, should be referred to a spe-
cialist. 

 Three other main groups of patients should be identified by initial assess-
ment. 

• Women with stress incontinence on physical activity 

• Women with urgency, frequency with or without urgency incontinence: over-
active bladder (OAB) 

• Those women with mixed urgency and stress incontinence 

Abdominal, pelvic and perineal examinations should be a routine part of physical 
examination. Women should be asked to perform a “stress test” (cough and strain 
to detect leakage likely to be due to sphincter incompetence). Any pelvic organ 
prolapse or urogenital atrophy should be assessed. Vaginal or rectal examination 
allows the assessment of voluntary pelvic floor muscle function, an important step 
prior to the teaching of pelvic floor muscle training. 

2. TREATMENT 

 For women with stress, urgency or mixed urinary incontinence, initial treat-
ment should include appropriate lifestyle advice, pelvic floor muscle training, 

PFMT), scheduled voiding regimes, behavioural therapies and medication. In 
particular: 

• Advice on caffeine reduction for OAB (GoR B) and weight reduction (GoR A). 

• Supervised pelvic floor muscle training (GoR A), supervised vaginal cones 
training for women with stress incontinence (GoR B). 

• Supervised bladder training (GoR A) for OAB. 

• If oestrogen deficiency and/or UTI is found, the patient should be treated at 
initial assessment and then reassessed after using vaginal oestrogens for a 
suitable period (GoR B). 

• Antimuscarinics/beta 3 agonist for OAB symptoms with or without urgency 
incontinence (GoR A); duloxetine* may be considered for stress urinary incon-
tinence (GoR B) 

PFMT should be based on sound muscle training principles such as specificity, 
overload progression, correct contraction confirmed prior to training and use of “the 
Knack” for 12 weeks before reassessment and possible specialist referral. 

Clinicians are likely to wish to treat the most bothersome symptom first in women 
with symptoms of mixed incontinence. (GoR C). 

 Some women with significant pelvic organ prolapse can be treated by vaginal 
devices that treat both incontinence and prolapse (incontinence rings and 
dishes). 

*Duloxetine is not approved for use in United States. In Europe it is approved for 
use in severe stress incontinence (see committee report on pharmacological man-
agement for information regarding efficacy, adverse events, and 'black box' warning 
by the Food and Drug Administration of the United States). 
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INITIAL MANAGEMENT OF URINARY INCONTINENCE IN WOMEN 
 

  
HISTORY 

CLINICAL 
ASSESSMENT 

MANAGEMENT* 

PRESUMED 
DIAGNOSIS 

Incontinence on physical 
activity 

Incontinence with mixed 
symptoms 

• General assessment (see relevant chapter) 
• Urinary symptom assessment (including bladder diary and questionnaire) 
• Assess quality of life and desire for  treatment 
• Physical examination: abdominal, pelvic and perineal 
• Cough test to demonstrate stress incontinence if appropriate 
• Urinalysis ± urine culture -> if infected, treat and reassess If appropriate 
• Assess oestrogen status and treat as appropriate 
• Assess pelvic floor muscle function 
• Assess post-void residual urine 
  

SPECIALISED MANAGEMENT 

“Complicated” Incontinence: 
• Recurrent incontinence 
• Incontinence associated with: 

o Pain 
o Haematuria 
o Recurrent infection 
o Significant voiding 

symptoms 
o Pelvic irradiation 
o Radical pelvic surgery 
o Suspected fistula 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

STRESS INCONTINENCE 
presumed due to 

sphincteric incompetence 

• Life style interventions. 
• Pelvic floor muscle training for SUI, MUI, or OAB (A) 
• Bladder retraining for OAB (A) 
• Antimuscarinics/beta 3 agonist OAB ± urgency incontinence (A) or Duloxetine** for SUI (B) 

Failure 

Incontinence / frequency 
with urgency 

• If other abnormality found  e.g. 
• Significant post void residual 
• Significant pelvic organ 

prolapse 
• Pelvic mass 

OAB with or without 
URGENCY 

INCONTINENCE 
presumed due to 

detrusor overactivity 

MIXED INCONTINENCE 
Treat most bothersome 

symptom first 

• Other adjuncts, such as electrical stimulation 
• vaginal devices eg cones (B) 

** Subject to local regulatory 
approval (see black box 

warning). 
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III. URINARY INCONTINENCE IN WOMEN 

A. SPECIALISED MANAGEMENT 

1. ASSESSMENT 
Women who have “complicated” incontinence (see initial algorithm) may need 
to have additional tests such as cytology, urodynamics, cystourethroscopy or uri-
nary tract imaging. If these tests are normal then they should be treated for incon-
tinence by the initial or specialised management options as appropriate. 

• Those women with persistent symptoms despite initial management and 
whose quality of life is impaired are likely to request further treatment. If initial 
management has been given an adequate trial then interventional therapy 
may be desired. When the results of urodynamic testing may change man-
agement, we highly recommend testing prior to intervention in order to diag-
nose the incontinence type and, therefore, inform the management plan. Ure-
thral function testing by urethral pressure profile or leak point pressure is op-
tional. 

• Systematic assessment for pelvic organ prolapse is highly recommended 
and the POP-Q method should be used in research studies. Women with co-
existing pelvic organ prolapse should have their prolapse treated as appropri-
ate. 

2. TREATMENT 

• If stress incontinence is confirmed then the treatment options that are rec-
ommended for patients include the full range of non-surgical treatments, as 
well as colposuspension procedures, (GoR A) and bladder neck/sub-urethral 
sling operations (GoR A). All of these procedures have potential risks and as-
sociated complications which should be discussed with the individual. The cor-
rection of symptomatic pelvic organ prolapse may be desirable at the same 
time. For selected patients injectable bulking agents (GoR B) and the artificial 
urinary sphincter (GoR C) can be considered. 

• Refractory urgency incontinence (overactive bladder) secondary to idio-
pathic detrusor overactivity may be treated by botulinum toxin A (GoR A), sa-
cral nerve stimulation (GoR B) or bladder augmentation/intestinal cystoplasty 
(GoR D). 

• Those patients with voiding dysfunction leading to significant post-void re-
sidual urine (for example, >30% of total bladder capacity) may have bladder 
outlet obstruction or detrusor underactivity. Prolapse is a common reversible 
cause, of voiding dysfunction. 
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SPECIALISED MANAGEMENT OF URINARY INCONTINENCE IN WOMEN 
 

  
HISTORY/ 
SYMPTOM 

ASSESSMENT 

CLINICAL 
ASSESSMENT 

TREATMENT* 

DIAGNOSIS 

Incontinence on physical 
activity 

Incontinence with mixed 
symptoms 

• Assess for pelvic organ mobility / prolapse 
• Consider imaging of the UT/ pelvic floor 
• Urodynamics (see notes) 

“Complicated” Incontinence: 
• Recurrent incontinence 
• Incontinence associated with: 

o Pain 
o Haematuria 
o Recurrent infection 
o voiding symptoms 
o Pelvic irradiation 
o Radical pelvic surgery 
o Suspected fistula 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

URODYNAMIC 
STRESS 

INCONTINENCE 
(USI) 

If initial therapy fails**: 
• Stress incontinence 

surgery 
o Bulking agents (B) 
o Tapes and slings (A) 
o Colposuspension (A) 

Bladder outlet 
obstruction 

Incontinence with 
urgency / frequency 

Consider: 
• Urethrocystoscopy 
• further imaging 
• Urodynamics 

DETRUSOR 
OVERACTIvITY 
INCONTINENCE 

(DOI) 

MIXED 
INCONTINENCE 

USI/DOI 
Treat most 

bothersome 
symptom first 

INCONTINENCE 
associated with 

poor bladder 
emptying 

If initial therapy fails*: 
• Botulinum toxin (A) 
• Sacral Nerve Stimulation 

(B) 
• Bladder augmentation (D) 

• Correct anatomic bladder outlet 
obstruction (e.g. genito-urinary 
prolapse) 

• Intermittent catheterisation 

Underactive 
detrusor 

Lower urinary 
tract anomaly / 

pathology 

** Note procedures in 
increasing level of 

invasiveness 

• Correct anomaly 
• Treat pathology 
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IV. FISTULAE 
In the developing world fistulae occur as a consequence of poor perinatal care. 
Despite vast surgical experience in some centres, published research is of low qual-
ity. 

In the developed world, iatrogenic urogenital fistulae are known complications of 
pelvic surgery and oncological treatments such as radiotherapy, chemotherapy or 
a combination of both. In the oncological context, fistulae may also occur as a result 
of primary or recurrent malignancy. The development of fistula following radiother-
apy for primary treatment should trigger a search for evidence of tumour recurrence 
(GoR D). The use of neoadjuvant or adjuvant therapies is likely to be associated 
with a greater risk of fistula development than the primary treatment alone. 

The most common non-obstetric causes of fistulae involving the gastro-intestinal 
tract are diverticular disease, Crohn’s disease, malignancy and radiotherapy. 

1. INITIAL ASSESSMENT  

Early detection of fistulae could be improved by examining all women after their 
delivery, or prevented by Caesarian section for women who suffer prolonged labour 
and who are at risk of developing an obstetric fistula. Associated pathologies should 
be actively searched for and should be taken into account in the treatment plan: all 
components of the ‘obstructed labour injury complex’ should be examined. Preven-
tion by better health education, and by avoiding harmful practices must be encour-
aged. 

Classification of fistulae is recommended. Although many classification systems 
exist, the committee recommends the use of the Goh, WHO or Tafesse classifica-
tion systems (GoR B) 

The formal classification of the fistula should be done under anaesthesia when the 
patient is on the operation table, just before surgery.  

• Leakage of stool, urine, or possibly both is the hallmark sign of a fistula. The 
leakage is usually painless, may be intermittent if it is position dependent, or 
may be constant.  

• CT and cystoscopy appear more consistent in the confirmation and location of 
possible intestino-vesical fistulae, than other investigations (GoR C)  

• Level 3 evidence indicates that the routine use of cystoscopy with dye testing 
at gynaecological surgery has high sensitivity, specificity and negative predic-
tive value in the detection of ureteric injury, although false positive tests do 
occur. (GoR C)  

• Ureteric injury or fistula may be suspected in patients following pelvic surgery 
if a fluid leak or pelvi-calyceal dilatation occurs postoperatively. (GoR D) 

• Uretero-arterial fistula may be suspected in patients presenting with haematu-
ria with a history of relevant pelvic surgery and indwelling ureteric stent. (GoR 
D)  

• Elevated levels of creatinine in drainage fluid following pelvic surgery are sug-
gestive of urine leaking due to a urinary tract injury. (GoR D) 

2. MANAGEMENT OF NEW AND ESTABLISHED VVF 

Management of VVF depends on whether the fistula is diagnosed within a few 
weeks of its occurrence or whether the woman presents late with an established 
fistula.  

Early fistulae are those which are not re-epithelialised, and ischaemic and necrotic 
tissue can be present at the time of examination. There is evidence that early cath-
eter care will result in the cure of a significant minority of VVFs. (GoR C) 

Established fistulae are re-epithelialised and show no oedema, ischaemic changes 
or inflammation. These fistulae and those that fail catheter treatment should be 
treated surgically by an experienced surgeon. (GoR C) 

3. TREATMENT 

If catheter drainage fails, then fistula repair will be necessary. There are certain 
principles behind fistula repair: 

• Necrotic tissue must be removed prior to fistula repair. 

• Fistula repair must only be undertaken by a properly trained surgeon. 

• Adequate post-operative care is essential. 
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• Proper follow-up should be arranged. 

In principle, most fistulae can be dealt with by the vaginal approach, but an abdom- 
inal approach may be needed in some cases (e.g. concomitant reconstructive pro-
cedures e.g. ureteral reimplantation or bladder augmentation).(GoR C) 

A tension-free single layer closure of the bladder wall and closure of the vaginal 
wall in a separate layer is advocated. A Martius flap in primary fistula repair is not 
recommended. 

When reporting on outcome after fistula repair, authors should make a clear dis-
tinction between fistula closure rates and post-operative incontinence rates and the 
time at which the follow-up was organised. 

Prevention of post-operative stress incontinence must be added to the surgical pro-
cedure if the urethral closing mechanism is involved. This can be done by a good 
repair of the pubocervical fascia and refixation or by adding a sling procedure. 

Attention should be given as appropriate to skin care, nutrition, rehabilitation, coun-
selling and support prior to and following fistula repair. (GoR D) 

There is no proven benefit to delayed repair of vesicovaginal fistulae; the timing of 
repair should be tailored to the individual patient and surgeon requirements, but 
can be undertaken as soon as any oedema, inflammation, tissue necrosis, and in-
fection have resolved. (GoR B) 

There are no high quality data to indicate greater cure rates for any one technique 
as compared to others; level 3 evidence indicates similar success rates for vaginal 
and abdominal, and for transvesical and transperitoneal approaches. (GoR C) 

A variety of interpositional grafts can be used in either abdominal or vaginal   pro-
cedures, although there is little evidence to support their use in any specific setting. 
(GoR C) 

Conventional and robotically-assisted laparoscopic approaches have both been 
shown to be feasible in selected cases; the indications for, or optimal patient for 
these techniques is not yet clear. (GoR C) 

A period of continuous bladder drainage is crucial to successful fistula repair; there 
are no high level data to support any particular type, route, or duration of catheter-
isation. Current practice suggests, 10-14 days for simple and/or post-surgical fistu-
lae; 14-21 days for complex and/or post-radiation fistulae. (GoR D) 

Whilst diversion is used more widely in radiation-associated fistulae of all types as 
compared to non-radiated fistulae, there is low-level evidence that repair proce-
dures can achieve successful fistula closure and continence in appropriately se-
lected cases. (GoR C) 

Where urinary and/or faecal diversions are required, attempts should be made to 
avoid using irradiated tissues wherever possible, and to minimise the potential for 
anastomotic complications. (GoR C) 

There is low-level evidence to support the use of interposition grafts when repair of 
radiation-associated fistulae is undertaken. (GoR C) 

4. MANAGEMENT OF THE COMPLICATIONS OF VVF 

The complications of vesico-vaginal fistulae are many but include: 

• Persistence or recurrence of urinary incontinence 

• Persistence of lower urinary tract symptoms or occurrence of new lower urinary 
tract symptoms, including overactive bladder 

• Urinary tract infections 

• Upper urinary tract symptoms, including loin pain 

• Dyspareunia and sexual dysfunction 

• Infertility 

• Neurological symptoms 

• Psychological problems and mental illness 

 

  



 

 
 

2574 

MANAGEMENT OF VESICOVAGINAL FISTULA 
 

 

 

HISTORY 

CLINICAL 
ASSESSMENT 

MANAGEMENT* 

PRESUMED 
DIAGNOSIS 

Leakage of urine from vagina / perineum 

• Clinical examination 
• Urethro-cystoscopy 
• Imaging (X-ray/CT/MRI, US) 
• Evaluate upper urinary tract 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

Recent VVF 

Primary simple 

Consider Catheter, evaluate weekly 

Established VVF 

Primary complex 

Healed Persistant leakage 

Recurrence Post-irradiation 

Vaginal repair 
Consider timing 

Surgical repair 
Consider timing 

Consider interposition 
material 

If small, consider 
catheter, evaluate weekly 

Surgical repair 
6-12 months 

Consider interposition 
material 

Surgical repair 
Consider timing 

Consider interposition 
material 

Assess fistula closure & assess continence status 
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1. MANAGEMENT OF FISTULAE INVOLVING BOWEL 

• There is limited evidence to support a non-surgical or conservative surgical 
approach in colo-vesical fistulae where there are minimal symptoms or evi-
dence of limited bowel involvement. (GoR C) 

• A one-stage approach to surgery for intestino-vesical fistulae is appropriate in 
many cases, but should be limited to those patients whose nutritional state is 
good, and where there is no evidence of additional intra-abdominal pathology 
(e.g. severe inflammation, radiation injury, advanced malignancy, intestinal ob-
struction) or major co-morbidity. (GoR B) 

• A laparoscopic/robotic approach to one-stage management is feasible, alt-
hough there is no high level evidence to allow comparison of outcomes with 
open surgery. (GoR D) 

2. MANAGEMENT OF URETERIC FISTULAE 

• Surgeons undertaking complex pelvic surgery should be competent at identi-
fying, preserving and repairing the ureter. (GoR D) 

• Ureteric stents are not required as prophylaxis against injury during routine 
gynaecological surgery, while their role in more extensive surgery remains to 
be established. (GoR B) 

• Most upper urinary tract fistulae should be initially managed by conservative or 
endoluminal techniques where such expertise and facilities exist. ( GoR B) 

• Persistent ureterovaginal fistulae should be repaired by an abdominal ap-
proach using open, laparoscopic or robotic techniques according to availability 
and competence. (GoR D) 

• For patients with ureteric fistulae associated with advanced pelvic cancer and 
poor performance status, palliation by nephrostomy tube diversion and endo-
luminal distal ureteric occlusion is an option. (GoR C) 

3. MANAGEMENT OF URETHRO-VAGINAL FISTULAE 

Recommendations 

• Urethrovaginal fistulae are preferably treated by a vaginal approach. (GoR C) 

• A variety of autologous tissue interposition techniques have been described, 
but their value remains uncertain. (GoR C) 

• Urethrovaginal fistulae repair may be complicated by stress incontinence, ure-
thral stricture and urethral shortening necessitating long-term follow-up. (GoR 
C) 
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MANAGEMENT OF IATROGENIC URETERIC FISTULAE 
 

 
HISTORY 

CLINICAL 
ASSESSMENT 

MANAGEMENT* 

PRESUMED 
DIAGNOSIS 

Extra-urethral vaginal urinary leakage and/or signs of ureteric obstruction 

Clinical examination Urethro-cystoscopy Imaging (Xray/CT/ MRI, US) 
Evaluate upper urinary tract obstruction 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

Ureterovaginal fistula 

Endoluminal technique (stenting, 
nephrostomy) for at least 6 weeks 

Unable to stent (initially)... 

Re-evaluate for fistula closure, ureteric obstruction 

Persisting fistula 
or ureteric obstruction 

Ureteric reimplantation (open, laparoscopic or robotic) Healed 

Long-term follow-up for stricture and hydropephrosis 
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V. PELVIC ORGAN PROLAPSE 

1. INTRODUCTION 

Pelvic organ prolapse includes vaginal and rectal prolapse. Treatment of pelvic or-
gan prolapse is generally reserved for symptomatic prolapse. Clinicians should rec-
ognise that coexistent pelvic floor symptoms are frequently present and that these 
symptoms may or may not be related to the prolapse.  Women with prolapse require 
a careful and detailed initial assessment not only of the prolapse but associated 
bladder, bowel and sexual function.       

2. ASSESSMENT 

Symptom assessment preferably with a validated pelvic floor questionnaire that as-
sesses bladder, bowel, vaginal and sexual function and bothersomeness is re-
quired. (Grade C).   
Physical examination should: 
• Report the most distal site of vaginal descent in relation to a fixed point such 

as the hymen and include an assessment of the anterior posterior and apical 
vagina. While standardised reporting utilising tools such as the Pelvic Organ 
Prolapse Quantification (POP-Q) are encouraged.  The system used to meas-
ure the extent of the prolapse should be documented.  

• Be undertaken in the standing position to evaluate the full extent of the pro-
lapse.  

• Determine if coexistent pelvic pathology is present on careful bimanual exam-
ination. Cytological screening of the cervix should be undertaken if required. 

• The prolapse should be reduced to document the presence of occult stress 
urinary incontinence (see chapter for prolapse and urinary incontinence path-
way). 

• Assess pelvic floor muscle function (see chapter for full review). 
• Determine if epithelial/ mucosal ulceration is present. 
• Evaluate anal sphincter tone and or the presence of rectal prolapse in those 

with bowel symptoms (refer to chapter for pelvic organ prolapse and bowel 
symptom pathway).   

When examination findings of the extent of the prolapse are not consistent with the 
history the examination can be repeated in a few weeks’ time. (GoR C). 
Post void residual should be measured; while most elevated post-void residual 
urines (150mls) resolve with treatment of the prolapse, a specialist consulation is 
required.     

3. MANAGEMENT 

Observation is appropriate when medically safe (GoR C). 
Lifestyle interventions include weight loss, treating constipation, avoiding straining 
at stool and heavy lifting (GoR C). 
Pelvic floor muscle training:  
• Reduces associated pelvic floor symptoms (GoR A). 
• May reduce the symptom of vaginal bulge (GoR C). 
• Does not reduce extent of prolapse on examination based on POP-Q stage 

(GoR B). 
Vaginal Pessary:  when successfully fitted  
• May reduce prolapse symptoms (GoR B) 
• Need to be regularly reviewed (GoR C)  
• Have high rates of discontinuation (GoR C)     
Local Oestrogens are recommended in those with hypo-oestrogenic symptoms and 
in those with urethral prolapse or vaginal ulceration (GoR B) 
Reconstructive surgery is reserved for those with symptomatic prolapse and is 
aimed at correcting the vaginal topography and functional pathology. Please see 
text for full recommendations. 
Obliterative surgery is an important and effective treatment option in those who are 
happy to sacrifice coital activity. (GoR C)
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MANAGEMENT OF PELVIC ORGAN PROLAPSE 
(INCLUDING UROGENITAL PROLAPSE AND RECTAL PROLAPSE) 

  
HISTORY 

CLINICAL 
ASSESSMENT 

MANAGEMENT* 

DIAGNOSIS 

Bothersome pelvic organ prolapse 

Symptoms Screening: assess bothersomeness, frequency and severity of urinary, 
ano-rectal, genital and sexual symptoms 
• Urinary: PVR, cough stress test, urinalysis. 
• Physical Examination: Sufficient to determine the site and severity of prolapse 

and detect other significant findings 
o Selective use of urodynamics when results would alter planned treatment. 
o Selective use of upper tract imaging when observation is planned 

• Ano-Rectal: Endoscopy, lower GI tract imaging 

Complex or recurrent prolapse 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

UROGENITAL PROLAPSE WITH OR 
WITHOUT OTHER PELVIC SYMPTOMS 

• Observation 
• Lifestyle interventions 
• Pelvic floor muscle training 
• Pessary 
• Reconstructive surgery 
• Obliterative surgery 

Investigation by specialist 

RECTAL PROLAPSE WITH OR 
WITHOUT OTHER PELVIC SYMPTOMS 

• Observation 
• Lifestyle interventions 
• Transperineal surgery 
• Transabdominal surgery 

Specialist management 
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PATHWAY FOR THE SURGICAL MANAGEMENT OF PELVIC ORGAN PROLAPSE 
The pelvic organ prolapse (POP) surgery pathway was designed to provide an ev-
idence based guide for both clinicians and women for the surgical management of 
pelvic organ prolapse. Within the pathway green lines highlight the preferred option 
and yellow lines indicate reasonable options.  

An early option in the treatment pathway for women not wanting to preserve sexual 
function is obliterative surgery (colpocleisis) which is an efficacious intervention that 
has low morbidity (LoE 3). 

The majority of women will enter the reconstructive pathway. Apical suspension 
procedures should be considered in all cases with 10-year re-operation rates for 
prolapse being significantly reduced if apical suspensions are performed concomi-
tantly with both anterior and posterior colporrhaphy as compared to those per-
formed without apical support.      

In those undergoing anterior and posterior colporrhaphy the evidence is supportive 
of traditional native tissue suture plications (LoE 1). In the anterior compartment 
permanent mesh could be considered for recurrent cases when the patient under-
stands the risk benefit profile for these interventions and that the data for their use 
is scant.  Evidence is not supportive of biological grafts in the anterior compartment 
(LoE 2). 

In the posterior compartment, fascial plication is superior to site specific native tis-
sue repair (LoE 2) and levatorplasty should be avoided due to higher rates of 
dyspareunia (LoE3). Data are not supportive of biological or permanent mesh 
grafts. Posterior colporrhaphy is superior to transanal repair of rectocele (LoE 1) 
and there is no data to support ventral rectopexy with or without vaginal graft for 
rectocele.  

With recognition of the importance of apical vaginal support in minimising the risk 
of subsequent recurrence, the pathway separates those with post-hysterectomy 
(vault) prolapse from those with uterine prolapse. 

Data are supportive of sacral colpopexy as the preferred intervention for vault pro-
lapse with superior anatomical and functional outcomes when compared to a vari-
ety of vaginal based interventions with and without transvaginal mesh (LoE1). This 
preference is highlighted by a green preferred option arrow in the management 
pathway.  In recognition that not all patients are suitable for sacral colpopexy, a 
yellow reasonable option is included for vaginal based apical support (uterosacral 
or sacrospinous colpopexy). Both uterosacral and sacrospinous colpopexy are 

equally effective vaginal options (LoE 1) and utilisation of transvaginal permanent 
mesh apical support is not supported by the data (LoE1).  

When performing sacral colpopexy the laparoscopic approach is preferred with re-
duced peri-operative morbidity and cost when compared to both the open or robotic 
approach (LoE 2). The yellow reasonable option pathway exists for both open and 
robotic options in recognition of the longer learning curve associated with the lapa-
roscopic approach (LoE3).    

Apical support in those with uterine prolapse can be performed abdominally or vag-
inally and includes options for both uterine preservation (hysteropexy) and hyster-
ectomy, with not insignificant relative contraindications for uterine preservation 
listed in Table 6. In post-menopausal women undergoing hysterectomy, bilateral 
salpingo-oopherectomy (BSO) significantly reduces the rate of ovarian cancer with-
out increased morbidity. In those retaining ovaries at hysterectomy, bilateral salpin-
gectomy also reduces rate of subsequent ovarian cancer.  

Vaginal hysteropexy is equally effective as vaginal hysterectomy with apical sus-
pension and is associated with reduced blood loss and operating time as compared 
to hysterectomy (LoE 1). Vaginal hysterectomy with apical support has a lower re-
operation for prolapse than abdominal sacrohysteropexy (LoE1). Sacrohysteropexy 
has a higher re-operation for prolapse than sacral colpopexy with hysterectomy 
however sacral colpopexy with hysterectomy is not recommended due to the high 
rate of mesh exposure (LoE2).  Supra-cervical hysterectomy at sacral colpopexy 
reduces the rate of mesh exposure associated with hysterectomy and sacral col-
popexy however in a single retrospective study, recurrent prolapse was more com-
mon in the supracervical hysterectomy group. Although those data is not complete, 
vaginal based hysterectomy and hysteropexy with apical support should generally 
be considered as preferred options for uterine prolapse with sacral colpopexy re-
served for vault prolapse.   

Those undergoing prolapse surgery with stress urinary incontinence (SUI) and oc-
cult SUI should generally have continence surgery performed at the time of pro-
lapse surgery (LoE1). Those with prolapse without SUI or occult SUI should not 
undergo continence surgery at time of prolapse surgery (LoE1).  

Based largely upon expert opinion (LoE3) those with prolapse without bowel symp-
toms and those with impaired defaecation with rectocele should undergo prolapse 
surgery as per the above pathway.  Those with POP and impaired defaecation with-
out rectocele, and those with faecal incontinence require colorectal assessment. If 
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rectal prolapse exists, these patients may benefit from combined colorectal and 
gynaecological interventions. Those with significant constipation and prolapse 
should be approached cautiously and may benefit from gastroenterology assess-
ment prior to entering the POP surgery pathway. 

Those undergoing POP surgery generally have improved sexual function post-op-
eratively but a small number undergoing any POP surgery will experience painful 
intercourse post-operatively that may require subsequent intervention (LoE 1). 

  



 

 
 

2581 

PATHWAY FOR THE SURGICAL MANAGEMENT OF PELVIC ORGAN PROLAPSE 
 

  

Consider CONTINENCE PRODUCTS for temporary support during treatment 

LSC ± repair Sacrospinous 
colpopexy 

Uterosacral 
colpopexy 

Vaginal 
hysterectomy 

Sub-total 
hysterectomy 

ASC 

ASC + 
hysterectomy 

Vaginal SS 
hysteropexy 

Sacral 
hysteropexy 

Hysteropexy Hysterectomy ± 
BSO 

Uterine Vault 

Apical Isolated cystocele Isolated rectocele 

Reconstructive 
surgery 

Obliterative 
surgery 

Sexual Function 

Bladder 
Function 

Bowel Function POP 
SUGERY 
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VI. URINARY INCONTINENCE IN NEUROLOGICAL PATIENTS 

A. INITIAL MANAGEMENT 

1. STRONG GENERAL RECOMMENDATIONS 

• Patients with known neurological disease often need evaluation to exclude 
bladder dysfunction, not only if symptoms occur, but as a standard assessment 
as neurogenic bladder has a high prevalence in the particular disease (for prev-
alence figures see chapter) 

• A possible neurological cause of “idiopathic”incontinence should always be 
considered. Diagnostic steps to evaluate this include basic assessments, such 
as history and physical examination, urodynamics and specialised tests. 

• Incontinence in neurological patients does not necessarily relate to the neuro-
logic pathology. Other diseases such as prostate pathology, pelvic organ pro-
lapse, might have an influence. These factors should be evaluated as potential 
primary or contributory causes. 

• Extensive diagnostic evaluation is often useful and necessary to tailor an indi-
vidual treatment based on complete neurofunctional data. This may not be 
needed in every patient e.g. patients with suprapontine lesions or in patients 
where treatment will consist merely of bladder drainage when the person is frail 
or has limited life expectancy. 

• There is often a need to manage both bladder and bowel dysfunction simulta-
neously 

2. INITIAL ASSESSMENT 

• The management of neurological urinary incontinence depends on an under-
standing of the likely mechanisms producing incontinence. This can in turn de-
pend on the site and extent of the nervous system abnormality. 

• Under current classifications, neurogenic incontinence patients can be divided 
into four groups.  History  and  physical examination  are important in helping 
distinguish these groups: 

o peripheral lesions (as after major pelvic surgery) including those with le-
sions of the cauda equina (eg.lumbar disc prolapse); 

o sacral spinal cord lesions involving the sacral micturition centre 

o suprasacral spinal cord lesions (suprasacral infrapontine spinal cord le-
sions); 

o central lesions of the brain or brain stem (stroke, Parkinson’s disease). 

• Assessment should be made using Questionnaires, urinalysis, bladder diary, 
uroflowmetry with assessment of PVR, and imaging of the urinary tract (ultra-
sonography); all provide basic data for the initial assessment of the NLUTD.  

• Invasive urodynamics should be used as part of the initial assessment in select 
patient populations (SCI, meningomyelocele) 

• Due to increasing data on organ cross-sensitisation and the debilitating effect 
of faecal incontinence on QOL, a history of bowel function should be also in-
cluded 

3. INITIAL TREATMENT 

• Patients with peripheral nerve lesions (e.g. denervation after pelvic surgery) 
and patients with spinal cord lesions (e.g. traumatic spinal cord lesions) should 
receive specialised urological management (GoR A). 

• Initial treatment for patients with incontinence due to suprapontine pathology, 
like stroke; need to be assessed for degree of mobility and ability to cooperate. 
Initial recommended treatments are behavioural therapy (GoR C) and anti-
muscarinic drugs for presumed detrusor overactivity (GoR A). If incontinence 
persists and if operative procedures are not indicated then continence products 
(GoR B) or catheters (GoR C) may be necessary on a long-term basis. These 
can also be necessary in non-cooperative or less mobile patients. 

Pharmacological detrusor relaxation and/or antibiotics may be useful in cases of 
persistent bypass leakage and/or recurrent UTI (patients with continuous drainage) 
In all cases, bowel management should complement management of NLUTD  
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INITIAL MANAGEMENT OF NEUROGENIC URINARY INCONTINENCE 
 

  
HISTORY, LEVEL 

OF LESION 

CLINICAL 
ASSESSMENT 

MANAGEMENT* 

PRESUMED 
DIAGNOSIS 

Peripheral nerve lesion 
(e.g. radical pelvic surgery). 

Sacral cord/cauda equina lesion (e.g. 
lumbar disc prolapse) 

Suprasacral infrapon- 
tine and pontine lesions 

(e.g. trauma, multiple system atrophy) 

• Further history (bowel. sexual function, fertility issues) 
• General assessment including of home circumstances 
• Urinary diary and symptom score 
• Assessment of functional ability, quality of life and desire for treatment 
• Physical examination: assessment of sensation in lumbosacral dermatomes, anal tone and voluntary contraction of anal sphincter, 

bulbocavernosus and anal reflexes, gait, mobility, contractures, hand fuction. 
• Urine analysis + culture (if infected: treat as necessary) 
• Urinary tract imaging, serum creatinine : if abnormal to specialised management 
• Post void residual (PVR) assessment by abdominal examination or optional by ultrasound 
• Invasive UDS in select patient populations (eg. spinal cord injury, meningomeylocele) 

This assessment will give basic information, but does not yield precise neurourological diagnosis 

* Consider CONTINENCE PRODUCTS for temporary support during treatment  
** Some patients omit IC through personal choice or inability to self catheterise 

***Add complimentary bowel management in all cases 

• Behavioural modification (C) 
• External appliances (B) 

Urinary incontinence associated with 
poor bladder emptying (significant PVR) 

Urinary incontinence due to detrusor overactivity Stress urinary incontinence due to 
sphincter incompetence with 

negligible PVR 

Depending on co-operation and mobility: 
• Behavioural modification, (C) 
• Antimuscarinics (A) /beta 3 agonists (D) 
• Continence products (B) 
• Indwelling catheter (C) 

With negligible PVR 

Suprapontine cerebral 
lesion (e.g. Parkinson’s disease, 

stroke, multiple sclerosis) 

• Intermittent catheterisation ** with or 
without antimuscarinics (A) 

SPECIALISED MANAGEMENT 

Failure Failure 
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VI. URINARY INCONTINENCE IN NEUROLOGICAL PATIENTS 

B. SPECIALISED MANAGEMENT 

1. ASSESSMENT 

• Most patients with neurogenic urinary incontinence require specialised assess-
ment: Invasive urodynamic studies should be used with videourodynamics if 
available when surgical interventions are planned or when the “bladder may 
be unsafe”. 

• Upper tract imaging is needed in some patients and more detailed renal func-
tion studies will be desirable if the upper tract is considered in danger: high 
bladder pressure, upper urinary tract dilation, recurrent or chronic upper tract 
infection, (major) stones, (major) reflux. 

• In patients with peripheral lesions, clinical neurophysiological testing may be 
helpful for better definition of the lesion 

2. TREATMENT 

For specialised management, conservative treatment is the mainstay (GoR A). 
Management of neurogenic urinary incontinence has several options. The algorithm 
details the recommended options for different types of neurological dysfunction of 
the lower urinary tract. The dysfunction does not necessarily correspond to one 
type/level of neurological lesion and is defined best by urodynamic studies. One 
should always ascertain that the management ensures a safe lower urinary tract 
(storage at low pressure and complete emptying) 

Both urinary and bowel function should be assessed together if both systems are 
affected, as symptoms and treatment of one system can influence the other, and 
vice versa (GoR A). 

As therapeutic approaches can differ in various neurological diseases, the most 
prevalent diseases are discussed separately in the chapter 

3. TREATMENT MODALITIES (OFTEN IN COMBINATION) 
 Conservative 

• Intermittent catheterisation (GoR A) 

• Behavioural treatment (GoR C) 

• Timed voiding (GoR C) 

• Continence products (GoR B) 

• Antimuscarinics (GoR A) 

• Alpha-1-adrenergic blockers (GoR C) 

• Oral cannabinoid agonists (MS) (GoR C) 

• Beta-3-agonist alone or as an add-on to AM (GoR D) 

• Bladder expression (GoR B) 

• Triggered voiding (GoR C) 

• Indwelling catheter (GoR C) 

 Minimally invasive treatments 

• Botulinum toxin for: sphincter (C) detrusor (A) 

• Intravesical electrical stimulation (C) 

• PTNS/TTNS (C) 

• SNM (stable disease only) (C) 



 

 
 

2585 

 Surgical treatment 

• Artificial sphincter (A) 

• Bladder neck sling (B) 

• Sub-urethral tapes (D) 

• Bulking agents (D) 

• Bladder neck closure (D) 

• Stents intraurethral (B) 

• TUI sphincter (B) 

• Sacral deafferentation (B) 

• Sacral anterior root stimulator (B) 

• Enterocystoplasty (B) 

 

  



 

 
 

2586 

SPECIALISED MANAGEMENT OF NEUROGENIC URINARY INCONTINENCE 
 

  
LEVEL AND EXTENT 
OF LESION, HISTORY 

AND CLINICAL 
ASSESSMENT 

SPECIALISED 
ASSESSMENT 

CONSERVATIVE 
TREATMENT 

DIAGNOSIS 

Peripheral nerve lesion (e.g. radical 
pelvic surgery) conus cauda equina 

lesion (e.g. lumbar disc prolapse) 

Suprasacral infrapontine and pontine 
lesion (e.g. trauma, multiple sclerosis) 

• Urodynamic testing (preferably videourodynamics). 
• Urinary tract imaging 

AM antimuscarinics  
SDAF sacral deafferentation 
SARS sacral anterior root 

stimulation 
IC intermittent catheterisation 
PVR postvoid residual 
TUI transurethral incision 
DSD Detrusor-sphincter 

dyssynergia  
IDC indwelling catheter 
BTX-A Botulinum toxin A 
IVES intravesical electrical 

stimulation 

• Timed voiding (C) 
• External appliance (B) 

Incontinence associated with poor 
bladder emptying due to detrusor 

underactivity / sphincter overactivity 

Urodynamic Stress Incontinence due 
to sphincter incompetence 

With DSD 

Suprapontine cerebral lesion (e.g. 
Parkinson’s disease, stroke, multiple 

sclerosis) 

UI due to detrusor overactivity 

No DSD 

• IC (A) 
• α-1 blockers (C) 
• Straining* (B) 

• IC + AM (A) 
• IDC + AM (C) 

• Behavioural (C) 
• IC + AM (A) 
• Triggered voiding (C)  
• Indwelling cath. + AM (C) 
• Continence products + AM (B) 

• Artificial sphincter (A) 
• Bladder neck (autologous) 

sling (B) 
• Bulking agents (D) 
• Bladder neck closure (D) 

(Synthetic midurethral tapes 
D)** 

• Stents intraurethral (B) 
• TUI sphincter (B) 
• BTX-A to sphincter ** (C) 
• IVES (C) • BTX-A to detrusor ± IC 

• PTNS/TTNS/SNM 
• Enterocystoplasty 

 
** if urethral hypermobility is the cause of USI; the long-term risks of tapes in the neurogenic population are undefined 

* If IC not possible or after sphincter relaxation procedures and with adequate UDS control 
**Intravesical botulinum injections undertaken according to national licensing. Sphincteric botulinum injections are not currently licensed. 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

STOMA/DIVERSION MAY BE AN OPTION IN SELECTED CASES 

• BTX-A to detrusor + IC (A) 
• SDAF + IC (B) 
• SDAF +/- SaRS (B) 

MINIMALLY 
INVASIVE/SURGICAL 

TREATMENT 
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VII. BLADDER PAIN SYNDROME 
Definition  

Bladder Pain Syndrome (BPS): in the absence of a universally agreed definition, 
the International Society for the Study of Interstitial Cystitis – ESSIC definition is 
given (1).  

ESSIC: Chronic pelvic pain, pressure or discomfort of greater than 6 months dura-
tion perceived to be related to the urinary bladder accompanied by at least one 
other urinary symptom like persistent desire to void or urinary frequency.  Confus-
able diseases as the cause of the symptoms must be excluded. 

There are no published data as to what duration of symptoms indicates that early 
spontaneous resolution of symptoms is unlikely.  While ESSIC arbitrarily uses a 6 
month duration, the American Urological Association Guideline suggests that a 6 
week history is long enough to initiate diagnosis and treatment of BPS (2). Without 
further data, the Consultation cannot make a recommendation and believes that it 
is up to the discretion of the physician and patient as to the proper interval between 
symptom onset and evaluation and diagnosis of a chronic condition. 

1. NOMENCLATURE  

The scientific committee of the International Consultation voted to use the term 
“bladder pain syndrome” for the disorder that has been commonly referred to as 
interstitial cystitis (IC).  The term painful bladder syndrome was dropped from the 
lexicon. The term IC implies an inflammation within the wall of the urinary bladder, 
involving gaps or spaces in the bladder tissue.  This does not accurately describe 
the majority of patients with this syndrome.  Painful Bladder Syndrome, as defined 
by the International Continence Society, is too restrictive for the clinical syndrome.   

Properly defined, the term Bladder Pain Syndrome appears to fit in well with the 
taxonomy of the International Association for the Study of Pain (IASP) (see below), 
and focuses on the actual symptom complex rather than what appears to be long-
held misconception of the underlying pathology.   

Bladder Pain Syndrome (XXIII-2) (per IASP) 

Bladder pain syndrome is the occurrence of persistent or recurrent pain perceived 
in the urinary bladder region, accompanied by at least one other symptom, such as 

pain worsening with bladder filling and day-time and/or night-time urinary fre-
quency. There is no proven infection or other obvious local pathology. Bladder pain 
syndrome is often associated with negative cognitive, and behavioural, sexual, or 
emotional consequences, as well as with symptoms suggestive of lower urinary 
tract and sexual dysfunction. 

The Consultation believes that, based on the pathology and endoscopic finding 
characteristics of the Hunner lesion, the epidemiological pattern that distinguishes 
it from bladder pain syndrome, the clinical response to local treatment of the lesion 
by resection, fulguration, or steroid injection, the response to cyclosporine,  and the 

 
Figure 1 
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absence of reports in the literature that non-Hunner patients go on to develop Hun-
ner lesions (ie, the finding of a Hunner lesion does not represent a continuum in the 
natural history of bladder pain syndrome), that the presence of a Hunner lesion 
should be considered a distinct disease.  It therefore should drop out of the bladder 
pain syndrome construct, much like we do not consider other painful conditions like 
radiation cystitis, ketamine cystitis, or urinary tract infection a part of bladder pain 
syndrome.  

The Consultation concludes that it would be reasonable to designate the Hunner 
lesion in symptomatic patients with the term “interstitial cystitis”, thus indicating a 
true interstitial inflammation.  It would be defined much as Hunner defined it 100 
years ago, and harmonise the largely Asian, European, and North American con-
cepts of interstitial cystitis.  The Consultation will continue to refer to the symptom 
complex as “bladder pain syndrome”.  Hunner lesion will be considered a distinct 
phenotype, but in the future may be classified as a separate disorder entirely, albeit 
with local symptoms that are difficult to differentiate from bladder pain syndrome in 
the absence of endoscopy.  In other words, we may be coming full circle in the 
historical perspective  Figure 1. 

2. HISTORY / INITIAL ASSESSMENT 

Males or females whose symptoms meet the requirements of the definition of blad-
der pain syndrome should be evaluated.  The presence of commonly associated 
disorders including irritable bowel syndrome, chronic fatigue syndrome, and fibrom-
yalgia in the presence of the cardinal symptoms of bladder pain syndrome also 
suggests the diagnosis.  Abnormal gynaecological findings in women and well-char-
acterised, confusable diseases that may explain the symptoms must be ruled out. 

The initial assessment consists of a bladder diary or frequency/volume chart, fo-
cused physical examination, urinalysis, and urine culture.  In the absence of con-
fusable disorders (uncomplicated disease), a diagnosis can be made and treatment 
instituted.  Urine cytology, cystoscopy, and urodynamic evaluation are recom-
mended if clinically indicated and/or the diagnosis is in doubt (complicated disease).  
Patients with urinary infection should be treated and reassessed.  Those with re-
current urinary infection, abnormal urinary cytology, and microscopic or gross hae-
maturia are evaluated with appropriate imaging and endoscopic procedures, and 
only if the findings are unable to explain the symptoms, are they diagnosed with 
BPS. GoR C 

3. INITIAL TREATMENT 

• Patient education, (GoR B) 

• Dietary manipulation, (GoR B) 

• Nonprescription analgesics,  

• Stress reduction,  

• Pelvic floor relaxation techniques comprise the initial treatment of BPS.  In the 
patient with findings suggesting pelvic floor dysfunction, pelvic floor physical 
therapy with myofascial trigger point release and intravaginal Thiele massage 
is often an effective therapeutic intervention.  The treatment of pain needs to 
be addressed directly, and in some instances referral to an anesthesia/pain 
centre can be an appropriate early step in conjunction with ongoing treatment 
of the syndrome.  (GoR A) 

When conservative therapy fails or symptoms are severe and conservative man-
agement is unlikely to succeed,  

• Oral medication (GoR B) or  

• Intravesical treatment can be prescribed.  It is recommended to initiate a single 
form of therapy and observe results, adding other modalities or substituting 
other modalities as indicated by the degree of response or lack of response to 
treatment.    (GoR B) 

4. SECONDARY ASSESSMENT 

If initial oral or intravesical therapy fails, or before beginning such therapy based on 
clinician judgment, it is reasonable to consider further evaluation which can include 
urodynamics, pelvic imaging, and cystoscopy with bladder distention and possible 
bladder biopsy under anaesthesia.   

• Findings of detrusor overactivity suggest a trial of antimuscarinic or beta-3-
agonist therapy.   

• The presence of a Hunner lesion suggests therapy with transurethral resection, 
fulguration of the lesion, or direct steroid injection into the lesion. (GoR B)   
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• Bladder distention itself can have therapeutic benefit in 30-50% of patients, 
though benefits rarely persist for longer than a few months.  (GoR C) 

5. REFRACTORY BPS 

Those patients with persistent, unacceptable symptoms despite oral and/or in-
travesical therapy are candidates for more aggressive treatment modalities.  Many 
of these are best administered within the context of a clinical trial if possible.  These 
may include  

• Sacral nerve stimulation, (GoR B) 

• Intradetrusor botulinum toxin, (GoR B) 

• Oral cyclosporine A (GoR C), or  

• Clinical trials of newly described pharmacological management techniques.  At 
this point, most patients will benefit from the expertise of an anaesthesia pain 
clinic.   

The last step in treatment is usually some type of surgical intervention aimed at 
increasing the functional capacity of the bladder or diverting the urinary stream.   

• Urinary diversion with or without cystectomy has been used as a last resort 
with good results in selected patients.  Cystectomy and urethrectomy do not 
appear to add any additional efficacy to diversion alone.  

Augmentation or substitution cystoplasty seems less effective and more prone to 
recurrence of chronic pain in small reported series (GoR C)
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BLADDER PAIN SYNDROME 
 

  
SYMPTOMS 

BASIC 
ASSESSMENT 

1ST LINE RX 

Pain, pressure or discomfort perceived 
to be related to the bladder with at 
least one other urinary symptom (e.g. 
frequency, nocturia) 

History 
• Bladder diary or frequency/volume 

chart 
• Focused physical examination 
• Urinalysis, culture 

Consider CONTINENCE PRODUCTS for temporary support during treatment  

“Uncomplicated BPS” 
Conservative Therapy 
Stress reduction (B) 
Patient education (B) 
Dietary manipulation (B) 
Nonprescription analgesics 
Pelvic floor relaxation 
Pelvic floor physical therapy (A) 
Consult if associated disease 

TREAT AS INDICATED 

Abnormal Normal 

“Complicated” BPS: 
• Incontinence 
• Urinary infection 
• Haematuria 
• Gynaecologic signs/symptoms 

Consider: 
• Urine cytology 
• Further imaging 
• Endoscopy 
• Urodynamics 
• Laparoscopy 

URINARY INFECTION 

Test and reassess 
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BPS REQUIRING MORE ACTIVE INTERVENTION 
 

  

Note: The only FDA approved therapies are DMSO and pentosan polysulfate. 
Consider CONTINENCE PRODUCTS for temporary support during treatment.  

 

2ND LINE 
TREATMENT 

(no hierarchy implied) 

3RD LINE 
TREATMENT 

5TH LINE 
TREATMENT 

4TH LINE 
TREATMENT 

(no hierarchy implied) 

Consider oral and or intravesical therapies; (B) 
Consider physical therapy; (A) 
Consider cystoscopy with hydrodistention under anaesthesia and treatment of any 
Hunner lesion (B) 

Consider, if not done previously: 
Cystoscopy under anaesthesia with bladder hydrodistension fulguration, resection or 
steroid injection of Hunner lesion (B) 

Sacral Nerve stimulation (B) 
Intra-detrusor botulinum toxin (B) 
Cyclosporine A (C) 
Consider new treatment trials 

Consider:  
Diversion with or without cystectomy (C) 
Substitution cystoplasty 

Improved with acceptable 
quality of life:  
Follow and support 

• Pain management is a primary consideration at every step of the algorithm 

• Patient enrollment in appropriate research trial is a reasonable option at any point 

• Evidence supportingSNS, cyclosporine A, and botulinum toxin for BPS remains limited. These interventions are appropriate only for practitioners with 
experience in treating BPS and who are willing to provide long-term care post-intervention 
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VIII. FAECAL INCONTINENCE IN ADULT PATIENTS 

ASSESSMENT AND MANAGEMENT 

1. INITIAL CLINICAL ASSESSMENT 

Adult patients with faecal incontinence present with a variety of symptom com-
plexes. As many people are reluctant to admit to having faecal incontinence, it is 
important to proactively enquire about it, especially in known high risk groups (such 
as older community-living individuals, post partum women who might have had an 
obstetric injury and patients with loose stools). 

History will include symptoms such as loose stools and urgency, the type and se-
verity of bowel incontinence, systemic disorders, neurological disorders, and ano-
rectal surgeries (e.g., haemorrhoidectomy), obstetric history for women, medica-
tions, diet, chronic straining, cognitive status, and effects of symptoms on quality of 
life. 

2. INITIAL INTERVENTIONS 

• Assessing the type of bowel incontinence may help identify an aetiology. Types 
of bowel incontinence:  Anal incontinence is the involuntary loss of faeces 
and/or flatus and/or mucus). Faecal incontinence is the involuntary loss of fae-
ces. Flatus incontinence is the involuntary loss of rectal gas, which may indi-
cate rectal sensory impairment and/or anal sphincter dysfunction. Mucus in-
continence is the involuntary loss of mucus only (See Figure 1).  

o Some subtypes of faecal incontinence are urgency faecal incontinence, 
which is the involuntary loss of faeces due to an inability to defer defaeca-
tion, once the desire is perceived, for long enough to reach a toilet. Ur-
gency faecal incontinence is often a symptom of external anal sphincter 
dysfunction.  The symptom of urgency does not necessarily result in ur-
gency faecal incontinence. Functional faecal incontinence is due to limita-
tions in mobility or toileting ability or delayed assistance. Passive faecal 
incontinence, incontinence without forewarning, is typically related to in-
ternal anal sphincter dysfunction or poor closure of the external sphincter 
due to rectal prolapse or stage III/IV haemorrhoids.   

• Physical examination will include anal inspection, abdominal palpitation, a brief 
neurological examination, digital rectal examination and usually procto-sig-
moidoscopy or colonoscopy. 

• Further diagnostic testing needs to be considered if the patient has symptoms 
such as an unexplained change in bowel habit, weight loss, anaemia, rectal 
bleeding, severe or nocturnal diarrhoea, or an abdominal or pelvic mass and 
bowel pathology when organic conditions such as cancer, inflammatory bowel 
disease (IBD), a recto-vaginal fistula, full thickness rectal prolapse, or cloacal 
deformity are suspected. Condition specific management is indicated for these 
patients. 

• Reversible factors (such as inadequate access to toilets and side effects of 
medications resulting in loose stools) should be assessed and addressed at 
the outset. 

 Some initial management can often be performed in primary care. After envi-
ronmental factors and local or systemic pathology have been excluded, initial 
interventions include: 

• Discussion of options and goals of management with the patient 

• Provision of patient or caregiver information and education (GoR A) 

• Adjustment of diet and fluid advice, fibre intake (GoR A) 

• Establishing a regular bowel habit (GoR C) or urgency training if relevant (GoR 
C) 

• Anti-diarrhoeal medication can help if stools are loose (GoR B) 

• Use of continence products including various types and sizes of absorbent 
pads, briefs, etc., to contain leaked faeces and prevent skin damage 

• Provide advice on practical coping skills when incontinence occurs (GoR C) 
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3. SECONDARY INTERVENTIONS 

• If initial interventions fail to improve symptoms after 8-12 weeks, consideration 
should be given to referral to an incontinence specialist (e.g., gastroenterolo-
gist, continence nurse, advisor physiotherapist, or colorectal surgeon) for other 
interventions or further assessment. 

• Pelvic floor muscle training (PFMT) – contraction of pelvic floor muscles, mul-
tiple times per day to improve strength of contraction and increase awareness 
of anorectal muscle function. (GoR C) 

• Biofeedback therapy – behavioural treatment designed to enhance the 
strength of sphincter contraction and improve rectal sensation using special-
ised equipment. Biofeedback therapy can be combined with PFMT to improve 
strength. (GoR B) 

• Transanal Irrigation to maximise bowel emptying and minimise faecal inconti-
nence  primarily in patients with incomplete elimination, passive faecal inconti-
nence, or faecal incontinence with defaecation difficulty, (GoR C) 

4. SECONDARY ASSESSMENT 

• A variety of anorectal investigations, including manometry, anal ultrasound, 
and possibly MRI, defaecography, and neurophysiological testing can help to 
define structural or functional abnormalities of anorectal function and guide 
management if initial and/or secondary interventions are ineffective 

5. TERTIARY REFERRAL, SURGICAL OR MULTI-
DISCIPLINARY CONSULTATION 

• Faecal incontinence that fails to respond to initial and secondary management 
requires specialised consultation by a gastroenterologist, colorectal surgeon, 
urogynaecologist, and/or a multi-disciplinary team 
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ASSESSMENT AND CONSERVATIVE MANAGEMENT OF FAECAL INCONTINENCE 
 

  
Identification 

Active case finding or patient presents 
with faecal incontinence (C) 

Initial Clinical Assessment  
• History (C) 
• Physical exam (C) 
• Medication and diet review (C) 
• Assessment of impact on quality of life 

(C) 
• Proctosigmoid-oscopy and/or 

colonoscopy as needed (C) 

Secondary Interventions 
• PFMT +/ (B) 
• Biofeedback (A) 
• Incontinence products such as an anal 

plug or insert (B) 

Condition Specific 
Assessment and 

Management  
For cancer, IBD, impaction, full 

thickness rectal prolapse, recto-
vaginal fistula, cloacal deformity (C) 

Secondary Assessment 
• Manometry and/or Ultrasound (B/C) 
• Possible additional test 
• MRI (C) 
• Defaecography (B/C) 
• Neuro-physiology testing (C/D) 

Incontinence Specialist (C) 

Address Reversible Factors  
Toilet access, medication side effects, loose stools, etc. (C) 

Initial Interventions 
• Discussion of options and patient’s goals of management (B/C) 
• Education of patient and/or caregiver (B/C) 
• Diet and eating pattern modifications (B), and dietary fibre supplements (A) 
• Medications (loperamide) (B) 
• Bowel habit training (C) 
• Transanal irrigation (C) 
• Incontinence products such as pads for containment (B) 
• Practical advice for coping (locating toilets, carrying cleansing kits, etc.) (C) 

Tertiary 
Referral, surgical and/or multi-discipline consult (C) 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 
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VIII. FAECAL INCONTINENCE IN ADULT PATIENTS 

SURGERY FOR FAECAL INCONTINENCE 

1. PATIENT ASSESSMENT 

• The reader is referred to the relevant chapter sections in “Dynamic Testing” 
and “Conservative Treatment for Faecal Incontinence.” In general, patients re-
ferred for surgical management of faecal incontinence must either have failed 
conservative therapy or not be candidates for conservative therapy due to se-
vere anatomic or neurological dysfunction. 

• Prior to surgical management of faecal incontinence, the integrity of the anal 
sphincter complex should be assessed. This assessment is best performed 
with endoanal ultrasound, though pelvic MRI may also be useful. Ancillary tests 
include anal manometry, electromyography, and defaecography. 

• If the patient has persisting faecal incontinence, he or she should undergo re-
peat assessment, including endoanal ultrasound. 

2. SPECIALISED MANAGEMENT 

• The surgical approach is influenced by the presence and magnitude of an an-
atomical anal sphincter defect. If no defect is present, or if the sphincter defect 
is minimal, options include SNS and biomaterial injection therapy. 

• Acute anal sphincter repair is usually required following obstetric or direct 
trauma. End to end or overlapping repair may be performed. When possible 
the internal anal sphincter should be separately repaired. (GoR C) 

• Patients with rectal prolapse, rectovaginal fistula or cloacal deformity often 
have associated faecal incontinence. Initial therapy should be directed at cor-
rection of the anatomical abnormality. (GoR C) 

• For patients with moderate sphincter defects, sphincteroplasty, SNS or bio-
material injection therapy can each be considered. For patients with large 
sphincter defects (>120 degrees), sphincteroplasty is likely to be the best op-
tion, though a PNE trial for SNS can be considered. (GoR C) 

• Patients with sphincter defects of greater than 180° or major perineal tissue 
loss require individualised treatment. In some cases, initial reconstruction can 
be performed. Should incontinence persist, alternatives include stimulated 
muscle transposition (usually gracilloplasty) artificial anal sphincter implanta-
tion, or SNS. (GoR C) 

3. SALVAGE MANAGEMENT 

• For patients who remain incontinent following sphincteroplasty, repeat endo-
anal ultrasound should be undertaken to reassess the status of the repair. If 
no defect is present, or if the sphincter defect is minimal, options include SNS 
and biomaterial injection therapy. If there is a large persisting sphincter defect, 
repeat sphincteroplasty can be considered. (GoR C) 

• Patients who have failed SNS can be considered for biomaterial injection ther-
apy or sphincteroplasty if a sphincter defect is present. Other alternatives in-
clude stimulated graciloplasty and implantation of an artificial anal sphincter. 
(GoR C) 

• Patients who fail surgical therapy for faecal incontinence, or who do not wish 
to undergo extensive pelvic reconstruction, should consider placement of an 
end sigmoid colostomy. (GoR C) While this procedure does not restore conti-
nence, it does restore substantial bowel control and appears to improve social 
function and quality of life. Novel therapies can also be considered under pro-
tocol:  PTNS, the magnetic anal sphincter, SECCATM, vaginal pessary (Eclip-
seTM) and sling procedures. (GoR D) 

4. SPECIAL SITUATIONS 

• Individuals with congenital abnormalities may be amenable to surgical repair. 
Often this will involve both laparoscopic abdominal and perineal approached. 
Poor functional outcomes may be treated by an Antegrade Continence Enema 
(ACE) procedure or colostomy. Patients with cauda equina type neurological 
disorders, either congenital or acquired, should be considered for an ACE pro-
cedure or colostomy. (GoR C)  
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SURGICAL MANAGEMENT OF FAECAL INCONTINENCE 
 

  

ACE Colostomy 

Repeat evaluation 

Follow up 

Severe spinal cord 
impairment 

Yes No 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

MDT-REVIEW: 
CLINICAL, RADIOLOGICAL AND 

PHYSIOLOGICAL DATA 

Rectal prolapse 
Rectovaginal fistula 
Cloacal deformity 

Correction of anatomic 
abnormality 

Rectal evacuation 
disorder 

Sphincter defect > 180o 
or significant perineal 

tissue loss 

Sphincter defect 
120o-180o 

Sphincter defect  
< 120o 

No sphincter defect 

• Rectocele repair  
• Ventral rectopexy 

• Sphincteroplasty +/- 
vaginal and perineal 
reconstruction 

• Stimulated graciloplasty 
• Artificial anal sphincter 
• SNS 
• Colostomy  

• Sphincteroplasty 
• SNS 
• Colostomy 

• SNS 
• Sphincteroplasty 
• BI 
• Colostomy 

• SNS 
• BI 
• Colostomy 

Symptom improvement 

Novel therapies: 
• Magnetic anal sphincter 
• Puborectal sling 
• Radiofrequency energy treatment 
• Stem cell therapy 
• Vaginal pessary - Eclipse™ ACE Antegrade Continence Enema  

BI Biomaterial Injection 
MDT Multi-Disciplinary Team 
SNS Sacral Nerve Stimulation 
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IX. FAECAL INCONTINENCE IN NEUROLOGICAL PATIENTS 

A. INITIAL MANAGEMENT 

 Patients with known neurological disease may present with symptoms related 
to neurological bowel dysfunction, such as; difficulty in defaecation, constipa-
tion and faecal incontinence which disturb their activities of daily living and im-
pair quality of life. Many have permanent impairments and functional limitations 
and disabilities, which are due to neurological deficits and complications 

1. INITIAL ASSESSMENT 

 The history should include: 

• Neurological diagnosis and functional level 

• Previous and present lower gastrointestinal (LGIT) function and disorders 

• Severity of neurogenic bowel dysfunction 

• Current bowel care and management including diet, fluid intake, medications 
affecting bowel functions 

• Co-morbidity / complication e.g., urinary incontinence, autonomic dysreflexia, 
pressure ulcers, sexual dysfunction 

• Patient’s satisfaction, needs, restrictions and quality of life 

• Environmental factors and barriers and facilitators to independent bowel man-
agement. 

 Physical examination: 

 Cognitive function; motor, sensory and sacral reflexes – voluntary anal sphinc-
ter contraction, deep perianal sensation, anal tone, anal and bulbo- cavernosus 
reflexes 

 Spasticity of the lower limbs 

 Abdominal palpation for faecal loading and rectal examination 

 Functional assessment: 

• Hand and arm use, fine hand use, mobility – maintaining body position, transfer 
and walking ability. 

  Environmental factors assessment: 

• toilet accessibility; devices for bowel care and mobility; caregiver support and 
attitude; 

2. BASIC INVESTIGATIONS 

Stool examination, plain abdominal X-Ray 

3. INITIAL TREATMENTS 

• Patient education and goals-setting to achieve complete defaecation on a reg-
ular basis and faecal continence based on right time, right place, right trigger 
and right consistency 

• Adequate fibre diet and fluid intake; appropriate trigger according to preserva-
tion of sacral (anorectal) reflex – digital rectal stimulation (GoR C); suppository 
and enema (GoR B); if no anorectal reflex, manual evacuation (GoR B); ab-
dominal massage (GoR C) can also be helpful 

• Prescribe medications – stool softener, laxative, prokinetic agents, anti-diar-
rhoeal drugs as neccessary 

• Assistive techniques may be necessary for 
o Defaecation – transanal irrigation (GoR A) 
o For incontinence – anal plug (GoR C) 

The algorithm does not apply to management in acute neurological patients that 
need regular bowel emptying. 
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INITIAL MANAGEMENT OF NEUROGENIC FAECAL INCONTINENCE 
 

  
HISTORY, LEVEL 

OF LESION 

CLINICAL 
ASSESSMENT 

TREATMENT* 

PRESUMED 
DIAGNOSIS 

Sacral cord/cauda equina lesion (e.g. 
lumbar disc prolapse). Peripheral 
nerve lesion (e.g. radical pelvic 

surgery) 

Suprasacral infrapontine and pontine 
lesion (e.g. trauma, multiple sclerosis) 

• History taking including diagnosis, pre-morbid bowel function and sensation and their disorders, current bowel and bladder 
programme, co-morbid diseases/disorders, QOL and  needs 

• Physical & neurological examination including cognitive function, voluntary anal contraction, perianal sensation, sacral reflexes, 
digital rectal examination, abdominal palpation for faecal impaction 

• Functional assessment including hand and arm use, fine hand use, balance, transfer and  walking 
• Environmental factors assessment including toilet accessibility, assistive device, caregivers’ support and attitude 
• Basic investigation: stool exam, plain film abdomen in selected patients (diarrhoea, impaction not felt on rectal examination) 

This assessment will give basic information but does not permit a precise diagnosis of neurogenic bowel dysfunction 

• Manual evacuation 
• Assistive device – anal plug 
• Mini-enema, transanal irrigation 
• Suppository 
• Biofeedback 

Incontinence due to sphincter 
incompetence 

Suprapontine lesions 
(e.g. Parkinson’s) 

• Digital rectal stimulation  
• Chemical stimulant, 

suppository,mini-enema, stool 
softener, laxative, prokinetics, and 

• Transanal irrigation could be given 
by patient/caregiver;  biofeedback 
by patient 

SPECIALISED MANAGEMENT PREFERABLE FOR MORE " TAILORED " TREATMENT 

NECESSARY IN 
ALL 

Incontinence due to lack of cognitive 
function, sensory awareness 

disorders, unable to control by vol- 
untary anal contraction 

"false incontinence" due to faecal 
impaction 

• Faecal disimpaction: 
• Oral PEG plus enemas or transanal 

irrigation 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

Patient education, adequate fibre diet and fluid intake; regular bowel care, preferably ± 3 times a week 
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IX. FAECAL INCONTINENCE IN NEUROLOGICAL PATIENTS 
B. SPECIALISED MANAGEMENT 

1. ASSESSMENT 

• Some patients with neurogenic faecal incontinence will need specialised as-
sessment, especially if initial management is unsuccesful to look for comorbid-
ity and certainly before performing invasive treatment 

• Do not assume that all symptoms are due to neuropathy, e.g. women with neu-
rological pathology might have had childbirth injury to the sphincter 

• Special investigations: manometry, endoanal ultrasound, (dynamic) MRI, (nee-
dle) EMG. These specific bowel functional tests and electro-diagnostic tests 
must be considered optional, as their value in neurological pathology is not 
sufficiently demonstrated so far. 

2. TREATMENTS 

 

 Conservative treatment for neurological faecal incontinence is also the main-
stay for specialised management, (GoR C).   

 Management of neurological incontinence does not include very extensive 
treatment modalities and many conservative interventions are still empirical. 

• Transanal irrigation (GoR B). 

• Electrical stimulation sphincter, (GoR C). 

• Percutaneous neuromodulation and sacral nerve stimulation : further research 
is required (GoR D). 

 Surgical management of neurogenic faecal incontinence has different options 
which need a very strict patient selection 

• Antegrade Continence Enema ACE (GoR C). 

• Artificial bowel sphincter or FENIX procedure (GoR C). 

• Sacral Anterior Root Stimulation SARS (GoR C). 

• Botulinum Toxin (GoR C). 

• Neuromodulation (GoR C). 

 It is recommended that urinary and bowel function are assessed simultane-
ously if both systems are affected, as symptoms and treatment of one system 
can influence the other and vice versa (GoR A). 

 As the therapeutic approach can differ in different neurological diseases, the 
most prevalent diseases are discussed separately in the chapter. 
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 SPECIALISED MANAGEMENT OF NEUROGENIC FAECAL INCONTINENCE 
 

  
PRIMARY ASSESSMENT, 

HISTORY, LEVEL AND 

EXTENT OF LESION, 
CLINICAL ASSESSMENT 

SPECIALISED 
ASSESSMENT 

CONSERVATIVE 
TREATMENT 

DIAGNOSIS 

Sacral cord/cauda equina lesion (e.g. 
lumbar disc prolapse). Peripheral 
nerve lesion (e.g. radical pelvic 

surgery) 

Suprasacral infrapontine and pontine 
lesion (e.g. trauma, multiple sclerosis) 

• Functional bowel testing / functional imaging 

• Consider neurophysiological testing and anorectal manometry. 

• Transanal irrigation (B) 
• Electrical stimulation of sphincter (C), 
• Percutaneous neuromodulation: further studies 

Faecal Incontinence through loss of bowel sensation, sphincter deficiency 
or severe rectal prolapse 

Suprapontine lesions 
(e.g. Parkinson’s) 

STOMA/DIVERSION MAY BE AN OPTION IN SELECTED CASES 

SURGICAL 
TREATMENT 

Faecal impaction 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

• ACE (C) 
• Artificial bowel sphincter or FENIX procedure (C) 
• SARS (C) 
• Botulinum Toxin for anal sphincter spasticity (C) 
• Neuromodulation (C) 

Faecal disimpaction 

Failure 
consider 

Failure consider 

ACE Antegrade Continence Enema  
SARS Sacral Anterior Root Stimulation 



 

 
 

2601 

X. URINARY AND FAECAL INCONTINENCE IN FRAIL OLDER MEN AND WOMEN 

• There is no reason to suspect why interventions which have proven efficacy in 
the community dwelling elderly should not also be effective in frail older people. 
Clinicians should, however, take due regard of the practicality, potential bene-
fits and dangers of employing any single intervention in this population.  

• Frail older people do require a different approach addressing the potential role 
of co-morbid disease, current medications (prescribed, over the counter and/or 
naturopathic), and functional and cognitive impairment in urinary and faecal 
incontinence.  

• The extent of the investigation and management should take into account the 
degree of bother to the older person and/or caregiver, the goals for care, the 
degree that the older person is able to undertake any intervention and the over-
all prognosis and life expectancy.  

• Effective management to meet the goals of care should be possible for most 
frail older people. 

1. HISTORY AND SYMPTOM ASSESSMENT 

• Active case finding for urinary and faecal incontinence should be done in all 
frail older people (GoR A).  

• History should include comorbid conditions and medications that could cause 
or worsen incontinence.  

• Physical examination should include a rectal examination for faecal loading or 
impaction (GoR C), functional assessment (mobility, transfers, manual dexter-
ity, dressing and undressing ability, ability to toilet) (GoR A), a screening test 
for depression (GoR B), and cognitive assessment (to assist in planning and 
management, (GoR C)).  

• The mnemonic DIPPERS (see urinary and faecal incontinence algorithms) co-
vers some of these comorbid conditions. Note that urogenital atrophy does not, 
in itself, cause urinary incontinence and should not be treated for this purpose 
(GoR B). 

• The patient and / or caregiver should be asked about the degree of bother of 
urinary incontinence and/or faecal incontinence(GoR B); goals for urinary and 

faecal incontinence care (dryness, decrease in specific symptoms, quality of 
life, reduction of comorbidity, lesser care burden) (GoR B); and likely coopera-
tion with management (GoR C). 

• Evaluation for bowel “alarm” symptoms (rectal bleeding, positive blood screen-
ing from stool studies, obstructive symptoms, recent onset of constipation, 
weight loss, and a change in stool calibre) will need more extensive evaluation 
(GoR A) 

• Urinalysis is recommended for all patients, primarily to screen for haematuria 
(GoR C). 

•  Treatment of otherwise asymptomatic bacteriuria/pyuria is not beneficial (GoR 
C), and it may cause harm by increasing the risk of antibiotic resistance and 
severe adverse effects. e.g., Clostridium difficile colitis (GoR C). 

• Stool studies may not be needed in all patients with faecal incontinence. Pa-
tients with diarrhoea, especially those with more acute onset diarrhoea, may 
need to be tested for infectious causes of their diarrhoea. Other stool studies 
could involve testing for malabsorption syndromes. 

• The utility of the Clinical Stress test in this population is uncertain (GoR D). 

• Wet checks can assess urinary incontinence frequency in long-term care resi-
dents (GoR C). 

• A post voiding residual volume (PVR) test is impractical in many care settings 
and there is no consensus for the definition of what constitutes a “high” PVR in 
any population. A PVR measurement is not recommended in the routine initial 
assessment of frail older people with urinary incontinence. 

• However, there is compelling clinical experiential evidence for PVR testing in 
selected frail older people with: diabetes mellitus (especially long standing); 
prior urinary retention or high PVR; recurrent UTIs; medications that impair 
bladder emptying (e.g., opiates); severe constipation; persistent or worsening 
urgency urinary incontinence despite antimuscarinic/beta-3-agonist treatment; 
or prior urodynamics showing detrusor underactivity and/or bladder outlet ob-
struction (GoR C). Treatment of contributing comorbidity may reduce PVR. 
Trial with catheter may be considered for PVR > 200-500 ml if the PVR is felt 
to contribute to UI or urinary frequency (GoR C). 
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• Nocturia Assessment of frail elders with bothersome nocturia should identify 
potential underlying causes including nocturnal polyuria (by bladder diary/fre-
quency- volume chart or wet checks; oedema on examination) (GoR C),pri-
mary sleep problems (e.g., sleep apnoea); and low voided volumes (e.g., from 
high PVR). 

• Stool impaction/loading. If suspected on digital rectal examination, an ab-
dominal x-ray may be necessary to further evaluate the degree and location of 
impaction/loading in frail older adults. 

2. CLINICAL DIAGNOSIS 

The most common types of Urinary Incontinence in frail older people are urgency, 
stress, and mixed urinary incontinence. Frail older people with urgency urinary in-
continence also may have detrusor underactivity during voiding with a high PVR 
but without outlet obstruction. There is no evidence that antimuscarnincs are less 
effective or cause retention in this situation (GoR D). 

The most common types of faecal incontinence in frail older people are related to 
urgency and passive leakage. Passive leakage can refer to leakage, seepage and 
staining following bowel movements that are not associated with faecal urgency 
and may also occur with faecal impaction. Because constipation and impaction of-
ten contribute to faecal incontinence in older adults, these are considered sepa-
rately in the algorithm. 

3. INITIAL MANAGEMENT 

• Initial treatment should be individualised and influenced by goals of care, treat-
ment preferences and estimated remaining life expectancy, as well as the most 
likely clinical diagnosis (GoR C). In some frail older persons the only possible 
outcome may be containment; management with continence products, espe-
cially for people with minimal mobility (require assistance of > 2 people to trans-
fer), advanced dementia (unable to state their name), and /or nocturnal urinary 
and faecal incontinence. 

• Conservative and behavioural therapy for UI includes lifestyle changes (GoR 
C), bladder training for more fit alert persons (GoR B), and prompted voiding 
for frailer, more impaired older people (GoR A). 

• For the select cognitively intact older person with UI or FI, pelvic floor muscle 
therapy can be considered, but there are few studies (GoR C). Antimuscarinics 

may be added to conservative therapy of urgency UI (GoR A-C, depending on 
agent). 

• For the select cognitively intact older with FI, biofeedback may be considered, 
but few studies exist among frail older adults. 

• Alpha-blockers may be cautiously considered in frail men with suspected pros-
tatic obstruction (GoR C). All drugs should be started at the lowest dose and 
titrated with regular review until either care goals are met or adverse effects 
are intolerable. 

• DDAVP (vasopressin) has a high risk of severe hyponatraemia in frail older 
persons and should not be used outside specialist centres .or without very 
careful monitoring and long term followup (GoR A). 

• Improving stool consistency can be done with dietary fibre and supplem.entary 
fibre in older adults (GoR C). In older adults with diarrhoea, loperamide may 
be considered at low doses to improve stool consistency. However, close mon-
itoring for constipation and impaction is needed. 

4. ONGOING MANAGEMENT AND REASSESSMENT 

Optimal urinary and faecal incontinence management is usually possible with the 
above approaches. If initial management fails to achieve the desired goals, the next 
steps are reassessment and treatment of contributing comorbidity and/or functional 
impairment. 

5. SPECIALISED MANAGEMENT 

If frail older people have either other significant factors (e.g., pain, haematuria, 
bowel “alarm” symptoms), UI or FI symptoms that cannot be classified as urgency, 
stress, or mixed or overflow or other complicated comorbidity which the primary 
clinician cannot address (e.g. dementia, functional impairment), then specialist re-
ferral should be considered. Referral may also be appropriate when there is been 
insufficient response to initial management. The type of specialist will depend on 
local resources and the reason for referral: surgical specialists (urologists, gynecol-
ogists, colorectal surgeons), gastroenterologists, geriatricians or physical therapist 
(functional and cognitive impairment); or continence nurse specialists (homebound 
patients). Referral decisions should consider goals of care, patient/caregiver desire 
for invasive therapy and estimated remaining life expectancy. 
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Age per se is not a contraindication to UI or FI surgery (GoR C), but before sur- 
gery is considered, all patients should have: 

• Evaluation and treatment for any comorbidity, medications, and cognitive or 
functional impairments contributing to UI that could compromise surgical out-
come (e.g., dementia that precludes patient ability to use artificial sphincter) 
(GoR C). 

• Adequate trial of conservative therapy, including pharmacological therapies 
where relevant (GoR C). 

• Discussion (including the caregiver) to ensure that the anticipated surgical out-
come is consistent with goals of care in the context of the patient’s remaining 
life expectancy (GoR C). 

• Urodynamic testing or anorectal manometry, because clinical diagnosis may 
be inaccurate (GoR B). 

• Preoperative assessment and perioperative care to establish risk of, and to 
minimise the risk of common geriatric post-operative complications such as 
delirium and infection (GoR A), dehydration and falls (GoR C). 
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 MANAGEMENT OF URINARY INCONTINENCE IN FRAIL OLDER MEN & WOMEN 
 

 

• Delirium 
• Infection 
• Pharmaceuticals 
• Psychological 
• Excess urine output 
• Reduced mobility 
• Stool impaction (and their 

factors) 
(avoid overtreatment of 
asymptomatic bacteriura (C)) 

HISTORY/ SYMPTOM 
ASSESSMENT 

CLINICAL 
ASSESSMENT 

INITIAL 
MANAGEMENT* 

CLINICAL DIAGNOSIS 

Active case finding in all frail elderly people (A) 

• Assess, treat and reassess potentially treatable conditions, 
including relevant comorbidities and ADLs (see text) (A-C) 

• Assess Qol, desire for Rx, goals for Rx, patient & caregiver 
preferences (C) 

• Targeted physical examination (cognition, mobility, 
neurological and digital rectal examination) (A-C) 

• Urinalysis (C) 
• Consider bladder diary or wet checks, especially if nocturia is 

present. PVR in specific patients (see text) (C) 

UI associated with: 
• Pain 
• Haematuria 
• Recurrent symptomatic UTI 
• Pelvic mass 
• Pelvic irradiation 
• Pelvic / LUT surgery 
• Prolapse beyond introitus  

(women) 
• Suspected fistula 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

URGENCY UI* 

• Lifestyle interventions 
(B-C) 

• Behavioural therapies (B) 
• Consider trial of 

antimuscarinic drugs / 
beta 3 agonist (A-C) 

STRESS UI* SIGNIFICANT PVR* 

• Treat constipation (C) 
• Review medications 
• Consider trial of alpha-

blocker (men) (C) 
• Catheter drainage if PVR 

200-500 ml, then reassess 
(see text) (C) 

• Lifestyle interventions 
(B-C) 

• Behavioural therapies (B) 
(See text) 

ONGOING 
REASSESSMENT AND 

MANAGEMENT 

If insufficient improvement, reassess for and treat contributing comorbidity ± functional 
impairment 

If continued insufficient improvement, or severe associated symptoms are present, consider 
specialist referral as appropriate per patient preferences and comorbidity (see text) 

These diagnoses may overlap 
in various combinations, e.g., 
Mixed UI, DHIC (see text) 

(If Mixed UI, initially treat most 
bothersome symptoms) 
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MANAGEMENT OF FAECAL INCONTINENCE IN FRAIL OLDER MEN & WOMEN 
 

 

Rx reversible causes: 
• Delirium 
• Infection 
• Pharmaceuticals 
• Psychological 
• Excess stool output 

(diarrhoea) 
• Reduced mobility 
• Stool impaction (and their 

factors) 
   

CLINICAL 
ASSESSMENT 

INITIAL 
MANAGEMENT* 

CLINICAL DIAGNOSIS 

• Assess, treat and reassess potentially treatable conditions, 
including relevant comorbidities and ADLs (see text) (A-C) 

• Assess Qol, desire for Rx, goals for Rx, pt & caregiver 
preferences (C) 

• Targeted physical examination (cognition, mobility, 
neurological and digital rectal examination) (A-C) 

• Urinalysis (C) 
• Consider bowel diary and clean checks (C) 

* Consider CONTINENCE PRODUCTS for temporary support during treatment 

Urge Fl** 

• Lifestyle interventions 
(B-C) 

• Behavioural therapies (B) 
• Biofeedback (C) 
• Improve stool consistency 

(C) 

Passive Fl* Constipation/ faecal 
Impaction* 

• Treat constipation (osmotic 
laxatives) If impacted, 
glycerine or Bisacodyl sup- 
positories. Phospate enemas if 
severe. (B-C) 

• Review  medications that may 
contribute to constipation (C) 

• Consider biofeedback if 
dyssynergic defaecation is 
suspected (C) 

• Lifestyle interventions 
(B-C) 

• Behavioural therapies (B) 
• Biofeedback (C) 
• Improve stool consistency 

(C) 

ONGOING 
REASSESSMENT AND 

MANAGEMENT 

If insufficient improvement, reassess for and treatment of contributing comorbidity ± 
functional impairment 

If continued insufficient improvement, or severe associated symptoms are present, consider 
specialist referral as appropriate per patient preferences and comorbidity (see text) 

** These diagnoses may overlap 
in various combinations, e.g., 
Urgency-related,passive/seepage, 
and impaction (see text) 
 

HISTORY/ SYMPTOM 
ASSESSMENT 

Active case finding in all frail elderly people (A) FI associated with: 
• Pain 
• Rectal bleeding 
• Change in stool calibre 
• Weight loss 
• Chronic diarrhoea 
• Faecal impaction 
• Inflammatory bowel disease 
• Pelvic irradiation 
• Malabsorption syndromes 
• Prolapse beyond introitus 

(women) 
• Suspected fistula 
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4. RECOMMENDATIONS FOR 
FURTHER RESEARCH IN 

EPIDEMIOLOGY 

1. Longitudinal study designs are needed to: (i) es-
timate the incidence and remission rates of uri-
nary incontinence (UI) anal incontinence (AI) and 
pelvic organ prolapse (POP) and to (ii) describe 
the natural course of these conditions and (iii) to 
investigate risk factors and possible protective 
factors. In addition, similar studies regarding 
other lower urinary tract symptoms (LUTS) 
should be initiated. 

2. Although there is now more information regard-
ing prevalence, incidence, and other epidemio-
logical data in developing countries, further infor-
mation is still needed. It is recommended that 
fundamental research regarding prevalence, in-
cidence and other epidemiological data in devel-
oping countries should be encouraged, and tai-
lored to the cultural, economic and social envi-
ronment of the population under study. 

3. Some potential risk and protective factors de-
serve more attention. For example, the role of 
pregnancy and childbirth in the development of 
UI, AI and POP must be studied in a fashion that 
links population-based methods to clinical as-
sessment of pregnancy, delivery and birth 
trauma and follows women over many years. 
Such a design is necessary because the effect of 
pregnancy and childbirth may become clear only 
years later when the woman is older and be-
cause the woman will not then be able to report 
the exact nature of the tear, episiotomy, etc. 

4. There should be more emphasis on the associa-
tions between UI, AI and POP and specific dis-
eases like stroke, diabetes, and psychiatric dis-
eases. 

5. The variation of disease occurrence in groups of 
different racial origin yet similar environmental 
exposures, lend support to the presumed genetic 
influence on the causation of UI, AI and POP. 
This again provides circumstantial evidence for a 
genetic contribution to pelvic floor muscle disor-
ders since most of these studies have been una-
ble to control for heritability in relation to the com-
plex interaction of environmental factors. 

The aetiology of UI, AI and POP is widely recog-
nised to be multifactorial, yet the complex inter-
action between genetic predisposition and envi-
ronmental influences is poorly understood. Ge-
netic components require further investigation. 
Twin studies provide a possible means of study-
ing the relative importance of genetic predisposi-
tion and environmental factors. By comparing 
monozygotic female twins with identical geno-
type, and dizogytic female twins who, on aver-
age, share 50 percent of their segregating 
genes, the relative proportions of phenotypic var-
iance resulting from genetic and environmental 
factors can be estimated. A genetic influence is 
suggested if monzygotic twins are more concord-
ant for the disease than dizygotic twins whereas 
evidence for environmental effects comes from 
monozygotic twins who are discordant for the 
disease. 
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5. RECOMMENDATIONS FOR 
FURTHER BASIC SCIENCE 

RESEARCH 

The following proposals for research come from the 
Committees’ work in reviewing the current literature 
on Basic Science: 

1. Integrate data from reductionist experiments to 
inform the formulation of better systems-based 
approaches in the investigation of the pathology 
of the lower urinary tract (LUT), the genital tract 
(GT) and the lower gastro-intestinal tract (LGIT). 

2. Encourage greater emphasis on basic research 
to characterise tissues receiving relatively little 
attention: ie the lower gastrointestinal tract; the 
bladder neck and urethra; the ureter, pelvic floor 
musculature.  

3. Generate research programmes for fetal and ne-
onatal research in LUT and LGIT function. 

4. Use genome-wide bioinformatic and population 
health surveys to generate testable hypotheses 
regarding the physiological and pathophysiologi-
cal functions of the LUT, GT and LGIT. 

5. Generate improved experimental approaches to 
investigate the pathophysiology of the LUT and 
LGIT by: 

o The development of animal models that ac-
curately describe human pathological condi-
tions, including the greater use of large-ani-
mal models 

o The better use of reverse translational ap-
proaches for linking animal models to the 
human disease. 

o The use of human tissue from well-charac-
terised patient groups. 

o The development of emerging areas such 
as: tissue engineering; proteomics and 
metabolomics 

o Increased collaborations between biologi-
cal, physical and mathematical sciences. 

6. Develop centres of excellence or consortia of ex-
cellence in LUT, GT and GIT research 

o Integrate expertise from university depart-
ments, academic medical units and industry 

o Encourage translational approaches to re-
search.  

o Develop inter-institutional research-training 
programmes to allow new researchers the 
opportunity to better interact and exchange 
ideas. 

7. Bring about a greater emphasis on the im-
portance of research to medical trainees and sci-
ence graduates through: 

o Establishing research training as a core 
component of postgraduate clinical develop-
ment 

o Increased access to support funds, espe-
cially scholarships and personal awards 

o Organisation of focused multidisciplinary re-
search meetings, either stand-alone or as 
dedicated sessions during national and in-
ternational conferences 

o Greater interaction between medical centres 
and Higher Education Institutions (HEIs). 

o Allowing researchers-in-training better ac-
cess to international meetings through re-
duced registration charges and improved 
travel grants. 

o Inclusion in clinical meetings of point-coun-
terpoint session(s) with both basic science 
and clinical viewpoints. 

o Development of research forums for ex-
change of ideas between active researchers 
and industry. 

o Lobbying research-funding organisations 
about the medical and social importance of 
LUT and LGIT disorders. 

8. Increase emphasis on research into LUT and 
LGIT in HEIs through: 

o Greater representation on grant-funding 
agencies 

o Encouragement of submission to high im-
pact factor journals and recognition of re-
search published in specialty journals 

o More integrated teaching and training op-
portunities 
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6. RECOMMENDATIONS FOR 
PRIMARY PREVENTION, 

CONTINENCE PROMOTION, 
MODELS OF CARE AND 

EDUCATION 

Primary prevention, continence promotion and advo-
cacy, models of care and education involves inform-
ing and educating the public and health care profes-
sionals that UI and FI are not inevitable, but are treat-
able or at least manageable. Other bladder disorders 
such as BPS/IC and POP can also be treated suc-
cessfully. The committee found information about re-
cent practice and research initiatives in all of these 
areas but evidence-based research only on primary 
prevention of UI.  Continence promotion and advo-
cacy, and professional and non-professional educa-
tion, require prioritisation by public health profession-
als, educationalists, clinicians and researchers to re-
duce the burden that UI, FI, BPS/IC and POP places 
on society, healthcare systems, caregivers, and 
above all, affected adults.  As to models of care, the 
evidence supports nurse-led community services as 
leading to higher health-related QoL and in some in-
stances, higher cure rates. The multidisciplinary re-
ferral settings are also reporting favourable out-
comes. 

1. PRIMARY PREVENTION 

• Pelvic floor muscle exercises can prevent UI in 
pregnant and postpartum women. (Level of Evi-
dence: 1) 

• Education designed for community-dwelling 
older women can prevent UI. (Level of Evidence: 
1) 

• No recent RCTs or case-control studies were lo-
cated for prevention of FI. (Level of Evidence: 4) 

• Pelvic floor muscle exercises should be provided 
for pregnant women. (GoR A) 

• Education of older women to prevent UI should 
be provided. (GoR A) 

• Continence promotion is required to address 
broad gaps in knowledge about incontinence 
(GoR C) 

• Strategies to promote awareness about inconti-
nence and its treatment can be strengthened by 
the use of evidence based theories and methods 
from the field of health promotion, including the 
social determinants of health (GoR D) 

• The Internet represents an important source of 
information about incontinence, however the 
quality of information is variable (GoR C) 

• For help-seeking behaviour, no RCTs or case-
control studies were located (Level of Evidence 
4) 

• Continence promotion programmes need to ac-
commodate varying levels of health literacy and 
access to health information in different popula-
tions (Level of Evidence: 4) 

• Public health campaigns about incontinence and 
other pelvic floor disorders need to use terminol-
ogy targeted to consumers’ understandings 
(Level of Evidence: 4) 

• Satisfaction surveys about continence care could 
yield relevant and detailed information by using 
open-ended, rather than closed-ended questions 
(Level of Evidence: 1) 

• Evidence for the use of leaflets or brochures in 
raising awareness about UI and different treat-
ment options is inconclusive (Level of Evidence: 
1). 

• Evidence for the impact of continence advocacy 
worldwide was based on opinion (Level of Evi-
dence: 1) 

• Recommendation for help-seeking behaviour: 
No recommendation was possible based on the 
level of evidence provided by the available re-
search. 

• Worldwide Advocacy (GoR D) 
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2. MODELS OF CARE 

• Effectiveness of service delivery models. (Level 
of Evidence: 4) 

• A care delivery model should be based on the 
principles as described in the Optimum Conti-
nence Service Specification. (GoR C)  

• Increased emphasis is needed on non-physician 
models of care. (GoR C) 

• Despite the proliferation of guidelines, there is in-
creasing evidence that practicing clinicians and 
nurses are not consistently following them.  Im-
plementation models should be developed on 
how to translate guidelines into practice. (GoR C) 

3. EDUCATION 

• Professional education of UI, FI, BPS/IC, and 
POP is not evident as determined by materials 
reviewed.  (Levels of Evidence: 3-4) 

• Effectiveness of guidelines in clinical practice 
has not been determined. (Levels of evidence: 3 
to 4). 

• There is a continued need for evaluation re-
search to explore impact of guidelines on clinical 
care both at individual and population levels.  
This evaluation strategy needs to include impact 
on a wide range of outcomes, including inci-
dence and prevalence of disease, treatment out-
comes, prevention efforts, costs, and health care 
policy. (GoR: C) 

• Effectiveness of public education efforts through 
various channels including education, public me-
dia and mass communications (Levels of Evi-
dence 3-4) 

• There is a need for additional focused research 
on methods to enhance patient and public about 
pelvic disorders, both at an individual and 
broader public level. (GoR C) 

• The role of technology in public education for 
continence promotion should be examined in 
more depth. (GoR C) 
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7. RECOMMENDATIONS FOR 
TRANSLATIONAL AND CLINICAL 

RESEARCH 

A. RECOMMENDATIONS ON 
STUDY CONDUCT AND 

STATISTICAL METHODS 
The role of quality RCTs as providing the strongest 
level of evidence in incontinence research should be 
fully acknowledged by researchers, journal review-
ers, and editors. (GoR  A) 

Careful attention to the planning and design of all re-
search, especially RCTs, is of the utmost importance. 
(GoR A) 

Appropriate expertise in biostatistics and clinical trial 
design should be employed at the design phase of a 
RCT and thereafter on an ongoing basis. For Phase 
4, phase 5, and implementation trials, health eono-
mists should be included in trial design to support 
questions of value (cost-effectiveness).  (GoR  A) 

The design, conduct, analysis and presentation of 
RCTs must be fully in accordance with the 
CONSORT Statement. (GoR  A) 

The design, conduct, analysis and presentation of ob-
servational studies should follow STROBE guide-
lines. (GoR A) 

The design, conduct, analysis and presentation of 
meta-analyses should follow QUORUM guidelines. 
(GoR  A) 

Reporting studies of diagnostic tests, including urody-
namics, should follow the STARD statement guide-
lines. (GoR  A) 

B. RECOMMENDATIONS ON 
RESEARCH CONDUCT 

1. RECOMMENDATIONS FOR 
CONSERVATIVE TREATMENT 

TRIALS 

Use correct terminology to describe the intervention. 
(GoR  A) 

Report details of ability to perform correct contraction, 
dose-response issues and adherence. (GoR  A) 

Use recommended outcome measures with high re-
sponsiveness, reliability and validity. (GoR  A) 

Compare new methods with the best available inter-
vention. (GoR  A) 

Use power calculation in planning of the study. Avoid 
large sample sizes and weak (ineffective dosages) in-
terventions. (GoR  A) 

For long-term follow-up studies report cross-over, co- 
interventions, recurrent and competing events, ad-
herence in the follow-up period and loss to follow- up. 
(GoR  A) 

2. RECOMMENDATIONS FOR 
SURGICAL AND DEVICE TRIALS 

• The safety and serious side effects of new oper-
ations must be completely defined with adequate 
follow-up so that risks can be weighed against 
efficacy. At a minimum, this requires more use of 
large scale, independent, prospective, multicen-
tre cohort studies when RCTs are not practical. 
(GoR A) 

• Safety and serious side effects of incontinence 
devices must be completely defined with ade-
quate follow-up, especially for use of implantable 
devices and biological materials, so that risks 
can be weighed against efficacy. (GoR A) 

• Valid informed research consent is required in all 
trials of surgical interventions, which is separate 
from the consent for surgery. (GoR  A) 

• We recommend ongoing research into the use-
fulness of pre- and post-operative predictive test-
ing (such as urodynamics, ultrasound, MRI, etc) 
in surgical trials. (GoR  A) 

• Reports of successful treatment should be lim-
ited to subjects with a minimum (not mean) of 
one-year follow-up and should include a patient 
perspective measure. Specific assumptions 
about subjects lost to follow-up should be stated. 
(GoR A) 
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• Randomisation for surgical trials should occur at 
the time of surgery to minimise drop-outs and 
switch of procedure (GoR A) 

• Long-term follow-up of RCT cohorts in an obser-
vational cohort is recommended (GoR A) 

3. RECOMMENDATIONS ON COST 
ANALYSIS IN INCONTINENCE 

• Cost analysis should be incorporated into clinical 
studies whenever possible (137). (GoR A) 

• Cost analysis should describe the perspective of 
the analysis and analyses using the societal per-
spective and the payer perspective are useful.  
(GoR A)  

C. RECOMMENDATIONS FOR 
SPECIFIC PATIENT GROUPS 

1. MEN AND WOMEN WITH LUTS 

1.1. Men with LUTS 

• Measurement of prostate size should be per-
formed before and after treatment (at the same 
time as continence outcome measures where 
possible) whenever prostate size is considered 
to be a variable, or to change during the interven-
tion and follow up. (GoR A) 

• Maximum free flow rate and measurement of 
post- void residual urine should be recorded pre- 
treatment and the effect of therapy on these pa-
rameters should be documented simultaneously 
with assessment of the primary outcome varia-
bles. (GoR A) 

• Participants should be stratified by prostate size 
at randomisation when size is considered to be a 
potentially important determinant of treatment 
outcome. (GoR C) 

1.2. Women with LUTS 

• Specific information about menopausal status, 
hysterectomy, parity/obstetric history, and hor-
monal status should be included in baseline clin-
ical trial data and controlled for in specified anal-
yses in the research protocol. (GoR A) 

• High quality, symptom and bother scores 
(e.g.,ICIQ-FLUTS, ICIQ-SF, ICIQ-QoL(KHQ) , 
PISQ, ICIQ- FLUTSsex) validated in women 
should be employed when assessing outcomes. 
(GoR A) 

• Standardised assessment of pelvic organ pro-
lapse should be performed before treatment and 
at the time of other outcome assessments in all 

research where prolapse and continence out-
comes are being assessed. (GoR A) 

• Criteria for cure/improvement/failure from incon-
tinence treatment should be defined in the proto-
col based on patient perception as well as objec-
tive and semi-objective instruments such as val-
idated questionnaires, diaries and pad tests. 
(GoR A) 

• Assessment of the impact of treatment on sexual 
function should be performed with other outcome 
assessment when appropriate. (GoR B) 

2. CHILDREN 

• Long-term follow-up is of critical importance in 
the paediatric population in order to ascertain the 
effect of a treatment on normal growth and de-
velopment. (GoR A) 

• Research is needed to develop standardised 
outcome measures including validated, age- 
specific symptom and disease-specific quality of 
life outcome measures. (GoR B) 

3. NEUROGENIC POPULATIONS 

• Detailed urodynamic studies are recommended 
for classification of neurogenic lower urinary    
tract disorders in research studies because the 
nature of the lower tract dysfunction cannot be 
accurately predicted from clinical data. Videouro-
dynamic studies are preferred but are not man-
datory. (GoR C) 

• An area of high priority for research is the devel-
opment of a classification system to define neu-
rogenic disorders. Relevant features could in-
clude the underlying diagnosis, the symptoms, a 
precise documentation of the neuromuscular le-
sion by clinical neurophysiologic testing, and the 
nature of the urodynamic abnormality. (GoR C) 

4. POPULATIONS AFFECTED BY 
BLADDER PAIN SYNDROME 
(INCLUDING INTERSTITIAL 

CYSTITIS) 

• Broader entry criteria should be used to reflect 
the full spectrum of the BPS/IC patient popula-
tion. (GoR B) 

• The primary endpoint of BPS/IC trials should be 
patient driven and the Global Response Assess-
ment is recommended. A wide spectrum of sec-
ondary endpoints will be useful in defining the ef-
fect of treatments. (GoR  B) 
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5. POPULATIONS AFFECTED BY 
PELVIC ORGAN PROLAPSE 

• A validated standardised assessment of pro-
lapse (eg POP-Q) should be used for baseline 
and outcome assessments. (GoR A) 

• Complete reporting of outcomes including a vali-
dated assessment of anatomy, functional status, 
and complications is essential. (GoR A) 

• Complications/adverse events (especially for 
mesh) must be explicitly and completely reported 
in any research. (GoR A) 

• Long term outcomes (> 2 years) of intervention 
studies are needed. (GoR A) 

D. RECOMMENDATIONS FOR 
ETHICS IN RESEARCH 

The GoR for this section is A. 

Continuity in clinical direction from design through au-
thorship is mandatory. Investigators should be in-
volved in the planning stage and a publications com-
mittee should be named at the beginning of the clini-
cal trial. The Uniform Requirements for Manuscripts 

Submitted to Biomedical Journals, from the Interna-
tional Committee of Medical Journal Editors should 
be followed. Authorship requires: 

• Substantial contributions to conception and de-
sign or acquisition of data or analysis and inter-
pretation of data, 

o Drafting the article or revising it critically for 
important intellectual content, 

o Final approval of the version to be published 

• Authors should provide a description of what 
each contributed and editors should publish that 
information. 

• Authors should have access to all raw data from 
clinical trials, not simply selected tables 

Clinical trial results should be published regardless of 
outcome. The sponsor should have the right to review 
manuscripts for a limited period of time prior to publi-
cation but the manuscript is the intellectual property 
of its authors, not the sponsor. 

• All authors should be able to accept responsibil-
ity for the published work and all potential con-
flicts of interest should be fully disclosed 
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8. INTERNATIONAL 
CONSULTATION ON 

INCONTINENCE MODULAR 
QUESTIONNAIRE (ICIQ): 
QUESTIONNAIRES AND 

BLADDER DIARY 

A. INTERNATIONAL 
CONSULTATION ON 

INCONTINENCE MODULAR 
QUESTIONNAIRE (ICIQ) 

The scientific committee which met at the end of the 
1st ICI in 1998 supported the idea that a universally 
applicable questionnaire should be developed, that 
could be widely applied both in clinical practice and 
research and should reflect the patients’ perspective 
of their situation.  

The hope was expressed that such a questionnaire 
would be used in different settings and studies and 
would allow cross-comparisons, for example, be-
tween a drug and an operation used for the same 
condition, in the same way that the IPSS (Interna-
tional Prostate Symptoms Score) has been used.  

An ICIQ Advisory Board was formed to steer the de-
velopment of the ICIQ and met for the first time in 
1999. The project’s early progress was discussed 
with the Board and a decision made to extend the 
concept further and to develop the ICIQ Modular 
Questionnaire to include assessment of urinary, 
bowel and vaginal symptoms(1). The first module to 
be developed was the ICIQ Short Form Question-
naire for urinary incontinence: the ICIQ-UI Short Form 
(2) (Fig 1). The ICIQ-UI Short Form is now widely 
used globally and since 2004 its use or further devel-
opment has been reported in almost 100 publications. 

Given the intention to produce an internationally ap-
plicable questionnaire, requests were made for trans-
lations of the ICIQ-UI Short Form at an early stage, 
for which the Advisory Board developed a protocol for 
the production of translations of its modules. The ICIQ 
modules have been translated into over 40 languages 
to date across the various modules.  

Since the fifth consultation a further two modules 
have been published and are available for use: the 
ICIQ Bladder Diary (3,4) and ICIQ-LTCqol(5). The 
bladder diary is the first fully validated bladder diary, 
which notably incorporated patient and clinician input 
during its development. The ICIQ-LTCqol question-
naire provides an assessment of symptoms, impact 
and bother associated with indwelling catheter use. 
This brings the total number of available modules to 
sixteen. 

With increasing demand for electronic versions of 
questionnaires, a study has been conducted by the 
ICIQ group to evaluate the equivalence of the ICIQ’s 
psychometric properties in alternative formats (6). 
With equivalence demonstrated, app development for 
the eICIQ is underway. 

www.ICIQ.net provides details of the validation status 
of the modules under development for urinary symp-
toms, bowel symptoms and vaginal symptoms and 
provides information regarding the content of existing 
modules. Information regarding production of transla-
tions and the ICIQ development protocol is also avail-
able for those interested in potential collaborations to 
continue development of the project. 
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Figure 1: ICIQ-UI Short Form
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B. ANNEX 1 BLADDER CHARTS 
AND DIARIES 

The ICS defines three types of Bladder Charts and 
Diaries which can be used to collect data: 

MICTURITION TIME CHART 

• times of voiding and 

• incontinence episodes 

FREQUENCY VOLUME CHART 

• times of voiding with voided volumes measured, 

• incontinence episodes and number of changes 
of incontinence pads or clothing 

. 

BLADDER DIARIES 

• the information above, but also 

• assessments of urgency, 

• degree of leakage (slight, moderate or large) and 
descriptions of factors leading to symptoms such 
as stress leakage, eg. running to catch a bus. It 
is important to assess the individual’s fluid in-
take, remembering that fluid intake includes flu-
ids drunk plus the water content of foods eaten. 
It is often necessary to explain to a patient with 
LUTS that it may be important to change the tim-
ing of a meal and the type of food eaten, particu-
larly in the evenings, in order to avoid trouble-
some nocturia. 

The recent development and publication of the ICIQ 
Bladder Diary provides the first fully validated bladder 
diary that incorporated patient, clinician and statistical 

Table 1: Fully validated ICIQ modules and derivation 

MODULES AVAILABLE FOR USE 

ICIQ-MLUTS(7) 
(ICSmale Short Form) 

Urinary symptoms (male) 
 

ICIQ-FLUTS(8) 
(BFLUTS Short Form) 

Urinary symptoms (female) 

ICIQ-VS(9) Vaginal symptoms and quality of life 

ICIQ-B(10,11) Bowel symptoms and quality of life 

ICIQ-UI Short Form(2) Urinary incontinence short form 

ICIQ Bladder diary(3,4) Bladder events and fluid intake 

ICIQ-N(12,13) 
(ICSmale/BFLUTS) 

Nocturia symptoms 

ICIQ-OAB(12,13) 
(ICSmale/BFLUTS) 

Overactive bladder symptoms 

ICIQ-MLUTS Long Form(12) 
(ICSmale) 

Urinary symptoms long form (male) 

ICIQ-FLUTS Long Form(13) 
(BFLUTS) 

Urinary symptoms long form (female) 

ICIQ-LUTSqol(14) 
(KHQ) 

Urinary symptoms quality of life 
 

ICIQ-Nqol(15) 
(N-QoL) 

Nocturia quality of life 

ICIQ-OABqol(16) 
(OABq) 

Overactive bladder quality of life 

ICIQ-LTCqol(5) Long term catheter symptoms and quality of life 

ICIQ-MLUTSsex(12) 
(ICSmale) 

Sexual matters related to urinary symptoms (male) 

ICIQ-FLUTSsex(13) 
(BFLUTS) 

Sexual matters related to urinary symptoms (female) 
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input during its development (3,4). This rigorous de-
velopment methodology has ensured the provision of 
a psychometrically robust tool that reflects the key is-
sues from a patient’s and clinical perspective to ena-
ble the gathering of required information to treat pa-
tients with LUTS (Fig 1). The diary is intended to be a 
standalone tool that provides instructions and an ex-
ample to guide completion. The diary is intended for 
completion over three days and fits onto two sides of 
A4 to optimise administration and completion. Data 
collected are: 

• Fluid intake 

• Urine output 

• Leakage episodes 

• Time of sleep and waking 

• Pads used 

• Optional bladder sensation scale 

The bladder sensation scale is intended to be an in-
terchangeable variable that can be replaced with a 
more pertinent measure for an intended use, for ex-
ample, a pain scale. It is advised that any scale used 
in this manner should  be validated. 

INSTRUCTIONS FOR USING THE BLADDER 
DIARY 

This diary helps you and us to understand why you 
get trouble with your bladder. The diary is a very im-
portant part of the tests we do, so that we can try to 
improve you symptoms. On the chart you need to rec-
ord: 

9. When you get out of bed in the morning, show 
this on the diary by writing ‘GOT OUT OF BED’. 

10. During the day please enter at the correct time 
the drinks you have during the day, eg. 8.00am 
– two cups of coffee (total 400 ml). 

11. The time you pass your urine, eg. 7.30am. Do 
this every time you pass urine throughout the day 
and night. 

12. Each time you pass urine, collect the urine in a 
measuring jug and record the amount (in mls or 
fluid ozs) next to the time you passed the urine, 
eg. 1.30pm/320ml. 

13. Each time you pass your urine, please write 
down how urgent was the need to pass urine: 

‘O’ means it was not urgent. 

+ means I had to go within 10 minutes. 

++ means I had to stop what I was doing and go 
to the toilet. 

14. If you leak urine, show this by writing an ‘W’ on 
the diary at the time you leaked. 

15. If you have a leak, please add ‘P’ if you have to 
change a pad and ‘C’ if you have to change your 
underclothes or even outer clothes. So if you leak 
and need to change a pad, please write ‘WP’ at 
the time you leaked. 

16. If you have a leakage please write in the column 
called ‘Comments’ whether you leaked a small 
amount or a large amount and what you were do-
ing when you leaked, eg. ‘leaked small amount 
when I sneezed three times’. 

17. Each time you change a pad or change clothes, 
please write in the ‘Comments’ column. 

18. When you go to bed at the end of the day show 
it on the diary - write ‘Went to Bed’. 

  



 

 
INTERNATIONAL CONSULTATION ON INCONTINENCE MODULAR QUESTIONNAIRE (ICIQ): QUESTIONNAIRES 

AND BLADDER DIARY  2617 
 

Figure 2: ICIQ-Bladder Diary (page 1) 
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Figure 3: ICIQ-Bladder Diary (page 2) 
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